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Pollution
control
may make
you richer

we can
show
you how

Have you ever considered the fact that there could be affluence in efflu-
ents? Recoverable wastes may be valuable resources, what looks like a
weed may be a flower!

Pollution Control Services, which represents the combined knowledge
and experience of all Nalco divisions, can attack your pollution problem
in its entirety, from raw water intake, through manufacturing and into final
recovery and purification. It's this kind of efficient, comprehensive treat-
ment that can help you find the hidden profits.

For full details, contact your local Nalio representative, or write Nalco
headquarters in Chicago for cur*Management Guide to Pollution Control.”

Nalco Chemical Company, 180 North Michigan Ave., Chicago, Ill. 60601
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AIR POLLUTION

THE DEFINITIVE WORK

2nd Edition
in three volumes

Edited by ARTHUR C. STERN « Three volumes—aover 1800 pages

National Center for Air Pollution Control,
U. S. Department of Health, Education and
Welfare, Washington, D. C.

Volume |

AIR POLLUTION AND ITS
EFFECTS

January 1968, 694 pp., $32.50/$26.00*

Volume 11

ANALYSIS, MONITORING,
AND SURVEYING

February 1968, about 600 pp.

Volume IlI

SOURCES OF AIR
POLLUTION AND THEIR
CONTROL

June 1968, about 800 pp.

Circle No. 35

o Profusely illustrated in color and black and white

« The most comprehensive and authoritative
treatise ever published on air pollution.

This three volume work provides the most
comprehensive analysis of air pollution
available. After studying the world's at-
mosphere, the contributors have arrived
at general principles about the causes,
effects, transport, measurement, and con-
trol of air pollution. In this new edition,
the chapters have been revised and up-
dated and new articles included in order
to present the latest findings in the field.

*Special 20% price reduction valid on subscription orders for
the complete set received before publication of the last volume.

ENVIRONMENTAL
SCIENCE

An Interdiscipinary
Monograph Series
Edited by Douglas H. K. Lee

National  Envir tal Health Sci
Center, Research Triangle Park,
North Carolina

E. Wendell Hewson
The University of Michigan, Ann Arbor

C. Fred Gurnham

lilinois Institute of Technology, Chicago

Circle Ne. 36

This interdisciplinary series.of mono-
graphs will seek to establish a broad view
of the significance and the interaction of
environmental factors for living things.
The primary emphasis will be on mech-
anisms, predictive methods or explana-
tions, as opposed to descriptions or sta-
tistical presentations. A major aim of the
series is to establish general principles for
environmental science as a discipline.

ENVIRONMENTAL
RESEARCH

An International Journal of
Biomedical Ecology

Editor-in-Chief: 1. J. Selikoff

Environmental Sciences Laboratory, Mount
Sinai School of Medicine, New York,

New York

Associate Editors:

T. C. Hammond

P. Kotin

P. J. Lawther

D. H. K. Lee

J. Teisinger

I. Webster

Circle No. 37

NEW YORK AND LONDON
111 FIFTH AVENUE, NEW YORK, N.Y. 10003

Editorial emphasis is on basic research, with
publication of specific data and methodology.
However, assessment of the significance of such
data within the broad context of man-environ-
ment relationships is also encouraged. The
Journal provides a common meeting ground for
pathologists, epidemiologists, physical scien-
tists, microbiologists, environmental physiolo-
gists, experimental pathologists, biostatisticians,
molecular biologists, industrial physicians, toxi-
cologists and others whose contributions often
have relevance to each other, a relevance some-
time muffled by restricted categorical
publication.
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Current Research

Hyperfiltration. Processing of pulp mili sulfite
wastes with a membrane dynamically formed from feed
constituents 991

J. J. Perona, F. H. Butt, S. M. Fleming, S. T. Mayr, R. A.
Spitz, M. K. Brown, H. D. Cochran, K. A. Kraus, and J. S.
Johnson, Jr.

Although all the variables affecting performance of dynamically
formed membranes in the hyperfiltration (reverse osmosis)

of spent liquors of the sulfite process are not known, results

of recent studies indicate that a production facility operating

at 60° C. can attain production rates of nearly 30 g.p.d. sq. ft. at
pressures less than 500 p.s.i.g. Such processing rates can be
maintained for at least two weeks. The dynamically formed
membranes build on porous bodies when the spent liquors cir-
culate, under pressure, past the bodies. These membranes
reject at least 90% of the colored matter in the feeds and
substantial but somewhat lower percentages of chemical
oxygen demand and total dissolved solids. Under optimum
conditions, production rates three times as high, with
equivalent rejection levels, might be achieved.

Phenolics by aqueous-injection gas chromatography 997
R. A. Baker and B. A. Malo

Many, but not all, mono- and dihydric phenolic materials, which
constitute an important class of water pollutants, can be
separated and identified by gas-liquid chromatography without
preliminary sample concentration. The procedure, which

uses a flame-ionization detector, gives the best resolution of
aqueous solutions (1 mg./l.) of these materials with a 5 to

10% loading of FFAP (a reaction product of Carbowax 20M

and 2-nitroterphthalic acid) on Chromsorb T. The
ortho-substituted phenolics are eluted ahead of the meta-

and para-substituted compounds. The meta and para

isomers are not completely separated so that supplemental
separation and identification schemes are necessary for
complete identification.

Continuous monitoring of org phosphorus p dsin
air with an alkali metal-dual flame ionization detector 1008

M. J. Prager and Benjamin Deblinger

Instrumentation is available for monitoring air-borne
organophosphorus compounds continuously for longer

than one month. Key to the instrumentation is a two-stage
dual-flame ionization detector. The upper burner of the
device responds only to organic phosphorus and halogen
compounds provided other substances are efficiently burned
in the lower flame. With this instrumentation airborne
organophosphorus compounds at concentrations of 0.1 to 7
ug. per liter of air are routinely monitored without interference
from airborne nonphosphorus organic compounds at higher
concentration levels.

CONTENTS

1ubl

Influence of hydrogen fluoride fi tion on acid
phosphorus p ds in bean seedlings 1011

M. R. Pack and A. M. Wilson

Bean seedlings can tolerate, without apparent adverse
effects, higher concentrations of fluorides than those found
in the ambient atmosphere. These seedlings can tolerate
atmospheres containing hydrofluoric acid at concentrations
of 14 ug. of fluoride/m.3 for four days without showing any
significant inhibition of any enzymatic reactions involving
acid-soluble phosphorus compounds. The lack of inhibition
of phosphoglycerate is at odds with the commonly accepted
view of enolase inhibition as a probable effect of hydrofluoric
acid on plants.

Communication

Further observations on the ferrous ammonium
thiocyanate reagent for 1014

1. R. Cohen and J. J. Bufalini

No other known colorimetric method for low levels of ozone

is as sensitive (0.1-2.0 p.p.m.) and as stable (color development
after 14 days) as the ferrous ammonium thiocyanate

method. Highly accurate results can be obtained by
measuring the molar absorptivity at 480 my if a calibration
curve for low levels of ozone is prepared and if both bubbler
frit size and the rate of collection are properly taken into
account in developing the calibration curve. The method does
not follow Beer’s law with an oxidant such as ozone, .
although it does so with such oxidants as n-butyl hydroperoxide,
t-butyl hydroperoxide, and hydrogen peroxide. The reason

for this inconsistent behavior is not known.
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It would be easy

to panic and buy the
wrong kind of

air pollution control
equipment.

Maybe you're getting more and more upset
about the smoke coming out of your stack.
Why not ask for expert, impartial advice?
Research-Cottrell, the world’s largest
manufacturer of air pollution control
equipment, can help you avoid expensive
mistakes. We make all four major types of
equipment...and we'll recommend the most
economical kind to solve your problem.

Fill out the coupon now. It's a good way
to get rid of a big worry.

Research-Cottrell, Inc., P.O. Box 750, Bound Brook,
N. J. 08805/ Electrostatic Precipitators * Mechanical
Collectors * Wet Scrubber Systems * Fabric Filters

[ Please send me literature that contains helpful
hints on air pollution control.

NAME

TITLE
COMPANY _—
ADDRESS

CITY




EDITORIAL

Earth’s environment is a closed, integrated system

Stock taking at this time of year is
hardly a novel event. And usually no one is very sur-

prised at what is said. Nonetheless, a brief look at EN-
VIRONMENTAL SCIENCE AND TECHNOLOGY’S brief his-
tory may serve to show where we have been, where we
are, and where we might be going.

In ES&T’s first issue (January, page 101)
and again in this one (page 1015), we note that the new
publication places special emphasis on reporting original
chemical research, engineering developments, and tech-
nico-economic studies in fields of science directly re-
lated to man’s environment.

With the encouragement of the ACS
Board of Directors and our rapidly increasing body of
contributors and readers, we have striven to push the
perimeter of ES&T’s coverage as far and in as many di-
rections as practicable. To this end we have carried arti-
cles, staff written and by outside contributors on a va-
riety of subjects, stressing the interrelationship and inter-

<—Circle No. 28 on Readers’ Service Card

ES&T’s continuing goal is to present an
integrated view of the complex system

dependence of scientific understanding, technological
skills and application, economic restraints and pressures,
and legal and legislative influences and controls.

The Earth’s environment is a closed, al-
beit huge, integrated system. What happens in one sec-
tor of the world one day is related—whether or not the
relationship is apparent—to a further happening in
another part of the world on another day. As an author
once noted, a Chinese sneezes in Manchuria and a
month later a major storm hits California.

In the field of environmental studies,
ecology per se and human ecology, in particular, play
special roles. Environmental sciences and technologies
are mere exercises unless at some point they are joined
with social, political, and humanistic philosophies and
considerations in an effort to promote the welfare of
man. Our continuing goal is to give our readers an in-
tegrated view of the complex system known as the en-
vironment.

sl ] gl
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Cheaper to Clean Up Than Not to Clean Up

= . The cost of living in a metropolitan area that has polluted air is greater,
5 =5, l in terms of increased costs of common cleaning and maintenance operations,
3 200 \ than the cost of living in an average rural area with unpolluted air. Yet,

175 \ the extra household costs of living in polluted areas are so subtle that most
% .’-.; s\ city dwellers are unaware of them. Household cleaning and maintenance costs

e X in Washington, D. C., for example, reach about $100 per person per year,
T30 N considerably higher than the national average of $70. Annually, the average
§ 7 N\ family head in Washington spends $335 above the national average to maintain
¢ = 2 e his household in proper repair, according to testimony by Environmental
¢ s | I T‘ T Health and Safety Research Associates at the National Capital Mctropolitan
o

L L L L 78 9 o Area Interstate Air Pollution Abatement Conference in Washington.
Fraquency of poisling framt. house The total economic penalties paid by Washington residents for extra
cleaning and maintenance come close to $250 million annually. However,
the same witness noted, a survey made last year by the Department of
Commerce showed that the cost of reducing pollution in Washington by
two thirds is only $20 million annually—one tenth the extra cost of
living in a polluted air environment. Cost figures, bascd on data from surveys
on the frequency with which residents of various arcas found it necessary
to paint the exteriors of their frame homes and to clecan draperies within
the homes, show a direct corrclation between houschold costs and level
of suspended particulates in the atmosphere.

Air Tracer—Keener Than Most Other Systems

Knowledge of air movements and the ability of the atmosphere to dilute
whatever is dumped into it is no longer a matter only of scientific
curiosity. With the recent passage of the Air Quality Act of 1967 (ES&T,
November, page 884 ), the movement of air masses and the entrained
materials is a matter of law and government concern. Now, scientists at
HEW’s National Center for Air Pollution Control in Cincinnati have
developed a highly sensitive gaseous tracer system. The system is so sensitive
that the gas can be detected in concentrations of 1 part per 100 trillion
parts of air. The gas, sulfur hexafluoride, is nontoxic and has been used
successfully in experiments that required detection of the gas as far as 70
miles from the originating source.

From Slop Oil to Salable Oil

A process for the recovery of salable oil from slop oil, a nonsalable
emulsified crude oil, has been developed by Conservation Process, Inc., a
division of Phillips Petrochemicals, Inc. The process, called the Conservoil
System, separates slop oil into its components and thus avoids the
development of slop oil pits. The equipment, which is portable, is on stream
at the Barber’s Hill Salt Water Co., Mont Belview, Tex., and comprises
four stages of treatment—-heating (190° F.), removal of solids (screening
and the like), chemical treatment (demulsifiers and the like), and high
speed centrifugation.
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Respiratory Diseases and Air Pollution

“Bascd on a 15-year study of the problem of air pollution, we have found
that emphysema, bronchitis, and other respiratory diseases are not caused
by increased air pollution but simply because people are living longer,”
noted Dr. P. J. Lawther, Director of Air Pollution Research at St.
Bartholomew’s Hospital Medical College, London England and an
authority on the problem. At the recent symposium at Hazelton
Laboratories, Inc., in mztropolitan Washington, D. C., Dr. Lawther said,
“Bascd on a study of 5000 British school children, we have found evidence
to show that infections in the lower respiratory tract are much higher in
children of working class parents than those of upper class parents.” In

his studies Lawther also found that lung cancer mortality for groups of
people such as chimney sweeps, bus garage employees, and the like was
only twice as high as average, although the group had been exposed to
ncarly 10,000 times more air pollution than the average citizen. “Since

the Clean Air Act was passed in London in 1956, the number of smoke
particles in the air have been reduced from 450 particles per million to
about 100 particles per million. However, the respiratory disease rate
continues to rise,” he said. “It is interesting to note that the two areas of the
world with the highest lung cancer rate are the Channel Islands and Finland,
both of which have no air pollution at all,” Lawther commented. Air
pollution is not necessarily the cause of lung cancer and respiratory diseases,
although a particular agent in air pollution might be a factor, he cautioned.

Lawther

The Sky Above and the Water Below

Apparently satisfied that its edict “No sewage treatment device, no boat
permit” worked successfully this year on Norris Lake, the Tennessee
Valley Authority now says that it plans to extend the restriction to other
TVA lakes in North Carolina, Tennessee, and Georgia (ES&T, May, page
369). The problem in TVA country is acute, the authority notes, because
of a marked increase in the size of the boating community—from 10,000
boats in 1947 to more than 50,000 today, plus more than 9000 houseboats
and boathouses.

Showing equal concern about the atmosphere, TVA also revealed plans for
a major research project to test a method for reducing the quantity of
sulfur dioxide emitted from the stacks of its fossil fuel power plants. The
project will test the efficacy of dry powdered limestone injected into fuel
combustion chambers in controlling SO, stack emissions (ES&T, January,
page 9). Involving two large power generating units, the tests will begin

on an intermittent, experimental basis. Then, at least one unit will be

run under test conditions for six months. Sulfur dioxide, normally
bypassing the stack equipment used to trap ash particles, combines with
limestone in the combustion chamber and forms solid particles that can

be collected by the ash collection system. The project is a quid pro quo
deal—TVA supplies the boilers, manpower, and other supporting services.
PHS pays the direct costs involved, estimated at $4.2 million.
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Precipitators for Vehicle Exhaust Control

Two prototype electrogasdynamic (EGD) precipitators for vehicle
exhaust are currently being evaluated by the National Center for Air
Pollution Control in Cincinnati. Developed by Gourdine Systems, Inc.
(Livingston, N. J.), these precipitators remove solid particulates and
aerosol droplets from the exhaust gases of diesel and gasoline internal
combustion engines. They remove from vehicle exhaust gases micron
and submicron particles—oil and smoke particles from diesel engine exhaust,
lead from gasoline engine exhaust. The diesel unit is rated for 800 c.f.m.,
and the gasoline unit is rated for 100 c.f.m. The compact precipitators
resemble conventional mufflers in both size and cost. They are installed
in the existing tailpipe after the muffier and connected to a solid state
power supply.

In the EGD precipitators a carona ion source converts heat directly into
electricity. As the particulates and droplets pass by this source they

become charged and are attracted to—then deposited on—a collector plate.
According to Gourdine, analyses of the deposits in single precipitators

on gasoline engines that have completed 6000 miles of road operations
reveal that 25% of the precipitate is the lead from tetracthyllead, a common
gasoline additive. At Cincinnati, the EGD units will be evaluated under road
conditions to determine their efficiencies, to measure the effect of the units
on vehicle performance, and to determine the quality and quantity of the
collected precipitate. Test results should be available in mid-February.

(For more on EGD units see ES&T, January, page 17.)

New Men for Water Pollution Control

Suggestive of what appears to be major changes in the Water Pollution
Control Administration are two personnel changes that involve departing
key agency men: DiLuzio and Quigley. Max N. Edwards is the new
Assistant Secretary of the Interior for Water Pollution Control and
Desalination. Formerly, he was Assistant to the Secretary and Legislative
Counsel for the Department of Interior. He succeeds Frank C. DiLuzio
who left government service to become president of Reynolds Electrical
Engineering Co. (Las Vegas, Nev.).

Joe G. Moore, Jr. is candidate for FWPCA commissioner. He is

executive director of the Texas Water Development Board and chairman
of the Texas Water Quality Board. Moore has spent all of his professional
career serving Texas—research assistant to the Texas Legislative Council.
executive director of the Texas Industrial Board, research director and
secretary of the State Finance Advisory Commission, finance examiner for
Texas Commission on Higher Education, and chief budget examiner for
the governor. Moore is the only candidate in sight to replace James M.
Quigley, former commissioner, who left government service this month to
accept a position as a vice president of U. S. Plywood-Champion Paper Co.
(New York City).
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Keeping Park Visitors Out of Hot Water

The roads in Yellowstone National Park must permit a close view of the
geysers. Yet, these roads interfere with the free passage of the hot water
run-off from the geysers. So park authorities place culverts under the

roads. The hot water from the geysers contains large quantities of highly
corrosive materials that quickly destroy culverts. In a search for replacement
materials, park authorities settled on two—Type 316 stainless steel and
vitrified clay tile. Because of its greater strength, the stainless steel,

from Republic Steel Corp., looks like the winner.

Geyser run off

Watching an Environmental Watchdog Watch

Winding up its annual meeting, held late this month in New York City,
the American Association for the Advancement of Science said it
established a new committee to study the consequences of environmental
alteration. And so another chapter was added to an involved story that
started, publicly at least, 12 months ago. Meeting at the close of

1966 in Washington, D.C., AAAS, in response to an expression of
concern by some of its members for a study of the long-term
consequences of the widespread use of defoliants in Vietnam, resolved

to establish a committee to advise the parent group of studies
concerning chemical and biological agents that alter the environment.
The advisory committee, appointed in March, was chaired by Dr. Rene
Dubos (Rockefeller University ). By summer the Dubos

committec filed a report that, among other things, recommended

a permanent AAAS committee to make a broad and continuing study of
the consequences of environmental alterations. A second proposal was
that AAAS request the National Academy of Sciences to undertake

a special study of the effects of chemical and biological warfare agents

on ecology and human health.

The broad, civilian inquiry was assigned to the AAAS Committee

on Science and Human Welfare headed by Dr. Margaret Mead.

The Mead committee, in turn, recommended that AAAS set up a
permanent committee to study the consequences of environmental
alteration. This is the committee that AAAS president, Dr. Don K.

Price (Harvard), revealed this month in New York. Headed by Dr. David
R. Goddard (University of Pennsylvania), the committee includes Dr.
Rene Dubos, Dr. Barry Commoner (Washington University), and Dr.
Athelstan F. Spilhaus (president of the Franklin Institute).

Meanwhile, AAAS approached the National Academy of Sciences to
undertake the special, military oriented study. However, NAS did not
have the funds to pursue the study. So, AAAS asked the Department

of Defense for assistance. DOD agreed and farmed the job out under
contract to Midwest Research Institute. The MRI report, now complete,
is being studied by an NAS committee headed by Dr. Geoffrey Norman
(University of Michigan). After NAS scrutiny the report will go to AAAS
for review by the newly established Goddard committee. Thus the effort
has gone full circle—watcher and watchee watching each other.
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Big Things Ahead for Air Pollution Research

The National Center for

Air Pollution Control ends its

first full year of operation with

a new idea in research
grants, plus a record number
of dollars to parcel out to

research organizations

The old adage that money begets
more money is never truer than when
applied to the research grants field—at
least in the opinion of the young re-
search worker. He sees the big names,
particularly from the big universities,
seemingly experiencing little difficulty
in getting substantial support. Yet, at
the same time, his proposals, modest
though they be, face considerably
tougher sledding.

Herbert T. Dalmat, chief of the Na-
tional Center for Air Pollution Con-
trol's (NCAPC) Office of Research
Grants, is inclined to agree: “Almost
the first thing said when a proposal
comes up for review is ‘What is this
person’s research experience? What
has he published?” These are impos-
sible criteria for a young researcher
just getting started. Or take the case of
an engineer who, after a few years’
experience in industry, decides he
wants to do research. There has to be
a better way of getting such people
started when they have good ideas. We
hope our new Exploratory Grants Pro-
gram will provide this way.”

Dalmat’s research grants operation
is one of several programs by which

972 Envir al S
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Dalmat

Helping new scientists get started

NCAPC will pay out an ever increas-
ing number of research and training
dollars in FY 1968. Universities, re-
search institutes, and commercial out-
fits will share in the bounty. And the
Air Quality Act of 1967 (ES&T, Nov.,
page 884) authorizes still more re-
search dollars—as much as $125 mil-
lion in the next two years, probably
mostly as contracts—for those groups
ready and able to get into the national
research effort to control air pollution.

Early start

Dalmat and his staff plan on having
their new program under way by early
1968. “At this time we are setting no
definite figures on how many of the
grants, which will not exceed $10,000,
we'll award. We'’re going to wait and
see what kind of proposals we get. If
necessary, we’ll request supplemental
funds from Congress to support worthy
projects.”

NCAPC is putting no restrictions on
these grants. They can range across
the entire field of air pollution—its
causes, effects, extent, prevention, and
control. A grant, which will run for no
more than two years, can be used to

Steigerwald

Tapping private sector expertise

establish fcasibility, to exploit an un-
expected research opportunity, to
analyze data previously collected. or
to carry out pilot studies. However.
NCAPC has singled out some areas in
which it feels such short term research
might be particularly fruitful. These
targeted areas are:

® Behavioral toxicology.

® Development of mathematical and
statistical bases.

® Exploration of new physical con-
cepts.

o Life cycle of important pollutants.

® Pyblic attitudes and acceptance of
aesthetic insults.

® Relationship between air quality
in living spaces and air pollution.

® Study of relationship between air
pollution damage and market param-
eters.

Another goal of the exploratory
grant program is to get grants money
out and research under way more
quickly. “Under our regular research
program, six to eight months might
elapse between the time a proposal is
submitted and the money ends up in
the scientist’s hand,” according to
Dalmat. “Exploratory grant proposals



will not have to come in at our three
annual dcadlines. As they come in,
we'll expedite our normal reviewing
procedures. It might be possible in
some cases to have money in the re-
searcher’s hands within four to six
weeks,” he notes.

“We welcome more grant applica-
tions,” Dalmat encourages. And, to
this end, he invites anyone interested in
more information on exploratory
grants to write to Chief, Office of Re-
search Grants, National Center for Air
Pollution Control, 8120 Woodmont
Ave., Bethesda, Md. 20014.

More to spend

Besides the problems of launching
a new program in FY 1968, Dalmat
and his staff will have the added re-
sponsibility of disbursing a record ap-
propriation of $8.6 million for research
grants—a $2.4 million increasz from
the preceding year.

Dalmat sees the grants program be-
coming more mission oriented. “This
is not to say that we're going to do
away with long-range programs. That
would be foolhardy. But we do want
to program more, to direct our efforts
more to the areas where bigger pay-
offs are possible.”

One arca needing a lot more cffort
is that which deals with the health
effects of air pollution. However,
Dalmat feels that the National In-
stitutes of Health’s new Environmental
Health Sciences Division may do much
of the basic research in this area. This
would free his grants program to
spend more effort on gross health ef-
fects, as well as on epidemiological
studies and on studies of the psycho-
logical effects of air pollution. Social
and political implications of air pollu-
tion are still other arcas he feels need
more attention.

Review by PHS method

In selecting these grants, Dalmat
uses the so-called Public Health Ser-
vice reviewing method. The first re-
view is by study sections based on dis-
ciplines. Composed of 13-15 scientists

(mostly from outside Government), a
study section assigns a priority based
on scientific merit. Close to 85% of
NCAPC's proposals are reviewed by a
study section NCAPC set up when
none of PHS’s existing sections covered
the disciplines involved. This section
reviews proposals in atmospheric
chemistry, analytical techniques,
meteorology, botany, and toxicology,
all as they relate to air pollution.

The second review is by NCAPC’s
advisory council, also composed largely
of outside scientists. The review con-
siders applicability of a proposal to air
pollution, as well as scientific merit.

The House Government Operations
Committee recently criticized this
method, charging that PHS relies year
after year on a small group that ad-
vises on grants, as well as receives
grants. And the Federal Water Pollu-
tion Control Administration is using
more in-house review (ES&T, Sept.,
page 688).

“In my experience, I've sensed little
of the ‘I'll scratch your back if you'll
scratch  mine’ philosophy,” Dalmat
maintains. “More often I've heard ‘He
ought to know better than submit such
a sloppy proposal.” We are turning
down about 60% of the proposals we
reccive—both new and renewals—and
the PHS system seems to be working
for us.”

Biggest gains in contracts

Most of the research grants go to
universities,  although  foundations,
state agencies, hospitals, and even for-
cign groups can and do get grants.
Rescarch contracts, on the other hand,
usually end up in commercial firms or
rescarch  institutes. This area of
NCAPC research, from a modest $2
million in FY "67 could grow to $100
million by FY "69—if Congress appro-
priates funds for what it has author-
ized.

The original appropriation for FY
'68 calls for $9.6 million in research
contracts—3$2.5 million for federal, or
interagency, contracts, and $7.1 mil-
lion for nonfederal contracts. The Air
Quality Act of 1967 authorizes $35
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million during FY 68 and $90 million
in FY ’69 for development of control
technology of combustion by-products.
Most of this development money will
be in the form of research contracts.
According to Dr. B. J. Steigerwald,
head of the office of program planning
and evaluation, a sizable appropriation
is possible in the final half of FY 68
under this section of the act.

The key to effective use of these new
funds is tied in with organizing the
private sector. “The big, tough prob-
lems in air pollution won't be solved
completely by in-house research,” is
the way Steigerwald puts it. “In the
past two years, we've negotiated a lot
of research contracts in our program
to control sulfur dioxide emissions
from fossil fuel combustion. Our ex-
perience has been gratifying.

“We find that when we define our
problems specifically, we can tap the
expertise of the private sector. We
have approximately 30 contracts ac-
tive in our sulfur program; they run
the gamut from a $5000 contract for
minor consulting services to a $1.5
million contract for design and con-
struction of a demonstration plant for
control of sulfur oxides. We hope for
the same kind of participation in the
big new programs being developed in
the next few years.”

In soliciting contracts, Steigerwald
expects NCAPC to go more and more
to publicizing its specific needs. “Some
of our advertisements in the Com-
merce Business Daily have brought in
replies from as many as 80 interested
organizations. We request detailed
proposals from the best, then make our
choice from their proposals. But we
still can—and do—fund unsolicited
proposals, particularly those with
unique or innovative ideas.”

The contracts will originate prin-
cipally with NCAPC’s three major
programs:

® Control technology research and
development.

® Standards and criteria develop-
ment.

® Abatement and control.

Steigerwald sees the entire con-
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National Center for Air Pollution Control
Estimates for fiscal year 1968

Research and development contracts by subject area tracts area growing faster than

NCAPC in general, and the control
technology area growing the fastest of
all the contracts. Control technology
is budgeted for close to $4.4 million
in the current fiscal year; of that,
about $3 million is going to study in-
dustrial processes as part of the search
to find ways to minimize production
of pollutants.
Sulfur oxides are getting the major
attention at present, but NCAPC also
wants to start doing the groundwork
for the other pollutants it expects to
attack with the increased expenditures
anticipated for FY ’69. Foremost
among these pollutants slated for attack
are the nitrogen oxides. Design of
many types of combustion units will
probably have to be modified to mini-
mize nitrogen oxides production. From
the larger sources, nitrogen may even
be recovered.
Another major effort in control tech-
Total $7.1 million t'wlogy contracts yvill be on iTproving
instruments for air sampling. “In these
contracts, we hope to tap the tech-
nology developed by NASA and DOD
to help solve air monitoring and
Research grants by subject area source monitoring problem.s," Steiger-

wald says. Current monitoring stations
leave much to be desired. NCAPC’s
director John T. Middleton put it this
way recently at a meeting of the New
Jersey Council for Research and De-
velopment: “The fact is that these sta-

Federal grants for air
pollution research
Fiscal Millions of
Year Number Dollars
1961 71 $ 1.8
1962 78 1.9
1963 97 2.9
1964 107 3.9
1965 130 4.6
1966 149 5.3
1967 162 6.2
1968 (est.) 205 8.6
1969 (est.) 241 9.2
1970 (est.) 269 11.0
mes @
— est. .
Total $8.6 million 1973 sest.; 426 16.6
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tions are too expensive. They require
an air conditioned building, a supply
of wet chemicals, and an operator.
Surely, when we can analyze the dust
on the moon, we can do better than
this. What we need is a continuous
monitor for the major pollutants, the
size of a desk, needing no chemical
supplies, easy to maintain, not requir-
ing an operator, having telemetering
capacity, and inexpensive. Can you
make one? Can you make a thousand?”

Almost $1 million in control tech-
nology contracts are due to be awarded
for motor vehicle projects in FY ’68.
They will be for two general purposes:

® Development of standard test
methods. “What we need here,” says
Steigerwald, “are base line data on
emissions and driving habits. What are
emissions for freeway driving versus
stop-and-go driving, for example?
From these, we can develop better
standard laboratory methods, simple
and reproducible, that will tell us what
exhaust control devices will do and
how they’ll hold up in practice.”

® Development of new concepts to
control vehicle emissions. There is a
continuing interest in development of
new, more effective methods for con-
trol of hydrocarbons and carbon mon-
oxide. Areas of emphasis will include
control of particulate emissions, diesel
odor, and oxides of nitrogen.

Pollution effects

A big new contract effort is sched-
uled this year on the economic effects
of pollution. This area takes on in-
creasing importance as the air pollu-
tion control program grows. Com-
menting on this, Steigerwald says,
“One question frequently asked is
‘How much damage would occur were
there no control?” So we’re setting out
to determine in more detail damage
functions for all major pollutants on
all major receptors—people, plants,
paints, fabrics.”

In the health effects area, NCAPC
plans to start studies on behavioral
toxicology, an area as yet almost un-
touched. How do low levels of carbon
monoxide affect a driver’s responses?
Diesel odor is now considered largely
a nuisance, but what of the general
well being of those affected?

NCAPC also wants to develop more
data on the synergistic effects of a
wide variety of things and pollution.
Particularly important are data on in-
fectious agents, as well as data on the
effects of pollution on those whose
defenses are lowered—the very young,
the very old, the sick.

NCAPC this year initiates an effort
that will take several years to com-
plete: compiling an inventory of at-
mospheric emissions, industry by in-
dustry. Working jointly with industry,
NOAPC wants to find out what each

NCAPC research appropriations

In-house research
Research grants
Research contracts
Federal
Nonfederal
Training programs
Grants and fellowships
Direct training
Grants for nonfederal pollution
control programs
Survey and demonstration grants
Other technical assistance
Abatement program
Control of motor vehicle emissions

Totals

@ Does not include supplemental request

FY ’67
(millions of
FY ’68 dollars) FY ’66
$ 8.7 $6.6 $5.3
8.6 6.2 5.3
2.5 1.8 1.5
7.1= 7.8 2.1
3.2 2.5 1.7
1.4 0.7 0.6
20.3 7.0 5.0
2.0 2.0 1.9
5.2 2.6 1.5
3.8 1.8 1.3
g L1 05
§64.2 $40.1 $26.7

industry puts out, how it is controlled,
and at what cost.

Development of improved computer
models to simulate urban atmospheres
and control plans is another project
NCAPC will push this year. Such
models would permit control officials
to evaluate the cost and effectiveness
of alternative control strategies using
computer gaming techniques.

More for training grants

The training grants and fellowship
activity, too, are expanding. The initial
appropriation in FY ’63 was $0.4 mil-
lion. In FY 68 it is budgeted for $3.2
million; this includes $2.7 million for
grants to institutions and $0.5 million
for fellowships to individuals.

Ten training grants were made in
the first year of the program. The total
number NCAPC now supports is 23.
Carl Lindstrom, head of NCAPC’s
training program, hopes to be able to
start three or four new programs with
this year’s funds. Training grant ap-
plications are evaluated with the help
of the air pollution Training Advisory
Committee.

Meanwhile, Lindstrom is going to
re-evaluate the existing programs. “In
looking at these programs, we will
have to consider a couple of things—
how well a program is doing the job
it set out to do, and how this job fits
into our national program. We antici-
pate being able to maintain par-
ticularly strong programs even beyond
the seven years that has been set as the
maximum project period. We may find
that some, with greater support, could
become really strong programs. And,
frankly, there is a chance we will have
to phase out some of the programs.
We feel we must target our resources
according to priority need so we can
build a stronger national training pro-
gram.”

Another job Lindstrom’s group will
be tackling in the coming year is a sur-
vey to determine the training required
to meet the growing manpower needs.
This survey was spelled out in the Air
Quality Act of 1967; it is due to be
presented to Congress by July 1969.
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Aircraft noise
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unrelenting, unremitting, intolerable

“. .. This country . . . can no longer afford to turn a deaf ear to the 20th century problems of noise.”

Most of the witnesses heard so far
at hearings on proposed legislation for
aircraft noise control favor some form
of legislation. But what form the leg-
islation should take is not so obvious.
Nor, according to witnesses at the hear-
ings, which began in mid-November,
are any solutions imminent for in-
stantaneous control and abatement of
aircraft noise.

The problem of aircraft noise exists
at every major airport in the world.
It became aggravated in 1958 with the
introduction of the first jets and in-
creased travel loads. And it will con-
tinue to be bothersome until legislation
and technology, either separately or
collectively, control, reduce, or elimi-
nate the noise. “For those who must
live surrounded by the din of normal
city life, the whine of an increasing
number of jet aircraft can make life
almost intolerable for many who live
below or near the path of flight,” said
Alan S. Boyd, Secretary of Transporta-
tion.

Although the problem of noise is
not unique to O’Hare, the Chicago air-
port is of special interest because of
its size and aircraft volume.

“O’Hare International Airport, the
busiest airport in the world, routinely
handles more than 1200 flight opera-
tions daily,” according to Rep. Roman
C. Pucinski (D.-Ill.) whose congres-
sional district borders O’'Hare.

At the hearings early this month
before the House Subcommittee on
Transportation and Aeronautics, Con-
gressman Pucinski said, “On an aver-
age day, O’Hare copes with a minimum
of 1000 jet operations. During peak
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travel hours, this means a jet into or
out of O’Hare at a rate of one every
40 seconds. To the 23,500,000 pas-
sengers who use the facilities at O’'Hare
each year, this usually means prompt
and efficient service. To the hundreds
of thousands of persons clustered in
homes, hospitals, and apartment build-
ings within a 15 mile radius of the air-
port, it means far more. It means noise
—unrelenting, unremitting, into'erable
noise.”

“Students have their classroom dis-

cussions shattered. Telephone conver-
sations cease. Television viewing is im-
possible. Countless thousands of my
constituents spend endless nights un-
able to obtain a moment’s respite from
the unbearable noise. Patients in hos-
pitals must endure the constant roar
and scream of jet engines. Elderly peo-
ple in nursing homes have nowhere to
flee the boom and whine of tidal waves
of sound,” Pucinski continued.

At the hearings witnesses testified
to a very real concern about the wors-

environment is not known.

Rene Dubos, Rockefeller Institute

join in the study are the following:

Development

Analyses

Interior launches sonic boom study

This month a broad study of sonic booms and other noise pollution has
been initiated by Stewart L. Udall, Secretary of Interior. Although the effects
of sonic booms on parklands, man-made structures, and the like have
been documented to some extent, the overall effect of sonic booms on our

Included in the list of prominent scientists who participated in the re-
cent meeting for this study are the following:

John C. Calhoun, vice president, Texas A & M College
H. Stanley Bennett, University of Chicago

Joseph L. Fisher, president, Resources for the Future, Inc.
Roger Revelle, Harvard Center for Population Studies
Athelstan F. Spilhaus, president, Franklin Institute

In addition, other prominent scientists who, according to Interior, will

Harrison Brown, National Academy of Sciences
M. Barry Commoner, Washington University (Mo.)
Leonard Duhl, special assistant to the Secretary of Housing and Urban

Gordon J. MacDonald, executive vice president, Institute for Defense

Milner B. Schaefer, science advisor to the Secretary of Interior
John L. Buckley, Office of Ecology, Department of Interior
S. Fred Singer, deputy assistant secretary for Water Pollution Control

The report of this study will become available in midyear 1968.




ening noise levels that are coming
simply through the growth of aviation.

“Aviation is still a fast growing in-
dustry in the U.S. In 1960 only 16
airports serviced jets; today there are
150 airports that receive jets,” said E.
Thomas Burnard, executive vice-pres-
ident of the Airport Operators Council
International, a voluntary, nonprofit
association of more than 120 organiza-
tions and public agencies which own
or operate more than 500 public air-
ports in the 50 states and in other
countries around the world. “It is es-
timated that nearly 350 airports will
service jets in 1970 and more than 500
airports will service jets by 1975,” he
added.

A correlation in terms of total air-
craft and aircraft movements yields the
following table:

Aircraft
Jet movements
Year aircraft (millions)
1960 224 (turbojets) 26
1966 896 47.8
1974 (est.) 2240 95.6

Source: E. Thomas Burnard in a statement
before House Subcommittee on
Transportation and Aeronautics

Attesting to the public awareness of
the relentless noise, citizens in the U.S.
have urged their legislators to attack
the problem. “The widespread interest

in Congress is evident by the 29 bills
pending in the house, all seeking to
solve the aircraft noise problem,” Bur-
nard noted.

Congressman Theodore R. Kupfer-
man (R.-N.Y.) warned, “The idea that
noise is a necessary price of industrial
and economic progress is as antiquated
as the belief that contaminated waters
and a polluted atmosphere must ac-
company civilization’s advances.
This country, and the entire world for
that matter, can no longer afford to
turn a deaf ear to the 20th century
problems of noise.”

The three essential component parts
of aircraft noise are as follows:

® Reducing aircraft noise at the
source.

® Developing noise abatement flight
techniques.

e Fostering the compatible use of
land adjacent to the airports.

The three, which are additive, go
hand in hand. But H.R. 3400, intro-
duced by Rep. Harley O. Staggers (D.-
W.Va.) provides for control of noise
at the source—the aircraft.

Features of H.R. 3400

H.R. 3400 would authorize fed-
eral regulation and control of jet noise.

Donald M.

(D.-Md.); and others.

Features of other noise bills

As of the latest count some 30 bills, endorsed by different legislators,
are being considered by the House Subcommittee on Transportation and
Aeronautics, under the chairmanship of Rep. Samuel N. Friedel (D.-Md.).
The proposed 30 bills amend 49 U.S.C. 1301 and 49 U.S.C. 1421-30 and are
essentially alike. Associated bills include HR. 13846 (introduced by Rep.
Fraser (D. Minn.)); H.R. 7266 (introduced by Rep. Joseph P.
Addabbo (D.-N.Y.)); H.R. 2819 and H.R. 2820 (introduced by Rep. Theodore
R. Kupferman (R.-N.Y.)); H. R. 14146 (introduced by Rep. Samuel N. Friedel

Congressmen Fraser's H.R. 13846 and Kupferman's H.R. 2819 would es-
tablish an Office of Noise Control in the Office of the Surgeon General.
According to Kupferman, “The primary function of the Office of Noise
Control would be to act as a national clearing house for general and
specific noise information, and could, upon request, disseminate the wealth
of its accumulated knowledge to the states and local governments to help
them control noise at its point of origin."” The proposed legislation is de-
signed to make the Office of Noise Control responsible for controlling other
types of noise such as those associated with traffic, subways, and the like.

One title of Congressman Fraser's H.R. 13846 permits certain FAA
reimbursements to airlines that conform to proposed federal noise reg-
ulations. This includes the following:

e As much as a 30% reimbursement of the cost of modifying aircraft
to conform with federal noise regulations.

® As much as 30% reimbursement to airports making the changes.

® A 90% reimbursement for cities acquiring land near the airports or
along flight lines in an effort to reduce the effects of noise.

Stephen’s substitute bill, endorsed by ATAA, would limit the applica-
tion of noise measurement standards to aircraft type certification.

Basically, the bill gives federal officials
a new type of regulatory power of
noise—in addition to their present reg-
ulatory power in the area of safety.
The bill would amend the Federal
Aviation Act of 1958 to give the Sec-
retary of Transportation power to pre-
scribe aircraft noise abatement and
control measures, including sonic
booms.

The effect of H.R. 3400 would be to
include noise control and safety as
considerations in issuing or revoking
aircraft certificates. The federal
authority for certification with respect
to safety would continue to be vested
in the FAA Administrator. But the
new federal authority for certification
with respect to noise would be vested
in the Secretary of Transportation.

Support for control

Support for aircraft noise control
resides not only in the myriad, regional
groups of irate citizens and most of
the witnesses heard so far, but also in
the high governmental offices.

“We regard enactment of the bill
(H.R. 3400) as a most important step
in our efforts to alleviate the noise
problem,” said Gen. William F.
McKee, FAA Administrator, before
the House Interstate and Foreign Com-
merce Committee in early March.
“Perhaps of greatest significance is the
authority it provides for the applica-
tion of noise standards in the certifica-
tion of aircraft. We believe this author-
ity is essential to the achievement of
any real progress in the reduction of
aircraft noise at its source,” he con-
tinued.

Also, Dr. Donald F. Hornig, Pres-
idential Science Adviser, noted, “Con-
cerning noise standards: I regard the
passage of legislation authorizing the
Secretary of Transportation to set air-
craft noise standards to be critically
important. In the long run it is the only
way I can see to protect the public in-
terest in this respect.”

Contradictory solutions

Potential solutions for the 20th cen-
tury problems of aircraft safety and
noise contradict one another. For ex-
ample, the safest jet approach is a long
low approach. It is also the most noisy.

Several existing techniques reduce
the noise but not to such a low decibel
level to be socially acceptable or en-
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NBAA Jet Aircraft Noise Abatement
Department Procedures

NBAA procedure

Lift off End of runway

durable by the public. These have in-
cluded efforts on the part of the air-
lines to reduce noise at the source,
flight patterns, land use, and control
procedures.

Climb-out profiles

The FAA, with assistance from
NASA, tested and developed climb-out
profiles which significantly reduce air-
craft noises prior to the creation of
Department of Transportation, accord-
ing to DOT Secretary, Alan S. Boyd.
The climb-out profile is a three seg-
ment noise abatement takeoff profile
which substantially reduces noise in
terms of flyover time.

The profile consists of, first, a max-
imum takeoff climb to a specific alti-
tude; second, a reduction in power and
a lower rate of climb to an altitude
where the generation of noise is not as
annoying; and, third, thereafter a re-
sumption in the normal climb proce-
dure. These climb-out profiles were ac-
ceptable to the industry and consistent
with the safe and reasonable operation
of the aircraft.

Glide slopes for landing

The aviation community, by way of
its National Aircraft Noise Abatement
Council (NANAC), was also instru-
mental in securing wide acceptance and
application of the increased visual glide
slope, converted to a six degree land-
ing approach from the former three
degree approach.

NANAGC, organized in early 1960,
represents the aviation community’s
move to coordinate nationwide plan-
ning and procedures for the reduction
of aircraft noise. The organization
comprises the Aerospace Industries As-
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Maximum power

Airport boundary

sociation (representing the principal
airframe and engine manufacturers);
Air Line Pilots Association (compris-
ing 15,000 licensed commercial air-
plane pilots); Air Transport Associa-
tion of America (consisting of the 36
scheduled certificated route carriers of
the U.S.); Airport Operators Council
International (consisting of 107 mem-
ber organizations representing more
than 500 public airports in the 50
states of the U.S. and other countries);
and American Association of Airport
Executives (representing the managers
and directors of more than 400 air-
ports throughout the U.S.).

Although the primary concern of
those interested in noise reduction gen-
erally centers on a reduction of noise
at takeoff, DOT is investigating noise
abatement approach profiles. Presently
in the experimental phase, the ap-
proach profile calls for an increased
rate of descent. Unfortunately, the
increased decent rate is inherently less
safe than existing approach procedures.

“Aviation is not in and of itself in-
herently dangerous. But like the sea, it
is terribly unforgiving of mistakes, and
for this reason we, the pilots, will
continue to resist the application of
operational noise abatement techniques
which inhibit the safety margins we
find to be necessary,” cautioned Capt.
Vernon C. Brunelle at this month’s
hearings.

Existing procedures

In spite of the fact that some form
of noise abatement and control pro-
cedure is in operation at nearly every
U.S. airport, the aircraft noise prob-
lem remains unsolved.

One of the best known (at least to

At 1500 feet
reduce power
and maintain at
reduced level to
3000 feet

Resume climb
schedule at 3000 feet

those involved in aircraft noise con-
trol) and probably the best example
of existing noise control procedures in
effect at airports is the 112 PNdb Rule
of the Port of New York Authority.
This rule is enforced against carriers
operating at the New York airports,
under the right of the Port Authority,
as operator of its airports, to control
the conditions of airport use. Indeed,
it was only after noise measurements
had been made on the Soviet 11-62 at
Dulles International Airport that the
11-62 was permitted to land and take
off from Kennedy International Air-
port.

The noise abatement procedures in
effect at Washington National Airport
serves as yet another example of mod-
erately effective noise control proce-
dure. The procedure specifies the fol-
lowing:

® A prescribed course over the Po-
tomac River on departure and arrival.

® A thrust-control departure pro-
cedure comprising instructions to re-
duce power at 1500 feet, climb at 500
feet per minute to 3000 feet, and con-
tinue normally thereafter.

Predicting aircraft noise

DOT is developing a computerized
method for predicting aircraft noise
exposure at airports, according to Sec-
retary Boyd. Already the methodology
has been applied to three princi-
pal, international airports—Kennedy,
O’Hare, and Los Angeles; and plans
are under way to apply it to 29 ad-
ditional airports. When the model is
available, it will enable the Department
of House and Urban Development to
inventory land use at all 32 of the air-
ports. The resulting noise exposure



Close-in procedure

(Use when the noise sensitive areas are within 10,000 feet of brake release)

Lift off

End of runway

Airport boundary

forecast-land use inventory in the vi-
cinity of these airports will then be
used to achieve compatible land use
and to assist planners in developing
communities free from aircraft noises.

NANAC is also taking a systems
approach to the total airport-environ-
ment complex, according to John E.
Stephen, general counsel for Air Trans-
port Association of America. “The out-
put of the operations research model
will be the optimum combination of
aircraft configuration, flight proce-
dures, and compatible land measures,
to produce maximum noise abatement
for expenditures made,” he claimed.
Also, he noted, a $200,000 contract for
the performance of Phase I has been let
by the Aerospace Industrial Associa-
tion. Stephen expects completion of
Phase I within the next six to eight
months. If Phase I establishes a fea-
sible computer model, then Phase II
will be carried out at a further cost to
the industry of approximately $1 mil-
lion, he predicted.

Noise at Washington

Last year FAA measured noise at
Washington National Airport at 846
data points for departing aircraft and
another 231 for arriving aircraft. The
data were recorded by six two-man
teams of electronic technicians operat-
ing from mobile units. The measure-
ments include noises produced by jets
such as Boeing 727, Douglas DC-9,
BAC-111, and Caravelle; piston air-
craft such as Douglas DC-3, DC-6, and
DC-7, Lockheed Constellation, Con-
vair 440, Martin 202 and 404; and
turboprop aircraft such as the Lock-
heed Electra, Vickers Viscount, Fair-
child F-27, and Convair 580. During

After crossing airport
boundary and after
reaching 300 feet
reduce power

retract flap but
maintain climb rate

the measurements, the Washington Na-
tional noise abatement plan was in
effect.

The ambient sound pressure level
was 60 decibels. About 25% of the
aircraft recordings were masked by
surface noises and did not exceed the
ambient neighborhood sound pressure
levels. Significantly, arriving aircraft
produced less noise than departing air-
craft. As a category, departing air-
craft of the intermediary range type
delivered less noise to the community
than did old four-engine piston-type
air transports.

For example, departing four-engine
piston aircraft delivered, as a group,
higher noise than did jet aircraft, both
in terms of overall sound pressure
levels and perceived noise levels. As a
total group, these aircraft delivered to
the sites a greater sound pressure level
in decibels (90 db.) than did the jet
aircraft (87 db.). The computed mean
PNdb. was higher for all four-engine
piston aircraft (94 PNdb.) than for all
jets (92 PNdb.).

A typical departing Boeing 727, one
half mile from the end of the runway
and at an altitude of approximately 400
feet, produced ground noise levels of
112 db. and 116 PNdb. On the aver-
age, Electras produced noise levels of
103 db. and 103 PNdb. Viscounts,
noise levels of 106 db. and 112 PNdb.

Pilots’ position

“Washington National Airport is no
doubt the most convenient downtown
airport of any major capital in the
world. Yet the ridiculous noise abate-
ment procedures which were adopted
for use at Washington National—such
as following the narrow Potomac River

-~
3000 feet

Maintain reduced power
to 3000 feet then resume
climb schedule

in its snake track course northwest-
ward—were not only operationally un-
feasible, but, additionally, provided
more noise for the persons living in
the immediate vicinity of the river,”
complained Capt. Vernon C. Brunelle,
a line pilot for one of the nation’s cer-
tified air carriers and chairman of the
Air Line Pilots Association’s (ALPA)
standing committee on noise abate-
ment. ALPA has more than 23,000
air line flight deck crew members and
has been involved in aircraft noise
abatement for the past 20 years. “The
adoption of a noise maximum for air-
worthiness certificates, however, is not
in and of itself the total answer,” Capt.
Brunelle observed.

Subjective reactions

The oft-used term aircraft noise is
seldom defined, according to Stephen.
“But essentially it refers to com-
plaints,” he noted. “If anything has
been learned from the exhaustive stud-
ies made of noise complaints, it is that
—no matter how much the noise level
is reduced—there will remain an in-
eradicable hard-core group of com-
plainants. Both British and American
studies indicate that this constant hard-
core group of complainants constitutes
about 30% of the population near air-
ports. In this sense, the aircraft noise
problem will probably never be
solved,” Stephen continued.

Support for the above outlook has
also been demonstrated in studies of
the Society of Automotive Engineers.
SAE committee A-21, comprising
numerous representatives from the avi-
ation industry, demonstrated that the
overall sound pressure levels of vari-
ous aircraft noises do not correlate well
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with subjective reaction to these noises.
At the recent 22nd meeting of A-21 at
Orly Airport, a study group told of its
efforts, using panels of subjects, to de-
velop a method for the measurements
of subjective reaction to aircraft fly-
over noise.

This study on the effects of pure
tones in the spectrum compared calcu-
lated pure tone corrections with pure
tone corrections determined by direct
panel ratings of noise flyover cycles.
The results show that for a series of
takeoff and landing flyovers of Boeing
707 and DC-8 aircraft, the calculated
pure tone corrections were on the
order of one half of the actual values.
The work is continuing to obtain in-
formation on the confidence level of
the results.

Cost of reducing noise

The airlines’ cost for noise control
and abatement are masked because
such costs are usually included in
other airline costs. Although the actual
cost of noise control is not readily ob-
vious, some assessment of it was pro-
vided by Air Transport Association of
America’s Stephen’s testimony.

He said, “Predating the airline’s in-
troduction of the turbofan engines
more than $50 million was spent on
R&D to perfect in-flight noise sup-
pressors, for the first jet engines. By
1962, the airlines had installed sup-
pressors on 325 jet aircraft at a cost
of $250,000—a total of $73 million
for the industry. By 1965, the airlines
had invested nearly $150 million in the
installation of noise suppressors. In ad-
dition to this original cost, it cost the
airlines approximately $10,000 per air-
craft per month to operate the sup-
pressors, because of increased weight
and drag and reduced speed—a total
for the industry of $36 million per
year,” Stephen revealed.

Industry’s contribution

Continuing his discussion, Stephen
noted that the airlines have made con-
siderable investments to alleviate the
noise. “Specifically designed and de-
veloped for the express purpose of
reducing noise, the fanjet engine was
substituted for the turbojet engines in
aircraft orders of all U.S. airlines. One
airline even replaced all turbojet en-
gines in its existing aircraft at a cost of

$1 million per aircraft,” Stephen said.

Stephen also observed that the air-
lines serving Kennedy International
Airport have agreed to pay more than
$11 million at the airport alone for
required runway extensions—not for
operational reasons, but solely for
noise abatement. One airline, alone,
estimated its cost at more than $4 mil-
lion per year. Another carrier estimates
that its economic penalty for com-
plying equalled 5% of the annual gross
operating revenue of each of its
affected aircraft operated at Kennedy
International.

Technological promises

As part of the national program on
aircraft noise, established within the
Office of Science and Technology in
1966, the National Aeronautics and
Space Agency has some technological
programs directed toward reduction of
aircraft noise. NASA’s short-range
retrofit program will incorporate sound
absorption techniques into engine
nacelles. |According to NASA, this
technology promises a 6 db. noise re-
duction and should be ready late next
year.

Its longer-range retrofit program
aims at reducing the noise an addi-
tional 9 db., when the technology be-
comes available in late 1969. NASA’s
quiet engine program is an attempt to
design an entirely new engine that
would afford a 20 db. reduction from
present noise levels—perhaps by 1972.

NASA has demonstrated that it is
possible to reduce noise levels by op-
erating commercial and military air-
crafts having turbofan engines at a
bypass ratio of 5:1 or 8:1 (the bypass
is the ratio of bypass cold air to com-
bustion gas). This possibility has an
added disadvantage. Now the whine of
the turbines prevails to such an extent
that the remaining overall noise is still
annoying and objectionable.

Limits of proposed legislation

Testifying in opposition to H.R.
3400, Stephen called attention to sev-
eral deficiences in the basic legislation
and offered a substitute bill for con-
sideration by the House subcommittee.
Stephen said that ATAA does not
support the bill’s proposed authority
for noise certification of airmen, air-
ports, air carriers, and air agencies.



He also pointed out the following ad-
ditional inconsistencies:

® H.R. 3400 is of little consequence
in the attack upon the problem of com-
patible land use adjacent to airports.
(Many noise abatement experts believe
that solving airport noise problems in
such areas is the most promising ap-
proach to the solution of the overall
airport noise problem.)

® H.R. 3400 is concerned with only
the reduction of aircraft noise at the
source.

® Confinement of the noise problem
to civil, not public, aircraft only.
(Stephen says, “Among the public air-
craft not covered by H.R. 3400 arc
military aircraft. Military jets are prob-
ably the noisiest of all aircraft, and
they are substantial contributors to
the aircraft noise problem.” The bill
covers only civil aircraft, which do not
create sonic booms, but cxcludes mil-
itary aircraft, which do. This anoma-
lous situation should be corrected,
Stephen says.)

e H.R. 3400 is deficient in its re-
view and hearing procedure after cer-
tification. (Under the present safety
certification  procedure, certification
cannot be amended, modificd, sus-
pended, or revoked without giving
the certificated holder an opportunity
to answer the charges made by FAA.
H.R. 3400 does not afford the certifi-
cate holder the right to answer the
DOT Administrator and receive a
hearing.)

Private business aircratt

Presently, there are about 500 turbo-
jet business aircraft in operation, ac-
cording to Mr. John P. Woods, spokes-
man for the National Business Air-
craft Association(NBAA). The asso-
ciation comprises nearly 800 U.S. cor-
porations that own and operate air-
craft Association (NBAA). The asso-
purposes. Although H.R. 3400 docs
not cover business aircraft, NBAA
published a noise abatement program
in mid-November. The NBAA pro-
gram includes the following:

® Flight procedures.

® Air traffic control procedures.

® Jet engine design.

® Land use.

According to Woods, NBAA staff
specialist on aircraft noise abatement,
NBAA does not believe that legisla-
tive action is required in the areas of
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flight and air traffic control procedures.
“Unless land use planning in the vicin-
ity of the airports is completed and
effected, all other noise abatement ef-
forts will fail to produce the desired
results,” he warned.

“Although flight procedures are only
one of several parts of an effective
noise abatement program, they are the
only part over which NBAA members,
as aircraft operators, have direct con-
trol,” he continued. “NBAA urges their
pilots to utilize these flight procedures
whenever, in their judgment, bene-
ficial community relations will result,”
Woods concluded.

Assessment

Factors such as frequency of opera-
tion, time of day, ambient noise level,
and the like—all in addition to air-
craft noise levels per se, complicate
the total noise picture with respect to
community reaction.

“Future generations will likely be
better adjusted to aircraft noise,” Capt.
Brunelle observed. “Only four gener-
ations ago, our forefathers resisted the
steam locomotive, and a bit later the
automobile, as an unnecessary noise
adjunct to the transportation system,”
he remarked.

In the same vein is Boyd’s remark
last month. “I do not believe there will
ever be such a thing as a quiet air-
plane,” Boyd said. “Despite our far
longer experience with the problems
of truck noise and railroad noise, we
have not been able to produce quiet
vehicles in those modes of transporta-
tion. But I am convinced that we will
be able, by technological and regu-
latory means, to reduce the impact of
aircraft noise exposure for the majority
of Americans who are now, or will po-
tentially be, subject to excessive aircraft
noise exposure,” Boyd concluded.

“In all events, certification for noise
will afford no magic results,” Stephen
noted. “Certification can yield no more
than technology can produce.” And he
added that the extent of noise reduc-
tion through technological improve-
ment of aircraft and engines is limited
by our present knowledge.

No short term or instantaneous areas
of substantial improvement are likely.
On the contrary, at most locations air-
craft noise nuisance will become even
more aggravated before the condition
starts to improve.

QUOTE...

We will no longer abide pollution

To conserve our resources and to maintain our capability to meet
not only our domestic but also our international food commit-
ments, we must move ahead boldly and decisively to halt the
sweeping deterioration of our environment and the senseless squan-
dering of our natural resources.

No nation on earth has been more abundantly blessed with
bountiful natural resources than the United States. No nation on
earth has abused and squandered its resources at such an aston-
ishing pace as we have. Our country was once covered with beauti-
ful forests and rolling prairies; many of our states were dotted with
beautiful fresh, clear lakes, and a myriad of streams meandered
across the land.

Much of this is gone. A major portion of our forests was care-
lessly if not wantonly harvested by the lumberman, much of our
fertile soil was allowed to erode away, and our fabled, priceless
streams and lakes are rapidly becoming polluted. Even the quality
of our air has deteriorated to the point that metropolitan areas like
New York and Los Angeles are constantly flirting with a major en-
vironmental disaster.

Perhaps the best known, and certainly the most widely discussed,
resource problem is that of water pollution. Every major river sys-
tem in this country is polluted to some degree—most of them seri-
ously. We have all stood by and watched the virtual destruction of
Lake Erie and are now seeing Lake Michigan in the early stages of
its death throes. Municipalities and industries along the shores of
these lakes and on the rivers which feed into them are dumping
each day millions of gallons of untreated wastes into their waters.

This nation is losing the equivalent of 400,000 acres of good
land each year from erosion and other forms of soil deterioration.
Flood damages in upstream watershed areas still amount to $1
billion every year. It is estimated that the accumulation of sedi-
ments in reservoirs and ponds throughout the country totals at
least 850,000 acre feet annually. Each year it costs us an estimated
$250 million to remove soil deposited in stream channels, harbors,
and reservoirs.

We are told that air pollution does some $12 billion worth of
damage each year. Damages to crops alone amount to about $325
million a year, while depressed growth of livestock due to air pollu-
tion costs an estimated $175 million a year.

Today, we have at our disposal the technology required to stem
the tide of pollution in this country. We know how to improve the
quality of our water and our air.

All of this is not enough. If we are ever going to win this war
against the deterioration of our environment, we must mount a
massive effort that has the support of everyone from the citizen on
the street to the local, state, and federal officials right up to the
White House. The decision must be made at all levels of govern-
ment that we will no longer abide pollution in any way.

GAYLORD NELSON

U. S. Senator (D.-Wis.) at the annual
meeting of the American Society of
Il\gﬁrt;nomy, Washington, D.C., Nov. 7,
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Telemetered Air Quality Network Helps Chicago

Automatic sensing and relaying of environmental data around the city help to

create an effective level of awareness in responsible public officials and the public

Austin N. Heller, New York City Department of Air Pollution Control, and Samuel G. Booras,
Chicago Department of Air Pollution Control

A_ brief history of Chicago’s De-

partment of Air Pollution Control is
necessary in order to view its Tele-

Table 1. Some statistics on the concentrations
of three major pollutants in Chicago (1966)

Number of Average Average
metered Air Monitoring Program in Period observations Average lows highs
proper perspective. . . Sulfur dioxide (p.p.m.)

The nation’s pioneer municipal ordi- Annual 1766 0.053 0.009 0.143
nance against dense smoke emissions Tuesdays 868 0.055 0.009 0.143
from industrial and commercial estab- Thursdays 898 0.050 0.010 0.143
lishments was enacted in Chicago in Winter 443 0.098 0.017 0.242
1881. A separate city department Spring 463 0.051 0.009 0.145
was organized in 1907, when permits Summer 460 0.021 0.004 gg%
were first required for the installation all W 5.0 Y8 )
of fuel-burning equipment. Ten years  Suspended particulates (ug./m.?)
later the department codified the first Annual 3059 144 73 270
definitions concerning the use of high Sundays 1008 139 73 277
and low volatile coals. In 1938 the Tuesdays 1020 148 72 213
nation’s first large-scale program for Thursdays 1031 146 75 261
the inspection of fuel and refuse burn- Winter 749 151 64 292
ing e.quipment was inaugu.rated. gﬂ::l"rﬁer ggg ig? gg gzg

Scientific advancement in the areas Fall 707 147 80 272
of medical knowledge and technology
has greatly increased over the years. Total dustfall (tons/square mile/month)

As knowledge about the nature, cause, Annual 237 36.9 17.7 64.2
effects, and control of air contaminants Winter gg 3222! %gz g}g
became more refined, so, too, did th Spring . : :
city’s efforts to utilize the informatione Sumiier 60 249 B2 o
.. ! Fall 58 34.5 13.1 63.8

Recognizing the urgency of com-
batting the increasing problem of air
contamination in a large industrial Table "'sum!“ary of s_uspe_nded
complex, Chicago reorganized the particulates in Chicago
original Department of Smoke Abate- December 1963-November 1964
ment in 1952, renaming it the Depart- Number
ment of Air Pollution Control. The . of .
new name was indicative of a widen- Station samples X Med. Correlation
ing of the department’s jurisdiction ! Al 134 90 6 r3.1 .98
and reflective of its expanded activities ¢ 4 13 5 %
in the monitoring and analysis of vari- i B o 1 = 5 A

T 20 132 118 110
ous pollutants. in D 4 1B 175 15 r4.6 .8

A landmark in the advancement of F 6 130 173 150 ra.7 .90
the cause for cleaner air in Chicago G7 128 158 150 r4.9 .71
was the enactment of a more compre- 19 122 154 140 r6.9 .73
hensive municipal ordinance in 1958, v L 12 134 170 175 r12.15 .53
which became effective in May 1959. 410 135 140 125 0L 55
The new ordinance regulates indus- ¥ n ﬁ igg ﬁg ﬁg ri1.14 .8
trial, manufacturing, and chemical 015 138 126 118
processes; steam and diesel locomo- P 16 126 121 100 r17.16 .70
tives; the handling, storage, and trans- Vi Q 17 137 136 115 r17.18 .77
portation of materials; open burning; R 18 135 120 100
the sale and use of high volatile fuels; vil H 8 134 136 125
and the sale of refuse-burning equip- Vil M 13 131 1 100

ment.
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Subsequent amendments in 1962
against open burning of debris from
demolition (effective in July 1964)
and in 1963 against all forms of pol-
luting emissions have strengthened the
control of noxious atmospheric con-
taminants. Moreover, the exclusion
of certain industries from the norms of
the ordinance—for example, coffee-
roasting and steel industries—was cor-
rected when the “research clause” was
deleted in the revised code.

In October 1962, the Department
of Air Pollution Control entered a
technical assistance project with the
U.S. Public Health Service to plan a
dynamic air management program for
the city. The time had arrived once
more for Chicago to broaden its con-
cept of air pollution control and to
devise more modern methods of assur-
ing clean air for its citizens.

The outgrowth of the planning was
a five-year air resource management
program, inaugurated in 1963, consist-
ing of a comprehensive eight-point
program involving an integrated team
of scientists, engineers, technicians,
enforcement officers, and administra-
tive personnel. The eight objectives
constituting the program summarize
the operations of the department:

e Provide the public with a
thorough understanding of air pollu-
tion.

® Determine the effect of air pollu-
tion on the health of Chicagoans.

e Inventory all potential sources of
air pollution.

® Improve the monitoring of pollu-
tants.

® Improve (he analysis of pollutants.

® Determine the transport and dis-
persion of pollutants.

® Recommend effective legislation
for air pollution control.

® Increase metropolitan activity in
the control of air pollution.

This, then, is the basis for the de-
partment’s activities in the organiza-
tion and operation of a total air moni-
toring program that led to the
establishment of its telemetered net-
work.

Site selection

After a careful review of the geo-
graphic distribution of the population,
commercial and industrial operations,
and meteorological considerations, a
total of 20 sampling sites was selected
to provide a synoptic profile of the
atmosphere.  But site selection is
more complicated than simply saying
it was done. Let us, then, consider
the methodology of site selection.

The population of Chicago is con-
centrated on the lakeshore and follows
an east-west line through the center
of the city; the concentration of older
multiple-dwelling units follows a simi-
lar pattern.

In view of possible site locations,
use was made of a study conducted by
the Department of City Planning en-
titled “Locational Patterns of Manu-
facturing Industries.”  This study
indicated the distribution of popula-
tion and areas where industrial es-
tablishments are located in the city
(Figure 1).

Table Ill. Monthly averages of sulfur
dioxide in Chicago

Month 1964
January 0.13
February 0.10
March 0.07
April 0.06
May 0.03
June 0.03
July 0.03
August 0.02
September 0.04
October 0.06
November 0.06
December 0.10
Averages 0.06

Source:

1965 1966
0.09 0.1
0.06 0.11
0.06 0.07
0.06 0.05
0.03 0.04
0.02 0.03
0.02 0.01
0.03 0.02
0.03 0.03
0.05 0.05
0.07 0.05
0.08 0.07
0.05 0.05

Department of Air Pollution Control, Technical Services Division

FEATURE

Meteorological conditions and
site choices

An important consideration in de-
fining the meteorological effects of an
area is local topography. Chicago is
eight to 10 miles wide and extends
north-south for about 25 miles along
the western shore near the southern
end of Lake Michigan. The entire
area is essentially a level plain slightly
higher than the surface of Lake Michi-
gan, which is 580 feet above mean
sea-level.

The surface features have too slight
an effect on air movement to cause
any noticeable drainage or channeling
of winds. The city’s buildings are a
much more prominent landscape fea-
ture than its topography, particularly
true in the central business area with
its many high-rises reaching 500-600
feet above street surfaces.

An important effect of local winds is
caused by temperature differences be-
tween Lake Michigan and the adjacent
land area. Not infrequently parts of
the city near the lakeshore are cooled
by easterly breezes off the lake, ex-
tending several miles on shore.

Any reasonable geographic distribu-
tion of sampling sites would provide
the desired synoptic profile of the at-
mosphere over the city because there
are no significant topographical fea-
tures other than buildings and because
the lakefront parallels the eastern
border of the city.

Another significant factor in site
selection was uniformity of elevation
for sampling stations. To attain the
optimum level of 50 to 60 feet above
ground level, public schools, most of
which are three or four stories high,
were selected. The 358 structures
available afforded an adequate hori-
zontal selection, ready accessibility,
security for our equipment as well as
cooperation for a public agency.

One final determination in site selec-
tion aside from population density, lo-
cations of industrial and commercial
firms, and meteorological conditions
was an adequate number of sampling
stations. An analysis of Chicago’s
220 square miles indicated that 19
sites would be sufficient to establish
a city-wide profile of air pollution.
An additional site was selected in a
predominantly rural area outside the
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Population distribution patterns Suspended particulate monitoring network (1966)
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city to determine the concentration of
pollutants in a relatively clean area.
Argonne National Laboratory was se-
lected as this control site (Figure 5).

Since the activation of the 20 air
monitoring stations in 1963, data have
been provided on three major types of
pollution—sulfur dioxide, suspended
particulates, and dustfall.

Testing and sampling procedures

Sampling for suspended particulate
concentrations consists of passing
about 2400 cubic meters of air (or
84,000 cubic feet) through a 7-inch
X 9-inch area of flash-fired glass mat
filter in a 24-hour period. Starting at
midnight of the previous day, sam-
pling is conducted on Sundays, Tues-
days, and Thursdays. The filters are

weighed before and after the sam-
pling. Before each weighing the filters
are stored at constant temperature and
humidity for 16 hours. Filters are
analyzed at the department’s labora-
tory for concentrations of sulfate, ni-
trates, and metals. Concentrations are
reported in micrograms per cubic me-
ter (pug./ms3).

The West-Gaeke analytical proce-
dure is used for sulfur dioxide. It
consists of bubbling air through 20
ml. of 0.10 normal sodium tetrachlo-
romercurate solution for 24 hours.
Samples are collected in duplicates on
Tuesdays and Thursdays. On the
average, 240 liters of air are passed
through each bubbler in a 24-hour
period. However, the exact volume
of air sampled is determined during

the calibration procedures used in
maintaining the sampling equipment.
Dustfall measurements are made
by collecting the settled material in
glass jars containing 1-3 inches of wa-
ter. The jars are 6 inches in diameter
(1/5 square foot area) and are set
approximately 54 inches above roof
level at the test site. The jars are
exposed for 25-31 days and then re-
placed with new ones while the con-
tents of the exposed jars are being
analyzed. The sample is analyzed for
materials soluble and insoluble in the
collecting medium, and further sub-
classifications are made for chloroform
soluble, hydrochloric acid soluble,
combustible, and inert components.

Suspended particulate matter

Of the 20 stations originally planned
for suspended particulate sampling,
only 18 provided data, as scheduled,
from March 1963 through December
1963. Uninterrupted data have been
available on suspended particulates
throughout (1964-66). Concentra-
tions have been recorded on punch
cards and analyzed statistically by
computer.

A detailed summary of all sus-
pended particulate data for 1966 is
presented in Table I. This summary
contains the inclusive dates for which
data were obtained from each station
as well as the number of samples and
cumulative frequency  distributions
giving the per cent of all samples equal
to or less than stated concentrations in
pg/m3 On the basis of this informa-
tion it is now possible to determine the
geographic variability of suspended
particulate matter in Chicago.

The median concentrations of sus-
pended particulates for the 20 stations
during 1966 are plotted on a map of
the city (Figure 2). For example, on
the basis of median concentration it is
apparent that station A (100 ug./m.?)
ranked as the least polluted area of the
city, while station L (177 pg./m3)
was the most heavily polluted from
the standpoint of total suspended par-
ticulate matter. The median concen-
tration for all 20 stations was 145
pg./md

As part of this analysis, data were
summarized by day of the week for all
20 stations; no significant difference is
noted in levels of suspended particu-
lates between Tuesdays and Thurs-
days throughout 1966. Similarly, data
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Table 1V. Financial breakdown of telemetered network vs.
existing stations for SO. Networks

All figures below are based on three years of experience from operating a network
which could provide only 24-hour-mean concentrations.

All figures are based on five-year depreciation of equipment.

In order to obtain daily 24-hour-mean concentrations, the following personnel and

equipment are needed:

Cost Cost
Equipment (1 year) (5 years)
24 Bubbler boxes plus glass, $136 each $ 3,264 $ 3,264
for 8 stations.
24  Gelman pumps, $68. each 1,632 1,632
1 Technician, instrument, $7700 for analysis of SO, 7,700 7,700
8 Aerovanes, $412.50 each 3,300
8 6-Bladed propellers, $10 each 80
8 Recorders, dual chart, $1525 each 12,200
Supplies
Chemicals not necessary plus glassware,
plus strip charts and miscellaneous 3,250
Personnel
3 Air sampling and equipment technicians,
$6024 each 18,072 90,360
1 Chemist Il 6,900 34,500
Mileage, miscellaneous travel, 8 cents 2,500 12,500
per mile
TOTAL 168,786

Eight-Station Automatic Telemetered System
Cost (5 years)

8  Beckman SO, Analyzers, plus Bristol Strip charts
8  Aerovanes plus strip charts
8 Masts
8  Remote stations with associated electronics
1 Central station, equipped with electronics, teletype, and
five-channel punch tape
Total cost $128,000
1 Electronics equipment technician (70%) $4830 24,150
Rental of Teletype lines, $276 per month (1 year $3312) 16,560
Strip charts 750
TOTAL $169,460
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were analyzed according to season of
the year, revealing that concentrations
are rather uniform on a seasonal basis.

The annual isopleth for suspended
particulates (Figure 2) corresponds
fairly well with the population and
industry concentration, particularly
with population. The concentrations
reduce westward, rapidly on the
north and near south, slowly at the
center. The far south (the location of
the heavy industries) shows a higher
concentration than the far southwest.

Sulfur dioxide

A graphic summary of sulfur diox-
ide data from all 20 stations during
1966 has been plotted on a map of
Chicago (Figure 3). It should be
noted that in relation to the range of
average levels of suspended particu-
lates, the range of average levels of
sulfur dioxide is quite large. For
cxample, the average concentration of
sulfur dioxide for the year ranged from
0.028 p.p.m. for station C to 0.090
p.p-m. for station L. Station L, it
should be noted, also recorded the
highest level of suspended particulates.

Sampling of pollutants has indicated
that meteorological factors play a sig-
nificant role in concentrations. Daily
analysis of data reveals that the levels
of pollutants vary inversely to wind
speed. Heavier concentrations of pol-
lutants are recorded with light wind
speeds rather than with stronger winds.

In the case of sulfur dioxide. there
is a very pronounced seasonal cycle in
Chicago, indicative of a relationship
with heating demands. The correla-
tion coefficient between these two vari-
ables was 0.97. Generally speaking.
the average levels during the winter
are more than three times those ob-
served during the summer. Again,
station L is most outstanding with lev-
els in the summer of 0.027 p.p.m. and
in the winter of 0.197 p.p.m. The
maximum 24-hour average concentra-
tion of sulfur dioxide recorded at sta-
tion L was 0.249 p.p.m. By referring
to the cumulative frequency distribu-
tion for all stations for the year, it can
be seen that 1% of the total of 1766
samples exceeded a concentration of
0.26 p.p.m.

In the isopleth map (Figure 3)
the sulfur dioxide lines tend to parallel
the lakeshore (the high population
zones), indicating a slower decay of
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concentration toward the northwest
and southwest. The highest concen-
trations are in the Hyde Park-Ken-
wood area, the location of station L,
and the central business area, the lo-
cation of station F.

Dustfall

While dustfall is not as important as
either sulfur dioxide or suspended
particulates, from a public health point
of view, it is included here for the
suke of completeness. At the 20 dust-
fall stations that compose the network,
the yearly average was 36.9 tons/
square mile/month (Figure 4).

The dustfall concentrations follow
the pattern of density of population
and industrial concentration as well as
reflect seasonal variation because of
heating, particularly due to low grade
fuels. During the heating season,
solubles and combustibles are partic-
ularly high. The insolubles and non-
combustibles appear to follow wind
patterns, showing higher concentra-
tions in spring and summer months.

Locations of CAMP stations

As the department’s five-year air
resource management program pro-
gressed, it became apparent because
of (1) health studies conducted in the
city. (2) data needed to assist in
formulating a diffusion model, and
(3) testing this model, that continuous
air quality data must be available. Bi-
weekly or triweekly information gath-
ered by air sampling technicians was
simply not adequate.

A statistical analysis of two years
of data on suspended particulates and
sulfur dioxide was made to determine
the adequate number of stations and
their location throughout the city.
The stations had to meet two criteria:

e They must be truly representative
of the geographical coverage of the
city.

e They must provide an estimate
of air quality not significantly different
from the data acquired from the 20-
station network.

Statistical analysis of the 20 stations
revealed an adequate grouping of
eight subsets, with the stations in each
subset part of the same regional area.
The readings of pollutants were rea-
sonably similar at the different stations
located within the same subset (Table
II). For example, stations A and C,
located in the northwest portion of the
city, had median concentrations of
suspended particulates of 100 and
111 pg./m3, respectively. In addi-
tion, the correlation coefficient be-
tween measurements made on the
same day at these stations was r =
0.98, indicating nearly a one-to-one
correspondence. For all practical
purposes, either one of these stations
could be selected to represent that
general area of the city.

By June 1965, seven months of
SO, data at 19 stations had become
available. A check was made on the
adequacy of the chosen sites based on
the correspondence between the aver-
age SO, concentration for these sta-
tions and that for the total network.
In addition, eight stations were inde-

pendently selected, using a graphic
method that was based on the corre-
spondence of graphed data of the indi-
vidual stations with those of averages
of the network. Table 3 shows the
results of these checks. Though the
alternate network thus obtained re-
vealed a somewhat better correlation
coefficient, it was not as adequate geo-
graphically. Thus, the original eight-
station choice was retained; however,
station P was substituted for Q.

Finally, two additional criteria were
used in selecting one station from each
of the eight subsets:

© Health studies under the direction
of Dr. Mark Lepper, executive vice
president, Presbyterian-St. Lukes Hos-
pital, required broad socio-economic
distribution.

o Wide geographic distribution was
desirable to obtain suitable meteoro-
logical coverage.

When the scope of the optimum con-
tinuous monitoring system had been
determined on the basis of these cri-
teria, then, a comparison of costs
could be made between the existing
stations and the proposed network.
The analysis showed that the cost of
equipping and operating either system
over a five-year period is nearly the
same. The cost figures for the manual
network are based on three years of
operating experience in the city of
Chicago. The cost figures for the tele-
metered network are based on known
costs for equipment and supplies and
estimated costs for maintenance per-
sonnel. In both cases a five-year de-
preciation period for equipment has
been assumed. Table IV shows the
costs breakdown for the two systems.

Continuous air monitoring
telemetered network

In evaluating various approaches to
a data-acquisition system the following
factors had to be considered: cost,
reliability, simplicity for ease of main-
tenance, data handling, availability of
service, and manufacturers with
proved experience in all phases of the
system requirements.  Specifications
for this system were developed with
these general considerations in mind
and by evaluating the technical as-
pects of a number of systems available.

To obtain reliability of data tele-
metered to a certain location and ease
of maintenance, the equipment at re-
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mote sites was digitized by installing a
shaft encoder on a strip chart recorder
which is an integral part of each
chemical analyzer and meteorological
sensor. Solid state design electronics
was specified because of the inherent
reliability of solid state equipment, in
addition to the fact that such equip-
ment lends itself to modular plug-in
construction, making maintenance a
matter of merely replacing a plug-in
module and repairing the defective
unit at a more convenient time.
Teletype transmission of data to the
central station offered the use of the
lowest cost leased line available from

Heller
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the telephone company. At the cen-
tral station the transmitted data are
printed on a page printer in addition
to being recorded on a punched paper
tape for subsequent computer han-
dling. The remote stations utilize solid
state distributors in lieu of the elec-
tromechanical units normally used for
teletype transmission. They are con-
trolled by a precision clock at the
master control panel and should re-
quire virtually no maintenance or ad-
justment.

Systems operation

The air quality monitoring system
finally purchased consists of eight re-
mote stations, each having a sulfur
dioxide analyzer and an aerovane.
The system is designed for recording
data at 15-minute intervals by trans-
mitting sequentially from each remote
station to the central station. Data
gathered at each remote site include
sulfur dioxide in parts per million, an
integrated wind direction to the near-
est degree, and an integrated wind
speed to the nearest one tenth knot
(Figures 6 and 7).

Fifteen-minute intervals were se-
lected because of their representative-
ness over a 24-hour period, thereby
precluding the likelihood of excessive
highs and lows occurring without being
detected. A new and perhaps unique
meteorological method is employed in
the recording of 15-minute intervals
inasmuch as wind speed and direction
are integrated. Readings on wind
speed and direction are taken every
five seconds and are stored in the elec-
tronic memory; the information is then
averaged by the computer for 15-
minute readings and recorded. The
problem of eliminating ambiguity of
readings of wind speed and direction
was solved by using two Selsyn motors
counterclockwise.

At preselected intervals the central
station clock signals the beginning of a
recording cycle. The programmer
starts the printer and tape punch and
initiates the recording of the date-time
group and parameter data which are
utilized by the computer for the analy-
sis assigned to the block of data. The
programmer then interrogates the first
station, and it immediately transmits
its three-digit identification followed
by the air quality and wind data. This
sequence is repeated for all stations

with a total transmission time of 40
seconds.

The central station control panel
allows for automatic or manual selec-
tion of signals for zero checks, calibra-
tion checks, and changes of sampling
and recording intervals. Further, it
contains provisions for bypassing a sta-
tion in the event of line or equipment
difficulties, initiation of demand re-
cording cycles, and indicators to show
functions taking place. The central
console incorporates a graphic display
representing the metropolitan Chicago
area with indicators that illuminate
each station location when the station
is transmitting data.

Advantages of the system

The system is so constructed that it
can be expanded to include 59 re-
mote stations by the addition of sim-
ple plug-in modules. Each remote
station will be able to accept inputs
from as many as five different air
quality analyzers.

Encoders allow the operator to uti-
lize any of the available analyzer in-
struments by tying onto the shaft of
the recorder which in most cases is an
integral part of the analyzer. It also
presents linearized and scaled output
and no data interpretation is required.
This approach introduces no errors to
the analyzer accuracy. Digital trans-
mission precludes any degradation of
system accuracy. Further, minimal
modification is required for tying the
system to an on-line computer for
complete pollution monitoring.

The Telemetered Air Monitoring
Network information will be used to
do the following:

® Advise the public of the air qual-
ity in the city of Chicago.

® Provide the back-up information
with which health studies will be cor-
related.

e Provide the information to de-
termine the effectiveness of the en-
forcement program in reducing sulfur
dioxide.

e Provide an enforcement tool to
pinpoint large sulfur dioxide emittors.

® Provide the information to support
the design and operation of a diffusion
model for the city of Chicago.

o Establish air quality standards as
an aid to enforcement.

e Develop an air pollution climatol-
ogy for the city of Chicago.
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Processing of Pulp Mill Sulfite Wastes

with a Membrane Dynamically Formed from Feed Constituents
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K. A. Kraus, and J. S. Johnson, Jr.
Oak Ridge National Laboratory, Oak Ridge, Tenn.

m Liquors, generated in the sulfite process of the pulp and
paper industry, form “membranes” dynamically on porous
bodies when the liquors are circulated under pressure past the
bodies. In hyperfiltration (or reverse osmosis), these mem-
branes, in favorable cases, reject 909 or more of the colored
matter in the feeds and substantial (though somewhat lower)
fractions of the chemical oxygen demand and total dissolved
solids. By proper selection of conditions, processing rates of
30 gallons/day sq. foot of membrane at 500 p.s.i.g. apparently
can be maintained for at least 2 weeks, and much higher
rates may be possible. The economic usefulness of this
technique has not yet been established. Judgment regarding
its practicability must await more detailed and longer testing,
engineering development, and an economic analysis.

One of the principal chemical methods used in manufac-

ture of wood pulp is the sulfite process, in which wood
is cooked in sulfurous acid and a salt of this acid, often the
calcium salt. The spent calcium-base liquor cannot be reused,
and disposal of this liquor and the dilute wash liquor from
pulp washing operations poses a serious problem.

Economical processes for concentrating wash liquors to
109, solids (where methods in limited current use for treat-
ment of digester strength spent liquor, such as evaporation
followed by burning, could be used) or alternative processes
for concentrating spent liquors to greater than 359 solids
(where the residue can be burned) would be attractive im-
provements in current practice, since a source of stream pollu-
tion would be eliminated, and the water recovered could be
reused.

Hyperfiltration, or reverse osmosis, has undergone inten-
sive development during the past 10 years, primarily as a
method for desalting water. Separation is achieved by forcing
the solution under pressure through a membrane which passes
solvent more readily than solute. Most of the work on de-
salination has been done with cellulose acetate membranes,
which are cast as films and then installed in pressure vessels
with suitable support structures.

The Pulp Manufacturers’ Research League has investigated
hyperfiltration with cellulose acetate membranes for process-
ing of spent sulfite liquor (Wiley, Ammerlaan, et al., 1967).
They found excellent separation of solutes and water, with
rejection of 97.5 to 999 of total dissolved solids. However,
product fluxes were rather low, usually less than 10 gallons
per day per sq. foot of membrane surface. Even at these
production rates, they felt that the technique merited serious
consideration for practical application.

Dynamically formed ‘“membranes,” under study at Oak
Ridge National Laboratory (Kraus, Shor, ef al., 1967), have
the potential advantage of high production rates and reject
neutral organic solutes (Kuppers, Marcinkowsky, e al., 1967)
as well as salts. Usually, these membranes are formed by
circulating, under pressure, feeds containing additives of a
colloidal nature past bodies having pores in the micron range.
The additive tends to concentrate at the interface, and a puri-
fied solution permeates through the porous body. In cases
where rejection of additive has been measured, additive has
been more highly rejected than the salts in the feed. Examples
of such self-rejecting systems are Th(IV), Fe(III), and humic
acid in aqueous solutions (Marcinkowsky, Kraus, et al.,
1966; Kraus, Shor, ef al., 1967).

Calcium-base sulfite liquors form self-rejecting membranes
of possible practical interest, and some observations of their
hyperfiltration properties are reported here.

Experimental

Solutions. The sulfite liquors were prepared by dilution of a
concentrate containing 507 total dissolved solids. Calcium
lignosulfonate constitutes about 609 of the total dissolved
solids. A considerable fraction is carbohydrate material as
5- and 6-carbon sugars and hemicelluloses; the solution also
contains resins and other minor constituents. The concen-
trate had been prepared by evaporation and did not contain
some of the volatile components present in the original
liquor. These components presumably tend to be of lower
molecular weight than the solute in the concentrate, and
therefore probably would be less efficiently rejected in the
hyperfiltration process.

Also, a few tests with two other solutions were carried out,
used as supplied: a first-stage (chlorination) bleach waste
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solution, which contained about 0.15% total dissolved solids
and 350 p.p.m. chloride; and a second-stage (alkaline ex-
traction) bleach waste, containing 0.5%; total dissolved solids
and 175 p.p.m. chloride.

Analytical Procedures. In most cases, observed rejections

Rops = 1- (cw/cf)

(where c¢ is concentration,  indicates the effluent or product
solution, and f the feed) were calculated from the optical
densities of the solutions at 281 mu, measured with a spectro-
photometer. Absorption at this wavelength is considered
representative of the lignin concentration. In some cases, re-
jection was checked by evaporating and weighing the residue,
or by analyzing for chemical oxygen demand by the dichro-
mate-sulfuric acid method (Standard Methods, 1965); typi-
cally, values of R, were 10 to 207 less than by light absorp-
tion.

Apparatus. Most experiments were done in pressurized
hyperfiltration loops of the type described by Shor, Kraus,
et al. (1968). With these, porous tubes supported the dynamic
membranes. Two circulation loops were used, both con-
structed of stainless steel tubing and components; one also
contained some high-pressure rubber hose and the other some
reinforced Teflon hose. In each loop, a makeup pump brought
the feed up to the experimental pressure, and a second pump
circulated it. There were also heat exchangers, appropriate
valves, and instrumentation to permit temperature, pressure,
and flow rate control.

The porous tubes were carbon of two different types (manu-
factured for use as electrodes) and three grades of ceramic
(porcelain) tubes, sold commercially as polishing filters.
Porosimetry measurements by mercury intrusion revealed
that the carbon tubes had a much broader pore-size distribu-
tion than the ceramic tubes (Figure 1). The pertinent physical
characteristics of the tubes are given in Table I.

The tubes were usually mounted so that the outer surface
was the membrane-forming surface. The pressurized solutions
flowed through an annular space between the outer surface
of the porous tube and the inner surface of a stainless steel
tube (Figure 2). This arrangement was always used with the
ceramic tubes because of their low strength when pressurized
on the inside. The carbon tubes were strong enough to allow
membrane formation on either surface. For pressurization

Table I. Characteristics of Porous Tubes

Median Pore Porosity, Diameter, Cm.

Tube Type Diameter, u % Inside Outside
Carbon, 4A 0.38 27 0.5 1.1
Carbon, 6C 0.41 33 0.6 1.0
Ceramic, 03° 0.90 38 1.2 1.6
Ceramic, 02* 1.40 45 1.0 1.6
Ceramic, 01° 3.0 65 1.0 1.6

@ Selas Flotronics.
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on the inside they were mounted by attaching tubing fittings
to the ends with epoxy cement. The solutions were circulated
inside the tubes, and the product was collected from the outer
surface in trays. (See Figure 1, Shor, Kraus, ef al., 1968.)

In addition to the tubular porous supports, some work was
done with flat cellulose acetate (Millipore) and poly(vinyl chlor-
ide) (Gelman) membranes (nominal pore size, 0.45 micron)
supported by porous titanium disks of 5-micron nominal
pore diameter. A sketch of the cell which held these disks is
given by Baldwin, Holcomb, er al. (1965). The circulation
loop for this cell was constructed entirely of titanium com-
ponents, except for a rotameter, which had stainless steel
parts.

Results and Discussion

Initial Formation of Membrane. The rejecting membranes
are formed on the porous supports by passing the feed solu-
tions over them at appropriate pressures and circulation
velocities. To illustrate the behavior of the system, several
typical experiments are described, one with a Type 4A carbon
tube (flow inside) and the others with flat Millipore and poly-
(vinyl chloride) membranes.

With the carbon tube installed in the loop, permeability
measurements were carried out with circulating demineralized
water. Over a period of about 1 hour, the pressure was
varied from 60 to 400 p.s.i.g., giving flow rates through the
tube wall of 13.7 to 99.0 cc. per minute. Dividing these flow
rates by the surface area of the tube and the pressure difference,
0.083 to 0.090 cm./minute atm. are obtained for the permea-
bilities @ of the porous carbon. These permeabilities are equiva-
lent to 800 to 870 gallons/day sq. foot at 400 p.s.i.g. (Per-
meability is defined as the superficial velocity through the
membrane divided by the pressure drop across the membrane,
taken here as the feed pressure.)

The system was drained and refilled with 1%, spent sulfite
liquor. The pumps were started, and the system was brought
to 400 p.s.i.g. The circulation flow rate was 5 gallons per min-
ute, which corresponds to an average linear crossflow velocity
of 46 feet per second and a Reynolds number of 75,000;
the flow was thus well in the turbulent regime. The per-
meation rate decreased almost immediately, and color re-
jection became apparent. After half an hour, the observed
rejection was 759 as determined spectrophotometrically,
and the product flux had decreased to 103 gallons/day sq.
foot; after about 2 hours, the observed rejection and prod-
uct flux had leveled off at 807 and 87.5 gallons/day sq. foot.
They remained constant until the experiment was altered
after 7 hours by adding hydrous zirconium oxide to the
sulfite liquor, making it 10=*M Zr(IV). The observed re-
jection then rose to 937, and the flux decreased to 47.5
gallons/day sq. foot. Hydrous Zr(IV) oxide membranes are
known to give good rejection of sodium chloride in water
solutions (Marcinkowsky, Kraus, et a/., 1966) and reasonable
organic rejection (Kuppers, Marcinkowsky, et al., 1967).

Different porous supports give different fluxes and rejec-
tions, and sometimes supports which are supposed to be the
same give different results under similar conditions, for reasons
not yet clear. Examples of very different early transient be-
havior obtained with the high-pressure cell are illustrated in
Figure 3. In one, with a Millipore membrane, distilled water
which had been passed through a demineralizing column was
initially circulated in the titanium loop. Permeation rates were
very high at first, but fell rapidly during the first 40 minutes.
Enough concentrate was then injected to bring the sulfite
liquor concentration to 0.1% by weight. Introduction of this
material caused a discontinuity in the log permeation rate-
time curve, with a faster decrease in the rate. Later, injection
of concentrate to bring the feed to 19 caused a similar dis-
continuity, the rate reaching about 37 gallons/day sq. foot
after 6 hours. Rejections were about 78% for 0.19; liquor
and 70% for 1% liquor.

In the two other examples of Figure 3, the films were ex-
posed from the beginning to 0.1% sulfite feed, and the differ-
ences in behavior indicate the extent of irreproducibility of
the observations. Raising the liquor concentration caused
breaks in the permeability curves similar to those found with
the water-exposed film. In both these cases, the permeabilities
leveled out more quickly than those of the membrane which
had first been exposed to water; the rates for 19 liquor
(though different for the two samples) and the rejections were
both higher than for the water-exposed. This effect of water
circulation appears to conflict with the carbon-tube experi-
ment just cited, and, although similar behavior has been
observed in several other cases with plastic film supports, the
authors are not completely confident that these differences do
not arise from as yet unidentified experimental variables,
whose existence is implied by the scatter.

Long Term Experiment. In one test, the Type 03 ceramic
tube and Type 6C carbon tube both pressurized on the out-
side were operated in series continuously with 1% liquor for
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340 hours. Permeabilities decreased and rejections increased
significantly during this period (Figure 4). There was a notice-
able decrease in permeability accompanying a pressure surge
to 900 p.s.i.g. For the ceramic tube, the permeability and
rejection after 4 hours were 6.5 X 1073 cm./minute atm.
and 85% and after 300 hours appeared to level off at 1.80 X
10~% and 96%{. For the carbon tube these values at the same
times were 2.8 X 10* cm./minute atm. and 77% and leveled
off at 1.25 X 10-% and 90%. The experimental conditions
under which the points of Figure 4 were taken were 400 p.s.i.g.,
33° C., and a circulation rate of 3.2 gallons per minute,
corresponding to a Reynolds number of 6900 for the ceramic
tube and 11,200 for the carbon. Data at these conditions were
taken from time to time, interspersed with measurements
made under many other conditions during the run; pressure,
temperature, and velocity excursions were carried out, and
some of the results are described below.

Comparison of the behavior of these two tubes indicates
that a low permeability is not a necessary condition for high
rejection, and that other support structures giving better
performance than either of these can probably be found or
made.

Dynamic Aspects of the Membrane. The membrane is
formed by the radial flow of the solution through the porous
wall, with the water passing through preferentially, leaving a
region of concentrated solutes near the porous surface. Any
change in operating conditions which affects the boundary
Jayer near the tube wall-—e.g., pressure, axial velocity, or
wrbulence intensity—probably would affect the permeability
and rejection of the membrane.

Pressure Effects. Three different kinds of effects of pressure
on permeability were observed. With the Type 03 ceramic
tube and 197 sulfite liquor at 63° C., the permeability de-
creased by a factor of 2.3 as the pressure increased from 100 to
700 p.s.i.g. (Figure 5). This behavior seems reasonable, be-
cause the product flux increased by a factor of 3.1, and the
increased radial flow probably caused a thickening of the
membrane, resulting in decreased permeability. This behavior
could be produced starting at any place in the pressure range,
and the permeability changed as quickly as the controls could
be adjusted—namely, about 2 minutes per pressure point.
At lower temperatures, the permeation rates did not reach
such high values, and the decrease of permeability with
pressure was less pronounced, if it occurred at all. The ob-
served rejection was nearly constant at 93 to 96%; (Figure 6).
These observations were made after the membrane had been
used for more than 150 hours of operation. When the mem-
brane was fresh, operation at 63° sometimes caused a sharp
increase in permeation rate and decrease in rejection, be-
havior similar to the third type described below. The mem-
brane properties were rapidly restored on decreasing the
temperature. These instabilities disappeared after long-term
operation.

Type 6C carbon tubes exhibited a second type of behavior.
Permeability was unaffected by pressure when the sulfite
liquor was passed over the outer surface. This behavior might
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occur if the pores of the carbon were irreversibly plugged—
e.g., by corrosion products—and the principal flow resistance
were across this layer; the dynamic membrane would then
not be rate controlling. The observed rejection was nearly
constant at 85 to 889 (Figure 6).

The third type of behavior is also illustrated in Figure 5 by
the Type 02 ceramic tube, with a median pore diameter of 1.4
microns and 109 liquor at 25° C. A dynamic membrane was
probably the controlling resistance in the pressure range of
100 to 300 p.s.i.g., but at higher pressures permeability in-
creased. Apparently, the membrane was pushed in part
through the larger pores, and feed leaked through these “pin-
holes.” The rejection fell from 86% at 300 p.s.i.g. to 30% at
500 p.s.i.g. (Figure 6).

Stable membranes could not be formed with Type 01
ceramic tubes, which have a median pore diameter of 3.0
microns. Experiments with 1097 liquor and Type 01 tubes at
25° C. resulted in rejections of only 24%, but even then the

rejection decreased with no apparent change in operating
conditions. Apparently, near 1.4 microns is a critical pore
diameter, and with higher pore diameters, sulfite liquor
membranes are unstable without additives.

A leakage effect was also observed with Type 6C carbon
tubes and 1% liquor at 25° C. when the feed was passed
through the inside of the tube. The permeability increased
from 0.0017 to 0.0031 cm./minute atm., and the rejection
fell from 49%; to 279 as the pressure was increased from 350
to 450 p.s.i.g. This behavior is different from that shown in
Figure 5 for membrane formation on the outer surface.

Circulation Velocity, Temperature, and Concentration
Effects. Qualitatively, a dynamic model of membrane for-
mation suggests that increasing the circulation velocity should
decrease the boundary layer thickness and cause an increase
in permeability. However, at velocities high enough to give
Reynolds numbers above ~2000 (near the transition point
from laminar to unstable flow), permeabilities and rejections
were independent of velocity for all systems except the Type 02
ceramic tube—10 7 liquor system. Here, velocities greater than
4.5 feet per second (Reynolds number 1920) caused increasing
permeability and decreasing rejection (Figure 7). At 15.4 feet
per second, no rejection was obtained. This effect could be
demonstrated starting from either end of the velocity range.
The independence of rejection and circulation velocity with
smaller pore sizes indicates that the results reported here are
not seriously distorted by concentration polarization.

Over the temperature range of 17.5° to 62.5° C., the per-
meability increased approximately in inverse proportion to
the viscosity of water for the two systems studied, the Type 03
ceramic and Type 6C carbon (flow outside) with 19 liquor
(Figure 8). This would be expected from the Carman-Kozeny
equation for laminar flow through porous media provided
the properties and thickness of the membrane do not change.
The increase is slightly greater for the ceramic tube than can
be explained by viscosity decrease, perhaps indicating a thin-
ning of the membrane for this system. Permeabilities at 60° C.
in Figure 8 correspond to 29 gallons/day sq. foot for the cer-
amic tube and 19 gallons/day sq. foot for the carbon tube at
400 p.s.i.g. These rates were obtained after 300 hours of opera-
tion.

The rejection decreased only slightly as the temperature
increased, from 97 to 95%, for the ceramic tube and from 90
to 85% for the carbon tube. The higher permeabilities found
at high temperatures are of practical interest, particularly
since the waste liquor might be received from the pulp mill
at an elevated temperature.

Rejections were about the same with 1% liquor and 109
liquor for three tubes studied, Type 02 and 03 ceramic and
Type 6C carbon (flow outside). Permeabilities at 109, con-
centration were decreased 30 to 409 from their values at
1% concentration. This is the magnitude of the difference in
viscosity of 197 and 109 solutions (0.93 and 1.44 cp., re-
spectively). If the boundary layer were affected little by radial
flow, the thickness of the laminar sublayer would be pro-
portional to viscosity and therefore would increase about the
right amount to account for the decreased permeability.
In addition, the membrane probably was thicker because the
radial flow, though reduced in velocity, was carrying six or
seven times as much solute toward the wall. That the per-
meability with 109 liquor is as high as observed is surprising.
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Independence of Rejection and Permeability. Figure 4
demonstrated for tubular supports that improvement in
rejection is not necessarily paid for by lower permeability.
Data in Figure 9, obtained with high-pressure cells, support
this conclusion. Rejections are given as a function of per-
meability for many different experiments with porous
plastic film supports. These points were obtained under var-
ious conditions and by various procedures, some of them
indicated in the figure; most were taken on the first or second
day of operation with the membrane in question. As with
Figure 3, the authors are not sure that differences in the ob-
servations arise from known, as distinguished from as yet
unidentified, variables. However, scatter does not obscure
lack of any consistent correlation of low permeability with
high rejection. For the point of highest permeability, for
example, rejection of 0.197 waste [0.45-micron poly(vinyl
chloride) support] was 94% at 230 gallons/day sq. foot (500
p.s.i.g.).

Results with First- and Second-Stage Bleach Wastes. A
few scouting runs with other pulp mill waste solutions also
gave encouraging rejections. A membrane was formed with
19 spent liquor on Type 02 and 03 ceramic tubes in series.
After 15 hours of operation, typical rejections were obtained,
but permeation rates were rather low, at 7.5 and 9 gallons/day
sq. foot for the 02 and 03 tubes, respectively, at 500 p.s.i.g.
The loop was drained and filled with the chlorination bleach
waste. At 400 p.s.i.g. and 30° C., the Type 03 tube immediately
gave 907 rejection, based on optical density, and 22 by
chloride analysis (7 gallons/day sq. foot). Rejection for the 02
tube rose over 4.5 hours to 67% by color and 18% of chloride
(9 gallons/day sq. foot).

The loop was drained, rinsed with demineralized water,
and filled with alkaline extraction bleach waste. Rejection
based on optical density for the 03 tube was 907 (8 gallons/
day sq. foot), and for the 02, 519 (14 gallons/day sq. foot).
Chloride rejections were 329 and 167, respectively.

In experiments with the high-pressure cell, membranes were
formed directly with the chlorination bleach waste on 0.1-
micron Millipore supports. After about 5 hours of opera-
tion, rejection based on absorbance was 95% and of chloride,
34%; the permeation rate was 10 gallons/day sq. foot at
500 p.s.i.g. In a similar test, second-stage alkaline bleach
waste formed a membrane rejecting 949 of color and 437
of chloride at 15 gallons/day sq. foot.

Conclusions

Although irreproducibility shows that all variables affecting
the performance of these membranes are not yet under control,
these results indicate that a production facility operating at
60° C. could attain product rates of about 30 gallons/day
sq. foot and rejections greater than 9097 at pressures less than
500 p.s.i.g. If factors which have given optimum observed
behavior could be identified and controlled in practical opera-
tion, production rates three times as high, with comparable
rejection, might be reached.
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Phenolics by Aqueous-Injection Gas Chromatography

Robert A. Baker and Bernard A. Malo
Mellon Institute, Pittsburgh, Pa. 15213

B Monohydric phenolic compounds in water were determined
by direct aqueous injection gas-liquid chromatography and
flame-ionization detection. Various combinations of steric
substrates on diatomaceous and synthetic supports were eval-
uated. Silanization of diatomaceous supports decreases
sensitivity and increases peak tailing. FFAP, a reaction prod-
uct of Carbowax 20M and 2-nitroterephthalic acid, on Teflon 6
packing was the best column tested. Substrate loadings of 5 to
109, provided efficient separation of components and reason-
ably long column life. The hydrophobic Teflon support is
limited to a maximum operating temperature of about 200° C.
Many phenolics are readily quantified at 1 to 10 mg. per liter,
although certain separations, such as meta and para forms of
cresols and monochlorophenols and certain dichlorophenols,
are not possible. Addition of steam to the carrier gas reduces
but does not eliminate ghosting and accelerates substrate de-
composition.

Mono- and dihydric phenolic materials of natural and

man-made origin constitute an important class of
water pollutants. Because chlorination of these hydroxy-
benzenes often produces substituted reaction products of
greater taste and odor potential than the original material
(Baker, 1963), the U. S. Public Health (1946) Service adopted
1 pg. per liter as a limit for phenol. The term “phenol”
or “phenolic” is generally defined by an analytical test. It
embraces all hydroxybenzene materials which react with
4-aminoantipyrene to form a complex detectable colorimetri-
cally in a standard test procedure (American Society for
Testing Materials, 1962; American Public Health Association,
1965). Although the 4-aminoantipyrene test is sensitive for
phenol per se, it lacks specificity and is relatively insensitive
to many substituted phenolics—for example, those substituted
in the para position are not measured. Phenolics at the micro-
gram per liter concentration in water cannot be identified
without preliminary concentration with present technology.
All existing analytical techniques are deficient in some respect.
Intrared and ultraviolet spectroscopy fail to distinguish closely
related phenolics in mixtures and require greater concentra-
tions than are commonly present in water. Thin-layer and
paper chromatography allow characterization and in some
cases estimation of quantity.

Gas-liquid chromatography (GLC) combined with sensi-
tive ionization detectors offers a means of achieving a con-
siderable degree of separation and identification of complex
mixtures of organic components. The merits and disadvan-
tages of GLC analyses of water have been reviewed (Baker,
1962). Most organic analyses have been made after transfer of
the organic solutes to a solvent. Phenolics have generally
been measured from solvents after chromatographic separa-
tion on nonpolar columns—for example, Fitzgerald (1959)
determined relative retention times for the elution of many
substituted monohydric and some dihydric phenols on both
polar and nonpolar columns. He concluded that nonpolar
Apiezon L on a diatomite support was satisfactory because of
its stability and nonvolatility, although it does not separate
the meta and para forms of such components as cresols.
Certain other components are also poorly resolved. von Rud-
loff (1964) demonstrated eugenol-type phenol separation on
seven substrates. Low-loaded columns (1%) were necessary
to overcome difficulties in separation of polyphenols at high
temperature. He also reported that SE-52, a phenyl-substi-
tuted silicone polymer, gave somewhat better resolution than
that obtained previously (Narasimhachari and von Rudloff,
1962) on SE-30, a silicone polymer column.

Pillion (1965) separated less volatile phenols on XE-60,
a silicone nitrile polymer, and on SE-30. Adlard and Roberts
(1965) used tri-2,4-xylenyl phosphate to separate Cg, C;, and
C; monohydric phenols on packed and capillary columns.
Best results were obtained when the phenols were converted
to their trimethylsilyl ether derivatives and analyzed by
capillary GLC. The derivatives are resolved better than the
parent phenols and more theoretical plates are obtained by the
capillary mode of operation. Narasimhachari and von Rudloff
formed phenolic derivatives by methylation or silylation to
improve chromatographic response in their study of poly-
phenols. Nelson and Smith (1966) used GLC and infrared
spectroscopy in a study of the trimethylsilyl ethers of phenols
relative to lignin and ellagitannins.

Chromatographic columns prepared from a mixture of two
substrates that do not interact chemically have been demon-
strated to be equivalent in properties to those of a two-stage
column prepared in the same ratio (McFadden, 1958).
Duvall and Tully (1963) used this concept in mixing a non-
polar silicone oil 550 and a polar Carbowax 4000 to obtain
a substrate for determination of phenol and its five o- and p-
tert-butylphenols. The ratio of the substrates is very important,
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Table 1. Phenolic Retention and Calibration Values

0%  20% 20% 20% 20% 15% 15%
15% 109%  Carbowax Carbowax Carbowax Carbowax Carbowax UCON UCON
Substrate STAP STAP 1540 4000 TPA 20M TPA 20M TPA 20M SOLBS50X S0LBSS0X
60/80 60/80 60/80 60/80 60/80
60/80 HMDS A/W A/W HMDS DMCS-
Chromosorb support 70/80 W 70/80 T HMDSW W  HMDS-W 60/80 W w "% w
Stainless steel column,
0.125-in. diam., length,
feet 10 5 10 10 10 10 10 5 5

Aerograph Model No. 600D/328 204-1B  600D/328 600D/328 600D/328 600D/328 600D/328 600D/328 204-1B
Recommended max.
temp., ° C. 255 255 200 200 250 250 250 200 200
Boiling
Point,

Compound 2E re c r c r c r c r c r c r (o} r c r o
Phenol 182 1.0 43 1.0 4 1.0 49 1.0 32 1.0 45 1.0 29 1.0 48 1.0 45 1.0 45
0-Cresol 192 1.0 39 1.0 38 1.0 45 1.0 31 1.0 51 1.0 27 1.0 42 1.0 39 1.0
m-Cresol 203 1.3 43 1.3 38 1.3 49 1.3 37 1.3 52 1.3 28 1.3 45 1.3 45 1.3
p-Cresol 202 1.3 4 1.3 38 1.3 54 1.4 34 1.3 51 1.3 28 1.3 41 1.3 46 1.3
0-Chlorophenol 176 0.7 67 0.7 0.6 67 0.6 46 0.8 87 0.7 39 0.6 54 0.6 65 0.6
m-Chlorophenol 214 39 9% 3.9 b 3.6 106 4.1 48 3.8 88
2-Chlorophenol 217 3.9 8 3.9 L 3.6 125 4.1 50 3.8 84
2,3-Dichlorophenol - 1.8 8 1.9 2.1¢ 1.8 77 1.8 53 1.8 76 1.9 1.9
2,4-Dichlorophenol 210 1.8 8 1.8 2.0°138 1.8 117 1.8 77 1.8 95 1.9 1.9
p,5-Dichlorophenol 210 2.1¢ 1.8 133 1.8 68
2,6-Dichlorophenol 220 1.8 60 1.5 1.5 1.6 72 1.5 52 1.5 8 1.5
3,4-Dichlorophenol 254 b
o-Nitrophenol 215 b b 0.5 148
Thymol 233 1.9¢ 35 1.8 25
Guaiacol 205 0.7 56 0.6 56 0.6 92 0.7 49 0.7 4 0.7 66 0.8 69 0.8

@ r = relative retention; ¢ = calibration, nanogram/sq. in. at 90 inches/hour chart speed, 1-mv. response with range 1, attenuation 1. * No peak.

¢ Smear estimated.

since it alters the elution order of the components. Crouse
et al. (1963) employed two columns, a polar, polyethylene
glycol succinate (DEGS) and a nonpolar Apiezon N to deter-
mine various phenols contained in steam-distilled cigarette
smoke volatiles. The phenolic content of the distillates was
higher than the levels of interest in most water quality surveys.
However, this is an excellent example of the advantages in
achieving component resolution by pairing dissimilar GLC
columns. The above references represent typical GLC ana-
lytical applications which are particularly suited to higher
boiling, more complex phenolic materials. Goren-Strul et al.
(1966) recently summarized most of the phenolic analytical
procedures now employed in water technology. They stressed
ether extraction of phenolics from water and subsequent
GLC analyses on the tri-2,4-xylenyl phosphate column.

There has been an increasing interest in direct aqueous
injection GLC combined with flame-ionization detection
(FID) for determination of organics in water. Improved
electrometers and advances in column supports and sub-
strates have increased the potential of the procedure. Direct
aqueous injection GLC eliminates pretreatment or extraction
in many cases and assures that molecular structure and rela-
tive distribution of complex mixtures are not altered. The
principles of the technique, including an explanation of some
parametric effects using phenolics as illustrations, have been
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reported (Baker, 1966a). Despite the advantages of direct
aqueous injection, developments have been slow in this field
of GLC because of inherent difficulties such as tailing of the
water peak into the solute peaks, ghosting, and other problems.
Lechner et al. (1966) recently concluded that phenolic analysis
by aqueous injection was not possible. They suggested ether
extraction and nonpolar column GLC analyses.

A preliminary study based on aqueous GLC phenolic
analyses using selected polar substrates has been reported
by this laboratory (Baker, 1966b). It was demonstrated that
milligram per liter concentrations of monohydroxy-sub-
stituted phenols could be separated and measured. The GLC
procedure was shown to determine more phenolic material
than the commonly accepted 4-aminoantipyrene procedure
if complex mixtures of substituted phenols were present.
All monohydric components are not resolved—for example,
m- and p-cresol and certain dichlorophenols are not separated.
The substrates reported as most suitable were Carbowax
20M-terephthalic acid terminated and FFAP, a condensation
reaction product of Carbowax 20M and 2-nitroterephthalic
acid.

The objective of this study was to examine various column
substrate and support combinations and GLC operating
parameters to determine the most suitable procedure for
phenolic analyses by direct aqueous injection.



Experimental

Apparatus. The chromatographs used were a Varian Aero-
graph (Varian Aerograph, Walnut Creek, Calif.) single-
column Hy-Fi Model 600D equipped with a Model
328 isothermal temperature controller and a Varian
Aerograph dual-column, linear temperature-programmed
Model 204-1B, each equipped with flame-ionization detectors.
Highest purity tank nitrogen and helium were used as the
carrier gases. Flame hydrogen was obtained from a Varian
Model A650 hydrogen generator and from tank supplies.
Glass inserts were used at the chromatographic injection port
to facilitate cleaning. Columns were preconditioned in a
Varian Model 550 chromatographic oven, which was also
used in conjunction with the 600D electrometer to facilitate
column screening. Leeds & Northrup (Leeds & Northrup,
Philadelphia, Pa.) single-channel and dual-channel variable-

Table II. Representative Phenol Elution Intervals

Carrier
Temp., Flow, Time,
Columne °C.  MlL/Min, Min.,
10-ft. 159 STAP on 70/80 W 190 20 10
5-ft. 109, STAP on 70/80 T 190 20 6.5
5-ft. 109 STAP on 60/80 W 190 20 6.5
10-ft. 109 Carbowax 1540
on 60/80 W-HMDS 170 40 18.5
10-ft. 207 Carbowax 4000-TPA
on 60/80 W-HMDS 170 40 12.5
10-ft. 209, Carbowax 20M-TPA
on A/W 60/80 W-HMDS 210 20 8.0
10-ft. 207, Carbowax 20M-TPA
on 60/80 W 210 20 10.9
10-ft. 209 Carbowax 20M
on A/W 60/80 W 210 20 18.6
5-ft. 159 UCON 50LB550X
on 60/80 W-HMDS or DMCS 170 20 7.2
10-ft. 109, FFAP on 60/80 T 170 60 7.5
5-ft. 109 FFAP on 60/70 T 170 30 7.5
5-ft. 5% FFAP on A/W 70/80
W-DMCS 150 40 8.0
5-ft. 109, FFAP on A/W 60/80
W-DMCS 170 20 6.2
5-ft. 29 FFAP on A/W 60/80 W 170 20 3.0
5-ft. 59, FFAP on A/W 70/80 W 150 40 8.0

5-ft. 109 FFAP on A/W

60/80 W 170 20 8.5
5-ft. 109, FFAP on 60/80 W 190 20 4.8
10-ft. 109, FFAP on 60/80 W 170 20 18.5
5-ft. 5% FFAP on JM porous

polymer 190 20 12

@ All columns 0.125-inch diam. stainless steel with Chromosorb sup-
ports.

speed Speedomax recorders with 1-mv. full scale response were
used to trace the chromatograms.

Procedure. Precautions were taken to maximize noise-free,
stable operation. Details of the GLC analytical practices were
recently described (Baker, 1966a). All columns were packed in
0.125-inch diameter stainless steel tubing and were precon-
ditioned at 30° to 50° C. above expected operating conditions
if substrate or support properties permitted. Generally,
conditioning required less than 24 hours. Reagents were pre-
pared from the highest purity reagent grade chemicals avail-
able. Some were recrystallized or redistilled. Aqueous solu-
tions were prepared fresh daily by dissolving precisely weighed
quantities of the phenolics in distilled water. The standard
solutions were checked for purity and calibrated using the
GLC procedure. This study emphasized the monohydric
phenolic compounds listed in Table 1.

The stability of the electronic systems was carefully checked
and maintained. The electrometer is the heart of the GLC
process, and analytical sensitivity depends in large part on its
sensitivity. Many of these tests were made at maximum elec-
trometer sensitivity settings of range 0.1, attentuation 1.
This required that electronic components, particularly tubes,
be in excellent operating condition. A small waffle-type blower
was mounted on the 204-1B electrometer to facilitate air cir-
culation and to minimize possible thermal effects of the elec-
tronics.

Phenolic components were determined at approximately 1
and 100 mg. per liter concentrations, either singly or as mix-
tures. The higher concentrations were used for convenience
during screening and do not reflect the sensitivity of the tech-
nique. Sample sizes of 3 ul. were generally injected. Similar-
sized water injections were made between runs to minimize
ghosting and to keep the injection port and flame tip clean.
The base line stability and presence of ghosts or artifacts were
checked by making the water injections at maximum elec-
trometer sensitivity setting regardless of the chromatographic
analytical conditions. The limit of analytical detection was
estimated by the quantity of phenolic component necessary
to produce a measurable peak. The minimum measurable peak
is defined as the smallest area which may be reproduced
within 107 at maximum electrometer sensitivity for the chart
speed being used. Signal-noise ratio was not considered as an
adequate definition in this study. To provide a common
basis of comparison, all calibration factors are reported as
nanograms per square inch peak area (ng. per sq. inch), and
based on a chart speed of 90 inches per hour, 1-mv. full scale
response with electrometer range 1, attenuation 1 (Table I).
These sensitivity values are presented for comparative pur-
poses only and vary with columns and chromatographic
instruments. The elution interval of the various phenolic
materials relative to phenol is reported in Table I. The actual
elution interval of phenol corresponding to the data of Table I
is reported in Table II. Column performance was judged by
peak symmetry and lack of tailing, component resolution,

Volume 1, Number 12, December 1967 999



elution interval, freedom from base line noise, and useful
life. The initial response recorded for passage of the water
matrix through the hydrogen flame was also examined. If
water is adsorbed on the column substrate or support there is
a significant tailing effect as it is desorbed. This may interfere
with determination of rapidly eluting components.

Supports

Substrate supports for packed columns should not exhibit
adsorptive tendency for gas-phase components. Adsorption
leads to peak distortion of varying degree. Few supports are
completely inert and most possess some measure of polarity.
If there is a break or vacancy in the substrate coating, ad-
sorption and peak tailing will occur, resulting in lack of resolu-
tion. Lightly loaded columns (less than 2%) are particularly
subject to such problems. To minimize this effect, diato-
maceous earth packings such as Chromosorb W (Johns
Manville, New York, N. Y.) are chemically treated to de-
activate surface sites. The treatment may involve acid- or
base-washing which removes iron, aluminum, and other trace
cations and/or treatment with liquids containing specific
functional groups. Typical treatment materials are dimethyl-
dichlorosilane (DMCS) and hexamethyldisilazane (HMDS).
These convert surface silanol groups to silyl ethers. Acid-
washed (A/W), silanized diatomite supports are frequently
recommended for aqueous injection gas-liquid chromatog-
raphy, since the polar matrix can itself produce severe tailing
through adsorption on open sites. The diatomaceous earths
are excellent supports for high-temperature operation, but
this property is not important with steric substrates used in
aqueous analyses, which are generally limited to operation
at 250° C. or lower. Therefore, hydrophobic synthetic supports
such as fluorocarbon resins have proved useful (Kirkland,
1963). Chromosorb T (Teflon 6, Johns Manville) has been
used by this laboratory with considerable success for aqueous
analyses, although it has a practical operating limit of 200° C.
or less.

Frederick et al. (1962) and Sawyer and Barr (1962) have
evaluated various column support characteristics and noted
that establishing a basis for direct comparison is complicated
and is particularly difficult for low substrate loadings and small
sample size. Urone and Pecsok (1963) and Urone and Parcher
(1966) show that support treatment greatly affects the specific
retention volumes of polar compounds. These and other stud-
ies recommended support deactivation by chemical treatment.

The effect of the support and its treatment on a phenolic
chromatogram is demonstrated in Figure 1. The substrate is
5 to 109 FFAP (Varian Aerograph) (polyester-type free
fatty acid phase). All columns are 5-foot X 0.125-inch stain-
less steel tubing packed with 60/70 Chromosorb T, 60/80
Chromosorb W, 70/80 A/W Chromosorb W, and 70/80
A/W Chromosorb W-DMCS. The peaks for o-chlorophenol
and phenol are symmetrical in each case. The water tailing
effect is the smallest for the fluorocarbon support, Chromo-
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Figure 1. Effect of column sup-
port treatment

Aerograph 600D/328. 5-foot X
1.125-inch stainless steel, 5 to 10
%FFAP on Chromosorb packings.
N.. 60 ml./min. Hz. 25 ml./min.
Chart. 12 inches/hr., 1 mv.; RI,
XI; 1-pl, sample of ~100 mg./liter
of (a) o-chlorophenol and (b)
phenol Teo1. 150° to 170°C. Tinj.
210° to 250°C.
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Figure 2. Phenolic analysis, Carbowax 1540

Aecrograph 600D/328, 10-foot X 0.125-inch stainless steel, 10% Carbo-
wax 1540 on 60/80 Chromosorb W-HMDS

Naz. 20 ml./min. Hz. 25 ml./min.

Teo1. 172°C. Tinj. 214°C.

Chart. 12 inches/hr., 1 mv.,, R 0.1, X1, 1-xl. sample of (a) 12.4 mg./
liter o-chlorophenol, (b) 11.3 mg./liter guaiacol, (c) 9.8 mg./liter phenol,
(d) 10.3 mg./liter m-cresol
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Figure 3. Phenolic analysis, Carbowax 4000 TPA

Aerograph 600D/328. 10-foot X 0.125-inch stainless steel, 20 % Carbo-
wax 4000 TPA on 60/80 ChromosorbW-HMDS

N:. 40 ml./min. Hz. 25 ml./min.

Teol. 150°C. Tinj. 200°C.

Chart. 12 inches/hr., 1 mv.; R 0.1, X1; 1-ul. sample of (@) 12.4 mg./liter
o-chlorophenol, (b) 11.2 mg./liter guiacol, (c) 9.4 mg./liter phenol, (d)
10.3 mg. liter m-cresol



sorb T, and the untreated diatomaceous earth, Chromosorb
W. The acid-washing of Chromosorb W produced no signifi-
cant effect on water tailing or peak shape. The acid-washed,
silanized column produced the greatest tailing of the water
peak, contrary to the behavior expected and generally recom-
mended practice in GLC analyses. This effect has been ob-
served by this laboratory with many steric or polar substrate-
loaded columns used for aqueous-matrix analyses. Deactiva-
tion of the support is most likely to be important with lightly
loaded (1 to 2%) columns where substrate discontinuities
will expose active adsorption sites. For routine phenolic
analyses, the combination of FFAP and Chromosorb T has
proved most suitable. The combination produces one of the
best general-purpose columns for analysis of many organic
materials by aqueous-injection GLC if temperatures no greater
than 200° C. are required. Higher temperatures lead to fusion
of the support and decomposition artifacts. In such cases, the
support properties may establish the practical upper limit for
temperature-programmed or isothermal operation modes.

Substrates

The substrate or stationary phases found most suited for
direct aqueous injection GLC for phenolics are of the steric
type. These substrates exhibit a specific solute interaction
typified by more rapid elution of phenolic compounds sub-
stituted ortho to the hydroxy group. Thus, o-cresol elutes well
in advance of m- and p-cresol, which are not separable with
these substrates and have a longer elution interval (Table I).
A characteristic which limits application of these substrates to
separation and identification of higher-boiling phenolics is
their limiting maximum operating temperature of 200° to
250° C. Higher-boiling phenolics must first be transferred to
a solvent matrix and analyzed on nonpolar columns rather
than by direct aqueous-injection GLC.

The polyethylene glycols, Carbowaxes 1540, 4000, and 20M,
and their chemical modifications have been determined to be
among the best of the available substrates for aqueous phe-
nolic analyses (Table I). The modified substrates include FFAP,
a reaction product between Carbowax 20M and 2-nitro-
terephthalic acid and STAP, a steroid analysis phase modifica-
tion.

The separation characteristics of monohydric phenolics
using these substrates are summarized in Table I. Carbowaxes
1540 and 4000 have limiting operating temperature maxima
of approximately 200° C., but are suited for phenolic analyses
of the lower boiling compounds. The separation of a quater-
nary mixture of o-chlorophenol, guaiacol, phenol, and m-cresol,
each at approximately 10 mg. per liter, is depicted in Figures
2 and 3 for Carbowaxes 1540 and 4000 TPA, respectively.
Preliminary tests with the Carbowax 4000 had shown peak
tailing and the TPA modification was used for the screening
tests. The TPA treatment sharpens the peaks by reducing
adsorption effects and associated peak spreading. It also
improves sensitivity as shown for Carbowax 20M (Table I).
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Figure 4. Phenolic analysis, Carbowax 20 M

Aecrograph 600D/328; 10-foot X 0.125-inch stainless steel, 209 Car-
bowax 20M on 60/80 A/W Chromosorb W

Nz. 20 ml./min. Hz. 25 ml./min.

Teo1. 193°C. Tip;. 219°C.

Chart. 12 inches/hr., 1 mv.; R 0.1, X1; 1-pl. sample of (a) 12.4 mg./liter
o-chlorophenol, (b) 11.3 mg./liter guaiacol, (¢) 9.8 mg./liter phenol,
(d) 10.3 mg. liter m-cresol

The chromatograms of Figures 2 and 3 are for HMDS-
silanized columns of equal length. Carrier flow rate is twice
as great on the Carbowax 1540 column, but the elution in-
terval is approximately the same for the phenolics. In addition,
sensitivity is greater for the Carbowax 4000 TPA than the
Carbowax 1540 column, phenol-calibrated at 32 wvs. 42
ng. per sq. inch. Separation of the o-chlorophenol and guaia-
col pair is essentially complete on the Carbowax 4000 TPA
but only partial on the Carbowax 1540. These differences are
attributed chiefly to the TPA treatment.

The higher molecular weight Carbowax 20M is less polar
than Carbowax 4000. It has a recommended operating tem-
perature of 250° C., permitting higher-boiling phenolic
analyses than the aforementioned substrates. This substrate
and its phosphoric acid modification have been used for
phenolic analyses. Kolloff et al. (1963) noted increased effi-
ciency, decreased tailing, and improved sensitivity through
phosphoric acid treatment of Carbowax 20M. They deter-
mined that an optimum amount of acid is required. Too
much H3;PO, reduces retention volumes and resolution is
lost. In this study, the terephthalic acid treatment was found
effective in improving chromatographic analyses with Carbo-
wax 20M. The effect of combined substrate TPA-treatment
and support silanization is demonstrated by the separation
of a quaternary mixture of approximately 10 mg. per liter
each of o-chlorophenol, guaiacol, phenol, and m-cresol.
The analysis on non-TPA-treated 20M supported on a non-
silanized Chromosorb W is depicted in Figure 4. The initial
water tail extends almost to the phenol peak. The o-chloro-
phenol and guaiacol peaks are reasonably well separated,
though not completely. The phenol elution interval at 193° C.
and nitrogen flow of 20 ml. per minute is approximately 27
minutes. All Carbowax 20M column variations were tested
with 10-foot columns. The effect of column length has been
reported (Baker, 1966a). The advantages of 20M with TPA
treatment are demonstrated in Figure 5 and Table I. Peaks
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Figure 5. Phenolic analysis, Carbowax 20M-TPA

Aerograph 600D/328. 10-foot X 0.125-inch stainless
steel, 207 Carbowax 20M-TPA on 60/80 Chromosorb W
Naz. 40 ml./min. Hz. 25 ml./min.

Teol. 189°C.  Tinj. 220°C.

Chart. 12 inches/hr., 1 mv.; R 1, X1; 2-ul. sample of ~
50 mg./liter each of (a) o-chlorophenol, (b) phenol, (c)
m-cresol, (d) 2,4-dichlorophenol, (e) p-chlorophenol
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Figure 6. Phenolic analysis, Carbowax 20M-TPA

Aerograph 600D/328. 10-foot X 0.125-inch stainless
steel, 207 Carbowax 20M-TPA on 60/80 Chromosorb
W-HMDS

He. 25 ml./min. H. 25 ml./min.

Teol. 210°C. Tinj. 250°C.

Chart. 12 inches/hr,, 1 mv.; R1, X1, 1-4l. sample of ~
100 mg./liter each of (a) o-chlorophenol, (b) phenol, (c)
m-cresol, (d) 2,4-dichlorophenol, (e) p-chlorophenol
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are sharper, elution is more rapid, and sensitivity is markedly
improved—i.e., phenol calibration was determined as 29
vs. 48 ng. per sq. inch. However, HMDS-silanization de-
creased sensitivity and increased tailing (Figure 6). The cali-
bration factor for phenol is 45 ng. per sq. inch. A similar
decrease in sensitivity is noted for the other monohydric
phenolics tested. Relative elution values of the longer inter-
val eluters such as the m- and p-chlorophenols are somewhat
greater for the Carbowax 20M on untreated support. TPA
treatment obviously improves analytical performance in
aqueous matrix GLC.

Various dichlorophenolics were analyzed. Their separation
illustrates the effects of ortho-substitution and degree of hy-
drogen bonding on the elution interval. With the Carbowaxes,
as with other steric-type substrates studied, the 2,6-dichloro-
phenol elutes before the 2,4-dichlorophenol despite a 10° C.
higher boiling point. Kolloff ef al. observed this with a Carbo-
wax 4000-H;PO, column and demonstrated that efficiency
decreased with temperature for the 2,4 compound but in-
creased for the 2,6 compound with a decrease in temperature.
This is attributed to greater hydrogen bonding with the sub-
strate for the 2,4 than the 2,6 compound. As temperature
decreases, the bonding effect increases and peaks tend to
spread wider and elute more slowly with these substrates.
No attempt was made in this study to establish relative effi-
ciency as a function of temperature, although such an effect
has been observed. This is one of many reasons why the analyst
must not extrapolate previously determined chromatographic
calibrations to other columns or operating conditions. The
minimum detectable quantities and the calibration values of
Table I will also vary with the sensitivity of the electrometer
and the stability of operation the analyst has achieved by
minimizing noise.

Another substrate which was found to condition rapidly,
produce little tailing, and give good sensitivity (Table I)
was STAP. However, STAP deteriorated rapidly after only
a few days. Sensitivity decrease was noted within a single day
of operation.

The polyester, free fatty acid phase substrate (FFAP)
was the best general-purpose substrate tested for aqueous
phenolics analyses (Table III). An application of FFAP to
phenolic analyses has been reported (Baker, 1966b). The
substrate has long life and has been used with synthetic and
diatomaceous earth supports with equal success. FFAP
columns supported on Chromosorb W and Chromosorb T
have been used regularly for several months before sensitivity
loss and retention time decrease necessitated replacement.
The FFAP columns are easily preconditioned, generally
within 24 hours, and the base line produced is relatively
noise-free at maximum electrometer sensitivity. Bleed rate
and resulting standing current are minimal. Phenol calibra-
tion values of approximately 18 ng. per sq. inch are obtained
when FFAP is supported on Chromosorb T and the analyses
are made using the 204-1B instrument (Figures 7 and 8).
Phenol calibration factors with the 600D unit were of the
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Figure 7. Phenolic analysis, FFAP

Aerograph 204-1B, 5-foot X 0.125-inch stainless steel, 109 FFAP on
60/80 Chromosorb T

N:. 40 ml./min. Hz. 25 ml./min.

Teo1. 170°C. Tinj. 263°C. Tyer. 227°C.

Chart. 24 inches/hr., 1 mv.; R 0.1, X 1, 1-4l. sample of (a) 12.4 mg./liter
o-chlorophenol, (b) 9.4 mg./liter phenol, (c) 8.4 mg./liter 2,6-dichloro-
phenol, (d) 10.4 mg./liter 2,4-dichlorophenol

order of 29 ng. per sq. inch. This difference in calibration,
29 vs. 18 ng. per sq. inch, illustrates the effect of increased
electrometer sensitivity. The relative retention of the individual
phenolics is unaffected by column length. As expected, elution
intervals are extended by using the longer column,

For 10-foot, 109 FFAP columns, Chromosorb T yields
phenol calibration of 29 vs. 42 ng. per sq. inch for Chromosorb
W with the 600D instrument. The synthetic polymer support
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Figure 8. Phenolic analysis, FFAP

Aerograph 204-1B, 5-foot X 0.125-inch stainless steel, 107,
FFAP on 60/80 Chromosorb T

N:. 40 ml./min. He. 25 ml./min.

Teo1. 170°C. Tinj. 260°C. Tget. 225°C.

Chart. 24 inches/hr., 1 mv.; R 0.1, X 1; 2-4l. sample of (@) 1.13
mg./liter guaiacol, (b) 1.22 mg./liter o-cresol, (¢) 1.03 mg./liter
m-cresol, (d) 1.30 mg./liter 2,3-dichlorophenol

gives longer elution intervals at comparable operating con-
ditions, but peak resolution tends to be better than with the
diatomite support. No measurable difference in peak separa-
tion efficiency, calibration, or elution interval was indicated
for acid-washed vs. non-acid-washed diatomite.

Silanization of Chromosorb W by DMCS did not affect
relative elution or calibration factors, although as previously
noted for other substrates, tailing, particularly of the water

Table III. Phenolic Retention and Calibration for FFAP Columns

FFAP Loading 10% 10% 10% 27 5% 109 5% 10%
Chromosorb support 60/80 T 60/80 T 60/80 W 60/80A/W  70/80 60/80 70/80 60/80
w AWW AWW AW A/W

W-DMCS W-DMCS

Stainless steel column,

0.125-in. diam., length, feet 10 5 10 3 5 5 5 5
Aerograph Model No. 600D/328 204-1B 600D/328 600D/328 600D/328 600D/328 600D/328 600D/328
Recommended max. temp.,
> C. 200 200 275 275 275 275 275 275
Boiling
Point,
Compound @ r ¢ r c r c r ¢! r c r c r [ r c

Phenol 182 1.0 29 1.0 18 1.0 42 1.0 65 1.0 46 1.0 33 1.0 47 1.0 37

o-Cresol 192 1.0 27 1.0 18 1.0 43 1.0 60 1.0 53 1.0 32 1.0 57 1.0 32

m-Cresol 203 1.3 30 1.4 19 1.3 40 1.3 75 1.3 53 1.3 36 1.4 46 1.4 37

p-Cresol 202 1.3 31 1.4 19 1.3 40 1.3 75 1.3 53 1.3 36 1.4 49 1.4 37

o0-Chlorophenol 176 0.6 45 0.6 23 0.6 62 0.6 104 0.6 48 0.6 54

2,3-Dichlorophenol s 1.9 47 2.0 39 1.9 79 2.0 140 1.8 65 1.9 67

2,4-Dichlorophenol 210 1.9 55 2.0 38 1.9 98 2.0 137 1.8 68 1.9 76

2,6-Dichlorophenol 220 1.5 50 1.5 38 1.5 78 1.4 130 1.4 69 1.5 74

Guaiacol 205 0.7 56 0.7 26 0.7 55 0.7 95 0.6 4 0.7 45

Volume 1, Number 12, December 1967 1003



peak, is more pronounced. At 170° C. and carrier flow of
20 ml. per minute, 109, FFAP on A/W Chromosorb W gave
a phenol peak elution in 8.5 minutes vs. 6.2 minutes for the
comparable DMCS-treated column.

Substrate loadings of 2, 5, and 10 %, FFAP on 5-foot columns
packed with 60/80 A/W Chromosorb W demonstrated that
relative retention is essentially the same; calibration values
increase as loading decreases because of increased adsorption;
phenol retention of 8.5 minutes for the 5 and 109 loaded
columns drops to 3 minutes on the 2% column at comparable
operating conditions; peak tailing was evidenced at 2%;;
and the 297 column showed loss of sensitivity and resolution
after a few days, although 5 and 109 columns have been
used for months without deterioration (Figures 9 and 10).
The observation that relative retention of these phenolics did
not vary significantly as substrate loading was varied between
2 and 107 is interesting in reference to recent observations
by Mitzner et al. (1966). These investigators reported that
as Carbowax 20M loading decreased from 209 to 5% to 1%,
differences in retention of solutes were amplified. The loading
range studied here was not as great and differences in relative
retention, if they exist, are less likely to be evident. The con-
densation reaction which produces FFAP from Carbowax
20M obviously results in generally improved performance.
Lightly loaded columns give greatest efficiency. Ideally, a thin
film of substrate of low bleed rate on uniform-sized small
particles gives greatest resolving power. However, per cent
loading must be a compromise between longer column
life and maximum efficiency. The 5 and 1097 FFAP columns
have been very satisfactory in day-to-day service.

The polypropylene glycol-type substrates are generally
suited to analyses of polar solutes. Of particular interest was
the LB product which is insoluble in water and contains an
oxidation inhibitor, Ucon 50 LB-550-X. This column (Table I)
conditioned rapidly, and exhibited reasonable sensitivity
(phenol calibration of 45 ng. per sq. inch), good peak separa-
tion, and rapid elution with both HMDS- and DMCS-silan-
ized columns. The Ucon columns deteriorated rapidly, how-
ever, in phenolic analytical service, although they have been
used successfully over long periods for ketones, aldehydes,
and alcohols.

Table IV. Effect of pH in GLC Analyses
of 2,4-Dichlorophenol
Column: 5 feet X Y/s-inch SS, 5% FFAP, 60/80 Chromo-
sorb W.

Ha, 25 ml./min. Ny, 25 ml./min. T, = 176° C. T, = 205° C.
Chart. 90 inches/hr., 1 mv.; R 0.1, X 1; 3-ul. samples in
distilled water; pH adjusted by NaOH; initial dichloro-
phenolic concentration = 5 mg./l.

pH 4.5 7.7 9.7 10.8 11.7
Peak area, sq. inches 2.88 2.90 290 2.93 1.08
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Figure 9. Phenolic analysis, FFAP

Aerograph 600D/328, 5-foot X 0.125-inch
stainless steel, 1097 FFAP on 60/80 A/W

Chromosorb W

He. 20 ml./min. Hs. 25 ml./min.

Teol. 170°C. Tinj. 212°C.

Chart. 12 inches/hr., 1 mv.; R 0.1, X 1; 1-ul.
sample of (a) 11.3 mg./liter guaiacol, (b)

12.2 mg./liter o-cresol,

(c) 10.3 mg./liter m-

cresol, (d) 10.4 mg./liter 2,3-dichlorophenol

m 0.9
b
a 0.8

0.7

H 0.6
Figure 10. Phenolic el moese
analysis, FFAP 2
Aerograph 600D-328, 5- H0.43
foot X 0.125-inch stain-
less steel, 2%, FFAP on
60/80 A/W Chromosorb Ho.3
He. 20 ml./min. Ha. d
25 ml./min. 0.2
Teol. 170°C. Tiyj. 210°C. =
Chart. 12 inches/hr., 1
mv.; R 0.1, X 1, 1-ul
sample of (a) 11.3 mg./ 101
liter guaiacol, (b) 12.2 J
mg./liter o-cresol, (c) 10.3
mg./liter m-cresol, (d) 0
10.4 mg./liter 2,3-di- 10 5 0

chlorophenol

Time, Minutes



Synthetic porous beads (Hollis, 1966; Hollis and Hayes,
1966) of a highly cross-linked polystyrene, have demonstrated
excellent separation of volatile organic components in aqueous
solution. They may be used as combined substrate and
support or coated with another substrate. These substrates
eliminate the problems of support polarity or liquid phase
volatility for many analyses. They usually produce sharp,
symmetrical peaks and low retention volumes. Uncoated
materials were not tested extensively, but a 5-foot X 0.125-
inch stainless steel column of 5% FFAP on porous polymer
(Johns Manville, New York, N. Y.) has been tested. This
porous polymer is comparable to Poropak Q (Waters As-
sociates, Inc., Framingham, Mass.). This combination was
not effective. A solute-substrate reaction took place. In-
dividual phenolic components were not separated but eluted
as an unresolved chromatographic hump. This has also been
observed in limited tests with the uncoated porous polymer.

Analyses

The monohydric phenolics are weak organic acids exhibiting
pK values of approximately 10 for phenol and cresols and
7.4 for the dichlorophenols. The effect of sample pH on GLC
analysis was determined for the more acidic 2,4-dichloro-
phenol (Table IV). A 5 mg. per liter solution of the phenolic
was adjusted with sodium hydroxide to pH values of 4.5 to
11.7. The chromatographic peak area of 3-ul. sample in-
jections at fixed operating conditions for an FFAP column
did not vary significantly up to pH 10.8. At pH 11.7, however,
response was less than 4077 of the original value, indicating
the effect of the corresponding sodium phenolate formation.

The GLC method has been compared with the 4-amino-
antipyrene colorimetric procedure (Baker, 1966b) with 1 mg.
per liter concentrations of phenol and the three cresols.
This is a difficult quaternary mixture with both methods.
Both measure all the phenol. The colorimetric response to
the o-, m-, and p-cresols is approximately 63, 38, and 0%,
respectively. The GLC method responds quantitatively to
all four, but does not resolve by single-column operating mode
the pairs phenol and o-cresol and m- and p-cresol (Table I).
The composite mixture was measured as 2.4 mg. per liter as
phenol by the colorimetric procedure and approximately
4 mg. per liter by GLC. The GLC result could vary +0.1 mg.
per liter, depending on the calibration values used to calculate
the results. Thus, the concentration reported for a peak should
specify the basis of calculation.

The milligram per liter concentration level is the practical
lower limit of GLC analyses with the equipment and procedure
described. Preliminary concentration is necessary for micro-
gram per liter phenolic levels. Current research in this labora-
tory has demonstrated that phenolics may be concentrated in a
nonselective manner by freezing from aqueous solution
(Baker, 1967a, 1967b). Combination of freeze concentration
and direct aqueous injection GLC has proved to be a very
useful analytical procedure in laboratory and field analytical
situations (Baker and Malo, 1967).
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Figure 11. Coke plant ammonia still waste water without depheno-
lizer in operation

Aerograph 204-1B, 5-foot X !/e-inch diameter stainless steel, 107
FFAP on 60/80 Chromosorb W

Nz. 20 ml./min. Ha. 25 ml./min.

Teot. 190°C. Tinj. 237°C. Tet. 245°C.

Chart. 24 inches/hr., 1 mv.; R 0.1, 2-ul. sample

An application of the GLC method and a comparison of
results with the 4-aminoantipyrene method are depicted in the
analyses of phenolics in a coke-plant, ammonia-still waste
water (Figures 11 and 12). This example does not involve
operation at maximum sensitivity but does illustrate an appli-
cation of the technique. The phenol concentration in the
sample taken when the dephenolizer was not operating was
analyzed as 1360 mg. per liter as phenol by the colorimetric
procedure and 1575 mg. per liter as phenol and 300 mg. per
liter as m-cresol by the GLC procedure. The GLC peak labeled
phenol would include o-cresol and the m-cresol peak would
include p-cresol if these are present. Two additional organic
components were indicated at retention times of 1.8 and 4.1
relative to phenol. These may be estimated at approximately
20 to 30 mg. per liter based on calibration values twice as
great as phenol. The phenol content of the waste water with
the dephenolizer in operation was measured as 36 mg. per
liter by the colorimetric procedures. The corresponding GLC
analysis for this water is 27 mg. per liter as phenol, 11 mg.
per liter as m-cresol, and three minor components each of
3 to 7 mg. per liter concentration. Phenolic reduction by
4-aminoantipyrene is 1360 to 35 mg. per liter or 97.4%.
Although over-all reduction is comparable in this case, the
GLC method differentiates major components and indicates
presence of materials not measured by the colorimetric test.
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Temperature Programming

Mixtures of monohydric phenols ranging in boiling points
from 176° C. (o-chlorophenol) to 254° C. (3,4-dichlorophenol)
have been analyzed by linear temperature-programmed GLC
to determine the effect on peak separation, speed of analysis,
and sensitivity over that attainable by an isothermal operating
mode. The columns employed were 5- and 10-foot X 0.125-
inch diameter, 109, FFAP on Chromosorb T and Chromo-
sorb W. Experimental variables included: initial oven tem-
peratures of 50° to 100° C., program rates from 2° to 10° C.
per minute at 2° C. intervals, and terminal temperatures of
170° C. for Chromosorb T and 170° to 225° C. for Chromo-
sorb W. After the maximum column temperature was achieved,
it was maintained for a period sufficient to effect elution of all
phenolics being tested.

Because of the structural similarities and relatively narrow
boiling point range of the phenolics examined, no advantage
was observed for the temperature program mode over the
isothermal mode of GLC analysis.

As the temperature programming rate and/or initial tem-
perature was increased, the tendency for peak overlap in-
creased. Elapsed analytical time was often greater and the
measurement of certain peaks was less precise because of
increased substrate bleed and associated base line shift.
However, if the phenolics occur in complex mixtures with
other organic contaminants, temperature programming is
necessary to maximize component resolution. An example
of such an analysis has been reported (Baker and Malo, 1967).

Carrier Gas Modification

Ghosting, the appearance of peaks of the same elution
interval as previously chromatographed components, is a
common GLC problem, and is particularly evident at maxi-
mum electrometer sensitivity when minimal concentrations
are being analyzed. In this laboratory, ghosting is eliminated
by water injections between aqueous sample injections. This
clears the base line of artifacts or ghosts. The possibility of
using steam-enriched carrier gas to effect continuous purging
of artifacts and to stabilize operation was of interest. There
are few references to such practice in the literature. Hill and
Newell (1965) reported the effect of water on flame-ionization
detector standing current. Cochran (1966) observed that
steam-nitrogen as carrier altered relative retention times of
alcohols and benzene-type materials, but furnished no quanti-
tative information. Most laboratories that replied to direct
inquiries had avoided such studies because of the difficulty
of controlling delivery of low volumes of steam in steady
flow or because the steam or steam-nitrogen mixture promoted
rapid substrate stripping.

Exploratory tests were made with a modified Aerograph
Model 675 steam generator. A voltage regulator was used to
stabilize line current; a variable Powerstat was added for
precise boiler temperature control; and the flow pattern was
adjusted so that incoming nitrogen passed only through the
boiler vapor space. The moisture content of the nitrogen was
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Aerograph 204-1B, 5-foot X !/s-inch diameter, stainless steel, 107,
FFAP on 60/80 Chromosorb W

Teot. 190° C. Tinj. 250° C. Tyet. 265° C.

Na. 25 ml./min. Ha. 25 ml./min.

Chart. 24 inches/hr, 1 mv.; R 0.1, 2-ul. sample

precisely controlled as a function of temperature and flow
rate. The carrier gas lines from the steam generator to the
column oven were electrically heated to preclude water con-
densation. It was not possible to operate with the steam-
nitrogen carrier mixture at higher column temperatures with-
out rapid substrate loss. A 209 Carbowax 20M column deter-
iorated in less than 6 hours at 210° C. when the carrier con-
tained 1000 mg. of H,O per mole of N,. Phenolic analyses
were made with a 5-foot X 0.125-inch diameter column of
109, FFAP on A/W 60/80 Chromosorb W at 145° C. and
20 ml. per minute carrier flow. The low temperature resulted
in extended elution intervals (phenol at 35 minutes), but this
was necessary to prevent excessive substrate loss. Replicated
chromatograms of the ternary mixture o-chlorophenol,
phenol, and p-cresol with and without a supplemental water
loading of 100 mg. of H,O per mole of N were highly repro-
ducible. The water-enriched carrier produced peaks only
about 35% in area of those without water added (Table V).
No change in elution interval or relative elution was evident.
The initial water peak was significantly reduced but not elim-
inated. Ghosts were reduced in size but were still evident
in the first water-wash injection made after the sample injec-
tion. No further tests were made because of the loss of sensi-
tivity.

Summary

A variety of steric-type substrates were evaluated for their
suitability as gas-liquid chromatographic column liquid
phases for phenolic analyses by direct aqueous injection.
These substrates were supported on various diatomite and
synthetic packings and tested over a range of GLC operating
conditions using flame-ionization detection.

Contrary to general belief, it was shown that silanization
of diatomaceous earth supports reduces polarity and leads to



Table V. Effect of Water in Carrier Gas
on Phenolic Analyses

Carrier Gas
Ratio of
1100 mg. HyO peak Areas,
N. mole N, Wet to Dry
Component Relative Retention
o-Chlorophenol 0.52 0.52 0.33
Phenol 1.00 1.00 0.35
p-Cresol 1.40 1.40 0.39

increased peak tailing and decreased sensitivity. Acid washing
of diatomites does not seem to affect analyses. Termination
with terephthalic acid reduces peak tailing. Synthetic supports
of the hydrophobic, fluorocarbon-type such as Chromosorb T
were found to be ideally suited to aqueous phenolic analyses at
temperatures up to 200° C.

Although many substrates will separate and permit quanti-
fication of selected monohydric phenolic materials, Carbowax
20M and FFAP were determined to be the best now available.
FFAP is an improvement over Carbowax 20M and is a con-
densation product of Carbowax 20M and 2-nitroterephthalic
acid. Substrate loadings of 5 to 1097 FFAP provide reasonably
good separation efficiency and long column life. The combina-
tion of FFAP supported on Chromosorb T provides maximum
separation, highest sensitivity, and symmetrical peaks with
minimum tailing. As with all steric substrates, the ortho-
substituted phenolics elute ahead of the meta- and para-
substituted compounds. The meta and para forms are not
separated. No single column is capable of complete resolution
of all monohydric phenolics. Supplemental separation and
identification by spectrographic or other chromatographic
procedures are necessary for more complex separation.

Temperature programming did not improve separation
efficiency, sensitivity, or elapsed analytical time over an iso-
thermal operating mode when only monohydroxy phenolics
were involved. When these phenolics occur as components of a
complex mixture, temperature programming may offer
advantages.

Addition of water vapor or steam to the nitrogen carrier gas
reduced but did not eliminate ghosting or memory peak
formation. The water vapor accelerated substrate loss and
reduced analytical sensitivity. The relative order of elution
and individual component elution intervals were not affected
by the water vapor.

The advantage of the direct aqueous injection GLC pro-

cedure described is that it will separate many but not all
monohydroxy phenolic components occurring in mixture.
Without preliminary sample concentration, the limiting con-
centration for analyses is of the order of 1 mg. per liter.
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Continuous Monitoring of Organophosphorus Compounds in
Air with an Alkali Metal-Dual Flame Ionization Detector

Manfred J. Prager and Benjamin Deblinger
U. S. Naval Applied Science Laboratory, Brooklyn, N. Y.

m The Karmen alkali metal flame ionization detector was
adapted to continuous monitoring of air for trace quantities
of organophosphorus compounds. To achieve selective de-
tection, a two-stage detector was used. Long operating life
could be obtained with a sodium silicate-coated electrode coil.
After optimizing the operating parameters it was possible to
detect 0.1 ug. of organophosphorus compound per liter of air.
Much larger concentrations of nonphosphorus organic com-
pounds gave no response under the same conditions.

\ ;s / ith the increasing use of pesticides, concern has arisen

regarding the effects of the introduction of these toxic
materials into the atmosphere. Consequently, some attention
has been given to determining the quantities of these materials
present in air. Methods have been described for sampling of
the atmosphere for organophosphorus pesticide vapors and
aerosols and subsequent analysis of collected samples by gas
chromatographic (Tabor, 1966) or colorimetric procedures
(Lloyd and Bell, 1966).

The purpose of this work was to develop instrumentation
and procedures for the direct and continuous monitoring of
the atmosphere for the presence of organophosphorus com-
pounds, without prior collection and concentration of samples.
The method was desired to be rapid, sensitive, and selective.
The authors thought that the thermionic detector (Karmen
and Giuffrida, 1964), which, in conjunction with a gas chro-
matograph, has been used extensively for the analysis of
organophosphorus pesticide residues, should be suitable for
this purpose. This is a flame ionization detector with an alkali
metal salt in the proximity of the flame and exhibits partic-
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Figure 1. Stacked thermionic detector
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ularly good sensitivity for organophosphorus compounds.
Selective responses to such substances have been achieved
with a dual-flame thermionic detector following separation
in a gas chromatograph (Karmen, 1964). The upper burner
of this device responds only to organic phosphorus and halo-
gen compounds, if other substances are efficiently burned in
the lower flame. If such a detector could be operated to sample
air directly at relatively high flow rates without requiring a
chromatograph for separation of atmosphere components,
it should be possible to use it for rapid and reliable detection
of trace amounts of organic phosphorus compounds in air.

Experimental

Apparatus. The apparatus is shown schematically in Figure
1. The two-burner detector used was a “stacked thermionic
flame detector” (Microtek Instruments, Inc.). It was modified
for continuous sampling by attaching to the carrier gas inlet
of the bottom burner a !/,-inch Swagelok nut to which was
silver-soldered a stainless steel socket joint. Another stainless
steel socket joint was silver-soldered to the exit cap of the
top burner for connection to a pump to draw samples con-
tinuously through the detector. Water produced in the burners
was kept out of the pump by inserting a trap between it and
the detector. Organic phosphorus compound vapors at low
concentrations in air were generated in a gas dilution appa-
ratus previously described (Prager, 1966) and drawn directly
into the detector through the modified carrier gas inlet of the
bottom burner. A Keithley Model 610B electrometer, was
used to monitor the signal from the lower burner. The signal
from the upper burner was measured with a Keithley Model
417 picoammeter. The signals were recorded on a Picker
X-Ray, 1-ma. dual pen rectilinear strip chart recorder. The
electrode coils were heated with Microtek stacked flame power
supplies, and B batteries were used to apply polarizing po-
tentials to both detector stages. In some phases of the work, a
Varian Aerograph Model 600 HY-FI gas chromatograph was
used. Its flame ionization detector was converted into a single-
stage thermionic detector by replacing the ignitor assembly
with a five-turn Nichrome wire coil coated with an alkali metal
salt, and positioned 1 to 2 mm. above the tip of the flame and
concentric with it. For the chromatographic experiments a
5-foot by !/s-inch O.D. stainless steel column was used, filled
with 15% SE 30 silicone gum rubber and 2% polyethylene
glycol 20M on Gas Chrom Z, 60- to 70-mesh.

Procedure. The chromatograph with the single-stage de-
tector was used to compare the useful life of various alkali



metal salt coatings as well as their enhancement of the ion-
ization current from organic phosphorus compounds. Elec-
trode coils were generally coated by dipping them into aqueous
solutions of the appropriate salt and letting them dry. Coils
were coated with sodium silicate by applying a thick paste
of Metso Anhydrous (Philadelphia Quartz Co.), letting them
dry first in an oven at 110° C., and finally electrically heating
the coated coils in the assembled detector. The various coat-
ings were evaluated by comparing the responses of detectors
with coated and uncoated coils to carbon disulfide solutions of
dimethyl methyl phosphonate and decahydronaphthalene.

For continuous monitoring, low concentrations of organic
phosphorus compounds in air from the gas dilution apparatus
were sucked directly into the detector’s bottom burner inlet
and mixed with hydrogen. Additional air to support combus-
tion was provided in the burner chamber at the point of ig-
nition. The coil surrounding the bottom flame was not coated
but served to ignite the flame and also as one electrode.
The ion-collecting electrode was situated above the flame.
The burned gases from the lower flame flowed into the upper
burner, where additional hydrogen and air were supplied.
The electrode coil surrounding the flame was coated with an
alkali metal salt and the collector electrode was situated above
1t.

Effects of polarizing potential, hydrogen and sample air
flow rates, and alkali metal salt coating were investigated.

Results

Initial experiments with the chromatograph and single-
stage detector, with the widely used sodium sulfate coating,
showed an enhancement in ionization current from organic
phosphorus compounds. On repeated use for several days, the
enhancement, however, diminished, and the coating gradually
burned off and required replacement. Similar results were
experienced with a variety of other salts, making such mate-
rials undesirable for use in a field instrument to be con-
tinuously operated. The authors thought that a more adherent
coating with a longer useful life could be obtained with a
glassy substance such as sodium silicate. Results (Table I)
indicate little loss in performance when a detector coil coated
with sodium silicate was operated for over a month contin-
uously on an 8-hour day, 5 days a week basis.

The electrode coil of the upper burner of the two-stage
detector was subsequently coated with sodium silicate, and
operating conditions of the detector were optimized for use for
continuous air monitoring without a chromatograph.

Electrical heating of the coated coil of this detector has been
recommended (Abel, Lanneau, e al., 1966). In this work,
heating of the coated coil, which was negatively charged and
electrically connected to the burner, resulted in an erratic
base line and was therefore avoided. When the detector was
operated under optimum conditions without electrically
heating the coated coil, the temperature at that coil was
measured to be about 700° C. This is in agreement with Kar-
men’s observation that best results are obtained when the
coated metal is heated to red heat (Karmen, 1964). Electrical
heating of the electrode coil of the bottom burner by passing
a current of 3.4 amperes through it improved the response
obtained from organic compounds without affecting response
in the upper burner. This coil was, therefore, heated electri-
cally during operation of the detector to discriminate better

Table 1. Stability and Performance of Sodium

Silicate Coating
Detector Response to

Age of Coating, 0.08 ug. 0.4 pg.

Coating Days DMMPe Decalin®
No s 2 17
Yes 1 425 16
Yes 10 475 20
Yes 18 400 23
Yes 32 360 20

aLiquid samples dissolved in carbon disulfide.
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between phosphorus and nonphosphorus compounds. The
coil, electrically connected to the bottom burner, was negatively
charged with respect to the collector as recommended for oper-
ation of flame ionization detectors (Sternberg, Gallaway,
etal.,1962).

The polarizing potential on the upper burner electrodes was
varied from 150 to 400 volts without affecting the response of
the detector. Complete ion collection was apparently achieved
at 150 volts. The voltage on the lower burner electrodes was
not varied, since this would not affect the phosphorus response
in the upper burner. Polarizing voltages of 300 volts on both
stages were used thereafter.

The hydrogen flow rates through both burners were sepa-
rately controlled. Figure 2 shows that the detector response to
organophosphorus compound increasedas the flow rate through
the bottom burner was increased to about 85 ml. per minute
at constant air flow. At higher flow rates, no further improve-
ment was obtained, and the flame became too noisy for satis-
factory operation. Figure 3 shows that a much larger increase
in signal was achieved as the hydrogen flow through the top
burner was increased to 80 ml. per minute at constant air flow.
At still higher flow rates, a noisy flame was noted. The re-
sponse (Figure 4) is very much dependent on air sample flow
and is greatest at about 300 ml. per minute. Variations in
flame temperature appear to be primarily responsible for the
great dependence of response on fuel and air flow rates.
Flame temperatures determine the temperature of the coated
coil and, therefore, signal and noise or sensitivity. Air flow
further influences the response by its effect on the amount of
sample delivered to the burner.

Response varied linearly with organophosphonate concen-
tration over a range of 0.1 to 7 ug. per liter of air. The mini-
mum detectable concentration was determined to be 0.1 ug.
per liter of air on the basis of a signal to noise ratio of 2 to 1.
This amount was detected in about 10 seconds. Concentra-
tions of 0.4 ug. per liter or greater were detected within 2
seconds.

Selectivity of the two-stage detector was investigated with a
variety of hydrocarbons and oxygenated organic compounds.
A typical result (Figure 5) shows a much smaller signal in the
upper flame from a nonphosphorus compound containing
200 pg. of carbon per liter of air, than from 0.1 ug. of phos-
phonate per liter of air. In the bottom flame, however, only
the nonphosphorus compound is detected, giving a very large
signal.
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Influence of Hydrogen Fluoride Fumigation on
Acid-Soluble Phosphorus Compounds in Bean Seedlings
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B Bean seedlings were grown for four days following emer-
gence in an atmosphere containing HF at 14 ug. of F per cu.
meter. Their acid-soluble phosphorus composition was com-
pared with that of seedlings grown in a decontaminated
atmosphere. The seedlings in the HF treatment accumulated
275 p.p.m. of F but showed no symptoms of injury. The
phosphorus compounds were extracted with 0.6N trichloro-
acetic acid and separated on an anion exchange resin column
by elution with a variable gradient of formic acid and am-
monium formate. There were no apparent differences be-
tween the atmospheric treatments with respect to the approxi-
mately 20 phosphorus compounds in the plant extracts.
These results suggest that under some conditions plants can
tolerate appreciable fluoride without significant inhibition of
enzymes that catalyze reactions of phosphorus compounds.

Several enzymes that catalyze reactions of phosphorus
compounds in plants are inhibited in vitro by fluoride or
fluorophosphate. Included are enolase (Miller, 1958; War-
burg and Christian, 1942), phosphoglucomutase (Chung and
Nickerson, 1954; Yang and Miller, 1963), phosphatases
(Bailey and Webb, 1944; Wildman and Bonner, 1947), and
phosphorylases (Rapp and Sliwinski, 1956). However,
attempts to detect these inhibitions in intact plants or to
show that effects of fluoride on plants are related to inhibition
of specific enzymes have been inconclusive.

Observed responses of plant respiration to fluoride have
been ascribed to inhibition of enolase activity, but it is difficult
toreconcile stimulation of respiration, which has been reported
by several investigators (Applegate and Adams, 1960; Mc-
Nulty and Newman, 1957; Weinstein, 1961), with enolase
inhibition. Miller (1957) reported that spraying with pyruvate
reduced the inhibitory effect of HF on growth of Chenopodium
murale L., presumably because of compensation for inhibition
of enolase. Enolase activity of leaf extracts was also reduced
by the fluoride treatments. McCune, Weinstein, et al. (1964)
reported increased enolase activity in leaf extracts of bean
plants exposed to HF.

McNulty and Lords (1960) reported that increased oxygen
consumption of Chlorella that was treated with NaF was
associated with an increase in the total phosphorylated nu-

cleotides. Weinstein (1961) found indications of effects of
fluoride on the RNA-phosphorus and DNA-phosphorus
levels in tomato and bean plants.

Appreciable inhibition within the plant of any reaction in
which a phosphorus compound is either a substrate or a
product should affect the concentration of that compound and
perhaps other compounds in the same sequence of metabolic
reactions. In this study, the influence of HF fumigation on the
concentrations of acid-soluble phosphorus compounds in
bean seedlings was investigated.

Procedure

Tendergreen bean seedlings (Phaseolus vulgaris L.) were
grown in a phytotron designed for air pollution research
(Adams, 1961). The air entering the phytotron was cleaned to
remove contaminants. Hydrogen fluoride was continuously
injected by the method of Hill, Transtrum, et al. (1958) into
the air stream entering one growth chamber. Control plants
were grown in a comparable chamber in the decontaminated
atmosphere. The light intensity was 1500 foot candles, and
the day length was 13 hours. The temperature averaged 29° C.
during the day and 13° C. at night.

The atmosphere of the HF chamber was sampled contin-
uously through a fritted glass dispersion tower containing
0.01N NaOH. The solution was changed twice daily and ana-
lyzed for fluoride by thorium nitrate titration (Adams and
Koppe, 1956). The average fluoride content of the control
atmosphere was determined from a single integrated sample
collected over the entire treatment period with a glass fiber
filter (Pack, Hill, et al., 1963).

Tendergreen bean seeds of uniform weight were planted in
quartz sand in 1-quart polyethylene pots. Eight seeds were
planted in each pot, and six pots were grown in each atmos-
pheric treatment. The pots were automatically subirrigated
three times daily with a complete nutrient solution. )

The seedlings began to emerge 9 days after planting, and by
the eleventh day over 90 % had completely emerged. The plants
were harvested 13 days after seeding. They were harvested 4
hours after the beginning of the light period to avoid changes
in concentrations of phosphorus compounds that might occur
during transition from dark to light. Any plants that were
obviously irregular because of late emergence, lack of coty-
ledons, or distortion were discarded. Two samples of 10 to 12
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grams fresh weight (about 10 seedlings) were collected at
random from each treatment by severing the stems at the
cotyledonary node. The cotyledons were not included.
Therefore, the samples consisted of epicotyls, partially ex-
panded primary leaves, and apical meristems. The samples
were immediately weighed and frozen in 100 ml. of 0.6N
trichloroacetic acid in diethyl ether at —80° C. A third
sample from each treatment was dried in an oven at 70° C.
for determination of its moisture content. It was then analyzed
for fluoride by slurrying with CaO, ashing, fusing with NaOH,
isolating the fluoride by perchloric acid distillation, and titrat-
ing with thorium nitrate (Remmert, Parks, er al., 1953;
Willard and Winter, 1933).

The acid-soluble phosphorus compounds were extracted
and separated essentially as described by Wilson and Harris
(1966). Enzymes were denatured by homogenizing the samples
in the trichloroacetic acid—ether solution with the homogenizer
cup immersed in a Dry Ice-acetone bath. After centrifugation,
the ether solution was extracted with water to remove any
dissolved phosphate, and the residue was homogenized three
times with 50 ml. of 0.6N aqueous trichloroacetic acid at 0°
to 4° C. The trichloroacetic acid was removed from the com-
bined extracts by washing five times with two volumes of cold
diethyl ether in a separatory funnel.

The phosphorus compounds were adsorbed on a column of
anion exchange resin and eluted with a variable gradient of
formic acid and ammonium formate, with collection of 450
10-ml. fractions. Phosphate was determined by a modification
of the Fiske-SubbaRow method (Bartlett, 1959b). The
phosphorus compounds suspected of being hexose-P, P-
glycerate, and adenosine triphosphate were each purified
on a second ion exchange column. Hexose-P and P-glycerate
were eluted with a gradient of formic acid, and adenosine
triphosphate was eluted with the gradient of formic acid and
ammonium formate. Hexose was determined by the anthrone
method and fructose by the cysteine-carbazole method de-
scribed by Bartlett (1959a). Formic acid was removed before
measuring P-glycerate by the 4,5-dihydroxy-2,7-naphthalene-
disulfonic acid (chromotropic acid) reaction (Bartlett, 1959c).
Formic acid and ammonium formate were removed under
vacuum with the aid of a heat lamp before measuring the
ultraviolet absorption spectra of adenosine triphosphate at
pH 2 and 11.

Results

The average fluoride content of the atmosphere, from the
time the bean seedlings began to emerge until they were
harvested (a period of 4 days), was 14 ug. per cu. meter in the
fumigated chamber and less than 0.01 ug. per cu. meter in the
control chamber. The seedlings grown in the HF treatment
contained 275 p.p.m. fluoride on a dry weight basis. No
fluoride could be detected in the control plants. The plants in
the HF treatment showed no symptoms of fluoride injury.

Figure 1 shows the elution chromatograms of acid-soluble
phosphorus in bean seedlings grown in the two atmospheric
treatments. Perhaps the most significant thing about these
curves is their close similarity with respect to all of the approx-
imately 20 detectable phosphate compounds.
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Figure 1. Separation of phosphorus com-
pounds in acid extracts of bean seedlings
grown in HF and control atmospheres

When the pooled fractions of peak A4 were eluted from a
second ion exchange column with a 2-liter linear gradient
of 0 to 4N formic acid, a small phosphate peak appeared just
ahead of the main peak. Fractions in the main peak contained
equivalent amounts of hexose and phosphate. Fructose-P
was present in the trailing fractions and accounted for about
259 of the hexose-P. The small phosphate peak, which was
about 1597 as large as the main one, probably corresponds to
the shoulder on the leading edge of peak A in the original
chromatograms. The fractions in this peak exhibited ultra-
violet (260 my) absorption proportional to the phosphate
content, indicating that it may be a nucleotide, but it was not
further characterized. No differences were found in the com-
position of peak A4 for the different atmospheric treatments.

Comparison of phosphate analyses before and after acid
hydrolysis indicated that peak B consisted entirely of inorganic
phosphate except at the trailing edge where a shoulder (C)
is evident. Some columns gave a clearly distinguishable
phosphate peak at C.

Phosphoglycerate accounted for all of the phosphate in
peak E. When the pooled fractions of this peak were eluted
from a second column with a 2-liter linear gradient of 0
to 10N formic acid, the phosphate appeared in the same
fractions as when authentic 3-phosphoglycerate was eluted
with the same gradient. The unknown and authentic P-
glycerate also gave identical absorption spectra in the chro-
motropic acid reaction.

The major component of peak F was identified as adenosine
triphosphate by its ultraviolet absorption spectra at pH 2 and
11. Higher estimates of adenosine triphosphate from phos-
phate assay than from ultraviolet absorption suggested that
another phosphate ester was also present in peak F.

The other peaks in Figure 1 were not identified in this study.
In previous work with the same elution gradient (Wilson and
Harris, 1966), known compounds have been eluted at positions
corresponding to some of the other major peaks as follows:
peak C, adenosine diphosphate; peak D, uridine diphosphate
glucose; and peak H, inositol hexaphosphate.

The total phosphorus in each of the major peaks of Figure 1,
obtained by subtracting the base line from the summation of
the phosphorus in the individual fractions, is shown in Table I.
The absence of effects of the atmospheric treatments is more
obvious from these data than from the chromatograms be-
cause some differences in height of peaks are offset by inverse
differences in width.



Discussion

The results of this investigation indicate that the HF treat-
ment did not significantly inhibit any of the enzymatic re-
actions involving acid-soluble phosphorus compounds in the
bean seedlings. Slight inhibitions may not have been evident
in the measurements made, and shifts to alternate pathways
may have compensated for inhibitions of some enzymes.
However, it hardly seems conceivable that there was appre-
ciable interference with phosphorus metabolism without
obvious effects on the concentrations of some of the phos-
phorylated intermediates.

The lack of a difference in phosphoglycerate is particularly
interesting in view of the common acceptance of enolase
inhibition as a probable effect of HF on plants. Inhibition of
enolase would be expected to result in accumulation of phos-
phoglycerate if there was no alternate pathway of phospho-
glycerate metabolism, but no such accumulation was evident
here.

Glucose-1-phosphate and glucose-6-phosphate were not
separated. Therefore, no direct evaluation of phosphogluco-
mutase inhibition is provided by the data. The total hexose
phosphate and the peak believed to be uridine diphosphate
glucose, both of which might be influenced by phosphogluco-
mutase inhibition, showed a little more indication of effects
of the atmospheric treatments than most of the other peaks.
However, the differences did not approach statistical signifi-
cance.

Although the bean seedlings showed no visible evidence of
injury, the HF treatments were fairly high in comparison with
concentrations of phytotoxic fluorides found in the ambient
atmosphere, and considerable fluoride was accumulated by
the seedlings during their exposure to it. Effects on respiration
and biochemical composition have been reported for beans
and other plants under less severe fluoride treatments (Apple-
gate and Adams, 1960; McCune, Weinstein, et al., 1964;
Weinstein, 1961). The absence of effects in this study may re-
flect the influence of stage of plant growth or environmental
conditions different from those where effects were reported.

The evidence that fluorine compounds inhibit enzymes that
catalyze transformations of organic phosphorus compounds is
well substantiated. However, demonstration of an enzyme
inhibition in vitro may give little indication of its significance

Table I. Total Phosphorus in Major Acid-Soluble
Phosphorus Peaks

Phosphorus, zmoles/Gram Dry Wt.

Peak(s) " Control HF
A (Hexose-P) 6.88 = (.63 6.23 = 0.03
B(P) & C 188 + 10 216 + 0.5
D 3.11 = 0.13 2.77 £ 0.11
E (P-glycerate) 400+ 0.20 4.28 + 0.29
F(ATP) & G 4.52 + 0.10 4.43 +£0.17
H 19.8+ 1.0 19.0 =1.3

in the intact plant. Different plant species show wide differ-
ences in resistance to fluoride, and even in sensitive species,
much of the fluoride absorbed evidently fails to reach the
metabolic sites in an active form. Failure of the HF treatment
to produce significant differences in the acid-soluble phos-
phorus compounds in the bean seedlings is an example of
accumulation of appreciable fluoride by plants without appar-
ent effect. When fluoride injures plants, effects on phosphorus
metabolism may be involved, but the mere presence of
elevated fluoride levels in plant tissue may not signify either
fluoride injury to the plant or effects on its fluoride-sensitive
systems.
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B Ferrous ammonium thiocyanate reagent was used for
analysis of small amounts of ozone. The molar absorptivity
was approximately constant at ozone levels above 2 p.p.m.
(v./v.), but increased very rapidly at levels below 0.5 p.p.m.
The maximum absorptivity is approximately 30,000 at ozone
concentrations below 0.1 p.p.m. Bubbler frit size and collec-
tion rate were also important.

I he authors have been concerned with the nature of
oxidants produced photochemically in model systems.
Recent publications from this laboratory have shown that with
the judicious choice of methods, ozone, peracids, alkyl hydro-
peroxides, hydrogen peroxide, and PAN-type compounds
can be determined quantitatively (Cohen, Purcell, et al.,
1967; Purcell and Cohen, 1967; Altshuller, Cohen, et al.,
1966).

During some recent work on the photooxidation of formal-
dehyde-NO, mixtures, the authors have been unable to make
meaningful quantitative measurements of the amount of oxi-
dant produced. This observation has led to a reinvestigation of
the ferrous ammonium thiocyanate colorimetric method for
ozone.

Experimental

The reagents and chemicals, as well as the procedure em-
ployed in this work, were described in a previous paper
(Cohen, Purcell, et al., 1967). The data shown in Figure 1
were obtained by bubbling dilute ozone concentrations
through 10 ml. of ferrous ammonium sulfate solution (0.1
gram of ferrous ammonium sulfate and 1.0 ml. of 6N sulfuric
acid diluted to 200 ml. of water). The color development step
was effected with a 2-ml. aliquot of a 509 (weight by volume)
aqueous solution of ammonium thiocyanate. The absorbance
was read at 480 my.

a2 T T T T T T T

FLOW RATE = 200 cc/min <
PORE SIZE = 50 microns

€x 103

0 L L 1 1 I 1 1

0.50 1.0 1.5 2.0 2.5 3.0 3.5
CONCENTRATION (as measured by KI method), ppm

Figure 1. Molar absorptivity over a range of ozone concen-
trations as measured by the ferrous ammonium method
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Results and Discussion

Further work with the method has shown that molar ab-
sorptivity, e, is a function of ozone concentration. Figure 1
shows the molar absorptivity over a range of ozone concen-
trations as measured by the ferrous ammonium thiocyanate
method. The molar absorptivity is approximately constant
at ozone levels above 2 p.p.m. (v./v.), but it increases very
rapidly at levels below 0.5 p.p.m. The maximum absorptivity
is approximately 30,000. Why the method does not follow
Beer’s law with an oxidant such as ozone whereas it does so
with n-butyl hydroperoxide, fert-butyl hydroperoxide, and
hydrogen peroxide is unknown at present.

The method exhibits characteristics unlike those observed
with the neutral KI method with which low ozone concen-
trations give low absorptivities (Saltzman and Gilbert, 1959).

The effect of bubbler frit size was also investigated. At
an ozone concentration of 0.1 p.p.m., the molar absorptivities
were 8000 and 24,000 at maximum pore diameters of 290
and 50 microns, respectively. [Pore diameter (microns) was
measured by use of the equation 4 = 30 s/p, where s is the
surface tension of water (dynes per centimeter) and p is the
pressure in millimeters of Hg. This equation is derivable by
equating the forces responsible for the internal pressure with
those of the surface tension of water operating on a hemi-
sphere.] These observations are again contrary to those asso-
ciated with the neutral KI method, which gives better results
with a large pore diameter.

Although the molar absorptivity increases with decreasing
ozone concentration in the region usually encountered in
polluted air, the ferrous ammonium thiocyanate method
probably can be useful. For example, the method can be
employed in the field and the color developed many days
after collection of a sample. One laboratory has developed
the color after 14 days (Clements and Morgan, 1967) and
obtained reasonable values for the oxidant concentrations.
No other known colorimetric method is as sensitive and still
as stable. Therefore, if highly accurate ozone measurements
are desired, a calibration curve should be made for use of the
method at the lower levels of ozone. Frit size and collection
rate should also be considered with such a calibration.
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By John D. Hem

This volume contains 16 papers pre-
sented at the March 1966 meeting of
the American Chemical Society in
Pittsburgh, Pa. The symposium at
which the papers were presented was
sponsored by the Division of Water,
Air, and Waste Chemistry and chaired
by Prof. Werner Stumm.

To quote from Prof. Stumm’s pref-
ace, “The symposium was organized
to demonstrate that elementary physi-
cal chemistry can be used to isolate
and identify some of the pertinent
variables that determine the composi-
tion of natural water systems; to bring
together analytical chemists, geologists,
oceanographers, limnologists, and sani-
tary engineers who need to collaborate
for a better understanding of our en-
vironment; and to stimulate research
in aquatic chemistry and water analy-
sis and to guide research workers in
limnology, oceanography, and geo-
chemistry.”

The broad scope of the papers sug-
gests that this book should contain in-
formation useful not only to practition-
ers in the field of environmental sci-
ence, but to many others who might
be interested in various aspects of
aqueous heterogeneous systems. In
general, the papers themselves fulfill
this promise. Some are general sur-
veys of topics related to the central
theme, a few present new research

results, and some are almost entirely
theoretical. However, all are thought-
provoking and should stimulate the
further research which is so obviously
needed.

Any symposium volume presents
difficulties in organization and tends
to give a fragmented view of its topic.
There are fewer problems of this sort
here than might have been expected,
however. In those papers which deal
directly with equilibria in natural wa-
ter, many cautioning statements point
out lack of knowledge of one aspect
or another. Some of the authors are
much less cautious than others about
making broad postulations from avail-
able data.

The development of an equilibrium
model for natural water systems gen-
erally must now be based on permis-
sive evidence. That is, the conditions
broadly observed in the systems do
not contradict the equilibrium hy-
pothesis. A much more rigorous set
of observations is generally needed to
give the proof of equilibrium condi-
tions that would generally be de-
manded in other branches of solution
chemistry.

The general theme of a need for
more and properly designed research
is present throughout. Although the
more elaborate models proposed in
some of the papers are thought-pro-
voking, the next symposium on this
subject will, hopefully, provide more
of the facts which are now missing,
facts that must be learned before the
more elaborate geochemical models
can be fully accepted.

One of the strong points of this vol-
ume is that it has papers on several
areas of active research that are some-
what peripheral to the subject of nat-

ural water chemistry. Thereby, the
book brings out clearly the fact that
natural water chemistry cannot be
compartmented, but relates closely to
many other fields.

Some of the individual papers de-
serve special comment. The review by
Parks of certain aspects of aqueous
surface chemistry of solid minerals is
clearly and simply written, and pro-
vides a number of ideas which chem-
ists interested in natural water may
find useful. Stober, in describing his
studies on silica solubility, comments
on some phenomena of structural mod-
ification at surfaces which may be
very useful in understanding the oc-
currence of metastable solids and the
apparent irreversible nature of solu-
tion processes for some minerals.

Analytical methods

The paper by Hume on analytical
methods and data contains some excel-
lent observations on the problems of
sampling and a realistic appraisal of
accuracy and precision of analytical
results for both major and minor con-
stituents of natural water. This paper
should be required reading for every-
one who makes or uses analyses of
natural water. Most of us are not fully
aware of the limitations pointed out
by Prof. Hume—or tend to forget
about them.

Some readers who are concerned
only with fresh-water systems may
find some of the individual papers are
too specifically slanted toward chemi-
cal oceanography to be useful to them
directly. However, almost all the pa-
pers do have useful concepts for both
the oceanographers and those dealing
with fresh water. Those not already
familiar with Sillén’s sea water model
will find this an interesting concept.
The decrease in degrees of freedom
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which results from increasing the
number of stable solid species in a
system is a concept of broad useful-
ness in studies of natural water chem-
istry.

Some whose interests are in the
field of biochemistry may feel the
symposium papers do not sufficiently
emphasize this aspect of natural water
chemistry. The subject is treated in
several of the papers, however.

The longest of the symposium pa-
pers is one which describes current
theories and research on the structure
of liquid water. It has a very exten-
sive bibliography and covers its sub-
ject thoroughly. But the inescapable
conclusion is that little is really known
about the structure of water. Further,
the relationship of the topic to equilib-
rium chemistry of solutes is not ade-
quately demonstrated. This topic
could have been adequately covered
for the purposes of this symposium in
a much briefer paper.

Redox potentials

Several modes of thought regarding
redox potentials are displayed in this
volume. Two of the five papers that
use the concept of redox potentials
retain the standard terminology based
on the law of mass action and the
Nernst equation (with potentials ex-
pressed in volts), which is familiar to
geochemists and others inside and
outside of the water chemistry field
who have utilized Eh-pH diagrams.
The other three papers, two of which
are by Sillén, contain a different ter-
minology, using a function -called
“pE” in place of Eh. This quantity is
defined by Sillén as the negative log-
arithm of the activity of electrons and
its use in this as in other papers by
Sillén, which have been published in
recent years, is justified primarily on
the simplified arithmetic which results
when making calculations involving
equilibrium constants.

My opinion is that standard termi-
nology ought to be used in water
chemistry until such time as the use
of pE is more widely accepted in all
the various fields of chemistry in
which the Nernst equation is applied.
Whether the potentials that can be
measured in aqueous systems, using
platinum and calomel electrodes, are
directly comparable to the potential
calculated from the Nernst equation,

Specific,
simple

SO,
monitoring
from
Beckman.

With the new Beckman Model 906
SO, Analyzer, you don't have to worry
about reagents. Or metering pumps.
Or fragile glass contactors. Or
complex external sample handling
systems. Or many other complex
components.Or the high maintenance
costs usually entailed.

By incorporating the technique of
secondary coulometry with a unique
end-point detector, and a patented
scrubber, which virtually eliminates
all interference errors, the analyzer
provides rapid, continuous, accurate
and specific determinations of SO,
concentrations in ambient air.
SPECIFIC FEATURES. 1. Response time is
less than 3 minutes. 2. Zero calibration

built in. 3. Panel, wall or bench mountable.
4, Four operating ranges from 0.5 to 4.0 ppm
full scale; switch selectable. 5. Linear direct

readout, recorder output. Call your Beckman
office or write for Data File AP-16-267.

INSTRUMENTS, INC.
PROCESS INSTRUMENTS DIVISION
FULLERTON, CALIFORNIA « 92634
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is a matter that is unrelated to the
basic ideas involved in this proposed
departure from standard nomencla-
ture.

This book is a very useful source
both of facts and of theoretical con-
cepts to be tested by experiment. The
presentations ought to be readily
comprehensible to all researchers in
aqueous environmental chemistry. As
in many other developing fields, how-
ever, the theoretical concepts tend to
outnumber the available facts, and
users of this book should be careful to
distinguish between them.

The Automobile and Air Pollution:
A Program for Progress. U.S. Depart-
ment of Commerce. iv 4+ 51 pages.
U.S. Government Printing Office,
Washington, D.C. 20402. 1967. 60
cents, paper.

The Origin and Development of the
Waterways Policy of the United States.
William J. and Robert W. Hull. vii +
79 pages. National Waterways Confer-
ence, Inc., Washington, D.C. 1967.
$1.50, hard cover; $1.00, paper.

Radioassay Procedures for Environ-
mental Samples. Public Health Service
Publication No. 999-RH-27. xxi +
492 pages. Public Inquiries Branch,
Public Health Service, U.S. Depart-
ment of Health, Education, and Wel-
fare, Washington, D.C. 20201. 1967.
No charge.

Pollution and Marine Ecology. Edited
by Theodore A. Olson and Frederick
J. Burgess. Conference proceedings.
xvi + 364 pages. Interscience Pub-
lishers, New York, N.Y. 10016. 1967.
$12, hard cover.

Theory of Fog Condensation. A. G.
Amelin. xi 4+ 236 pages. Daniel Davey
& Co., Inc., New York, N.Y. 10010.
1967. $14, hard cover.

The Analytical Toxicology of Indus-
trial Inorgamic Poisons. Morris B.
Jacobs. xxv + 943 pages. Interscience
Publishers, New York, N.Y. 10016.
1967. $25, hard cover.

Insecticides: Action and Metabolism.
R. D. O'Brien. xi + 332 pages. Aca-
demic Press, New York, N. Y. 10003.
1967. $14, hard cover.

ASSISTANT HEALTH COMMISSIONER
FOR AIR MANAGEMENT SERVICES
$22,195-525,189

The City of Philadelphia is committed to
a major expansion of its Air Management
Program, and offers a challenging oppor-
tunity to direct the new Air Management
Resources Component of the Department of
Public Health.

The Assistant Health Comissioner will
lead an aggressive attack on area air re-
sources problems by developing and enforc-
ing air quality standards and goals. He will
supervise an expanding professional staff and
have an ample budget backed by federal
funding.

An engineering degree, a related master’s
degree and seven years administrative or
technical experience, including five years
government, three years as supervisor of a
program and at least two years in air man-
agement services are required.

Send résumés to Steve Henry, Personnel
Department, 500 Municipal Services Build-
ing, Philadelphia, Penna. 19107.

AMERIGA'S FIRST
GOMPLETE POLLUTION |
CONTROL EXPOSITION &2

& CONFERENGE =
APRIL 3-3
IN HOUSTON

For fiié fifst Time; you cin 68 3 complely Under one roof in the famous

an allidusty Bxpositon. For he st time,  Astrohall — all phases of pollution
you can attend a Conference that features ahatement will be explored: air,

2 eias = ondor one raphie e P I water, noise and solid wastes!
Sponsored by the Houston Jaycees Next to the famous Astrodome!

Produced by Pace Management Corporation

Mail to: Pollution Control Exposition & Conference / 4710 Greeley St./ Houston, Texas 77006

| want to exhibit. . .
() Please send me Exposition information and a space reservation form immediately.

1
|
1
i
| want to attend. » !
() Please send me a brochure on both the Exposition and Conference. H
i
I
]
|
|

NAME
COMPANY.
ADDRESS.
CIty. STATE. 2IP

1
|
|
|
|
|
|
|
|
1
|
i
1

Circle No. 27 on Readers’ Service Card
Volume 1, Number 12, December 1967 1019



Continuous Colorimetric Analyzer

A continuous-sampling, automatic,
vertical cell colorimeter for analysis of
SO, and NO, is available now. Kits
for conversion to NO and total oxides
of N sampling will be released soon,
the company says. The manufacturer
adds that the unit features zero drift,
automatic purge every 24 hours, dou-
ble beam operation, and zener diode
power supply with silicon transistors.
Wilkens-Anderson Co. 61

Wind Variance Computer

Model 7000 wind variance computer
records wind speed, direction, and var-
iance data while eliminating the need
for manual data extraction from strip
chart records. The instrument converts
standard analog input signals into digi-
tal form for direct printout on a com-
panion 8-channel tape punch unit.
NUS Corp. 62

Battery-Operated pH Meter

Model 6 battery-operated portable (4%2
pounds) pH meter features solid state
circuitry, low power consumption,
0.05 pH repeatability, and a taut-band
meter. Operating instructions are per-
manently printed on the durable, cor-

1020 Envir tal Sci and Technol

NEW PRODUCTS

rosion-resistant plastic case of the de-
vice, which is available with an auto-
matic temperature compensator and
recorder output. Corning Scientific In-
struments. 63

Anti-Air-Pollution Additives

Dieselex CC-2 is a combustion catalyst
and smoke suppressant for diesel fuels
in diesel and jet engines and for
domestic furnace oil to be used for
home burning and small industrial op-
erations with residual fuel. SSI-3 is an
inhibitor for sulfur trioxide and ash
modifier for vanadium and sulfate de-
posits within boilers. MC-7 is a com-
bustion catalyst for residual fuel in
utilities, refiners, and large-size marine
boilers. Coaltrol is a powdered SOj; in-
hibitor and ash modifier for use in
coal-fired furnaces. Apollo Chemical
Corp. 64

Solid Wastes Pump

The Dynaflex pump combines the ad-
vantages of centrifugal pumping action
and diaphragm motion while eliminat-
ing the disadvantages of both, the
manufacturer notes. The unit handles
highly viscous, abrasive, or semifluid
industrial materials, large solids (up to
full 4-inch pipe size), and long stringy
or tough fibrous materials. Available
in simplex or duplex design, with a
choice of ball check, flap-type, or guil-
lotine valves. Warren Rupp Co. 65

DIGEST

Synthetic Organic Sequestrant

Dearborn 870 is a liquid cooling water
treatment formulated to sequester
iron, copper, and aluminum jons. It is
compatible with other chemical treat-
ments. The material, which has a low
toxicity, requires only a low dosage
and, thus, creates no pollution prob-
lem, Grace says. The sequestrant can
be fed directly from the 30- or
55-gallon drums in which it comes, or
through a proportioning pump-tank
combination. W.R. Grace & Co. 66

Modular Fluid-Metering Pump

Panel-mounted micrometer screws on
this modular fluid-metering pump pro-
vide simultaneous individual flow-rate
adjustments (from 0.01 ml. to 5 ml.
per min.) for up to six fluids. Long-
term stability is within 0.5% of setting.
American Instrument Co., Inc. 67

Conductivity Bridge

Model RC-18A conductivity bridge,
designed exclusively for measurement
of solution conductivity, permits mea-
surement of electrolytic conductivity
with an absolute accuracy better than
0.05%, according to the manufactur-
er. The compact (35 1b.) unit houses
an a.c. oscillator that provides both
1000 and 3000 Hz bridge current, dec-
ade and ratio resistors that comprise
the bridge, decade and continuously
variable capacitors to facilitate reac-
tive balance, a modified Wagner
ground balance, and other fine parts.
Beckman Instruments, Inc. 68



Manometer-Servo

A field instrument for use in stream
gaging and water-level applications,
the Stevens manometer-servo has a re-
mote sensor to reduce flood damage
possibilities, a self-purging orifice to
prevent clogging, and a carriage track
extending the full length of the ma-
nometer to allow considerable carriage
travel and permit wide ranges of water
level sensing. Leupold & Stevens In-
struments, Inc 69

Self-Cleaning Dust Filters

High-pressure reverse air flow automa-
tically self-cleans this industrial-weight
dust filter, available in 180 sizes rang-
ing from 100 c.f.m. to 12,000 c.f.m. A
centrifugal  product  preseparator,
walk-in access door with adjustable
timing system, and a factory-mounted
fan and motor are standard equip-
ment. Sprinkler heads, explosion vent-
ing door latches, and stainless or alu-
minum construction are optional. Aer-
odyne Machinery Corp. 70

Standard Panel Dust Collectors

Standard (16” and 32" widths) panel
dust collectors are now available as an
alternative to custom engineered units,
thereby permitting quick delivery.
Flex-Kleen Corp. 71

Winkler DO Test Reagent

A completely stable reagent for the ti-
tration of iodine and chemicals for the
Standard Winkler Dissolved Oxygen
Test is available in individually-sealed
polyethylene pillows. The new reagent,
phenylarsene oxide, eliminates the
need to check and restandardize the
solution. Hach Chemical Co. 72

Continuous Length Ribbon Anode

An unalloyed, low-iron zinc, small-
cross-section ribbon anode is rated at
95% efficiency for most underground
applications. The continuous-length
ribbon contains a 0.1-inch-diameter
galvanized steel wire core to facilitate
welding or brazing of the material to
virtually any type of cathode. Ameri-
can Smelting and Refining Co. 73

Medium Efficiency Air Filter

Pure-Air multi-pocket air filters are
available now in three efficiencies (45,
85, and 95%), N.B.S. test type, and
all standard sizes as well as some cus-
tom sizes. New design features include
internal nylon scrim to dilate pockets
fully, nylon net lining at the throat of
each pocket to prevent erosion of the
filter media by the air stream, rein-
forced frames made of rigid polyvinyl-
chloride, and filter media laminated to
supporting nylon netting to provide
strength. Arco Manufacturing Co. 74

THE DEPENDABLE AND ORIGINAL

FOR LABORATORY OR IN THE FIELD —
IT ALWAYS PAYS TO SPECIFY

Drummond

(DISPOSABLE MICRO-PIPETTES)

GUARANTEED ACCURACY TO ONE PERCENT

AVAILABLE IN 37 STANDARD SIZES —
FROM ONE HALF TO 100 LAMBDAS

SPECIAL SIZES MADE TO YOUR ORDER

EASIEST MICRO-PIPETTE TO USE —
NO NEED TO FILL TO A LINE

ECONOMICAL ENOUGH TO USE ONCE AND DISCARD
Send for free samples and complete descriptive literature

Made in U.S.A. by
Drummond Scientific Company

500 PARKWAY ¢ BROOMALL e PENNSYLVANIA ¢ 19008
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a solution
to pollution . . .

industrial waste
disposal systems

IPCI specializes in the disposal of
liquid and solid waste materials
through disposal wells, chemical
treatment, biological treatment and
incineration. Where a sub-surface
system is indicated, we provide:

—_ Ggological feasibility studies for
injection in your plant area

— Studies to determine the neces-
sary pre-injection surface treat-
ment of your material

—Engineering design and contract
installation of the entire surface
and sub-surface systems

— Continued supervision of the op-
eration and maintenance of the
fluid injection system

IPCI is equipped to handle waste
materials on a contract basis and
function as a waste disposal utility
for industrial complexes.

IPCI services include use of Petro-
lite research laboratories for chem-
ical analysis utilized in process de-
sign.

Write today for more information.

i SUBSIDIARY
INTERNATIONAL POLLUTION CONTROL, INC.

Industrial Waste Consultants
and Contractors

(Formerly - International Disposal
Contractors. We changed our name
because we enlarged our services.)

Suite 355, Permanent Savings Bldg.
Evansville, Indiana 47708
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Solid-State Smoke Indicator

Model TSD-1 solid state photoelectric
smoke indicator provides full scale
meter display of smoke range (0-40%,
or No. 2 Ringlemann). The device has
terminals that can be used for remote
indication, recording, alarm, signals,
and reset switch. Photomation, Inc. 75

Hydrocarbon Analyzer

The MSA total hydrocarbon analyzer
detects and measures trace concentra-
tions of hydrocarbons in air or a great
variety of background gases, and re-
cords the ionization of carbon atoms in
hydrocarbons such as alcohols, al-
dehydes, aldanes, aromatics, and simi-
lar compounds. The manufacturer re-
ports unusually high stability and re-
peatability. Also available: a variety of
other analyzers, and some alarms.
Mine Safety Appliances Co. 76

Corrosion Inhibitor for Boilers

Drew Micromag controls bonding of
sodium salts in superheater and convec-
tion sections of black liquor recovery
boilers, by forming a magnesium oxide
coating on metal surfaces. The com-
pound can be fed direct from the
drums in which it is shipped (30 or 55
gallons capacity) to a feed box or mix
tank. Available in 4000 and 8000 gal-
lon tank cars, too. Drew Chemical
Corp. 77

Automatic pH Controller [ ]

An automatic six-channel switching
unit allows consecutive pH control of
as many as six reaction vessels with
one control system. The switchbox is
designed for use with a radiometer pH
meter and one or two titrator control
units. A manual override is provided.
London Co. 78

Spectrophotometer Cells

Fisherbrand spectrophotometer cells
are available as standard rectangular
cells, cylindrical cells, jacketed cells,
and micro and semimicro flow cells.
Each Fisherbrand cell has a U-
shaped glass frame to which the opti-
cally-polished windows are fused in
such a way that there is no optical dis-
tortion. Each cell is available with a
choice of window materials for mea-
surements in the spectrum range of 165
to 3600 my. Fisher Scientific Co. 79

"HITTMAN

COLUMBIA
MARYLAND

Needs high caliber environ-
mental engineers. Excell-
ent career opportunities.
Salaries are open.

SENIOR
ENVIRONMENTAL
ENGINEER

Five or more years experience in
sanitary, civil, or chemical en-
gineering lines you up to head an
environmental engineering de-
sign group. Some project leader-
ship background desirable.

ENVIRONMENTAL
DESIGN
ENGINEER

Challenging assignments with
fine growth potential. Contact
us if you have design experience
in civil or sanitary engineering.

With facilities and offices in the new
town of Columbia, Maryland, our
organization’s dynamic growth in
medical, isotopic, operations re-
search, environmental, and nuclear
engineering is directly attributable
to emphases on creative technical
insight and individual accomplish-
ment.

Columbia, Maryland offers a wealth
of conveniences, attractions, and
opportunities in a location near
Washington, Baltimore, and the
Maryland coastal and mountain rec-
reational areas. A wide choice of
graduate  technical educational
facilities is available, together with
a complete company educational
plan and other liberal benefits.

To discuss these positions further
with our technical directors, contact
James C. McDiarmid, Director of
Administration, P.0. Box 810,
Columbia, Maryland 21043.

v

an equal opporlunily employer

\




Spring-loaded thermocouples. A cata-
log fact sheet describing a spring-load-
ed thermocouple with locking cap that
is adjustable over the entire length of
the probe, is available. The bulletin
provides complete specifications for
quick-disconnect plugs, a 6-inch lead
termination, and two types of mount-
ing adaptors for the thermocouples.
Thermo Electric Co., Inc. 85

Water and wastewater analysis. Cata-
log 10, a 108-page equipment guide
called “Water and Wastewater Analy-
sis Procedures Catalog,” describes 50
different testing procedures for alka-
linity, dissolved oxygen, turbidity, coli-
form Dbacteria, hardness, chemical
compounds, and many other items of
importance in treating water and waste
water. Where applicable, a brief de-
scription of the appropriate portable
test kit or automatic analyzer is shown
following the procedure. The catalog
also contains listings of apparatus,
glassware, solutions, and formulations
required for water and waste testing.
Hach Chemical Co. 86

Centrifugal filter. A plastic, portable
centrifugal filter system (capacity
50-1200 g.p.h.) is described in bulletin
802-1C. The LAI series transparent
Lucite filter chamber is recommended
for use at temperatures as high as 140°
F.; and the AAI series epoxy filter
chamber is recommended for applica-
tions to 250° F. Sethco Manufacturing
Corp. 87

Platinized honeycomb catalyst. “Plati-
num Catalysts and Systems for Pollu-
tion Control” is a brochure explaining
the custom-installed THT catalyst air-
pollution control system based on a
special process of bonding platinum to
a honeycomb support. In some proc-
esses such as NOX abatement for ni-
tric acid plants, the company recom-
mends recovery of the resultant heat
energy for use as a source of power or
steam. Matthey Bishop, Inc. 88

NEW LITERATURE

Dust control and pneumatic con-
veyance equipment. Bulletin A-9167 is
an illustrated 6-page folder that de-
scribes how Duclone dust collectors
and Fluo/veyor pneumatic conveying
units operate. Typical installations and
auxiliary equipment are pictured. Bul-
letin W-8564 describes a Venturi
scrubber (type VO) for dust and fume
collection in the submicron range.
Ducon Co., Inc. 89

Direct flame fume incineration. A
12-page brochure describes the Cor-
Pak fume incineration systems, cov-
ering such topics as fuel consumption,
space and installation requirements,
operation and maintenance, and
change in process effluent. Air Pre-
heater Co., Inc. 90

Water and waste treatment equipment.
Catalog D662 is a 6-page folder illus-
trating aero-hydraulic guns, digester
mixing systems, sludge heaters and
heat exchangers, walking-beam floccu-
lation units, rotary distributors, and
clarifiers. Ralph B. Carter Co. 91

Waste treatment systems. An 8-page
folder explains development of two so-
phisticated waste treatment pilot plants
now in operation. The folder also an-
nounces the company’s air, water, and
waste systems group, which is a consol-
idation of existing air pollution and
water and waste treatment systems. In-
filco Fuller Co. 92

Piston actuators. A 6-page folder illus-
trates pneumatic and hydraulic piston
actuators for valve automation, lists
features of these devices, and names
accessories available. Grinnell Co.,
Inc. 93

Water treatment tanks. Bulletin A-64
describes a line of polyethylene cylin-
drical tanks for water softening equip-
ment and other water treatment appli-
cations. The corrosion-resistant tanks

DIGEST

are available in six stock sizes from
80-450 gallons capacity, or can be
custom-molded in special sizes. Nalge
Co. 94

Chemical feed systems. A 4-page bro-
chure shows a complete line of ready-
to-install packaged chemical feeding
systems for water treating and chemi-
cal processing applications. Also illus-
trated in the two-color brochure are
three basic types of chemical feed sys-
tems (steel, polyethylene, and stainless
steel tanks) in capacities of 50-500
gallons, the proportioning pumps used
in these systems, tank dimensions, and
specification charts. Neptune Chemi-
cal Pump Co. 95

Industrial filters. Bulletin E25B lists
cartridge filters for process filtration,
optical clarity, cold sterilization, and
removal of such things as oil and water
droplets, oil and water vapor, smoke,
odor, taste, and color. Pall Trinity
Micro Corp. 96

Industrial odor control. Bulletin M-81
describes Cairox potassium permanga-
nate techniques used in oxidizing odor-
iferous and toxic gases responsible for
air pollution. Among the harmful and
irritating gases covered are hydrogen
sulfide, sulfur dioxide, and the mer-
captans. According to the company,
the techniques described can be used
to convert heavy, nauseating odors into
mild, pleasant scents. Carus Chemical
Co., Inc. 97

Glass equipment supplement. A
supplement to SGA catalog 66,
“What's New for the Laboratory,”
comprises 16 pages of laboratory
equipment, including glass apparatus.
Jon meters, balances, ultrasonic clean-
ers, pumps, microscopes, stoppers, in-
cubators, and many other items are il-
lustrated. Scientific Glass Apparatus
Co., Inc.
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Three New
Advisors

Named to
ES&T

Morgan

Dr. Morgan has appointed three
new members to the ES&T Advisory
Board, to replace Dr. William L.
Faith, Dr. T. E. Larson, and Dr.
Werner Stumm, whose terms expire
in January 1968.

The new members, like the present
advisors, are drawn from the ranks
of those active in the fields of en-
vironmental science and technology.
They represent a wide variety of dis-
ciplines and interests, and lend the
benefit of their expertise and ex-
perience to the continuing effort of
the new publication to serve its readers
in the most competent 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 to assist, when requested,
in solving problems that may arise.
Members of the board are normally
appointed to a three-year term.

Appointed to serve as advisors until
January 1971 are Dr. Richard D.
Cadle, Dr. Donald J. O’Connor, and
Dr. WalterJ. Weber, Jr.

1024 Environmental Science and Technology

Editor appoints
Cadle, 0’Connor, and
Weber to Advisory Board

Dr. James J. Morgan, editor, is as-
sociate professor of environmental
health engineering at California In-
stitute of Technology, which he joined
in 1965. He edits ES&T while continuing
his duties as a faculty member.

Dr. Morgan received his B.C.E. (1954)
from Manhattan College, M.S.E. (1956)
from the University of Michigan, and
A.M. (1962) and Ph.D. (1964) from
Harvard University. From 1956-60, he
was an instructor in sanitary engineer-
ing at the University of Illinois. In
1960-61, he held a Danforth Foundation
Teacher Study Grant at Harvard, and
in 1961-63 continued his studies under
a U.S. Public Health Service predoc-
toral fellowship.

Dr. Morgan was appointed associate
professor of water chemistry and re-
search 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
Engineering Study Section. The re-
cipient of a variety of professional
awards, he is a member of ACS,
AWWA, American Society for Limnol-
ogy and Oceanography, ASCE, AAAS,
Sigma Xi, and Chi Epsilon.

Dr. Richard D. Cadle, head of
the chemistry and microphysics de-
partment of the National Center for
Atmospheric Research, Boulder, Colo.,
earned his B.A. (1936) at Western Re-
serve University and his Ph.D. (1940)
in physical chemistry at the University
of Washington (Seattle).

From 1940-47, Dr. Cadle was em-
ployed by Procter & Gamble Co. as a
research chemist, and in 1947-48 he
was unit head, Naval Ordnance Test
Station, China Lake (Calif.). In 1948,
he joined the Stanford Research In-

0’Connor

stitute as senior physical chemist.
Then in 1954 he was named chairman
of SRI's atmospheric chemical physics
department, a position he held until
1963. Since 1963, Dr. Cadle has been
with the National Center for Atmo-
spheric Research, first as program
scientist, and now as chairman of the
chemistry and microphysics depart-
ment.

Since 1948 Dr. Cadle has worked al-
most exclusively on problems related
to the chemistry and physics of the
atmosphere. His research has in-
cluded analyses of contaminants in
the atmosphere, studies of aerosols,
and investigations of the kinetics and
photochemistry of chemical reactions
in the atmosphere.

Dr. Cadle is the author of close to
55 articles in scientific and technical
journals. He is a member of ACS and
American Geophysical Union. Dr.
Cadle will serve on the Advisory Board
until January 1971.

Dr. Donald J. 0’Connor is pro-
fessor of civil engineering at Man-
hattan College. He earned his B.C.E.
(1944) at Manhattan College, his
M.C.E. (1947) at Polytechnic Institute
of Brooklyn, and his Eng. Sc. D. (1956)
at New York University. Dr. O’Connor
served as instructor in sanitary en-
gineering at Manhattan College (1946-
47) and at Polytechnic Institute of
Brooklyn (1948-50). In 1952 Dr.
O'Connor returned to Manhattan



Weber

College as assistant professor. He
became associate professor in 1956
and professor in 1964.

Dr. O’Connor received a Founders’
Day Award in 1956 at New York Uni-
versity; the Rudolph Hering Award in
1958 (for ‘‘Mechanism of Reaeration in
Natural Streams’) and in 1966 (for
“Estuarine Distribution of Non-Con-
servative Substances'’); and Honorary
Mention (1960) from the New York
State Water Pollution Control Federa-
tion for “Treatment of Organic Waste
in Aerated Stabilization Basin.” He
is the author of some 40 technical
papers published in journals, and co-
author (with W. W. Eckenfelder) of
Biological Waste Treatment.

Dr. O'Connor is specially inter-
ested in mathematical analysis of
water pollution in all natural bodies of
water. He is a member of ACS, the
American Geophysical Union, New
York State Water Pollution Control
Association, American Society of
Engineering Education, American As-
sociation of University Professors,
American Society of Limnology and
Oceanography, American Association
of Professors of Sanitary Engineering,
Chi Epsilon, Sigma Xi, and is a Pro-
fessional Engineer of the State of New
York. Dr. O'Connor will be on the
Advisory Board until January 1971.

Dr. Walter J. Weber, Jr., asso-
ciate professor of civil and water re-
sources engineering, University of
Michigan (Ann Arbor), received his

Friedlander

B.S. (1956) in engineering from Brown
University, his M.S. (1959) in sanitary
engineering from Rutgers University,
and an M.A. (1961) in water chemistry
and aquatic biology and Ph.D. (1962)
in water resources engineering from
Harvard. Dr. Weber was named
Doctoral Marshall, Outstanding Ph.D.
Recipient, Division of Engineering
and Applied Physics in 1962 by Har-
vard. He was given the Presentation
Award by the Division of Water and
Waste Chemistry, ACS, the same year.
He received the Distinguished Service
Award, College of Engineering, Uni-
versity of Michigan, in 1967.

In addition to his professorial duties,
Dr. Weber has published widely, and
found time to chair the 1967 ACS
National Symposium on Adsorption
from Aqueous Solution and the 1968
Gordon Research Conference on Envi-
ronmental Sciences.

Dr. Weber is a member of ACS,
AIChE, AWWA, ASCE, AAAS, WPCF,
American Society of Professors in
Sanitary Engineering, American Geo-
physical Union, University Council on
Water Resources, Rhode Island So-
ciety of Professional Engineers, Sigma
Xi, Delta Omega, and Chi Epsilon.
Dr. Weber will serve on the Advisory
Board until January 1971.

Dr. S. K. Friedlander is professor
of chemical engineering and environ-
mental health engineering at Cali-
fornia Institute of Technology, a posi-

Goldberg

tion he has held since 1964. Previously
(1957-64), he had taught at Johns
Hopkins, chairing the biomedical
engineering committee there in 1962.
Dr. Friedlander received his B.S.
(1949) in chemical engineering from
Columbia University, his M.S. (1951)
from MIT, and his Ph.D. (1954) from
the University of lllinois.

Dr. Friedlander's research interests
lie primarily in the fields of diffusion,
interfacial transfer, and aerosol phys-
ics. He is a member of ACS, Sigma Xi,
Tau Beta Pi, and Phi Lambda Upsilon.
Dr. Friedlander will serve on the Ad-
visory Board until January 1970.

Dr. Edward D. Goldberg, profes-
sor of chemistry, University of Cali-
fornia, San Diego, received his B.S.
(1942) from the University of Cali-
fornia, Berkeley, and his Ph.D. (1949)
from the University of Chicago. He
joined the faculty of UCSD in 1949, and
was appointed full professor in 1961;
from 1965-66 he served as the first
provost of the university’s Revelle
College.

Dr. Goldberg's major areas of sci-
entific interest are in the geochemistry
of marine waters and sediments and
the application of radioactive dating
techniques to problems in the major
sedimentary cycle. The editor of two
journals (Earth and Planetary Science
Letters and Journal of Marine Re-
search), Dr. Goldberg will serve on the
Advisory Board until January 1970.
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Gregor

Dr. Harry P. Gregor, professor (since
July 1967) of chemical engineering at
the Columbia University school of
engineering and applied science,
earned his B.A. (1939) and Ph.D.
(1945) at the University of Minnesota.
Following a year of experience in the
water-treatment industry, Dr. Gregor
joined the faculty of Polytechnic In-
stitute of Brooklyn, where he remained
until his appointment at Columbia.

Dr. Gregor has specialized in colloid
and electrochemistry, with particular
emphasis on the study of high-
polymeric materials. His interests in
environmental science and tech-
nology have led him to an active role
as an advisor to many private and
government agencies in the field of
water purification and desalination.
Dr. Gregor, a member of ACS, will
serve on the Advisory Board until
January 1970.

Dr. James N. Pitts, Jr., is profes-
sor of chemistry, University of Cali-
fornia, Riverside, a position to which
he was appointed in 1959; Dr. Pitts
served as chairman of the department
of chemistry there from 1961-63.

Dr. Pitts received his B.S. (1945)
and his Ph.D. (1949) in physical chem-
istry from UCLA. He worked as a re-
search assistant (1942-45) for division
10, National Defense Research Com-
mittee, OSRD, and as research asso-
ciate, special projects division, U.S.
Army (1945-46). Then he was appointed
instructor and assistant professor of
chemistry at Northwestern University
(1949-54). From Northwestern he went
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Altshuller

Gaudy

to the University of California, River-
side, where from 1954-59 he was as-
sociate professor of chemistry. A
member of ACS, APCA, Faraday So-
ciety, Sigma Xi, Alpha Chi Sigma, Phi
Lambda Upsilon, Phi Beta Kappa, and
the American Physical Society, Dr.
Pitts will serve on the Advisory Board
until January 1970.

Dr. A. P. Altshuller is chief of the
Chemical Research and Development
Section, Laboratory of Engineering
and Physical Sciences, Division of
Air Pollution, Public Health Service, at
the Robert A. Taft Sanitary Engineer-
ing Center in Cincinnati, Ohio. He re-
ceived his B.S. (1948) at the University
of Chicago, and his M.S. (1950) and
Ph.D. (1951) from the University of Cin-
cinnati.

From 1951-55, he was an aeronautical
research scientist engaged in fuels
research at what is now the Lewis
Research Center of NASA. Dr. Alt-
shuller has published numerous ar-
ticles related to spectrophotometric
and coulometric analysis, gas chro-
matography, and various aspects of
atmospheric chemistry. He is the
chairman of the ACS Committee on Air
Pollution, a member of the ASTM
Committee on Air Pollution, and a
member of APCA. Dr. Altshuller will
be on the Advisory Board until Jan-
uary 1969,

Dr. A. F. Gaudy, Jr., is professor
and acting head of Oklahoma State
University's school of civil engineer-
ing. He received his B.S. (1951) in

civil engineering from the University
of Massachusetts, his M.S. (1953) in
sanitary engineering from MIT, and
his Ph.D. (1959) in sanitary engineer-
ing from the University of lllinois,
where he was an assistant professor
of sanitary engineering from 1959-61.

A consultant on industrial waste
abatement problems that require a
research approach, Dr. Gaudy is a
member of ACS, ASCE, WPCF, AWWA,
AAAS, APHA, Sigma Xi, and the Amer-
ican Society for Microbiology. His
term on the Advisory Board runs until
January 1969.

Dr. G. Fred Lee is professor of
water chemistry and director of the
water chemistry program at the Uni-
versity of Wisconsin (Madison). He
received his B.S. (1955) from San Jose
State College (Calif.), his M.S. (1957)
in public health from the University
of North Carolina, and his Ph.D.
(1960) from Harvard. From 1960-61,
he was assistant professor of water
chemistry at the University of Pitts-
burgh (Pa.) before moving to the
University of Wisconsin.

An authority in the fields of the
chemistry of natural waters, water and
waste water treatment, and water
pollution control, Dr. Lee is a member
of ACS, AWWA, AAAS, Pollution Con-
trol Federation, American Society of
Limnology and Oceanography, Amer-
ican Geochemical Society, American
Ecological Society, Sigma Xi, and
Delta Omega. He will serve on the
Advisory Board until January 1969.



January 22-26, 1968
Instrument Society of America

4th Marine Science Instrumentation
Symposium
Ramada Inn, Cocoa Beach, Fla.

The symposium will emphasize marine
instrumentation problems and consid-
erations involving data recording, han-
dling, and processing. Sessions are
planned on human performance in the
undersea environment, control and
analysis of hyperbaric environments, in-
strumention for physical oceanography,
and others. In conjunction with the
meeting, ISA will offer its first four-day,
short course on dynamic measure-
ments in ocean studies. The course is
designed to provide nonelectrical engi-
neers with a knowledge of basic defini-
tions and instruments used in dynamic
measurements.

January 22-26, 1968; April 1-5, 1968;
April 15-19, 1968; May 27-31, 1968
Manufacturing Chemists Association
Seminars on Water Pollution Control for
Chemical Wastes

University of Texas, Austin
Each seminar is designed as an inten-
sive course on chemical waste treat-
ment for water pollution control. These
seminars will provide attendees with in-
formation on the latest techniques in
the field, both as to practice and selec-
tion, planning and designing of particu-
lar treatment methods. Registration is
available to industrial representatives
only and should be made to the MCA.
Fee for each seminar is $150.

February 2, 1968

American Chemical Society-Middle
Atlantic Regional Meeting
Colloquium on the Application of Physi-
cal Chemistry to Air Pollution Problems
Philadelphia, Pa.
The colloquium will feature a discus-
sion of mechanism and kinetics of
photochemical air pollution. Special
reference will be made to East Coast
smog and such topics as sulfur oxide
kinetics in combustion, effect of air pol-
lutants on polymers, carbon oxide con-
version in the afterburning region of a
hydrocarbon flame at atmospheric
pressure, mechanistic studies of photo-
chemical air pollution systems, and the
hydrocarbon-NO. ratio effect on individ-
ga!t hydrocarbon photochemical reac-
ivity.

February 6-7, 1968

University of Illinois-Illinois
Department of Public Health

10th Sanitary Engineering Conference

Illini Union, Urbana, Il

This conference will feature discussions
on waste disposal from water and waste
water treatment processes. The confer-
ence is intended for sanitary engineers
and water works managers and opera-
tors. In addition to the technical pres-
entations, the conference will feature a
tour of the new sanitary engineering lab-
oratories of the University of Illinois.

February 7-9, 1968

California State Department
of Public Health
9th Conference on Methods in Air Pollu-
tion and Industrial Hygiene Studies
Huntington-Sheraton Hotel,
Pasadena, Calif.
The conference features both lecture
and workshop sessions devoted to cur-
rent practices as well as new and im-
proved methods for atmospheric sam-
pling and analysis. Topics for the lec-
ture sessions include states of standard
methods, programs in calibration meth-
ods, pesticide analysis, fluorides, gase-
ous pollutants, and others. Topics for
the workshop sessions include range of
application of detector tubes; determi-
nations for SO., CO, NO., Os, hydrocar-
bons, and relative humidity; and direct
reading instruments.

February 19-22, 1968

Technical Association of the Pulp
and Paper Industry
53rd Annual Meeting-7th Pulp and
Paper Industry Exhibit

Hilton Hotel, New York, N.Y.
Among the 20 sessions scheduled for
the meeting is a discussion on odor
abatement. The 7th Pulp and Paper In-
dustry exhibit will be held during the
first three days of the meeting and will
feature air and water treatment equip-
ment, and instruments for measuring
and controlling air and water pollutants.

March 3-8, 1968

Pittsburgh Conference on Analytical
Chemistry and Applied Spectroscopy
19th Annual Conference

Penn-Sheraton Hotel, Pittsburgh, Pa.
The theme of the 1968 conference is
analytical chemistry and spectroscopy
for the future. The conference will fea-
ture symposiums on specific ion elec-
trodes and the role of government and
industry in pollution control. Exhibits
from more than 200 companies will
highlight the latest in analytical instru-
mentation.

MEETING
GUIDE

March 27-28, 1968

11T Research Institute-Bureau of
Mines
Symposium on Mineral Waste Utiliza-
tion

IIT Research Institute, Chicago, Ill.
The symposium reflects growing na-
tional concern about difficulties associ-
ated with mineral waste disposal. The
meeting also reflects growing realiza-
tion of benefits that can be gained from
utilization of such wastes. Presenta-
tions, highlighting current efforts to de-
velop methods for recycling and using
mineral wastes, will be directed to alu-
minum ores, phosphate slimes, coal
wastes, iron ore wastes, copper wastes,
furnace slags, and others. Included will
be the economic, ecological, and sys-
tems aspects of the problems associ-
ated with such disposal.

March 31-April 3, 1968

Desert Research Institute of
University of Nevada
Symposium on Erosion as Related to
Air and Water Pollution

Stardust Hotel, Las Vegas, Nev.
The theme of the symposium is the me-
chanics of erosion as it is related to air
and water pollution. The symposium is
sponsored by Kennecott Copper Corp.,
Golden Bean Oil Co., American Meteor-
ological Society, and Desert Research
Institute. Topics include physics of soil
erosion by air movement, water erosion
and erosion cycles, meteorological as-
pects of soil erosion, medical aspects of
airborne particulates, and others. A
planned field trip to Death Valley will af-
ford an opportunity to examine various
areas affected by both wind and water
erosion.

March 31-April 4, 1968

American Institute of Chemical
Engineers
1st Materials Engineering and Sciences
Exposition and Conference

Sheraton Hotel, Philadelphia, Pa.
Aware of the fact that one third or more
of chemical engineering graduates are
actively engaged in the field of materi-
als, AIChE has planned 13 symposiums
on various materials-oriented subject
areas.
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reclamation by ion exchange pro-
cess, 235
Acid-soluble phosphorus compounds,
hydrogen fluoride fumigation of bean
seedlings, 1011

Acoustica Associates, Inc.,
ultrasonic cleaning tanks 258°
ultrasonic transducers, 860!

Activated carbon, 91', 174',
512!, 582°, 666'
adsorption of pesticides, 332
adsorption of viruses, 46, 157
surface chemistry, 228
suspensions for gas scrubbing, 325
use for large-scale water treatment,

287
‘‘Activated Carbon Abstracts,” 173
Activated sludge,
biogzegradation of nitrilotriacetate,

351°,

flocculator-clarifier, 956"
Additives
See Fuel additives
Adsorption,
measurement at solid-aqueous solu-
tion interfaces, 482
nitrogen oxides from waste gas, 151
organic pollutants by activated car-
bon, 228
pesticides on activated carbon and
mineral surfaces, 332
viruses on activated carbon, 46, 157
Adsorption spectrometry,
determination of benzo(a)pyrene in
organic extracts of air particu-
lates, 927
Aeration,
capacity of streams, 512!
prediction in rivers, 57

Aeration pond,
vinyl lining, 457
Aerators, 89*, 664°, 855°, 956'
Aerodyne Machinery Corp.,
dust filters, 1021°
Aerosols,
analyzer, 858°
comparison of urban and natural
distribution, 651
moving slide impactor, 664°
response of optical counters to non-
ideal particles, 801
selenium content, 338
Aget Manufacturing Co.,
dust collectors, 954

ing
See Eutrophication
Agricultural land,
losses of atrazine from runoff and
erosion, 740
Agriculture Department,
microclimate wind recorder, 436°
water pollution by erosion, 11
Air analysis, 174', 860!
reagents list, 582°
Air conservation,
bibliography, 259', 511"
Air Control, Inc.,
clean cabinets, 760°
fume hoods, 951°
Air dryer, 954°
Air Force,
scientific research bibliography, 757!
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Air monitoring
See also Continuous Air Monitoring
Program
Chicago telemetered system, 984
organophosphorus compounds with
an alkali metal-dual-flame ioniza-
tion detector, 1008
Air pollutants
See also Gaseous air pollutants
deaegznination by infrared analysis,

Air pollution, 667', 757', 762'

See also Photochemical air pollution
automobile’s role, 773, 878, 1019’
Canada-U.S. boundary areas, 13
cost increases to households, 968
cost measurements, 757"
development of overall index, 796
economics, 98'
emissions measurements, 356'
films, 583!
fuels, 584'
immediacy of problem, 31
industrial discharges, 206
laboratory equipment 91'
physiological effects, 115
radio program, 771, 792
research, 583'
research index, 757'
role in respiratory diseases, 969
Uni%n1 of Soviet Socialist Republics,
2

Air pollution abatement, 859', 956'

additives, 1020”

Clean Air Act proceedings, 187, 371,
463, 686

federal expenditures, 121

history of federal legislation, 18

improved living aspects, 271

tax credits on industrial facilities,
271

Air Pollution Control Association,
Cleaner Air Week Awards, 187
Air Preheater Co., Inc.,
fume incineration, 854", 1023'
Air quality,
Chicago telemetered system, 984
sulfur oxides criteria, 282
Air Quality Act of 1967,
congressional action, 119, 271, 367,
458, 527, 884
effect on industry, 206
national emission standards, 275
Air Reduction Co., Inc.,
wire for stainless steel welding, 760"
Air samplers, 169°, 758", 856"
constant flow kit, 171"
Air sampling,
balloon flights, 1727
equipment, 665"
laboratories, 506"
Air Sampling Systems, Inc.,
portable units for sampling air pol-
lutants, 758"
Air system, 512'
Air tracer,
sulfur hexafluoride system, 968
Airborne particulates,
extraction of benzo(a)pyrene, benz-
(c)acridine, and 7H-benz(de)an-
thracen-7-one, 927
Aircraft,
noise standards legislation, 875, 976
Alarm unit
See Inductance alarm unit
Alaska,
radionuclides in caribou and rein-
deer, 932
Aldabra Island,
pla8n;>1 for development, 602, 778,

Aldehydes

See also Formaldehyde
detgelr?ination in automobile exhaust,

1038 Environmental Science and Technology

Algae
See also Blue-green algae
automatic pH control, 503
Alkali metal-dual flame ionization
detector,
continuous monitoring of organo-
phosphorus compounds in air,

1008
Alkyl benzene sulfonate,
effects of ionizing radiation on dilute
aqueous solutions, 573
Alkyl sulfides,
gas chromatographic detection limits
with coulometric detector, 479
Allegheny Ludlum Steel Corp.,
stainless steel for culverts, 256"
Allied Chemical Corp.,
chromate corrosion treatment, 259'
Allis-Chalmers,
packaged plant air system, 512"
pumps, 664"
Aluminum,
use in desalting plant, 109
American Association for the Advance-
ment of Science,
environmental alteration committee,
971

meeting report on How Man Has
Changed His Planet, 36

American Chemical Society,
national air monitoring station, 459
national meeting exhibit, 346

American Institute of Chemical Engi-
neers,
water conservation by reuse, 35

American Instrument Co., Inc.,
bacterial growth monitor, 952"
environmental simulation equipment

and instruments, 761"
flame-emission spectrometer, 509"
pollution monitor, 664"
pump, 1020"

American Medical Association,
environmental health meeting, 389
environmental research on male

twins, 773

American Petroleum Institute,
air pollution by leaded gasoline, 369
physiological effects of air pollutants,

115

Subject Index to Current Literature
on Air and Water Conservation,
259, 511

American Public Works Association,
unit trash train project, 371
American Smelting and Refining Co.,

ribbon anode, 1021°
American-Standard,

dust collectors, 353'

industrial air equipment, 860"
Ammonia,

concentration in auto exhaust, 751
Ammonium,

concentration in ground water under
feedlots, 736

Anaconda Co.,

pollution from copper mine water,

686

Analysis

See Specific kinds of analysis
Analytical chemistry,

water pollution control, 612
Analytical Measurements, Inc.,

pH meter-recorder, 82°
Analytical services, 436"
Analytical toxicology,

industrial inorganic poisons, 1019'
Analyzers, 952"

See also Acid analyzer; Fluoride ana-

lyzer; Process analyzers

Anemometers, 89°, 436"
Angel, H. Reeve, & Co., Inc.,

indicator papers, 509°
Animals,

accumulation of foreign materials,

3,

Anode, 1021"
Apollo Chemical Corp.,
air pollution control, 956'
air pollution control additives, 1020
Apparent photosynthesis,
reduction in citrus trees by Los An-
geles air pollutants, 644
Applied Science Laboratories, Inc.
chromatography products, 583'
Aquatic life
See Fish
Aquatic resources
See Marine resources
Aqueous-injection gas-liquid chromatog-
raphy,
analysis of phenolics, 997
Aquifer
See Floridian aquifer
Arco Manufacturing Co.,
air filters, 10217
Arctic ecosystem,
radionuclides in caribou and rein-
deer, 932
Ash
See Fly ash
Asphalt plants,
dust collectors, 854"
Astro Industries, Inc.,
ultrahigh furnaces, 174'
Atkins Technical, Inc.,
psychrometer, 665"
Atlanta Scrap Processors, Inc.,
kiln for auto scrap, 275
Atmospheric dusts,
talc content, 923
Atmospheric humidity,
atlas, 514'
Atomic absorption spectrophotometry,
calcium determination in natural wa-
ters, 721
Atomic absorption spectroscopy,
silver determination in water, 717
supplies, 957’
Atomic Energy Commission,
Deep Water Isotopic Current Ana-
lyzer, 875
natural gas recovery by Project
Gasbuggy, 773
Atomic explosion,
recovery of natural gas, 773
Atrazine,
losses caused by runoff and erosion
from fallow land, 740
Author’s guide,
“Environmental Science & Technol-
ogy,” 101, 1015
AutoAnalyzer, 442!
Kjeldahl nitrogen determination, 340
Automation,
brucine method for nitrate determi-
nation, 492
Automation Products, Inc.,
density cell, 255°
Autometer,
S0O. monitoring, 68
Automobile emissions,
California control program, 544, 682
role in air pollution, 773, 878, 1019’
Automobile exhaust,
ammonia concentration, 751
determination of carbonyl com-
pounds, 915
effect of leaded gasoline, 115
electrogasdynamic precipitator con-
trol device, 970
hydrocarbon type analysis, 309
igniter element for after-burner, 84"
mobile test laboratory, 506"
Automobiles
See also Electric vehicles
design changes for pollution con-
trol, 603
disposal, 514"
scrap processing, 200, 275
Awards,
Cleaner Air Week, 187



Bacteria,
cell walls in waste water, 147
growth monitor, 952"
Badger Meter Manufacturing Co.,
computerized water management
system, 582"
water leak indicator, 666'
Bailey Meter Co.,
pneumatic controller systems, 583'
Balances, 351", 439", 762'
Balloon,
synoptic sampling, 172"
Barber-Colman Co.,
chromatography accessories, 583'
Barium,
emission spectrographic determina-
tion in sea water, 499
Barnebey-Cheney Co.,
activated charcoal air filter, 351"
Barnstead Still and Sterilizer Co., Inc.,
conductivity bridge, 582"
microelectronic cleaning station 664"
Barringer Research, Ltd.,
sulfur dioxide monitor, 857"
Bartlett-Snow-Pacific,
activated carbon, 91'
Battelle Memorial Institute,
decomposition reactions of solid
wastes, 371
smog chamber, 113
sulfur dioxide capture in furnaces by
limestone, 9
Batteries, 515'
electric vehicles, 192, 394
silver-zinc cell, 506"
Bean seedlings,
influence of hydrogen fluoride fumi-
gation on acid-soluble phosphorus
compounds, 1011
Bechtel Corp.,
sulfur dioxide recovery process, 956'
Beckman Instruments, Inc.,
air sampling laboratory, 506"
atomic absorption spectroscopy sup-
plies, 957"
calibration device for conductivity
equipment, 436"
data processor, 348"
process  electrolytic  conductivity
gas chromatographic columns, 259’
helium ionization detector, 953"
infrared spectrophotometer accesso-
ries, 352'
laminar flow burner, 351"
liquid scintillation counting vials,
759"

nuclear
959'
organic carbon analyzer, 758"
process analyzers, 91'
process  electrolytic
equipment, 174'
smoke meter, 664"
spectroscopy laboratory, 258"
ultraviolet filter photometer, 350"
water quality monitor, 857"
Bentonite,
adsorption of cetyl dimethyl benzyl
ammonium chloride, 482
Benz(c)acridine,
liquid extraction from airborne par-
ticulates, 927
7H-Benz(de)anthracen-7-one,
liquid extraction from airborne par-
ticulates, 927
Benzo(a)pyrene,
liquid extraction from airborne par-
ticulates, 927

instrumentation supplies,

conductivity

Beryllium,
industrial hygiene aspects, 176',
943"
trace levels in environmental mate-
rials, 839

Betz Laboratories, Inc.,
cooling water control system, 173!
desludging, 956'
Biochemicals, 440'
Biodegradation,
nitglcgriacetate by activated sludge,
2

Biological control,
mosquitoes, 600
Biological oxidation media,
water pollution control, 440', 957'
Biology
See Environmental biology
Biophysics, 356'
Bishop Processing Co.,
air pollution abatement proceedings,
371, 463
Blowers, 82"
Blue-green algae,
earthy-smelling metabolite, 429
odorous organic sulfur compounds,
731
Boats,
Tennessee Valley Authority restric-
tions, 367, 969
use as laboratories by Federal Water
Pollution Control Administration,
775

Boiler water,
condensate purification, 353', 761'
conditioner, 582"
Boiling points,
determination, 169"
Books,
“The A-B-Seas of Desalting,” 515
Activated Carbon Abstracts, 173
“The Advancement of Knowledge for
the Nation’s Health,” 947
“Advances in Water Pollution Re-
search,” 588
““Air Force Scientific Research Bibliog-
raphy 1960, Vol. IV,” 757
“Air Quality Criteria for Sulfur Ox-
ides,”” 282
“The Analytical Toxicology of In-
dustrial Inorganic Poisons,”” 1019
“Annual Report of Progress on Engi-
neering Research—1965," 588
“Applied Science and Technological
Progress,"” 455, 457
‘“Aqueous Wastes from Petroleum
and Petrochemical Plants,” 950
“‘“Atmospheric Emissions from Nitric
Acid Manufacturing Processes,"”
356
““Atmospheric Humidity Atlas—
Northern Hemisphere,” 514
“The Automobile and Air Pollution,”
773, 878, 1019
“‘Automobile Disposal: A National
Problem,” 514
“Beryllium: Its Industrial Hygiene
Aspects,’’ 176, 943"
“The Big Water Fight,” 261"
“Burner Fuel Oils, 1967,” 949
“‘Chemical Detection of Gaseous Pol-

lutants: An Annotated Bibliog-
raphy,” 176

“Contamination Analysis and Con-
trol,”” 1757

“Dangerous Air,”” 757

“A Directory of Information Re-
sources in the United States:
Water,”” 98

“Economic Costs of Air Pollution:
Studies in Measurement,” 757

“Tgesz Economics of Air Pollution,”

“Environment for Man: The Next
Fifty Years,” 757
“Environmental Biology,” 98, 444"

“Environmental Pollution—A Chal-
lenge to Science and Technology,”

“Environmental Quality in a growing
Economy,” 176, 669"

“Equilibrium Concepts in Natural
Water Systems, '’ 757, 1017°

“‘Estuaries,”” 757

“The Fresh Water of New York State:
gsZConservation and Use,” 515,

52

“Handbook of Chemistry: Revised
Tenth Edition,” 756

‘““High-Energy Batteries,”” 515

““The Hydrologic Cycle,"” 948

ISA Instrumentation Index, 666

“Incineration of Solid Wastes,” 756

“Index to Air Pollution Research,”
757

"Insdlustrial Water Pollution Control,”

5

“Insecticides: Action and Metabo-
lism,” 1019

“‘Mechanistic Organic Photochemis-
try,” 356

“The Middle Ultraviolet: Its Science
and Technology,” 356

1966 Saline Water Conversion Re-
port,” 757

“Northern California’s Water Indus-
try,” 515, 587*

“Organic Pesticides in the Environ-
ment," 98, 355"

“The Origin and Development of the
Waterways Policy of the United
States,” 1019

“The Orsanco Story; Water Quality
Management in The Ohio Valley
Under an Interstate Compact,”

757

“The Particle Atlas,” 849°

‘“‘Particles in the Atmosphere and
Space,” 98

‘‘Pest Management,” 757

“Pesticide Handbook—Entoma,"”
757

“The Pesticide Problem: An Eco-
nomic Approach to Public Policy,”
356, 7557

“Pesticides and Their Effects on Soils
and Water,"” 356

Pesticides Monitoring Journal, 353

‘““Photochemistry,” 515

““Pollution and Marine Ecology,” 1019

“Principles and Applications of Wa-
ter Chemistry,” 757

“Proceedings of the National Sym-
posium on Quality Standards for
Natural Waters,” 514

““Radioassay Procedures for Environ-
mental Samples,” 1019

‘““Rapid Survey Technique for Esti-
mating Community Air Pollution
Emissions,” 356

“Regional  Construction  Require-
ments for Water and Wastewater
Facilities, 1955-1967-1980," 881

“‘Residue Reviews,” 515, 850"

‘““River Pollution 3: Control,” 260"

“'Science and Survival,” 175"

“‘Scientific Aspects of Pest Control,”
98, 354"

“‘Solid Waste-Disease Relationships,”
949

“Standards of Performance for Film
Badge Services,” 588

Staub-Reinhalung Der Luft, 91

“A Strategy for a Livable Environ-
ment,” 455, 459

Subject Index to Current Literature
on Air and Water Conservation,
259, 511

“Surface Mining and Our Environ-
ment,”’ 948
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“Theoretical and Experimental Bio-
physics,’” 356
“Theory of Fog Condensation,” 1019
“The Third Wave . . . America’s New
Conservation,” 514
“Thorium: Its Industrial Hygiene As-
pects,”” 356
“Transmission of Viruses by the
Water Route,” 515, 944"
Trends: Automation in Analytical
Chemistry, 442
““Waste Water Renovation and Con-
servation,” 950
““Watching for the Wind: The Seen
and Unseen Influences on Local
Weather,” 176, 445"
““Water and America's Future,” 757
‘“‘Water Geology and the Future,” 757
““Water Measurement Manual. Sec-
ond Edition,"” 757
““Water Production Using Nuclear
Energy,” 356
‘‘Water Research,” 513"
‘‘Water Resources Thesaurus,” 514
“Water Use in Manufacturing—
1963: Subject: Statistics, MC63-
(1)-10," 176
“Weather Modification,” 531
Bowser-Briggs,
oil waste water treatment, 956'
Bricks,
manufacture from clay wastes, 111
Brines
See Saline water; Sea water
Bristol Co.,
pollution monitoring equipment, 860"
pressure switches, 956'
Bromide,
ide7ntigication of saline water types,
2

Brooks Instrument Division,

signal converters, 169"

totalizing gas service flow meter, 257"
Buell Engineering Co.,

scrubbers, 761!
Bureau of Mines,

acid mine wastes, 584"

gersnslzpium and gallium extraction,

incinerator design, 275
mineral recovery from solid wastes,
200

natural gas recovery by Project Gas-
buggy, 773
propane flame studies, 275
smoke chart, 583!
sulfur dioxide removal from power
plant flue gas, 527
Bureau of Reclamation
weather modification, 583'
Burners
See Flow burners; Vortex burners
Business and Defense Services Admin-
istration,
water and waste water construction
requirements, 881

C
CAMP
See Continuous Air Monitoring Pro-
gram
Calcium,

determination in natural waters, 721

separation of radiostrontium and ra-
dium, 745

Calcium sulfate,

method for calculating
thresholds, 815

method for measuring scaling thresh-
olds, 41

scaling

1040 Envir tal Sci

and Technology

nucleation and growth in sea water

and brines, 661
Calgon Corp.,

deposit inhibitor, 258"

granular activated carbon products,
512!

sewage and waste water treatment,
111

sludge conditioner, 257"

waste treatment process, 762’

water management, 174', 440’
California,

automobile pollution control pro-
gram, 544
water industry, 515', 587!
Canada,

International Joint Commission stud-
ies of air pollution, 13
Can-Tex Industries,
sewage systems, 511!
waste water treatment plants, 170"
Capital Controls Co.,
water chlorination, 173'
Capital spending,
industrial pollution control
ment, 685
water and waste treatment, 698
Carbon
See also Activated carbon; Organic
carbon
analyzers, 666', 758"
Carbon monoxide,
analyzer 856"
Carbonyl compounds,
determination in automobile exhaust,
915
Career opportunities,
pollution control, 876
Caribou,
concentration of radionuclides, 932
Carnegie Institute of Technology,
flue gases project, 202
Cars
See Automobiles; Electric vehicles
Carter, Ralph B., Co.,
water and waste treatment equip-
ment, 1023'
Carus Chemical Co., Inc.,
odor control, 1023'
Casing,
glass pipe, 759°
Catalysis,
combustion of ethylene on nickel
oxide, 835
Catalysts,
air pollution control, 1023'
nitric acid tail gases, 353’
Cedar Rapids, lowa,
waste treatment plant, 440’
Ceilcote Co.,
wet scrubbers, 91'
Cells
See Density cells; Fuel cells
Cenco Instruments Corp.,
photometer, 860"
Ceramic honeycomb, 81"
Certain-teed Products,
sewer pipe, 584'
Cesium-137,
concentration in Alaskan caribou and
reindeer, 932
Cesspool wastes,
pyrodecomposition system, 817
Cety(: dimethyl benzyl ammonium chlo-
ride,
adsorption on polyethylene, 482
Chain scission,
analysis of air for ozone, 658
Chamber of Commerce,
partnership for environmental man-
agement, 531
Chandler Engineering Co.,
dew-point tester, 257°

equip-

Charge density,
adsorbed layer at solid-aqueous solu-
tion interface, 482
Chelation,
nitrilotriacetate by activated sludge,
820

Chemical Construction Corp.,
consulting services, 440'
Chemical data
See Marine chemical data
Chemical Industry Council,
chemical caravan, 876
Chemical Insecticide Corp.,
stupefier for fish collecting, 664"
Chemical reactions,
measurement of completeness, 349°
Chemical Rubber Co.,
pulsation pump, 169"
Chemical Separations Corp.,
water treatment, 442"
Chemicals, 762', 860'
feed systems, 1023'
water treatment market, 276, 698
Chemicon Co.,
electrolytic conductivity controllers,
171°
electrolytic conductivity measuring
bridge, 348"
gas chromatograph integrator, 759"
Chemistry,
handbook, 756"
role in water resources management,
297
water, 757"
Chemtrix, Inc.,
polarographic analyzer system, 439"
Chicago, IlI.,
air quality telemetered system, 984
Chlorinated hydrocarbon pesticides,
511'

concentration by fish, 203
Chlorination, 173" 860'
Chlorophenols,

thin-layer chromatographic method,

Cholinesterase inhibitor, .
S,S,S-tributy! phosphorotrithioate,
411

Chromalloy American Corp.,
vehicle emissions mobile laboratory,
506"
Chromates,
corrosion treatment, 259'
Chromatographs
See Gas chromatographs
Chromatography
See also Specific kinds of chroma-
tography
injection marker, 509"
products, 583"
Chromium,
suspended material in streams, 940
Cities
See Urban communities
Citrus trees,
reduced water use and apparent
photosynthesis, 644
Clarifier,
activated sludge, 956'
Clean facilities,
cabinets, 760°
laboratory benches, 665"
rooms, 760"
Cleaner Air Week Awards, 187
Cleaning station, 664°
Cleaning tanks, 258°
Cloud seeding
See Weather modification
Coagulants, 760"
See also Polymeric coagulants
Coagulation,
polysilicates, 221
Coal,
forecasting of production, 464



Coal mines
See also Strip mines
disposal of culm banks, 201
drainage permits in Pennsylvania, 11
washery wastes, 200
Coast and Geodetic Survey,
maps of Atlantic coast, 442"
Coatings,
formulations, 512!
Cobalt,
suspended material in streams, 940
Colab Laboratories, Inc.,
electrophoresis apparatus, 511'
Cold trap filler, 512!
Collectors
See Dust collectors; Mist collectors
Colloidal particles,
electron microscope study of waste
water, 147
separation from natural water, 52
Color,
lake water, 302
natural waters, 631
Colorimeters, 81", 256", 1020"
Colorimetry
See Kinetic colorimetry; Visual col-
orimetry
Colt Industries,
pumps, 761'
Columbia, Md.,
reuse of storm runoff, 875
Combined sewers,
additives for in-line treatment, 111
computer control, 777
Combustion,
ethylene on nickel oxide, 835
Combustion Engineering, Inc.,
dolomite system for cleaning stack
gases, 775
Combustion instruments, 174'
Combustion products index,
use in air pollution studies, 796
Commerce Department
See Names of specific agencies
Committee on Water Resources Re-
search,
chairman, 687
current program, 400
Community Utility Equipment and Sup-
plies, Inc.
pipeline inspection, 959"
Composting,
disposal of municipal wastes, 111
Compressed gases, 353"
Computers,
analysis of spectral data on gases,
434

control of combined sewers, 777
management system for water utili-
ties, 582"
wind variance measurements, 1020°
Concentration,
trace analysis of sea water, 417
Condensate purification, 353', 761"
Condensation nuclei counter, 512!
Conductance box, 436"
Conductivity bridge, 582"
Congress,
“Applied Science and Technological
Progress,’” 455, 457
science and technology assessment,
548
Conservation, 514'
Environmental Defense Fund estab-
lished, 871
Conservation Process, Inc.,
slop oil recovery process, 968
Consolidated Oxidation Process Enter-
prises, Inc.
solid waste disposal plant, 873
Constant flow kit,
air samplers, 170°
Construction,
wag%r and waste water utilities, 785,
1

Consulting services, 440'
Contaminant analysis, 86", 175'
Continental Shelf
See Outer Continental Shelf
Continuous Air Monitoring Program,
data collection system, 282
“Environmental Science & Technol-
ogy'" station, 459
Contracts
See Grants and contracts
Convection,
application to herbicide movement in
soil, 561
Converters
See Signal converters
Coolants,
automated control system, 173!
cleaner, 259!
defoamer, 952
Cooperative Institute for Research in
Environmental Sciences,
establishment, 775
Copper,
recovery from auto scrap, 200
Copper mines,
pollution from industry strike, 686
Corning Glass Works,
laboratory glass ware, 958'
laboratory instruments, 957"
Corning Scientific Instruments,
pH meter, 1020"
Corps of Engineers,
solid wastes in navigable channels,
202
Corrosion, 512', 761!
chromate treatment, 259"
inhibitors, 758", 858", 859', 1022"
Corrosion Control of Ohio, Inc.,
fume scrubbers, 440"
Corrosion resistant equipment, 666'
Costs,
increases to households from air pol-
lution, 968
maintenance of environmental qual-
ity, 176', 669'
measurement methods for air pollu-
tion, 757"
pollution abatement, 33
water management, 780
Coulometric gas chromatographic de-
tector,
gaseous sulfur compounds, 479
Counter-timer, 172°
Counters
See Condensation nuclei counter;
Optical counters; Reversible count-
ers
Couplings, 258"
Critical micelle concentration,
determination by streaming current
detection, 482
Cryogenic sampling,
apﬁgzation to gas mixture analysis,

Crystalline phases,
nucleation from sea water and brines,
661

Culverts,

stainless steel, 256°

Yellowstone National Park, 971
Currents,

measurement by isotopic analyzer,

875

Curtin, W. H., and Co.,

air9 ppllution laboratory equipment,

1

D

Data processor, 348"

Davis Instruments, Inc.,
hydrocarbon monitor, 7597
sulfur dioxide monitor, 759°

DeBell and Richardson, Inc.,
analytical services, 436°

Deep Water Isotopic Current Analyzer,
use on Lake Mead, Nev., 871
Deep-well disposal, 583'
Defoamer,
cooling water, 952°
Deionizers, 958'
De Laval Turbine, Inc.,
filtration system, 172*
Delaware Estuary Comprehensive Study,
dev%lopment of water quality criteria,
380
Delta Scientific Corp.,
dissolved oxygen analyzers,
952
Demineralization plant,
acid mine water, 600
Demineralizer,
saline water, 89"
Density cells, 255"
Deposit inhibitor, 258"
Desalination, 515', 757"
reverse osmosis processes, 124, 511"
Desalination plants
See also Nuclear desalination plants
modular design concept, 606
Reynolds Metals Co., 109
Desalination Systems, Inc.,
reverse osmosis system components,
350"
Desludging, 956'
Detergents
See also Alkyl benzene sulfonate
formulations using nitrilotriacetate,
820

439°,

removal by foam separation, 116,
446
use in dispersing oil slicks, 273, 391
Dew-point tester, 2577
Dietary intake,
radionuclides from caribou by Alas-
kans, 932
Differential thermal analyzer, 858°
Diffusion
See also Linear diffusion
viruses to carbon, 157
Diffusion coefficients,
measurement in porous media, 566
Diffusion flames,
analysis of soots for polycyclic aro-
matic hydrocarbons, 828
Digitization,
application to infrared analysis of gas
mixtures, 434
2,4-Dinitrophenylhydrazines,
analysis of carbonyl compounds in
automobile exhaust, 915
1,2-Di-(4-pyridyl)ethylene reagent,
ozone determination in photochemi-
cal reactions, 247
Diseases
See also Lung diseases
relationship to solid wastes, 949'
Dispersant, 759"
Displacement
See Miscible displacement
Dissolved oxygen,
analyzers, 436°, 439°, 442', 582°,
952°
output/temperature recorder, 257°
prediction of effects of nitrification in
streams, 405
sensor, 955°
test reagent, 1021°
Distillation Products Industries,
organic chemicals, 511"
Dodecyl benzene sodium sulfonate,
adsorption on polyethylene, 482
Dolomite system,
Union Electric Co. power plant, 775
Domestic water,
South African supply system, 35
Dorr-Oliver, Inc.,
phosphate removal process, 859'
sludge combustion system, 956'
sludge pumps, 858°
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Dow Chemical Co.,
biological oxidation media, 440', 957"
casing for glass pipe, 759"
coating formulations, 512'
deep-well disposal, 583'
filtration process for emulsions, 255°
pollution control, 440"
polymeric coagulants, 111
Dow Corning Corp.,
silicone adhesive sealant, 350"
Drainline systems, 173'
Dravco-Doyle Co.,
pressure filter system, 584'
Dresser Clark,
rotary positive blowers, 82
Drew Chemical Corp.,
corrosion inhibitors, 758", 1022°
defoamer for cooling water, 952°
liquid dispersant, 759"
water analysis, 860’
Drinking water
See Potable water
Drive system, 582°
Droplets,
analysis, 175'
Drum opener, 762'
Dryer,
air, 954"
Ducon Co., Inc.,
dust collectors, 1023'
Du Pont, E. I. de Nemours & Co.,
ceramic honeycomb, 81°
reverse osmosis process, 511'
vinyl-lined aeration pond, 457
Dust collectors, 172°, 256", 353', 666',
762', 854, 859', 954*, 1021", 1023'
Dusts, 91'
See also Atmospheric dusts

E

EROS
See Earth Rescurces Observation
Satellite
Earth Resources Observation Satellite,
planning, 460
Eastman Kodak Co.
See also Distillation Products Indus-
tries
thin-layer chromatographic plate,
509"
Ecological Advisers Act,
introduction, 777
Ecology, 1019'
Aldabra Island, 602, 778, 871
Economics,
air pollution, 98!
pollution abatement, 118
Eddies, 115, 191, 373
Editorials,
calé%us attitudes toward environment,
5

cautious approach to preserving en-
vironmental quality, 681

editorial policy of “Environmental
Science and Technology,” 5

government role in environmental
management, 455

industry’s responsibility in pollution
abatement, 869

radio program on air pollution, 771

scai_’rsstactics and pollution control,

world through children’s eyes, 599
year-end' assessment of “Environ-

hnology,”
967
Effluents
See also Industrial effluents; Sewage
effluents

analysis service, 664°

Electric vehicles,
current developments, 192
long-term prospects, 773, 878
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power systems, 394
Electrodes, 82, 348", 442', 666', 860',
953"
standard solutions, 854"
Electrolytic conductivity,
control instruments, 171"
measuring bridges, 348", 1020"
process equipment, 174"
Electromechanical devices, 955"
Electron microscope,
study of colloids in waste water, 147
Electro-Neutronics, Inc.,
air sampler, 856"
constant flow kit for air samples,
171"
personnel radiation monitor, 256"
Electronic test instruments,
metrology service, 255"
Electrophoresis apparatus, 511'
Electrostatic precipitators,
elei:trogasdynamic fume precipitator,
7
electrogasdynamic precipitator for
auto exhaust control, 970
use on incinerator, 275
Elements
See Toxic elements; Trace elements
Elgin Softener, Inc.,
automatic deionizers, 958'
demineralizer for brackish water, 89"
El Paso Natural Gas Co.,
natural gas recovery by Project Gas-
buggy, 773
Emerson Electric Co.
See also Brooks Instrument Division
flow rate indicator, 959!
Emission spectroscopy,
determination of barium in sea wa-
ter, 499
Emissions
See Automobile emissions; Hydro-
carbon emissions; Stack emissions
Endrin,
Mississippi River Fish Kill, 297
Energy transfer,
formation of singlet molecular oxy-
gen, 656
Englehard Industries, Inc.,
nitric acid pollution abatement, 81"
radioactive waste solidification, 353'
Envirco, Inc.,
clean laboratory benches, 665"
laminar air flow filtration, 584"
Environment,
age of environmental quality, 393
American Association for the Ad-
\éancement of Science committee,
71
callous attitudes of society, 365
cautious approach to preservation of
quality, 681
costs of maintaining quality, 176',
669'

deterioration, 983
future possibilities, 757"
impact of technological changes, 709
management by industry-govern-
ment-public partnership, 531
management role of governments,
455, 457
pollution’s impact on children, 599
systems planning, 38, 549
Environmental biology, 98', 444'
Environmental Defense Fund,
establishment, 871
Environmental engineering, 859'
Enviro?mental equipment, 761', 854",
0

Environmental health,
long-term control program, 389, 455,
459
Environmental health centers,
Public Health Service program, 532
Environmental Health and Safety Re-
search Associates,

household costs from polluted air,
968

Environmental management,
professional requirements, 887
Environmental materials,
radioassay procedures, 1019'
trace levels of beryllium, 839
Environmental Science Services Admin-
istration,
advisory committee, 13
Cooperative Institute for Research
in Environmental Sciences estab-
lished, 775
current programs, 14
hurricane seeding program, 774
ocean data acquisition system, 873
“Environmental Science & Technology,”
advisory board, 92, 1024
author’s guide, 101, 1015
editorial policy, 5, 1015
exhibit for American Chemical Soci-
ety meeting, 346
national air monitoring station, 459
staff, 92, 262, 682
year-end assessment, 967
Equilibrium concepts,
natural water systems, 757', 1017'
Equipment, 762'
water pollution control markets, 785
Erosion,
atrazine losses from fallow land, 740
importance in water pollution, 11
Escherichia coli bacteriophage T,,
adsorption on activated carbon, 46,
157

Esso Research and Engineering Co.
See Humble Oil and Refining Co.
Estuaries, 757'
Estuarine water,
nitrate determination, 488, 492
Ethyl nitrate,
dilute gas phase photolysis, 138
Ethylene,
combustion on nickel oxide, 835
Ethylenediaminetetraacetic acid,
separation of calcium, strontium, and
radium, 745
Eutrophication,
analysis by nutrient budget, 425
Lake Erie, 212, 446, 516
recommendations from International
Symposium on Eutrophication, 458
sources of phosphates, 37
Evaporation losses,
Salton Sea, 109
Exhaust
See Automobile exhaust
Exhaust gases,
removal of particle matter, 17
Extraction
See Liquid extraction

F

FMC Corp.,
surface aerator, 855"
Factor analysis,
correlation coefficients of nine vari-
ables, 725
Fairchild Camera and Instrument Corp.,
water quality monitor, 665"
Fairchild Space and Defense Systems,
water quality monitoring, 860'
Fallow land
See Agricultural land
Fan/scrubber, 350"
Farm land
See Agricultural land
Federal Aviation Act,
noise standards amendment, 875,
976

Federal Committee on Pest Control,
Pesticides Monitoring Journal, 353



Federal Council for Science and Tech-
nology
See Committee on Water Resources
Research
Federal government,
aid to industrial antipollution pro-
grams, 185
pollution abatement expenditures,
121

Federal research,
National Institutes of Health pro-
grams, 947'
water resources, 400
Federal research and development,
Federal Water Pollution Control Ad-
ministration programs, 601
National Center for Air Pollution Con-
trol programs, 972
pollution expenditures, 37
Federal Water Pollution Control Ad-
ministration,
additive for combined sewers, 111
boats equipped as laboratories, 775
chlorinlated hydrocarbon pesticides,
511
grants and contracts, 189
National Water Quality Laboratory,
603
New Jersey enforcement conference
to protect shellfish, 871
organizational changes, 970
research and development programs,
601, 688
storm runoff reuse contract, 875
Feed systems,
chemicals, 1023’
Feedlots,
effect on ground water quality, 736
Feeds,
pesticide residues, 515', 850'
Ferrous thiocyanate reagent,
application to model systems and to
atmospheric sampling, 247
oxidant colorimetry, 431
ozone determination, 1014
Fertilizers,
leaching through soils into ground
water, 736
Film badge services, 588'
Film penetration theory,
gas absorption, 57
Films,
air pollution, 583!
analysis, 175'
groundwater, 583'
guide to chemistry and chemical in-
dustry, 583!
soil as living filter, 352"
Filter underdrain system, 442'
Filters, 84", 259', 351°, 666' 959',
1021'

bags, 86"
cartridges, 174', 1023'
fabric, 258"
holders, 169", 952"
membranes, 172", 664"
Filtration
See also Gel filtration
accessories, 958'
glossary, 91!
processes, 172", 255" 257°
systems, 584', 860', 1023'
Fischer & Porter Co.,
acid analyzer, 255"
chlorination system, 860’
flow meters, 174', 348", 440', 761"
762', 860'
inductance alarm unit, 173"
Fish
See also Shellfish
effect on stream water quality stand-
ards, 203
Lake Erie harvests, 212
Mississippi River Kill, 297
protection in Ohio River Valley, 888
stupefier, 664°

Fisher-Klosterman, Inc.,
cyclone collector, 170"
Fisher Scientific Co.,
chemicals, 762!
pH electrodes, 666'
reference electrodes, 82"
spectrophotometer cells, 1022°
thermogravimetric analysis, 666'
thermogravimetric analysis acces-
sory, 170
vacuum oven, 351*
Flame-emission spectrometer, 509"
Flame ionization,
hydrocarbon type analysis in auto-
mobile exhaust, 309
Flame ionization detector
See also Alkali metal-dual
ionization detector
Flames
See also Diffusion flames
mechanics of pollutant production,
275
Flavor
See Off-flavor
Flex-Kleen Corp.,
dust collectors, 854", 1021*
Flocculation,
activated sludge, 956'
polysilicates, 221
Floods,
forecasting via satellite, 685
Floridian aquifer,
study of groundwater resources, 185
Flow adaptor,
gel filtration columns, 259'
Flow burners, 351°
Flow meters, 2577, 348", 440', 761',
762', 860", 959'
Flue gases
See Stack emissions
Fluoramics, Inc.,
joint sealant, 349®
Fluorescence
See X-ray fluorescence
Fluorescence spectrometry,
determination of benz(c)acridine
and 7H-benz(de)anthracen-7-one
in organic extracts of air particu-
lates, 927
Fluorescent sand,
use in streams as sediment tracer,
600
Fluoride
See Hydrogen fluoride
Fluoride analyzer, 174'
Fluorine compounds, 860"
Fly ash,
development of new uses, 202
filter aid in sludge disposal system,
374
scrubber for power plants, 13
Flygt Corp.,
electric submersible drainage pumps,
352!
trash pump, 952°
Foam separation,
detergent  removal
streams, 116, 446
Fog condensation, 1019!
Food
See also Dietary intake
analysis of radiostrontium and ra-
dium, 745
pesticide residues, 515', 850'
Ford, Bacon & Davis Texas, Inc.,
sulfur recovery facilities, 666'
Ford Motor Co.,
hydrocarbon emissions from leaded
gasoline, 115
Forecasting,
coal production, 465
Forests
See Reforestation

flame

from  waste

Formaldehyde,
photooxidation at low partial pres-
sures of aldehyde, 845
Foster Wheeler Corp.,
solid waste disposal plant, 873
Foxboro Co.,
measurement of reaction complete-
ness, 349
pressure recorders, 957'
pressure transmitters, 952
slide rule, 509*
turbidity-to-current converter, 506°
Fractionation,
organic compounds in natural wa-
ters, 631
Fram Corp.,
filters, 666'
filtration glossary, 91!
Franklin Institute,
coal washery wastes, 200
Fuel additives,
effect on auto exhaust ammonia, 751
Fuel cells,
electric vehicles, 192, 394
stack emission control device, 373
Fuel oils, 949'
Fuels,
air pollution, 584'
Fuller Co.,
water treatment plants, 91'
wet vacuum pumps, 352!
Fume-dust collectors, 666'
Fume incineration, 854°, 1023'
Furnaces, 174', 760"
sulfur dioxide capture by limestone, 9

G

Gage
See Temperature gage
Gallium,
extraction, 584!
Gamma radiation,
laboratory method for
soils, 144
Gam Rad, Inc.,
turbidity analyzer, 759°
Garbage disposal
See Solid waste disposal
Garden soil,
pyrene adsorption, 570
Garlock, Inc.,
valve, 5817
Garrison, Mont.,
air pollution abatement proceedings,
686

sterilizing

Gas absorption,
mathematical model for rivers, 57
Gas analysis,
determination of ozone by polymer
chain scission, 658
Gas chromatograph-trace gas analyzer,
665"
Gas chromatographs, 91!
columns, 259'
integrator, 759°
Gas chromatography, 666'
accessories, 442!
carbonyl compounds in automobile
exhaust, 915
detector, 759°
light hydrocarbons analysis, 242
minimum detection limits for sulfur
compounds with coulometric de-

tector, 479
polycyclic aromatic  hydrocarbons
analysis, 828
Gas chromatography-mass spectrom-
etry,

accéssory, 785°
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use in structure elucidation of multi-
component systems, 315
Gas disposal
See Underground gas disposal
Gas-liquid chromatography,
See also Aqueous-injection gas-
liquid chromatography
resolution of odorous compounds in
natural waters, 731
separation of hydrolysis and oxida-
tion products of organophosphate
pesticides, 639
Gas mixtures,
analysis by infrared spectrophotom-
etry, 434
Gas sorption,
suspensions of activated carbon in
water, 325
Gasbuggy,
recovery of natural gas by atomic
explosion, 773
Gaseous air pollutants,
effect on Autometer SO. readings, 68
Gaseous pollutants, 176'
Gases
See also Compressed gases; Exhaust
gases
detector kit, 855°
Gasoline
See Leaded gasoline
Gates,
water control, 959!
Gel filtration,
column, 174"
flow adaptor for columns, 259"
Gelman Instrument Co.,
air sampler-analyzer, 856”
filter holders, 169, 9527
filtration accessories, 958'
instruments, 442!
porous membranes, 172°, 664°
Gels
See Silica gels
General American
Corp.,
pressure filters, 959'
General Electric Co.,
drive system, 582"
heating devices, 958'
mass spectrometer gas analyzer,
439°

Transportation

Geochemistry,
saline oil-bearing formation waters,
725
Geological Survey,
aeration capacity of streams, 512!
bricks from clay wastes, 111
Earth Resources Observation Satel-
lite, 460
evaporation losses in Salton Sea,
109

Floridian aquifer study, 185
groundwater shortages, 9
Northeast drought assessment, 602
sediment movement in streams, 600
Geology,
water resources, 757"
Geosmin,
isolation from blue-green alga, 429
Germanium,
extraction, 584!
Glaciers,
talc content, 923
Glass fiber,
laboratory apparatus, 259'
Glassco Instrument Co.,
temperature gage, 256°
Glassware, 511', 958!
Glucose solutions,
relative importance of viscosity and
oxygen solubility on oxygen trans-
fer rates, 578
Gorman-Rupp Co.,
package lift stations, 951°
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Gourdine Systems, Inc.,
electrogasdynamic fume precipita-
tor, 17
electrogasdynamic precipitators for
auto exhaust control, 970
Government
See Federal government
Gow-Mac Instrument Co.,
chromatography injection
509”
Grace, W. R,, & Co.,
corrosion inhibitor, 858"
oil emulsion breaker, 951"
sequestrant, 1020°
Grants and contracts,
Federal Water Pollution Control Ad-
ministration, 189
Office of Saline Water, 191
Water Resources Council, 187
Graphite
See Pyrolytic graphite
Graver Water Conditioning Co.,
condensate purification, 353', 761’
filter underdrain system, 442'
plastic valves, 506"
water softener, 174!
water treatment, 91!
Great Britain,
development plans for Aldabra Is-
land, 602, 778, 871
Great Lakes
See also Lake Erie; Lake Michigan
International Field Year on the
Great Lakes, 9
Grinnell Co., Inc.,
piston actuators, 1023!
Ground Water Resources Institute,
local water systems, 583!
Groundwater,
contamination in North Carolina, 185
effect of feedlots and fertilizers, 736
Floridian aquifer study, 185
models for mineral composition, 298
shortages in northeast U.S., 9
Guardian Chemical Co.,
solubilizer for oil spills, 581°
Gulfstan Corp.,
water treatment facility leasing, 89°
Gypsum
See Calcium sulfate

marker,

H

Hach Chemical Co.,

colorimeters, 81°, 256"

dissolved oxygen test reagent 10217

turbidimeters, 664°, 951

water anaIySIs kit, 171"

water analysis procedures, 1023"
Halogens,

microcoulomb recorder, 442!
Harleco,

air pollution reagents list, 582"
Haveg Industries,

cleaning system for pickle liquors,

P

Hazleton Laboratories, Inc.,
physiological effects of air pollutants,
115

Health
See also Environmental health; Lung
diseases; National Center for Ur-
ban and Industrial Health; Public
Health Service
effects of sulfur oxides, 282
research programs at National Insti-
tutes of Health, 947!
Health, Education, and Welfare De-
partment
See also Names of specific agencies

‘A Strategy for a Livable Environ-
ment,”’ 455, 459
Heat pollution
See Thermal pollution
Heat reclaimer,
waste water, 170", 760"
Heating devices, 761', 958'
Heil Process Equipment Corp.,
corrosion resistant equipment, 666'
Helium ionization detector, 953"
Herbicides,
mathematical model
movement in soil, 561
Hewlett-Packard,
reversible counters, 442'
spectrum analyzer, 954"
X-Y recorder, 170"
Hinde Engineering Co.,
waste treatment system, 259'
Hittman Associates, Inc.,
reuse of storm runoff, 875
Homestead Valve Manufacturing Co.,
lubricated plug valves, 957'
Honeywell, Inc.,
dissolved oxygen sensor, 955°
instrumentation for water quality
standards, 273
metrology service, 255"
mobile monitor for water analysis,
506"
oscillograph, 170°
water quality data collection sys-
tem, 84"
water quality monitoring, 91'
Hoods, 951"
Hotpack Corp.,
environmental equipment, 860!
Household costs,
increases from polluted air, 968
Humble Oil and Refining Co.,
refinery waste water treatment, 11
television commercial, 476
Humidity
See Atmospheric humidity
Humidity generator, 509°
Hurricanes,
seeding program, 774
Huyck Metals Co.,
sintered metal filters, 259'
Hydrocarbon emissions,
effect of leaded gasoline, 115
Hydrocarbons
See also Light hydrocarbons; Mixed
hydrocarbons; Polycyclic aromatic
hydrocarbons
analyzer, 1022°
monitor, 759°
photooxidation of propylene-nitrogen
oxide system, 899
type analysis in automobile exhaust,
309

simulating

Hydrogen fluoride,
influence on acid-soluble phosphorus
compounds in bean seedlings,
1011
Hydrogen peroxide,
formation by photooxidation of for-
maldehyde, 845
Hydrogen sulfide,
gas chromatographic detection lim-
its with coulometric detector, 479
Hydrology, 948'
See also International Hydrological
Decade
world water balance, 550
Hydromation Engineering Co.,
dust collector, 256
Hydronics Corp.,
effluent analysis service, 664°
Hydrotechnic, Inc.,
filtration system, 172°
Hydro-Thermal Corp.,
steel drum opener, 762'
Hygiene
See Industrial hygiene



Hygrodynamics, Inc.,
humidity measurement and control,
442!

hygrometer recorders, 174'
Hygrometers, 174', 582°
Hygrometry, 442'
Hyperfiltration

See Reverse osmosis

‘‘ISA Instrumentation Index,” 666
ITT Marlow,
pumps, 255, 439"
Imports,
low-sulfur oil, 528
Incineration,
solid wastes, 756'
Incinerators,
design changes, 275
equipment, 174!
fumes, 854", 1023'
mineral recovery, 201
West German design innovations,
604
Index,
measurement of air pollution, 796
Indicator papers, 509"
Inductance alarm unit, 173'
Industrial air equipment, 860"
Industrial design,
impact on pollution abatement, 603
Industrial effluents,
identification of S,S,S, tributyl phos-
phorotrithioate, 411
Industrial hygiene
See also National Center for Urban
and Industrial Health
beryllium, 176', 943!
thorium, 356'
Industrial inorganic poisons,
analytical toxicology, 1019'
Industrial Scientific Research Corp.,
air dryer, 954"
Industrial waste water,
treatment, 956'
Industrial wastes,
disposal services, 512'
slu3d§zz disposal system using fly ash,

Industrial water,
internal treatment, 276
pollution control, 515'
Industry,
capital spending for pollution con-
trol equipment, 685
contributions to air pollution, 206
federal aid for antipollution pro-
grams, 185
pollution control incentives, 531
research role in solid waste prob-
lem, 528
responsibility in pollution abatement,
role in development of water qual-
ity programs, 380
Infilco Fuller Co.,
waste treatment plants, 1023'
Information services,
marine chemical data
system, 539
Water Resources Scientific Informa-
tion Center, 386
Infrared analysis,
gas mixtures, 434
Infrared spectrophotometers,
accessories, 352!
Infrared spectroscopy,
remote sensing of stack gases, 73
use in  structure/stereochemistry
studies, 315

processing

Infrared thermometer, 351°
Inhibitors
See Cholinesterase inhibitor; Deposit
inhibitor
Injection marker,
chromatography, 509"
Insecticides, 1019'
See also Endrin
Instrument Society of America,
ISA Instrumentation Index, 666
Instruments, 583', 666', 761', 957'
See also Nuclear instruments
Interceptors
See Oil interceptors
Interior Department
See also Names of specific agencies
acid mine demonstration programs,
600
import quotas on low-sulfur oil, 528
preservation of Outer Continental
Shelf marine resources, 871
proposal to rename Natural Re-
sources Department, 774
International Biological Program,
U.S. research plans, 687
International Conference on Water for
Peace,
plans, 345
proposal for permanent U.S. Water
for Peace office, 369
International Controls Corp.,
cold trap filler, 512!
International Disposal Contractors, Inc.,
industrial waste problems, 512!
International Field Year on the Great
Lakes,
planning, 9
International Hydrological Decade,
International Field Year on the Great
Lakes, 9
long-range goals, 550
International Joint Commission,
air pollution on U.S.-Canada border,
1

3
International Nickel Co., Inc.,
marine corrosion, 761'
Investments,
pollution field, 761"
lon exchange,
cation exchange concentration of
barium in sea water, 499
determination of radiostrontium and

radium, 745

reclamation of acid mine drainage
water, 235

sorption of phenols from waste wa-
ter, 160

lon exchange chromatography,
column, 174!
lon meter, 666'
lonics, Inc.,
membrane processing, 512'
lonization
See Flame ionization
Irradiation
See also Radiolysis
propylene-nitrogen oxide system, 899
Irrigation, 757"

J
Japan,
sewage plant-hotel-amusement com-
plex, 173!

Sumida River clean-up, 710
Jarrell-Ash Co.,

instruments, 761"
Johnson City, Tenn.,

composting of municipal wastes, 111

Johnson, S. C., & Son, Inc.,
cleaner for machine coolants, 259'
rust preventer, 173!

Josam Manufacturing Co.,
oil interceptors, 173!

K

Kanthal Corp.,
igniter element for auto exhaust de-
vice, 84"
Kentucky,
culm pile fires, 201
Ketones,
determination in automobile exhaust,
915

Kinetic colorimetry,
microdetermination  of
431
Kinetics,
synergistic effects in photooxidation,

peroxides,

133
Kjeldahl nitrogen,
determination on AutoAnalyzer, 340
Krypton-85,
measurement of diffusion
cients in porous media, 56€

coeffi-

L

Labconco Corp.,
glass fiber laboratory apparatus, 259'
Lab-Line Instruments, Inc.,
automatic analyzer, 952°
portable oven, 858°
Laboratory apparatus, 174!, 259', 353',
957!, 958', 1023!
Laboratory Equipment Corp.,
total organic carbon analyzer, 666'
Lake Erie,
eutrophication, 212, 446, 516
Lake Michigan,
progress on pollution abatement,
271
Lakes
See also Norris Lake
natural color system, 302
Lakeside Engineering Corp.,
liquid samplers, 509"
water purification equipment, 860"
Laminar air flow filtration, 584'
Land
See Agricultural land; Soils
Lead-210,
concentration in Alaskan caribou and
reindeer, 932
Lead shot,
use in streams as sediment tracer,
600

Leaded gasoline,
federal standards proposed, 773,
878
hydrocarbon emissions, 115
production costs, 369
League of Women Voters,
“The Big Water Fight,” 261
federal aid for industrial antipollu-
tion programs, 185
Leak detectors, 666', 856"
Leasing,
water treatment facilities, 89"
Leeds & Northrup Co.,
pH meters, 352!
potentiometer, 348"
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Legislation,
history of federal pollution laws, 18
Letters,
California automobile pollution con-
trol program, 682
foam separation, 446
Lake Erie eutrophication, 446, 516
Leupold & Stevens Instruments, Inc.,
manometer-servo, 1021
position motor telemeter, 856"
telemetering systems, 958'
Lift stations, 951°
Light hydrocarbons,
gas chromatographic analysis, 242
Limestone,
sulfur dioxide capture, 969
Limnology,
biophysical separation of suspended
particles from natural water, 52
Linear diffusion,
application to herbicide movement
in soil, 561
Liquid extraction,
airborne particulates, 927
phenol from water, 495
Liquid film coefficient,
prediction in turbulent fluids, 57
Liquid Filter Corp.,
contaminant analysis, 86"
Liquid samplers, 509°, 758°
Liquid scintillation,
counting vials, 759°

Liquors

See Pickle liquors
London Co.,

pH controller, 10227
Losses

See Evaporation losses
Lung diseases,

role of air pollution, 969
Lurex Manufacturing Co.,

glass ware products, 511!

M

Management

See Environmental
Water management

Manganese,
suspended material in streams, 940

Manometers, 349°, 1021°

Manufacturing,
wa;ge reduction during processing,

1
water use, 176’

Manufacturing Chemists Association,
Air Quality Act testimony, 367
chemical films, 583!
tax credits for air pollution contro!

facilities, 271

Maps,

Atlantic coast, 442"
atmospheric humidity, 514"

Marine chemical data,
storage and retrieval system, 539

Marine resources,
preservation on Outer Continental

Shelf, 871

Markets,

water pollution control equipment,
785
water treatment chemicals, 698

Mass spectrometer,
gas analyzer, 439"

Mass spectrometry
See Gas chromatography-mass spec-

trometry

Mass transfer,
viruses to carbon, 157

Mast Development Co.,
microcoulomb recorder, 442"

management;
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Matheson Co., Inc.,

compressed gases, 353'

sewage testing laboratories, 174'
Matthey Bishop, Inc.,

platinum catalysts, 1023'
McKee-Pedersen Instruments,

digital timer-counter, 172°

high voltage power supply, 350"
Mechalnistic organic photochemistry,

356

Mec-0-Matic, Inc.,
water treatment kit, 257"
Medicine,
selenium, 353'
Meeting Guides, 99, 177, 263, 357,
447,025917, 589, 671, 763, 861, 961,
1

Meeting programs,
Water, Air, and Waste Chemistry Di-
visions, ACS, 591, 673
Melpar, Inc.,
culm pile fires, 201
Melting points,
determination, 169"
Membrane processing, 512'
Membranes, 172"
Mercury Chemical Corp.,
pollution control programs, 762’
waste recovery systems, 666'
Mercury Electronics Corp.,
flowable materials pump, 854"
Meteorology
See also Weather
portable measuring system, 758"
Meteorology Research, Inc.,
moving slide impactor, 664°
Methane,
monitoring system, 256°
Methyl mercaptan,
gas chromatographic detection lim-
its with coulometric detector, 479
Metrology service, 255"
Metropolitan Water District of Southern
California,
nuclear desalination plant, 191
Mettler Instrument Corp.,
balance, 439"
instrument for melting and boiling
point determinations, 169"
Micelle concentration
See Critical micelle concentration
Michigan-Dynamics, Inc.,
clean room facilities, 760"
Microorganisms,
control in water, 860"
Microscope
See Electron microscope
Microscopy,
particles, 849'
Midwest Research Institute,
environmental alterations from chem-
ical and biological warfare agents,

971
Millipore Filter Corp.,
portable water laboratory, 81"
Millmaster Onyx Corp.,
surfactants, 91"
Mine Safety Appliances Co.,
carbon monoxide analyzer, 856"
hydrocarbon analyzer, 10227
methane monitoring system, 256"
Mine water
See Acid mine water
Mineral composition,
groundwaters, 298
Mineral surfaces,
adsorption of pesticides, 332
Minerals,
recovery from
201
Mining
See Specific kinds of mining
Minneapolis-Saint Paul Sanitary Dis-
trict,

incinerator wastes,

computer control of combined sew-
ers, 777
Miscible displacement,
laboratory method for biodegradable
materials in soils, 144
Mississippi River Fish Kill,
chemical investigation, 297
Mist collectors,
polyurethane filters, 169"
Mixed hydrocarbons,
synergistic effects in photooxidation,
133
Mixing Equipment Co., Inc.,
float-mounted aerators, 664"
mechanical aerators, 956'
Mobil Oil Corp.,
air pollution from fuels, 584'
Mobile laboratories, 506"
Molecular oxygen
See Singlet molecular oxygen
Molecular sieve,
adsorption of nitrogen oxides, 151
Molybdate-catalyzed potassium iodide,
reagent for oxidant colorimetry, 431
Molybdenum,
suspended material in streams, 940
Monitors
See Specific kinds of monitors
Montana,
pollution problems, 686
Montreal, Que.,
incinerator, 275
Mosquitoes,
biological control, 600
Motion pictures
See Films
Municipal wastes,
detergent removal by foam separa-
tion, 116, 446

N

NUS Corp.,
wind variance computer, 1020”
Nalco Chemical Co.,
boiler water conditioner, 582"
coagulant, 760°
corrosion and scale control, 512
microorganism control, 860"
Nalge Co., Inc.,
drainline systems, 173'
plastic labware and tanks, 174'
water treatment tanks, 1023’
National Academy of Engineering,
advisory committee to Environmen-
tal Science Services Administra-
tion, 13
National Academy of Sciences,
advisory committee to Environmen-
tal Science Services Administra-
tion, 13
“Applied Science and Technological
Progress,” 455, 457
National Aeronautics and Space Ad-
ministration,
satellites for
460, 685
Natioral Center for Air Pollution Con-
trol,
Congressional testimony, 271
funds, 121
gaseous air tracer system, 968
res;;\rch and development programs,
2.
National Center for Urban and Indus-
trial Health,
establishment, 13
National Coal Policy Conference, Inc.,
Air Quality Act testimony, 367
National Conference on Air Pollution,
meeting report, 31

resources research,



National Industrial Conference Board,
capital spending for pollution con-
trol equipment, 685
meeting report, 32
National Institutes of Health,
research programs, 947'
National Oceanographic Data Center,
marine chemical data processing
system, 539
National Paint, Varnish, and Lacquer
Association,
smog chamber, 113
National Science Foundation,
weather modification report, 531
National Tuberculosis Association,
air pollution, 666'
Natural gas,
recovery by atomic explosion, 773
Natural Resources Department,
proposal for establishment, 774
Natural waters
See also Sea water
calcium determination by atomic ab-
sorption spectrophotometry, 721
equilibrium concepts, 757', 1017!
fractionation of organic matter, 631
od(;golus organic sulfur compounds,
se%arzration of suspended particles,

Neptune Chemical Pump Co.,
chemical feed systems, 1023!
chemical proportionating pumps,

953"
Nester/Faust Manufacturing Corp.,
gas chromatograph, 91'
sublimer, 257°
Neutron activation analysis,
atmospheric selenium, 338
New Jersey
See also New York-New Jersey met-
tropolitan area

Chemical Industry Council's chemi-
cal caravan, 876

pollution control program to protect
shellfish, 871

New York,
fresh water resources, 515', 852!

New York-New Jersey metropolitan
area,

airlgollution abatement conference,

7

Nichols
Corp.,
solid waste disposal plant, 873

Nickel,
suspended material in streams, 940

Nickel oxide,
combustion of ethylene, 835

Nitrate,
content under feedlots and fields,

736
determination
488, 492

behavior in soils, 144

Nitric acid plants,

adsorption of nitrogen oxides from
waste gas, 151

atmospheric emissions, 356!

ceramic blocks for pollution abate-
ment, 81"

Nitrification,
prediction of effects on dissolved

oxygen balance of streams, 405

Nitrilotriacetate,

biodegradation by activated sludge,
820

Nitrite photolysis,
cleavage of RO—NO bond, 138

Nitro, W.Va.,
activated carbon water purification

plant, 287

Engineering and Research

in estuarine waters,

Nitrogen
See also Kjeldahl nitrogen; Nitrifica-

tion
effect on solid waste decomposition,

7
eutrophic lake, 425
Nitrogen dioxide,
analysis in air by visual colorimetry,
75

analyzer, 665°
Nitrogen oxides,
adsorption from waste gas, 151
photooxidation with propylene, 899
Noise,
aircraft standards legislation, 875,
976

current control efforts, 292
Norris Lake,
pleasure boat restrictions, 369
North Carolina,
contamination of groundwater, 185
Northeast drought,
water supply assessment, 602
Notre Dame University,
biological control of
600
pollution control costs, 33
Nuclear-Chicago Corp.,
nuclear instruments, 442!
Nuclear desalination plants,
Metropolitan Water District of South-
ern California, 191
Virgin Islands Water and Power Au-
thority, 191
Nuclear energy,
water production, 356'
Nuclear instruments, 442'
Deep Water lIsotopic Current Ana-
lyzer, 875
supplies, 959"
Nuclear magnetic resonance spectros-
copy,
use in structure/stereochemistry
studies, 315
Nuclear Measurements Corp.,
radiation monitor, 169"
Nuclear power,
waste management problems, 466
Nucleation,
formation of calcium sulfate precipi-
tates in sea water and brines, 661
Nuclei counter
See Condensation nuclei counter
Nutrients,
eutrophic lake, 425

mosquitoes,

o

ODESSA
See Ocean Data Environmental Sci-
ence Services Acquisition
ORSANCO
See Ohio River Valley Water Sanita-
tion Commission
Ocean Data Environmental
Services Acquisition,
automated buoys system, 873
Oceanography,
chemical data retrieval system, 539
Odors,
catalytic control system, 956'
control techniques, 1023!
earthy-smelling  metabolite
blue-green algae, 429
organic sulfur compounds in blue-
green algae, 731
water supplies, 703

Science

from

Off-flavor,
determination of chlorophenols in
water, 65
Office of Saline Water,
contracts, 191
desalting plant
equipment, 109
mosdajslar desalination plant concept,

using aluminum

Office of Water Resources Research,
current programs, 386

Ohio River Valley Water Sanitation
Commission,
Aquatic Life Advisory Committee re-

port, 888

0_'Water quality management, 757'

1

See also Fuel oiis; Slop oil

import quotas on low-sulfur fuels,

528
poglétlion from Torrey Canyon, 273,

solubilizer for cleaning up spills,
581°
Oil industry,
aqueous wastes, 950!
Qil wastes,
emulsion breaker, 951°
interceptors, 173!
packaged treatment system, 956'
skimmers, 958'
Optical counters,
response to nonideal particles, 801
Organic carbon,
concentration in groundwater under
feedlots, 736
Organic chemistry,
sea water, 303
Organic compounds, 511’
elemental analyzer, 860"
fractionation in natural waters, 631
Organic fluorine compounds, 860’
Organic pollutants,
removal from water by adsorption,
228
Organic silicon compounds, 957'
Organic solvents,
smog-forming properties, 113
Organic sulfur compounds,
odor production in natural waters,
731

Organophosphate pesticides,
continuous monitoring in air with
an alkali metal-dual flame ioniza-
ton detector, 1008
separation of hydrolysis and oxida-
tion products by gas-liquid chro-
matography, 639
Orion Research, Inc.,
jon activity electrodes, 348°, 442',
860', 953°

ion electrode standards, 854
pH meter, 761!
specific ion meter, 666!
Oscillograph, 170”
Osmosis
See Reverse osmosis
Outer Continental Shelf,

preservation of marine resources,

871
Ovens, 351", 858"
Oxidants,
determination in photochemical re-
actions, 247
microdetermination by kinetic color-
imetry, 431
Oxidation
See Photooxidation
Oxidation media
See Biological oxidation media
Oxy-Catalyst, Inc.,
deodorizing system, 956!
honeycomb catalytic stack purifier,
353!
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Oxygen
See Dissolved oxygen; Singlet mo-
lecular oxygen
Oxygen demand index,
colorimeter, 256°
Oxygen depletion,
Lake Erie, 212, 446, 516
Oxygen transfer rates,
relative importance of viscosity and
oxygen solubility in glucose solu-
tions, 578
Ozonators, 760°
Ozone,
determination by ferrous ammonium
thiocyanate reagent, 1014
determination in photochemical re-
actions, 247
determination of small amounts by
polymer chain scission, 658
field evaluation, 259'
microcoulomb recorder, 442!
water treatment, 860"

P

Paine, Webber, Jackson, & Curtis,
pollution field investments, 761"
Pall Trinity Micro Corp.,

filters for gases, 259'

filtration cartridges, 174", 1023'
Paliflex Products Corp.,

filter fabric, 258°
Pamlico River,

contamination of groundwater, 185
Panametrics, Inc.,

water sensor, 951°
Pangborn Corp.,

dust collectors, 762"
Paper mills

See Pulp mills
Particles

See also Colloidal particles

aerosol measurement by
counters, 801

analysis, 175'

atmosphere, 98'

collectors, 170"

comparison of urban and natural
aerosols, 651

microscopy, 849!

removal by electrogasdynamic pre-
cipitator, 17

Particulates
See Airborne particulates
Patterson-Kelley Co., Inc.,

waste water heat reclaimer, 170",

760°
Pennsylvania,

demineralization plant for acid mine
water, 600

drainage permits for coal mines, 11

waste standards for paper mills, 380

Pennsylvania State University,

soil as living filter, 352!

Perkin-Elmer Corp.,
elemental analyzer, 860"
instruments, 583"
Peroxides,
microdetermination by kinetic color-
imetry, 431
Pest control, 757'
safety, 37
Pesticides, 98', 354', 355', 356', 515',
755", 757°, 850"

See also Atrazine; Chlorinated hy-
drocarbon pesticides; Organophos-
phate pesticides

adsorption on activated carbon and
mineral surfaces, 332

disgpzegsion of carriers in atmosphere,

optical
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monitoring residues in water, 37
Pesticides Monitoring Journal, 353
Petrochemicals,
structure elucidation by instrumental
analysis, 315
Petroleum
See Oil
Pfizer, Chas., & Co., Inc.,
pyrolytic graphite, 169"
pH Control,
algae cultures, 503
automatic unit, 1022”
pH Meters, 82", 352!, 581", 761',
1020"
Pharmacia Fine Chemicals, Inc.,
column for gel filtration and ion ex-
change chromatography, 174"
flow adaptor for gel filtration col-
umns, 259
Phenolics,
analysis by aqueous-injection gas-
liquid chromatography, 997
Phenols
See also Chlorophenols
recovery from waste streams, 11,
160, 495
Philadelphia, Pa.,
low-sulfur oil contract, 528
radio program on air pollution, 771,

792
Philadelphia Quartz Co.,
waste water treatment, 91'
Phillips Petrochemicals, Inc.
See Conservation Process, Inc.
Phillips Petroleum Co.,
polyethylene tubing, 954°
Phoenix Precision Instrument Co.,
leak detector, 856"
photometer, 581"
Phosphate mining,
effect on groundwater, 185
Phosphates,
removal from municipal sewage ef-
fluents, 36, 859'
role in eutrophication, 37, 212, 446,
516

Phosphorus,
eutrophic lake, 425
Phosphorus compounds
See also Acid-soluble phosphorus
compounds
Photochemical air pollution
See also Photooxidation
effects on water use and carbon di-
oxide absorption of citrus trees,

role of singlet molecular oxygen,
656

role of nitrite photolysis, 138
Photochemistry, 515'
See also Mechanistic organic photo-
chemistry
Photolysis,
ethyl nitrite, 138
Photomation, Inc.,
photoelectric smoke indicator, 1022°
turbidity, smoke, and combustion in-
struments, 174!
Photometer, 581", 860'
See also Ultraviolet filter photometer
Photooxidation,
atmospheric olefins by singlet mo-
lecular oxygen, 656
formaldehyde at low partial pres-
sures of aldehyde, 845
production of oxidant in model sys-
tems, 247
propylene-nitrogen oxide system,
899
synergistic effects for mixed hydro-
carbons, 133
Photosynthesis
See Apparent photosynthesis
Photronic, Inc.,
turbidity meter, 81°

Physics

See Biophysics
Pickands Mather & Co.,

pyrodecomposition of

wastes, 81"
Pickle liquors,

cleaning system, 89"
Pierce Chemical Co.,

biochemicals, 440'

organic fluorine compounds, 860'

organic silicon compounds, 957"

silylating agents, 257", 436"

silylation bibliography, 442"

silylation kit, 952"

Pipelines,

internal inspection system, 959'
Pipes,

casing, 759"

fittings, 761"

Pipetter, 582"
Piston actuators, 1023'
Planning,

energy supplies, 465
Plant air system, 512'

Plants

See also Bean seedlings
Plastic

See Vinyl plastic
Pneumatic controller systems, 583'
Poisons ) )

See Industrial inorganic poisons
Polarographic analyzer system, 439"
Pollutants

See Air pollutants; Gaseous pollu-

tants; Organic pollutants
Pollution

See Specific kinds of pollution
Pollution abatement,

career opportunities, 876

cost of control measures, 33

federal research and development

spending, 37

federal spending, 121

history of federal legislation, 18

industry responsibility, 24, 32, 869

requirement for industrial design

changes, 603
scare tactic incidents, 525
scientific challenge, 97'
Pollution control,

detection services, 170°

Dow Chemical Co., 440"

industrial capital spending plans,

685

monitor, 664"

turn-key installations, 762'

waste reduction during manufactur-

ing process, 531
Polonium-210,
concentration in Alaskan caribou and
reindeer, 932
Polycyclic aromatic hydrocarbons,
gas chromatographic analysis in soot
samples, 828
Polyethylene,
adsorption studies by streaming cur-
rent detection, 482
Polymeric coagulants,

sewage treatment, 111
Polymers,

determination of ozone by chain

scission of polystyrene, 658
Polysilicates,
preparation by coagulation method,
221

cesspool

Polystyrene,
determination' of ozone by chain
scission, 658
Pond
See Aeration pond
Porous media,
measurement of “Kr-air diffusion co-
efficients, 566
Position motor telemeter, 856"



Potable water,
pesticide concentrations, 203
Potassium iodide
See Molybdate-catalyzed potassium
iodide
Potentiometer, 348"
Power plants,
dolomite system for cleaning stack
gases, 775
fly ash-sulfur dioxide scrubber, 13
sulfur dioxide removal from stack
gases, 527
Power supply, 350"
Power systems,
electric vehicles, 192, 394
Precipitators
See_ Electrostatic precipitators
Precision Scientific Co.,
galvanic cell oxygen analyzer, 442'
Pressure filters, 959'
Pressure recorders, 957!
Pressure switches, 956’
Pressure transducer, 759°
Pressure transmitters, 952"
Process equipment,
pH analyzers, 91'
electrolytic conductivity
tation, 174!
Propane,
flame studies, 275
Propylene,
photooxidation with nitrogen oxide,
899

instrumen-

Psychrometer, 665"
Public Affairs Committee, Inc.,
air poliution, 762’
Public Health Service,
air pollution films, 583'
airzggality criteria for sulfur oxides,

cor{]lpi)sting of municipal wastes,

environmental health center pro-
gram, 532
environmental research on male
twins, 773

National Center for Urban and In-
dustrial Health established, 13

sol:ild waste disposal in strip mines,
1

solid waste laboratory, 109
unit trash train project, 371
Pulp industry,
Pennsylvania Sanitary Water Board
requirements, 380
Pulp mills,
processing of sulfite wastes by re-
verse osmosis, 991
Pumps, 84", 169", 255", 256", 348,
352!, 439", 664", 761', 854", 858,
860', 952", 953", 1020"
Pye, W. G., & Co., Inc.,
pH meters, 581"
Pyrene,
adsorption on garden soil, 570
Pyrolytic graphite, 169"

Q

Quickfit Reeve Angel, Inc.,
glass circulating pump, 348"
Quotes, 118, 205, 291, 393, 465, 549,
617, 709, 887, 983

R

Radiation
See also Gamma radiation; Ultravio-
let radiation
film badge services, 588'
Radiation chemistry
See Radiolysis
Radiation monitors, 169", 256"
Radio,
air pollution program, 771, 792
Radioactive wastes,
management practices of nuclear
power industry, 466
solidification, 353"
Radioactivity,
Alaskan caribou and reindeer, 932
Radioassay procedures,
environmental samples, 1019”
Radiolysis,
degradation and oxidation studies of
alkyl benzene sulfonate, 573
Radiostrontium,
determination in food and environ-
mental samples, 745
Radium,
determination in food and environ-
mental samples, 745
Radium-226,
concentration in Alaskan caribou and
reindeer, 932
Railroads,
transportation of solid wastes, 371
Rain,
selenium content, 338
talc content, 923
Rakes,
trash, 259"
Reaction rates,
photooxidation of mixed hydrocar-
bons, 133
Reactions
See Chemical reactions
Reagents list,
air analysis, 582"
Recorders
See Specific kinds of recorders
Reforestation,
Tenré%ssee Valley Authority study,
1
Refrigerators, 665"
Refuse
See Solid waste
Reindeer,
concentration of radionuclides, 932
Remote sensing,
infrared emission spectra of stack
gases, 73
satellite studies of resources prob-
lems, 460
Research
See Federal research
Research and development
See Federal research and develop-

ment
Research-Cottrell, Inc.,
electrostatic precipitator for inciner-
ators, 275
scrubbers for auto scrap kiln, 275
Resistance temperature detector, 174!
Resource Control, Inc.,
nitrogen dioxide analyzer, 665"
Resources
See Water resources
Reverse osmosis,
current developments, 124
DusFl’tirlxt process using hollow fibers,

processing of pulp mill sulfite wastes,
991

system components, 350"
Reversible counters, 442!
Rex Chainbelt, Inc.,

flexible couplings, 258"

flocculator-clarifier, 956'
rotary drum screen, 257"
skimming equipment, 584!
trash rack rakes, 259!
valves, 352!

Reynolds Metals Co.,
desalination plant, 109

Rivers,
clean-up program utilizing self-puri-
fication, 710

laboratory studies of aeration, 57
natural color system, 302
pollution control, 260"
Rockwell Manufacturing Co.,
butterfly valves, 5827
Rocky Mountain Phosphates, Inc.,
air pollution abatement proceedings,
686

Royson Engineering Co.,
electromechanical devices, 955
Rubber
See Waterproof rubber surfaces
Runoff
See also Storm runoff
atrazine losses from fallow land, 740
Russia
See Union of Soviet Socialist Re-
publics
Rust preventer, 173!
Rustrak Instrument Co.,
dissolved oxygen output/temper-
ature recorder, 257"

S

Sales,
water treatment chemicals, 698
Saline water
See also Desalination; Sea water
demineralizer, 89"
geochemical study of Tertiary and
Cretaceous age waters, 725
method for calculating calcium sul-
fate thresholds, 815
method for predicting calcium sul-
fate thresholds, 41
Salton Sea,
evaporation losses, 109
Samplers
See Specific kinds of samplers
San Antonio, Tex.,
sewage plant effluents, 36
Sand
See Fluorescent sand
Sanitary landfill,
abandoned strip mines, 11
unit trash train project, 371
Satellites
See also Earth Resources Observa-
tion Satellite
flood forecasting, 685
Scale control, 512'
Scale formation,
nucleation of calcium sulfate in sea
water and brines, 661
Scaling thresholds,
method for calculating calcium sul-
fate concentrations, 815
method for predicting calcium sul-
fate concentrations, 41
Scenedesmus quadricauda,

culture techniques, 503
Science and technology,
Congressional assessment, 548
impact on environmental quality,
175', 709
Science Pump Corp.,
gas sampling pumps, 256", 860'
Scientific Glass Apparatus Co., Inc.,
laboratory equipment, 353", 1023!
Scientific Industries, Inc.
sulfur dioxide analyzer, 171"
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Scission
See Chain scission
Scott Paper Co.,
Chester plant waste treatment facil-
ities, 380
Screen, 257°
Scrubbers, 91', 3507, 440', 761!
fly ash-sulfur dioxide removal, 13
Sea water
See a'so Desalination; Saline water
barium determination, 499
formation of calcium sulfate precipi-
tates, 661
trace elements, 417
trace elements and minor compo-
nents, 303
Sealants, 349, 350"
Sediment,
movement in streams, 600
Sedimentation,
rate acceleration, 37
Seedlings
See Bean seedlings
Selbyville, Del.,
air pollution abatement proceedings,
Selenium,
atmospheric concentration, 338
medicine, 353"
Selenium-Tellurium Development Asso-
ciation, Inc.,
selenium in medicine, 353’
Separation
See Foam separation
Sequestrant, 1020"
Serco Laboratories,
water sampler, 506"
Sethco Manufacturing Corp.,
filter systems, 84°, 257", 860', 1023’
packaged waste water treatment sys-
tems, 582"
pumps, 84°, 952°
Sewage, 511!
pipes, 584'
testing laboratories, 174"
Sewage effluents,
electron microscope study of col-
loids, 147
filtration through soil, 352', 950'
phosphate removal, 36
Sewage treatment,
boat devices, 367
polymeric coagulators, 111
Sewage treatment plants,
construction below hotel-amusement
complex, 173!
South African closed-loop system, 35
Sewers
See Combined sewers
Shellfish,
New Jersey pollution control pro-
gram, 871
Ships
See Torrey Canyon
Shriver, T., & Co., Inc.,
filter accessories, 666'
Sigmamotor, Inc.,
flexible tubing pumps, 664°
Signal converters, 169"
Silica,
formation of polysilicates, 221
Silica gels, .
gas chromatographic analysis of light
hydrocarbons, 242
Silicates
See Soluble silicates
Silicon compounds
See Organic silicon compounds
Silver,
determination in suspended material
in streams, 940
determination of traces in water,
717
Silylating agents, 257°, 436°
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Silylation,
bibliography, 442'
kit, 9527
Singco, Inc.,
condensation nuclei counter, 512!
Singlet molecular oxygen,
role in photochemical air pollution,
656
Skimming equipment, 584', 958'
Slick Industrial Co.,
dust collectors, 859'
Slide rule,
flow calculations, 509"
Slop oil,
reclamation process, 968
Sludge
See also Activated sludge
combustion system, 956'
conditioner, 257"
dewatering with fly ash, 374
Smog chamber,
National Paint, Varnish, and Lacquer
Association, 113
Smoke chart, 583"
Smoke instruments, 174!
Smoke meter, 664°, 1022°
Snow,
selenium content, 338
Sodium borohydride, 511'
Softener
See Water softener
Soils
See also Garden soil; Sterilized soil
biological incineration, 38
diffusion and convection of herbi-
cides, 561
use as living filter, 352', 950'
Sola Basic Industries,
electric induction furnace, 760"
Solid waste,
decomposition reactions, 371
Solid waste disposal,
alternatives to incineration, 756'
compost demonstration plant, 111
current developments, 199
federal expenditures, 121
health implications 949’
pollution-free plant, 873
Public Health Service laboratory, 109
role of industrial research and devel-
opment, 528
strip mines, 11
unit trash train project, 371
Soluble silicates,
waste water treatment, 91'
Solvent extraction
See Liquid extraction
Solvents
See Organic solvents
Soots,
identification and determination of
polycyclic aromatic hydrocarbons,
828
Sorption,
activated carbon suspensions, 325
Source analysis,
automobile exhaust, 309
South Africa,
closed-loop sewage/domestic water
supply system, 35
Space research,
earth resources, 393, 460
Spectrometers
See Flame-emission spectrometer
Spectrometry
See Absorption spectrometry; Fluores-
cence spectrometry; Gas chroma-
tography-mass spectrometry
Spectrophotometers, 581"
See also Infrared spectrophotometers
cells, 10227
Spectrophotometry
See also Atomic absorption spectro-
photometry; Ultraviolet absorption
spectrophotometry

infrared analysis of gas mixtures,
434

Spectroscopy
See Atomic absorption spectroscopy;

Emission spectroscopy; Infrared
spectroscopy
Spectroscopy laboratory, 258"
Spectrum analyzer, 954°
Spending
See Capital spending
Stack emissions,
fuel cell control device, 373
purifier, 353!
remote sensing by infrared spectros-
copy, 73
removal of sulfur compounds and fly
ash, 202, 775
sulfur dioxide capture by limestone,
9, 969
Stainless steel,
culverts, 256"
welding wire, 760"
Standards
See Water quality standards
Staplex Co.,
air sampler, 169"
States,
water quality standards, 273, 373,
529, 603

water resources planning grants, 187
Statham Instruments, Inc.,

pressure transducer, 759"

temperature test chambers, 957'
“‘Staub-Reinhalung Der Luft,” 91
Steel

See Stainless steel
Steffey Metal Products, Inc.,

activated carbon filters, 666'
Sterilized soil,

gamma radiation of columns, 144
Stone, Ralph, and Co., Inc., Engineers, .

copper recovery from auto scrap,

200

Storage tanks, 174'
Storm runoff,
reuse for nondrinking purposes, 875
Streaming current detection,
adsorption measurement, 482
Streams,
aeration capacity, 512"
prediction ot nitrification effects on
dissolved oxygen balance, 405
sediment movement, 600
trace elements in suspended mate-
rial, 940
water quality standards, 203
Strip chart recorders, 256", 581°
Strip mines,
use for solid waste disposal, 11
Strontium-89 and -90
See Radiostrontium
“‘Subject Index to Current Literature on
Air and Water Conservation,” 259,
511
Sublimer, 257"
Subtractive techniques,
automobile exhaust analysis, 309
Sulfite wastes
processing by reverse osmosis, 991
Sulfur,
atmospheric abundance relative to
selenium, 338
recovery from hydrogen sulfide, 666'
restrictions in fuel oil, 528
restrictions in oil imports, 528
Sulfur compounds
See also Organic sulfur compounds
gas chromatographic detection
limits with coulometric detector,
479
Sulfur dioxide,
analyzer/recorder, 171"
capture by limestone, 9, 969
gas chromatographic detection limits
with coulometric detector, 479



monitoring by Autometer, 68

monitors, 759", 857"

possible neutralization by auto ex-
haust ammonia, 751

recovery process, 956'

ren510val from power plant flue gas,
27

scrubber for power plants, 13
Sulfur hexafluoride,

gaseous air tracer system, 968
Sulfur oxides,

air quality criteria, 282
Sumida River,

clean-up program, 710
Sun Qil Co.,

solubilizer for oil spills, 581"
Surface chemistry,

activated carbon, 228
Surface mining, 948'
Surface phenomena,

gas absorption, 57
Surface Separator Systems, Inc.,

oil skimmers, 958'
Surfaces

See Mineral surfaces
Surfactants, 91'
Suspended particles,

separation from natural water, 52
Suspensions,

adsorbent particles in liquid for gas

scrubbing, 325

Synergistic effects,

photooxidation of mixed hydrocar-

bons, 133

T

TVA

See Tennessee Valley Authority
Taconite,

processing with auto scrap, 200
Talc,

atmospheric dusts, 923
Tankers

See Torrey Canyon
Tanks

See also Storage tanks; Ultrasonic

cleaning tanks
water treatment, 1023'

Taste,
water supplies, 703
Taxes,
credits for air pollution control facil-
ities, 271

Technicon Instruments Corp.,
air sampling laboratory, 506"
AutoAnalyzer, 442"
Technology
See Science and technology
Telemetering systems, 958'
Chicago air monitoring program, 984
Television,
Humble Oil and Refining Co. com-
mercial, 476

Temperature,
effect on pyrene adsorbed on gar-
den soil, 570

Temperature detector

See Resistance temperature detec-
tor

Temperature gage, 256"

Temperature test chambers, 856", 957!

Tennessee Valley Authority,
COTID](.)Sting of municipal wastes,

pleasure boat restrictions, 367, 969

reforestation study, 189

sulfur dioxide removal from stack
gases, 969

water3 quality management project,
11

Tenney Engineering, Inc.,
humidity generator, 509"
portable refrigerators, 665"
temperature test chamber, 856"

Testing Machines, Inc.,
liquid sampler, 758°
Testing services, 442'
Thermal pollution,
water systems, 618
Thermal Research & Engineering Corp.,
air heaters, 761!
incineration equipment, 174'
vortex burners, 666'
Thermo Electric Co., Inc.,
infrared thermometer, 351"
resistance temperature detector, 174!
thermocouples, 1023"
Thermocouples, 1023'
Thermogravimetric analysis, 666'
accessory, 170
Thermometers
See Infrared thermometer
Thermo-Systems, Inc.,
aerosol analyzer, 858"
constant temperature anemometers,
89"

Thin-layer chromatography,
determination of chlorophenols in
water, 65
plate with fluorescent indicator, 509"
scanner, 439"
Thorium,
industrial health aspects, 356'
Timer-counter, 172"
Titanium (IV)-8-quinolinol reagent,
use in hydrogen peroxide analysis,
247
Torit Corp.,
cyclone dust collector, 172°
filters for mist collectors, 169"
Torrey Canyon,
oil pollution, 273, 391
Torsion Balance Co.,
analytical balances, 351", 762"
Tortuosity,
measurement in porous media, 566
Toxic elements,
x-ray fluorescence determination in
water, 164
Toxicology
See Analytical toxicology
Trace elements
See also Names of specific elements
beryllium in environmental materials,
839

sea water, 303
sea water concentrates, 417
suspended material in streams, 940
x-ray fluorescence determination in
water, 164
Trace gas analyzer-gas chromatograph,
665"
Tracer
See Air tracer
Tracor, Inc.,
corrosion-inhibiting coatings, 859"
Trains
See Railroads
Transducer
See Pressure transducer
Transfer rates
See Oxygen transfer rates
Transpiration,
effects of air pollutants on citrus
trees, 644
Trash racks,
rakes, 259!
Travelers Research Center, Inc.,
balloon for sampling flights, 172°
Trees
See Citrus trees
S,S,S-Tributyl phosphorotrithioate,
presence in industrial effluent, 411
Tri-Mer Corp.,
fan-scrubber, 350
Tubing, 954
Turglgtilimeters, 81", 174', 664", 759",

converter, 506°

Turner, G. K., Associates,
thin layer chromatography scanner,
439°

Twins,
participation
search, 773

in environmental re-

u

USDA
See Agriculture Department
Ultrasonic cleaning tanks, 258"
Ultrasonic transducers, 860'
Ultraviolet, 356'
Ultraviolet absorption spectrophotom-
etry,
identification of peaks in gas chro-
matography of polycyclic aromatic
hydrocarbons, 828
Ultraviolet filter photometer, 350"
Ultraviolet radiation,
effect on pyrene adsorbed on garden
soil, 570
Underground gas disposal,
measurement of “Kr-air
coefficients, 566
Unicam Instruments, Ltd.,
spectrophotometers, 581"
strip chart recorder, 581"
Union Electric Co.,
power plant using dolomite system,

diffusion

F2Z
Union Industrial Equipment Corp.,
air sampling equipment, 665°
gas detector kit, 855"
instruments, 666'
Union of Soviet Socialist Republics,
air pollution, 291
Uniroyal, Inc.,
sludge disposal system using fly ash,
374

waterproof rubber surfaces, 259'
United Sheet Metal Co., Inc.,
dust-fume collectors, 666
United States Testing Co., Inc.,
pollution detection services, 170"
U.S.-West German Cooperative Program
in Natural Resources, Pollution Con-
trol, and Urban Development,
incinerator studies, 604
University of California,
smog research, 583'
University of Colorado,
Cooperative Institute for Research in
Environmental Sciences, 775
University of Florida,
environinental engineering, 859'
University of Wisconsin,
processing of zinc mining wastes, 200
Urban communities,
development of land policies, 791
future disposal practices, 617
planning by environmental centers,
532

Urban health
See National Center for Urban and
Industrial Health

v

Valves, 352!, 506", 581°, 582", 957'
Varian Aerograph,
gas chromatograph-trace gas ana-
lyzer, 665
gas chromatography, 666!
gas chromatography accessories,
442!
gas chromatography detector, 7597
Varian Associates,
gas chromatography-mass
trometry accessory, 758"
strip chart recorders, 256

spec-
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Vegetation,
effect of sulfur oxides, 282
Vehicles
See Electric vehicles
Ventron Corp.,
sodium borohydride, 511!
Vinyl plastic,
aeration pond lining, 457
Virgin Islands Water and Power Au-
thority,
nuclear desalination plant, 191
Viruses,
adsi%rption on activated carbon, 46,
7

transmission by water, 515', 944!
Viscosity,
relative importance on oxygen trans-
fer rates in glucose solutions, 578
Visual colorimetry,
nitr%gen dioxide determination in air,
7

Voland Corp.,
differential thermal
Vortex burners, 666'

analyzer, 858"

w

Warminster Fiberglass Co.,
water control gates, 959'
Warren Rupp Co.,
pumps, 1020°
Washington, D.C.,
household costs from polluted air,
968
Waste disposal
See also Solid waste disposal
future closed systems for cities, 617
Waste gas,
adsorption of nitrogen oxides, 151
Waste treatment,
aeration systems, 259!
equipment, 1023'
process, 762!
recovery systems, 666'
Waste treatment plants, 1023!
Cedar Rapids, lowa, 440!
Waste water,
analysis procedures, 1023!
heat reclaimer, 170°, 760°
petroleum industry, 950'
Waste water treatment, 584', 785
See also Industrial waste water treat-
ment
chemical markets, 698
packaged systems, 5827
phenol recovery, 11, 160, 495
plant construction reqguirements, 785
plants, 170°
renovation, 352!, 950"
Waste water utilities,
construction requirements in U.S.,
881
Wastes
See Specific kinds of wastes
Water, 757!
See also Specific kinds of water
chemistry, 757!
determination in hydrocarbons, 951°
odors,
production by nuclear energy, 356'
supplies in northeast states, 602
tastes, 703
transmission of viruses, 515', 944'
Water, Air, and Waste Chemistry Divi-
sion, ACS,
meeting program, 591
Water analysis, 860', 1023!
current developments, 305, 612
data collection system, 84°
determination of trace toxic ele-
ments, 164
monitoring systems 91!, 506", 665",
857", 860’
portable laboratory, 81°, 171°
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Water conservation,
bibliography, 259!,
Water cycle,
proper management, 780
Water industry,
California, 515', 587'
Water management, 174', 440’
Water for Peace
See International Conference on Wa-
ter for Peace
Water pollution,
ecology, 1019'
Water pollution abatement,
economics, 118
federal expenditures, 121
history of federal legislation, 18
Water pollution control,
analytical chemistry, 612
chemical markets, 276
equipment markets, 785
research, 588'
Water pollution sources,
erosion, 11
Water purification
See Water treatment
Water quality,
Delaware Estuary Comprehensive
Study, 380
effect on fish propagation, 203
national laboratory established, 603
Ohio River Valley, 757', 888
Tennessee River basin, 113
Water quality standards, 514'
adequacy of instrumentation, 273
economic impact, 694
progress of state programs, 373,
529,
Water resources, 261'
availability and cost, 780
federal research program, 400
geology, 757!
International Hydrological Decade re-
search, 550
management role of chemists, 297
New York State, 515', 852"
planning future supphes 205
research, 513', 588'
systems planmng, 549
thesaurus, 514’
Water Resources Council,
planning grants to states, 187
Water Resources Scientific Information
Center,
planning, 386
Water sampler, 506"
Water systems,
thermal pollution, 618
Water treatment, 442'
chemical markets, 276, 698
equipment, 91, 860', 1023’
evaluation of processes, 785
kit for wells, 257"
processes, 91!
reverse osmosis, 124, 511'
soluble silicates, 91'
tanks, 1023'
zeolite softener, 174!
Water treatment plants,
construction requirements, 785
granular activated carbon systems,
287
leasing, 89"
plans, 91'
Water use,
effects of air pollutants on citrus
trees, 644
Water utilities,
computerized management system,
582"

511"

construction requirements in U.S.,
81

Water utilization,
manufacturing, 176'

Waterproof rubber surfaces, 259'
Waterways, 1019"
Weather,
observation of local conditions, 176',
445!

Weather Bureau,
flood forecasting via satellite, 685
Weather modification, 583'
hurricane seeding program, 774
National Science Foundation report,

531
Webber Manufacturing Co., Inc.,
environmental chambers, 854"
Welles Products Corp.,
floating aerators, 89"
Wells
See Deep-well disposal
Welsbach Corp.,
deodonl'izing of sewage plant exhaust,
173

field testing with ozone, 259'

ozonators, 760"

ozone in water treatment, 860"
West Germany,

incinerator design innovations, 604
Western Co.,

additive for combined sewers, 111
Westinghouse Electric Corp.,

demineralization plant for acid mine

water, 600

fuel cell control device, 373
Weston & Stack, Inc.,

dissolved oxygen analyzers,

b

Whittaker Corp.,

digital manometer, 349"
Wilkens-Anderson Co.,

colorimeter, 1020"
Wind

See Weather
Wind gage, 436"
Wind variance computer, 1020”
Wire,

stainless steel welding, 760"
Wisconsin Electric Power Co.,

fly ash-sulfur dioxide scrubber, 13
Witco Chemical Co., Inc.,

Activated Carbon Abstracts 173

436°,

activated carbons, 174', 582"
World water balance,
International Hydrological Decade

research, 550

X

X-ray fluorescence,
determination of trace toxic ele-
ments in water, 164
X-Y recorder, 170"

Y

Yardney Electric Corp.,
silver-zinc battery, 506"

Yarway Corp.,
pipe fittings, 761'

Yellowstone National Park,
culverts, 971

Yeomans Brothers Co.,
waste water treatment, 584'

York Instrument Co.,
pipetter, 582"

York Research Corp.,
testing services, 442'

VA
Zeolite,
adsorption of nitrogen oxides, 151
Zinc mining,

processing of wastes, 200



Now, a complete
water quality program.

Measure 1, 2, or any 12 water pollutants...automahcally, continuously and specifically

c T © 1967 BY T

You may want to quantitate COD, phenols, cyanide, ammonia nitrogen, or any one of a host
of poliutants. You may even want to quantitate 12 at one time. Technicon® AutoAnalyzer®
systems, employing Standard Methods, give you this flexibility, as well as accuracy and
specificity. Around-the-clock watch on vital water quality measurements can be returned
within 15 minutes. Low maintenance enables a network of these monitors to be established
at extremely low cost. The Technicon brochure CSM-12 explains how the limitation of
exactly measuring the many possible pollutants is removed by continuous on-site
monitoring. Write for it. Dept. G, Technicon Corporation, Ardsley, New York 10502.

Circle No. 12 on Readers’ Service Card




fume clean-up

In metal decorating, printing, or other coatings circles, UOP is
well known for its catalytic incinerator systems which oxidize
waste solvent vapors in oven exhaust air . . . with excellent
economy. [J As the pacesetter in the art of air correction, UOP
offers systems and equipment to best control your solvent
emissions. Thermal incineration, as in the installation shown
above, can be a better choice, under certain conditions. (J And
at UOP, you get the choice. UOP’s engineering group will
specify the most efficient and economical system for your
individual needs. Brochures on both systems are available on
request. UOP Air Correction Division, Greenwich, Conn. 06830.

the better ideas are at I .

Circle No. 6 on Readers’ Service Card







	Environmental Science & Technology 1967 Vol.1 No.12
	Contents
	Editorial
	Currents
	Big Things Ahead for Air Pollution Research

	Outlook
	Aircraft noise Unrelenting, unremitting, intolerable
	Telemetered Air Quality Network Helps Chicago

	Feature
	Current Research
	Communication
	Bookshelf
	New Products Digest
	New Literature Digest
	Three New Advisors Named to ES&T

	Index to Advertisers in this issue
	Names Index
	Subject Index

