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To measure, control and ultimately re-
duce gaseous and particulate contam-
ination of the air around us, today’s
meteorologist and industrial process
engineer need tools which will rapidly
and accurately measure many parameters
— and supply data which are easy to in-
terpret and use. Such a “tool” is Climet's
new Digital Data Collection System: at
preset intervals it automatically sam-
ples, digitizes and records on computer-
compatible punched tape up to 10
parameters — such as wind speed and
direction, SO,, CO and NO, concen-
trations. Significant amounts of data are
presented with 0.1% accuracy along
with the vital additional parameter

of time.

air pollution
imensional problem

The interest this $6000 Climet CI-100
system generated at the recent Air Pol-
lution Control Association meeting in
St. Paul attests to its practicality of de-
sign and application . . . and typifies one
of several ways EG&G is applying modern
technology to problems in the environ-
mental sciences. Through the individual
yet complementary skills of four EG&G
companies — augmented by EG&G's
long-established systems development
proficiency — realistic solutions to
multi-discipline problems can be
achieved with consistent thoroughness.
Bollay Associates are recognized au-
thorities in air and water resources
management, particularly in cloud
physics, diffusion and air-sea interface

studies . . . Cambridge Systems and
Climet Instruments provide advanced
yet practical systems and sensors for
hygrometry, thermometry and ane-
mometry measurements related to
meteorological and air pollution studies
... Geodyne instruments and systems
measure and analyze oceanographic
and undersea phenomena. To know
more about how one or several of these
EG&G companies can help you in your
particular environmental science efforts,
call or write, C. Robert Paulson, EG&G
Environmental Sciences, Crosby Drive,
Bedford, Mass. 01730 (Tel. area

617: 271-5519).
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ou know the problem.

Now Amsco has answers.

A full bag of answers. Including four
new solvents that clear current West
Coast restrictions on organic solvents:
SPECIAL NAPHTHOLITE, Mineral
Spirits, Naphthol Spirits, and 140
Solvent.

Each offers an approach to air pol-
lution control, via limitation of photo-
chemically reactive emissions.

These versatile new solvents show
low aromatic content and low odor.They

mesh easily in present processing sys-
tems. Important applications show up
in chemicals, coatings, adhesives, and
graphic arts.

You know your problem. Now draw
on the experience and the resources of
the men in our Talent Bank of Experts,
to help you develop answers. Ask

" aiNSGO

American Mineral Spirits Company

Division of Union Oil Company of California

Palatine, lllinois 60067
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Current Research

Computational analysis of transient response to
quantitative shock loadings of heterogeneous
populations in continuous culture 143

F. F. Storer and A. F. Gaudy, Jr.

Shock loadings of pollutants disrupt the steady state
operation of the activated sludge process. A threefold
increase in the feed concentration—the concentration of
carbon in the inflowing waste—to heterogeneous microbial
populations of sewage origin which were grown under
aerobic conditions in a mixed reactor did not produce

a constant value for cell yield. Nevertheless, a growth rate
hysteresis curve was obtained from the data.

Identification and differentiation of heavy residual
oil and asphalt pollutants in surface waters by
comparative ratios of infrared intensities 150

F. K. Kawahara

The identity of oil pollutants in surface waters yields to a
new analytical technique. Analysis of beach water samples
from the 1967 Lake Michigan oil spill reveal that the two
pollutants—residual fuel oil (No. 6 fuel oil) and
asphalt—can be differentiated by a rapid infrared technique
which involves a comparison of several wave number ratios.

A new instrument for the evaluation of environmental
aerocolloids 154

A. Goetz

The moving slide impactor (MSI), an analytical device for
air pollution studies, has been modified to incorporate a
single-stage, multiple-slit impactor that can be used

to precipitate aerosol particles in the submicron range
(diameter = 0.2 micron) on the metallic mirror

surfaces of a microslide. One advantage of this design
over other particle classification devices is availability of

a uniform sample area large enough to permit repeated
micro-optical evaluations at different locations of the same
density level, thereby minimizing statistical fluctuation.

Application of internal reflectance spectroscopy to
water pollution analyses 161

J. S. Mattson and H. B. Mark, Jr.

Opaque aqueous samples of marine sediments, water
filtrates, aqueous suspensions, and the like can be analyzed
by an internal reflectance spectrometric technique.

More rapid than conventional techniques which require
homogeneous transparent solutions, the present technique
is used to identify organic components of optically

opaque materials, for example, such systems as the solid
materials in cigarette smoke, waters containing

blue-green algae, and Lake Erie mud bottoms.

contents

Application of semipermeable ion exchange membranes
to in situ determination of trace metal ions in
aqueous systems by electrochemical and neutron
activation techniques. A critical evaluation of
these techniques 165

H. B. Mark, Jr., U. Eisner, J. M. Rottschafer,
J. S. Mattson, and F. J. Berlandi

lon exchange membranes can be positioned in natural
water systems where the membranes serve as in situ
preconcentration matrices for trace metal ions. The
membranes are then removed and analyzed for trace metal
ions—for example, Ag*, Cu*2, Zn*2, Co*2, and In*3—by
neutron activation analysis or anoidic stripping voltammetry.
The technique is not practical for routine trace analysis, and
long times are required for equilibration of the

membranes with their water systems.

Communications

Determination of odor thresholds in air using C14
labelled compounds to monitor concentrations 169

H. 0. Smith and A. D. Hochstettler

Minimum identifiable odor levels offer a more reliable
method for determining airborne organic compounds than
adsorption of the compounds on surfaces. Minimum
identifiable odor levels for styrene, chlorobenzene, and
chloroacetic acid, as determined by a panel of seven
judges, are shown.

Levels of stable strontium in milk and the total diet 171

G. L. Rehnberg, A. B. Strong, C. R. Porter, and
M. W. Carter

Levels of stable strontium in pasteurized milk and total
food diets for each month in 1965 are reported for the 20
stations in the Southeastern Radiological Health Laboratory’s
pasteurized milk network and institutional total diet
sampling network. For milk, data from the 20 stations
averaged 0.86 = 0.23 mg. of Sr*2 per liter and ranged
from a low value of 0.43 *+ 0.03 (Washington, D. C.) to a
high value of 1.51 = 0.11 (Cristobal, Canal Zone).

For total diet, data from the network averaged

0.89 * 0.18 mg. per Kg. wet weight and ranged from a
low value of 0.49 + 0.02 (Charleston, S. C.) to a high
value of 1.96 = 0.10 (Oklahoma City, Okla.).
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...and a new means of measuring
sulfation, the Huey Sulfation Method*

Sulfation Plate

(Harleco No. 64339)
Increased sensitivity shortens sampling time;
more convenient and economical than lead
candles.

*N. A. Huey, National Center for Air Pollution Control. J. of Air Pollu-
tion Control Assn. September, 1968.

. . . also the Scaringelli** Method
Pararosaniline Hydrochloride Reagent
(Harleco No. 64327)
Specially purified material for the spectropho-
tometric determination of SO2, 99-100% pure
as defined by Scaringelli,** et al. Supplied as
stock concentrate for dilution with 3 Molar
Phosphoric Acid. (Harleco No. 64506)

**F. P. Scaringelli et al., National Center for Air Pollution Control.
Anyl. Chem. December, 1967.

% For Literature and Prices, write HARLECO

60th & WOODLAND AVENUE « PHILADELPHIA, PENNSYLVANIA 19143, U.S.A.
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environmental currents

States have next move in air pollution control . ..

The issuance of air pollution control documents by the Department of
Health, Education, and Welfare (HEW ) on February 11 triggered the
standards setting mechanism authorized by the Air Quality Act of 1967.
The four documents include air quality criteria and control technology for
sulfur oxides and particulate matter. So, the D.C. Commissioner and the
state governors in those air quality control regions that have been designated
by HEW each have 90 days to indicate their intent to adopt, implement,
and enforce standards for the two specified air pollutants. Then, each will
have 180 days to adopt standards, and an additional 180 days to implement
plans and enforce the standards. HEW’s air quality control regions

include the metropolitan areas of New York City, Washington (D.C.),
Chicago, Denver, Philadelphia, and Los Angeles. Other regions

have been proposed for the metropolitan areas of St. Louis,

Boston, Cincinnati, Cleveland, Pittsburgh, Buffalo, and

the San Francisco Bay area.

. « - And in Japan, new air quality criteria are imminent

Japan also is in the throes of establishing urban air quality criteria.

Last June, Japan’s Ministry of Health and Welfare (MHW), which adopted
a recommendation lowering to 0.05 p.p.m. the maximum allowable
concentration of SO. in the atmosphere, now is waiting for agreement by
other relevant ministries before the ruling can go into effect. Major
holdout has been the Ministry of International Trade and Industry (MITI),
which, paradoxically, both represents and regulates the manufacturing
industries involved. MHW hopes for MITI approval by March. As in the
U.S., the impending regulations are stepping up the competition between
SO. control techniques, several of which have been under intensive
investigation by the Japanese government and industry. Recently,
Wellman-Lord, Inc., of Lakeland, Fla., granted a nonexclusive license to
two Japanese firms, Mitsubishi Kakoki Kaisha, Ltd., and Sumitomo
Chemical Engineering Co., Ltd., for the sale and promotion of Wellman-Lord’s
SO. recovery process (ES&T, November 1968, page 994) in Japan and

a number of Asian countries. Both licensees have since discontinued

work on their own corporate processes.

Service offers check on research program goals

Science Information Exchange (SIE) services, which include subject searches
in current research fields, computer listings, compilations, printouts,

catalogs of current research, and other related activities, are now available
for a fee to both federal and nonfederal users in research and development
areas. Largely restricted previously to federal users, SIE, the Smithsonian
Institution’s clearinghouse for information on scientific research in progress,
is funded by the National Science Foundation and supplemented by

funds obtained from service fees. Search of the SIE records—which
include 100,000 references to continuing research in the physical,

social, and engineering sciences—permits research workers and
administrators to avoid unnecessary duplication of procedures

in their investigative activities.
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The deadliest air pollutants are invisible.
Make sure /check MSA.

The one sure way to spot the invisible pollutants is to
use the right instrumentation. That’s where MSA comes
in. Whether you’re monitoring the atmosphere or check-
ing stack or auto emissions, MSA instrumentation can
give your analyzing system its most sensitive “eye.”

M-S-A® LIRA® nondispersive infrared analyzers, de-
veloped for process stream control, are ideal for the
demanding requirements of air quality analysis. They
provide continuous measurement of carbon monoxide
and other atmospheric pollutants, and are especially
suited for analysis of auto and stack emissions.

The M-S-A Total Hydrocarbon Analyzer uses the
hydrogen flame ionization principle for precise, con-
tinuous measurement of hydrocarbon concentrations
in the atmosphere.

All models of the MSA LIRA infrared analyzer and
hydrogen flame analyzer are compatible with most
data collection systems.

For details on how MSA analytical instrumentation
can help you, write Instrument
Division, Mine Safety Appliances m
Company, Pittsburgh, Pa. 15208.
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environmental currents

New legislative proposals for water quality

The three remaining uncontrolled major sources of water pollution—oil,
sewage discharges from vessels, and thermal degradation of water quality—
are the basis for S.7 and S.544, the Water Quality Improvement Act of
1969. Introduced by Sen. Edmund S. Muskie (D.-Me.) and endorsed by
25 other senators, 8.7 is basically the same legislation, with the exception
of the financing provisions, which the Senate approved unanimously
during its last session. Financing provisions are included in Sen. Muskie’s
S.544. The act calls for: e Cleanup provisions for oil spills and adequate
safeguards to prevent the release of oil from onshore and offshore

facilities. o Establishment of standards for vessel treatment devices which
would prevent the discharge of untreated and inadequately treated sewage
from these sources. e Denial of a license or permit by any federal agency
for an activity which may affect water quality until it has been determined
that the proposed activity will comply with applicable water quality
standards. In the past, these licenses and permits were issued without

any assurance that the water quality standards would be met or even
considered, according to Muskie. Hearings on these proposals begin this
month before the Senate Subcommittee on Air and Water Pollution, whose
chairman said he hopes Congress will move swiftly on these proposals.

Fight against eutrophication gains momentum

Three recent eutrophication developments—publication of a provisional
algal assay procedure, establishment of a new information center, and
appointment of a new executive director—were recently revealed by the
Joint Industry-Government Task Force on Eutrophication. Theodore E.
Brenner, a research director of the Soap and Detergent Assoc., is the new
executive director of the joint task force. The development of a standardized
test procedure (provisional) to measure the algal growth potential of

various chemicals and waters has been achieved and the procedure is
available from FWPCA'’s National Eutrophication Research Program
(Corvallis, Ore.). The procedure actually derives from last March’s meeting
of a group of international experts on the subject. Also, a Eutrophication
Information Center (EIC) to provide abstracts, reviews, and reference

and library facilities, will be established at a cost of $90,000 at the
University of Wisconsin, where EIC will complement Dr. Gerard A. Rohlich’s
eutrophication research effort.

Air sampler for high altitude developed

A rocket-borne high altitude air sampler developed by scientists at the
National Center for Atmospheric Research can collect, at a height of 12
miles, a total volume of more than 10,000 cubic feet (283,000 liters) of air

in a 2.3 cubic foot (64 liters) sample chamber for return to earth for
measurement and study. When the rocket-borne sampler, known as ENCAR
(for Enclosed Cryocondenser for Air Recovery), reaches its operating
altitude, the sample chamber opens. Movement of the rocket through the air
rams air into the sample chamber where the air is frozen out on heat
exchanger coils chilled by liquid hydrogen (—423° F.). At completion

of sample collection, the sample chamber returns to earth by parachute

for analysis for many minor atmospheric constituents, including water vapor,
trace gases, and radioactive particles.
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environmental currents

Environmental agencies reorganize

Major reorganizations at several federal environmental agencies have
recently occurred. At the Federal Water Pollution Control Administration
(FWPCA), the reorganization includes: e Reduction in the number of
assistant commissioners from seven to four. e Establishment of a new office
for program coordination. e Establishment of two new divisions for water
quality research and enforcement. At FWPCA, one new position (operations)
at the assistant commissioner level was established; three others (research
and development, enforcement, and administration) were retained; and

four others (facilities programs, technical programs, comprehensive

planning and programs, and program plans and development) were
abolished. Also abolished: director of the divisions of technical services.
Assistant commissioners are: Allan Hirsch, operations; David B. Stephan,
research and development; Murray Stein, enforcement; and

Edmund J. Grant, administration.

At the National Air Pollution Control Administration (NAPCA),

Edward F. Tuerk moves up to the post of acting deputy commissioner

from the post of special assistant for program operations (ES&T, October
1968, page 727). Three new bureaus—criteria and standards, engineering
and physical sciences, and abatement and control—each will be headed by
bureau directors who will be charged with the operational responsibility

of NAPCA'’s programs. Bureau directors are Bernard J. Steigerwald
(engineering and physical sciences) and Robert L. Harris, Jr. (abatement
and control). Other top management posts at NAPCA include: e An
associate commissioner for the technical center at Durham, N.C., who will
also be charged with the responsibility of the three offices—research grants,
manpower development, and technical information and publications. e Four
assistant commissioners: John H. Ludwig, science and technology;
William H. Megonnell, standards and compliance; Raymond Smith, program
development; and Doyle J. Borchers, regional activities. e A new position
of assistant to the commissioner for intergovernmental affairs.

o Eleven directors—nine for NAPCA’s regional offices, one for the office
of administration, and one for the office of education and information.
Other NAPCA managers are: assistant Jack C. Oppenheimer,
intergovernmental affairs; and directors Robert Perman, administration;
and Leighton A. Price, education and information. NAPCA, one of three
major arms of the Consumer Protection and Environmental Health Service
(CPEHS), also gains the air radiological monitoring service.

The Environmental Control Administration (ECA), another arm of CPEHS,
has reorganized into five bureaus: solid wastes, occupational safety and
health, water hygiene, community environmental management, and
radiological health. ECA’s programs are outgrowths of earlier ones at

the National Centers for Radiological Health and for Urban and Industrial
Health, both of which have been abolished.

At the Department of Health, Education, and Welfare, environmental
health sciences rise in stature. A new National Institute of Environmental
Health Sciences (NIEHS) has been established, resulting from an outgrowth
of the National Institutes of Health’s two-year old division (ES&T,
October 1968, page 758). NIEHS scientists are working: e To identify
harmful environmental agents. e To determine the mechanism by

which these agents affect an individual’s health. e To develop

data on the effects of long-term, low-level exposures.
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FLAME PHOTOMETRIC

DETECTORS IN

FID and FPD for

SULFUR (or Phosphorus)

WITH FID DETECTION:
A GOOD CHROMATOGRAM

OF A FLAVOR (ANETHOLE)
with FPD DETECTION. SEE
THE HIDDEN “OFF” FLAVOR
AT THE SAME TIME.

WA At the last ASTM meeting on those containing sulfur (or phos-
chromatography, surprisingly little  phorus with a simple change of
was said regarding sulfur pollutants ~ filter) on the FPD channel.

other than SO.,. The limited results

reported did, however, include the WA This chro-
use of the flame photometric de- matogram
tection system (FPD) developed was made
by Brody and Chaney at Melpar. with the
BUT . . . the unique FPD system ‘‘ultimate" .
also responds specifically to all chromato-
K'S

sulfur containing compounds. Fur- graph...
thermore, the same hydrogen MICRO T
flame is used for simultaneous FID MT220.

response, so the FPD is really two
detectors in one. WA For further information, sample
applications, or demonstration,
Wl With a two-channel recording contact TRACOR, INC., Analytical
system you can get remarkable Instruments Division, 6500 Tracor
results with all components show- Lane, Austin, Texas 78721. Phone:
ing on the FID channel and only (512) 926-2800.

The Detectors Make the Difference . . . from gy Y17

1A-127B Circle No. 30 on Readers’ Service Card
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environmental currents

Environmental mutagens society established

“Concern is now growing . . . that chemical mutagens may pose a potential
public health hazard. The identification of potential chemical mutagens
that might enter the human environment and the restriction of

their use should, therefore, be given high priority.” So said Dr. S. S. Epstein,
chief, laboratories and environmental toxicology and carcinogenesis, at
Children’s Cancer Research Foundation, Inc. (Boston), and executive
secretary of the newly formed Environmental Mutagenesis Society.

Early order of business for the new society is to establish a register of
chemicals reported to be mutagenic or nonmutagenic in particular systems.
Also, the group plans to prepare a monograph on the state of the

art of methods for determining mutagenicity.

FWPCA issues waste heat control guide

“The Industrial Waste Guide on Thermal Pollution,” a recent 112-page
publication of the Federal Water Pollution Control Administration (FWPCA),
aims to provide a practical evaluation of the problems of thermal pollution—
and what can be done to control waste heat—according to FWPCA'’s
Commissioner Joe G. Moore, Jr. Developed by the national thermal
pollution research staff at FWPCA’s Pacific Northwest Water Laboratory
(Corvallis, Ore.), the guide will serve as a textbook for two-day seminars

that FWPCA plans to conduct at seven locations throughout the U.S.

during the first quarter of 1969. The guide includes discussions on
industrial waste heat loads; physical, chemical, and biological effects of

waste heat; and control of waste heat.

Geologist decries increased use of waste injection wells

Deep-well injection of liquid wastes, far from being a solution to a disposal
problem, increases the probability of ground water contamination,
according to David M. Evans of the University of Colorado’s School of
Mines. Evans, who, two years ago, linked the increased frequency of
Denver earthquake tremors to the U.S. Army’s disposal well at the Rock
Mountain Arsenal, warns that increased use of disposal wells (ES&T,

June 1968, page 406) is merely a case of “sweeping our pollution problems
under another rug.” In a paper presented at the Dallas meeting of the
American Association for the Advancement of Science, the Colorado
geologist discounted the arguments of those who tout the widespread use
of il field brine injection wells as a rationale for promoting underground
waste injection. Citing specific examples of brine from such wells affecting
surface waters, Evans further reasons that waste wells have a greater
chance of leaking than salt water wells. Oil field brine is usually injected
into oil- and gas-depleted reservoirs, whereas industrial disposal wells
discharge into zones already filled with salt water and raise the reservoir
pressure above normal. “It may take decades, or even centuries, but this
high pressure will eventually leak out . . . perhaps into other underground
zones, perhaps to the surface, perhaps into public waters.” Evans’ solution:
Harmful wastes must never leave the factory, but be reused when

possible, stored where available when needed, or cleaned up so that
disposal is unnecessary.
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WATER POLLUTION CONTROL

GUARANTEED

Monsanto Biodize Systems, Inc.
will guarantee the performance
of your water pollution control
plant. We will design, engineer,
fabricate, and construct a turn-
key plant to meet your specific
water problem. And Monsanto
Biodize stands behind that plant
all the way.

A Monsanto Biodize process
offers you maximum capital cost
savings because your plant is
designed to your specific needs.
In fact, construction will be at a
fixed cost. Day-to-day operating
economics follow as naturally as
night follows day. In addition,
your plant will handle complete
treatment of liquid waste on a
piece of land less than half that
required for high-rate trickle fil-
ters, and less than two-thirds
that required for an activated
sludge facility.

Our approach involves two basic
steps preliminary to plant con-
struction.

First, a preliminary study and
laboratory analysis of the actual

waste water is made. This deter-
mines if the waste is suitable for
biological oxidation and estab-
lishes the rough range of your
needs.

Second, a prototype plant is set
up on your site. This step deter-
mines your exact requirements,
and permits establishment of
exact costs. It provides the basis
for the plant guarantee.

Result is a pollution control
plant that’s not under-engineer-
ed, not over-engineered—but
right on the button.

Why not write for a brochure
today: Monsanto Biodize Sys-
tems, Inc., 112-20 14th Ave., Col-
lege Point, NY 11356

Monsanto

BIODIZE SYSTEMS, INC.
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environmental currents

Lake Superior: Target for May conference

As one of his last official acts before leaving office last month, Secretary

of the Interior Udall took unilateral action by calling an enforcement
conference for Lake Superior, world’s third largest fresh water lake, and set a
precedent for future conferences. None of the governors of Lake Superior’s
bordering states—Michigan, Wisconsin, and Minnesota—requested the
conference. FWPCA's findings of water pollution in Lake Superior are

slated for an early spring report that will be the basis for discussion

at the enforcement conference scheduled for May.

Canadian-U.S. water standards not met

Water quality objectives for international boundary waters in the St. Marys,
Detroit, and St. Clair Rivers are not being met, according to findings

of an advisory board of the Canadian-U.S. International Joint Commission.
At last month’s meetings, representatives from industry, federal agencies,
and others told the commission of their present abatement efforts and
status. Specific objectives were recommended by the commission in 1950
and subsequently approved in the Boundary Water Treaty—an agreement
between the two governments that boundary waters would not be polluted
in either country to the injury of health or property in the other.

Agricul ture becomes pollution abatement target

The Johnson administration left an expensive guide for the incoming Nixon
forces in the form of a new Department of Agriculture (USDA) and Office
of Science and Technology report, “Control of Agriculture-Related
Pollution.” Noting that agriculture makes a major contribution to the
pollution problem (for detailed discussion see ES&T, July 1968, page 498),
the report proposes that agency expenditures for action programs to solve
pollution problems related to agricultural activities should average

$1 billion each year for the next five years. These expenditures do not
include USDA’s loan program for such purposes which, the report notes,
should increase to $530 million annually from the current $23 million.
Proposed expenditures for support of action programs for the five-year period
put sediment at $3.8 billion; animal wastes, $900 million; plant nutrients,
$253 million; forest and farm crop residues, $174 million; processing
wastes, $161 million; pesticides, $92 million; air pollution, $81 million;

and inorganic salts and minerals, $25 million.

Udall shifts gears, maintains heading

The environmental crisis cannot be solved, nor can an end be brought to
environmental disorder, if specialists in the various aspects of environmental
management go about the practice of their disciplines in an uncoordinated
way. This generalized restatement reflects the ambitious goals of Overview,
the new international consulting firm for a better habitat for man
organized by former Secretary of the Interior, Stewart L. Udall. With
offices in Washington, D. C., and San Francisco, Overview will seek to
implement the founders’ belief that total planning—social, economic, political,
scientific, and technological—for total environments must be achieved
before the evolution of a humane environment becomes a reality. The group’s
management team will coordinate the selected activities of a collection

of principal advisers to meet the immediate problems of people, industry,
and governments on a national and international level.
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Water...and your P&L Statement

Realistic corporate planning must deal
with the unpredictable . . . technological
breakthroughs, changes in the tastes and
requirements of the market . . . all the
imponderables that can change a market
picture overnight. Water costs have
joined the ranks of the unpredictable.

Published or yet to be published water
quality standards may give some indi-
cation of how water costs will figure in
your future profit statements. These new
stream standards must be interpreted,
and the possibility of their upward revi-
sion must also be considered before ade-
quate planning can be accomplished.
Otherwise, you as a corporate planner
could find yourself over- orunderplanned.
For example, P.R. can be a factor.
“Public image” may be no problem for
you today, but can become a matter of
screaming urgency next year.

And how about the use of municipal
facilities for waste water disposal? Such
an allegiance may offer economical solu-
tions to pollution problems, but you
have to be sure that hidden factors or
future changes in plant operations do
not jump costs out of reason.

And how about plant expansion, your
own and that of other plants using the
same water source?

So there are problems . . . how about
solutions? There is no “stock” answer.
Each problem has so many variables that
the only way to develop a solution is to
define the individual situation. Calgon
Corporation has spent a corporate life-
time in learning the skills necessary for
just this job.

What is water ? A simple chemical which
through its very existence, becomes so
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complicated that a precise definition is
very difficult. The chemistry of water has
never been emphasized in chemical edu-
cation, but Calgon engineers and Calgon
research have been focused on this spe-
cific subject for more than four decades.

The age and size of your plant(s) must be
factored in. Very few plants had to con-
sider water as a process problem. The
plant was usually built where adequate
water was available, and the plant
learned to live with whatever water prob-
lems developed.

In most plants, water usage and man-
agement grew like Topsy, and like Topsy,
are not as efficient as could be desired.

A Calgon engineer has the background
and experience to determine where water
systems can be simplified, where short-
cuts and rearrangement can conserve
water, cut pollution and save money.

What are the “‘specs”’? Even experienced
in-plant water treatment specialists may
need help when it comes to applying the
new standards to specific plants. To such
situations, a Calgon water management
specialist brings a wide-ranging back-
ground based on experience with many
different industrial water problems. He
has information on the pollution situa-
tion up- and downstream of the plant.
He can use his experience to find ways
to minimize the plant’s total pollution
load. In short, he can put all of this and
much more together to arrive at the
least costly solution.

In effect, you can add an experienced
water consultant to your own manage-
ment staff,

That’s why Calgon products and ser-
vices are used by 98 of the country’s

Circle No. 36 on Readers’ Service Card

largest industrial companies; 47 of the
largest utilities and thousands of other
plants and municipalities.

The Water Audit™ . . . only sound basis
for decision. That’s what we have been
talking about . . . a really thorough sur-
vey of the water management require-
ments, internal and external, of any plant.

With a Calgon Water Audit, you have
in hand a complete analysis of incoming
and outgoing water, detailed information
on what happens to the water as it goes
through the plant, and recommendations
on how the systems can be made more
efficient. You will know how big a waste
water problem you have.

Or, the Audit may show that, with the
recommended changes, you haven’t one
at all. If you do need waste water treat-
ment facilities, the Audit will tell you
the size and cost of a plant that will meet
probable immediate and future water
quality standards.

A Calgon Water Audit costs little in
comparison to the possible savings, and
enables you to budget for future require-
ments without making an immediate
capital investment.

Calgon Corporation water manage-
ment experts will be glad to discuss the
specifics of a Calgon Water Audit with
you. For more information, write or
phone Calgon Corporation, Calgon
Center, Pittsburgh, Pa. 15230. Phone
412—923-2345.

... The Water Management Company

BALSON
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Encouraged by the results of pilot tests
on the use of oxygen in secondary sew-
age treatment, Union Carbide’s Linde
division has begun a large-scale dem-
onstration of the process at the Batavia,
N. Y., municipal sewage treatment
plant. Armed with a $500,000 grant
from the Federal Water Pollution Con-
trol Administration (FWPCA), Linde
hopes the 19-month test program will
confirm a tentative conclusion reached
as a result of the pilot test: The use of
oxygen in place of air in biological
treatment processes can reduce treat-
ment costs by increasing plant capacity,
and, at the same time, increase the
effectiveness of treatment.

Batavia’s sewage treatment plant,
which treats an average of 2.5 million
gallons per day, uses an activated sludge
process for secondary treatment. Linde
selected Batavia as a site for the field
test because it was one of the few
modern activated sludge processes that
is equipped for dual train operation.
During the test, one of the plant’s two
separate aeration and clarifier systems
will be converted to oxygen aeration;
the primary objective of the test will be
a detailed comparison of the numerous
process variables of the new and con-
ventional systems, operating on the
same waste water feed stream.

New and efficient

The essential feature of Linde’s oxy-
genation system is a new, efficient
means for contacting the waste water
and microorganisms with the oxygen.
For, as Linde’s Dr. John McWhirter
explains, the concept of using oxygen
to promote secondary waste treatment
is by no means a new idea, and dates
back at least 20-30 years. What has
thwarted previous efforts at commer-
cializing such oxygenation processes is
the low degree of utilization of the
oxygen. Oxygen costs at such low effi-
ciencies make the processes economi-
cally unattractive.

McWhirter points out that conven-
tional sewage treatment systems are
also relatively inefficient in utilizing the
oxygen content of the air supplied to
the system. Such plants compensate for
this inefficiency by using large amounts

Oxygen bids
for sewage
treatment

role

Increased plant capacity

and lower BOD levels
are goals of
19-month field test

Pilot. Mobile laboratory stands a si-
lent watch on pilot operation using
oxygen for secondary sewage treatment

of excess air. In fact, aeration is usu-
ally the largest single operating cost
in activated sludge processes.

Linde’s system of oxygen aeration, on
the other hand, allows a higher overall
oxidation capacity per unit volume to
be attained, to the degree that oxygen
aeration now appears economically
competitive with conventional aeration.

In addition to the FWPCA study on
municipal waste treatment at Batavia,
Linde is pursuing its own study on the
potential of the process for treating
various types of industrial wastes.

Because of patent considerations,
Linde does not divulge much detail
about the mechanism of its oxygenation
system, other than to say that the sys-
tem is a result of the company’s re-

outlook

search on high-rate, mass transfer phe-
nomena at gas-liquid interfaces. But a
measure of the system’s effectiveness
can be seen from a study of the results
of Linde’s pilot tests. Whereas in con-
ventional aeration, the upper limit of
dissolved oxygen is 1-2 p.p.m., levels
of up to 4-8 p.p.m. can be obtained
with the oxygen aeration system. Lower
BOD levels in the secondary effluent
are also expected as a result of the
Batavia tests.

More system benefits

Linde claims other benefits for the
system — intense agitation is not re-
quired, as in air aeration, with the re-
sult that the sludge mass which forms
is not dispersed, is readily flocculated,
and is more easily removed. The com-
pany believes that its system also may
improve the means for nutrient re-
moval from secondary effluents. For
example, most methods for nitrogen
removal depend on biological nitrifica-
tion of the organic nitrogen, followed
by subsequent denitrification to nitro-
gen gas. Preliminary results indicate
that the increased dissolved oxygen
level increases the denitrification step,
and improves the overall efficiency of
nitrogen removal.

New market

Widespread use of the oxygenation
process could open up a significant new
market for oxygen. Projections based
on the total BOD requirements of sew-
age treatment plants lead McWhirter
to speculate that the total potential
market could equal or surpass the steel
industry consumption of oxygen in
basic oxygen furnaces—currently about
200 billion cu. ft. of oxygen per year.

Oxygen demand for BOD furnaces
has been responsible for a substantial
expansion in total capacity by U. S.
producers, with a resultant down-trend
in price. A new market of equivalent
size would probably reinforce this trend.
But McWhirter points out that although
small or moderate-sized treatment
plants would rely on merchant sources
of oxygen, large metropolitan plants
might be able to justify on-site oxygen
generation.
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W. C. Ballance and J. A. Basler

U.S. Department of the Interior Geological Survey

Albuquerque, N.M. 87106

Treated watershed vields Asphdlt lining of watershed area

competes with other means of

improved water harvest

During the spring of 1964, the U.S.
Geological Survey began a watershed
asphalt-treatment project in an alcove
on the edge of mountains near the head-
quarters area of the White Sands Mis-
sile Range. The U.S. Army White Sands
Missile Range and the Esso Research
& Engineering Co. cooperated in the
project. The alcove is bordered on the
south and west by the Organ Moun-
tains, on the north by the San Augustin
Mountains, and merges with the Tula-
rosa Basin on the east. The project area
is about 25 miles east of Las Cruces,
N.M., and about 40 miles north of
El Paso, Tex.

The purpose of the watershed as-
phalt-treatment project is to determine
the increase in surface-water runoff in
an arid area caused by applying a thin
layer of asphalt on the soil surface of
a small watershed. This is an extension
of earlier work on a smaller scale by
L. Myers (1967). The results will be
used to determine the possibility of in-
creasing the supply of potable water to
the headquarters of White Sands Mis-
sile Range.

Two small, adjacent watersheds of
about nine acres each were selected
just northwest of the headquarters
area. One watershed was cleared of
native shrub and covered with a 1&-
inch layer of liquid, commercially avail-
able, asphaltic material. The asphalt
was applied with RC-250 spray at an
average rate of 0.35 gallons per square
yard, or 1700 gallons per acre. The
other watershed was not disturbed.
A recording rain gage was installed in
each of the areas to record the precipi-
tation; a V-notch weir was installed in
each area to measure the runoff. Re-
cording gages also monitored the height
of water and duration of flow at each
of the weirs. Infiltration pits were con-
structed downstream from each of the
weirs to collect the runoff, and a re-
cording gage was placed in each pit to
record the water level and infiltration
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rate. This instrumentation provided a
means of determining the collection
efficiency in the two areas and the
amount of water collected which can
be attributed to the use of the asphalt
coating.

Climate

The White Sands Missile Range area
has the arid to semi-arid climate typical
of the southwestern U.S. Climatological
data have been recorded by the Air
Weather Service at the missile range
since 1947; the elevation of this station

Equipment.

enhancing potable water supply

is 4238 feet above sea level. Snow or
hail rarely occurs in the project area,
and when it does, it is measured (and
will be reported in this article) as equiv-
alent rainfall. Average annual rainfall
at this station and in the project area
is about 10 inches. The rainfall prob-
ably ranges from 18-20 inches on the
Organ Mountains to the west of the
project area, where the land surface
rises to more than 7000 feet above
sea level.

A large part of the rainfall in the
area occurs in heavy local showers,

V-notch weir and recorder shelter containing instruments for
measuring runoff, height of water, and duration of flow
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the asphalt covered watershed of the White

generally in July, August, and Sep-
tember. The relative humidity generally
is less than 40%, and, during the sum-
mer months, the temperature often
rises above 100° F. No weather station
reports evaporation rates in the vicinity;
however, records from Elephant Butte
Dam on the Rio Grande to the north-
west, El Paso to the south, and Las
Cruces across the Organ Mountains,
indicate the potential evaporation from
a free-water surface may be as much as
100 inches of water per year.

Analysis

We have concluded an analysis of
data collected from May 1964 to May
1966. Part of this record was lost due
to instrument malfunction; however,
sufficient data were collected to make
some determinations on increased col-
lection efficiencies that can be attrib-
uted to coating the watershed with
asphalt.

The data collected from the un-
treated watershed indicate a collection
efficiency of less than 3%. There were
flows through the weir on the untreated
area only when the duration of the
shower was long and the mean intensity
of the shower was very high.

The data collected from the treated
area was divided into two parts for
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analysis. One part contained the data
for events when the rainfall was 0.10
inch and above, the other contained
data for rainfalls of less than 0.10 inch.

The data from the treated area in-
dicate that a larger percent runoff will
occur, for a given amount of precipita-
tion, if the duration of the shower is
short rather than long. That is, the
efficiency at which an artificial water-
shed will harvest the rainfall of a parti-
cular shower depends not only on the
amount of rainfall, but also on the
average intensity of the shower.

The amount of rainfall that is re-
tained on the asphalt, as a film held
by surface tension, after each shower is
constant. The retention constitutes a
relatively large fraction of a small
quantity of water if the shower is small.
Therefore, during a small shower, a
previously wetted surface will gain con-
siderably in collection efficiency. Con-
versely, the influence of rainfall in-
tensity on collection efficiency might be
expected to predominate in the case of
heavy showers, during which water
holdup on the coating would be rela-
tively unimportant. Generally, collec-
tion efficiency should be a function of
such factors as duration of rainfall,
average intensity, ambient temperature,
heated surface temperature, and wind
velocity. The influence of these factors
was also considered in comparing col-
lection efficiencies with inches of rain-
fall.

Comparisons of runoff in the lower
range of rainfall, 0.09 inch precipita-
tion or less, show an initial surface
retention loss. Therefore, the collection
efficiencies of rainfalls having 0.09 inch
precipitation or less rarely exceed 40%
and often result in only minute
amounts of runoff. For example, on
August 28, 1965, a rainfall of 665 cubic
feet resulted in collection of only 30
cubic feet, and on February 7, 1965,
a rainfall of 1320 cubic feet resulted
in a collection of 225 cubic feet.

During heavier rainfalls, the amount
of precipitation overcomes the initial
evaporation and surface retention los-
ses and, under optimum conditions, ex-
ceeds 75% of the rainfall volume.

Cost

The cost to prepare a water harvest-
ing project and the cost per thousand
gallons of water delivered depend on
the terrain, storage facilities, and the
magnitude and duration of precipita-
tion on the area. The preparation of
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the area prior to the application of the
asphalt normally will be a significant
part of the cost. However, once the
area is prepared, the life of the project
could be extended indefinitely by re-
coating the area when needed.

The cost of preparing the land and
applying the asphalt for this project
was as follows:

Leveling (bulldozer to clear the brush
and level the area) $ 650
Asphalt (17,600 gallons at
11% cents per gallon) 2,000
Application of asphalt 2,050

Total cost $4,700

This resulted in an initial cost of
$516.40 per acre. The cost of instru-
menting the project is not included.

To maintain the project, it would
be necessary to recoat the area with a
thin coat of asphalt every 5 years and
patch the eroded areas every 2V years.
In order to arrive at the cost of the
water collected from the project over
a 10-year period, Esso Research & En-
gineering Co. summarized the initial
and repair costs:

Initial cost $4,700
Maintenance after 22 years

Asphalt 200
Application of asphalt 160
5% rise in cost 18
Maintenance after 5 years
Asphalt 950

Application of asphalt 1,350
Maintenance after 7%2 years

Asphalt 200
Application of asphalt 160
10% rise in cost 36

Total cost for first 10 years $7,774

During the period from May 1964
through February 1966, about 36 cycles
of precipitation and runoff were
recorded. The total precipitation
amounted to 7.26 inches or 239,600
cubic feet of water on the treated area;
the average shower amounted to 0.20
inch. In the same period, 148,771 cubic
feet of water passed over the weir,
representing a 62% collectionefficiency.

The average annual precipitation in
the project area is 10 inches. With a
collection efficiency of 62%, the proj-
ect area would collect 6.2 inches of
precipitation annually, an amount
equivalent to 4.7 acre-feet per year or
15,315,000 gallons over a 10-year
period. The project cost for the first
ten years is $7,774 and, thus, the cost
per 1000 gallons of water recovered
would be about 50% cents.

Maintenance

The asphalt-treatment project has
been installed for about 4 years, and
some of the area is in need of repair.
Sapd from the eroded areas fills the
stilling basin and causes the weir stage
recorder to indicate less flow than actu-
ally occurred. Vegetation has pene-
trated the thin asphalt coating and
cracks appear over a large part of the
area. The effect of deterioration of the
asphalt coating on collection efficiency
has not been determined in our project
area. However, such data are available
for a similar experimental project con-
ducted in Hawaii.

In a 3-year (1959-61) test of an
asphalt-lined catchment area near
Holualoa, Hawaii, Chinn (1965) states
that the efficiency (ratio of runoff to
rainfall) of the asphalt-lined catch-
ment, under minimum maintenance
conditions, decreased rapidly with time,
from 93% in 1959, to 82% in 1960,
and to 78% in 1961. The average for
the 3-year period was 84% and rain-
fall on the catchment averaged 79.2
inches a year during the test period.

The decrease in efficiency was due
to:

+ Seepage loss through the cracks
in the asphaltic membrane as the mem-
brane deteriorated, interception of light
rains by the vegetation which pene-
trated the membrane.

« Interception by depressions in the
catchment surface that lost water be-
tween storms.

The results of our project thus far
indicate that water harvesting from
large asphalt-treated areas may be more
economical, in some areas, than other
means of supplying potable water. For
example, about three miles west of the
present project area, the annual pre-
cipitation is about 15 inches. An area
of 5.5 square miles, treated with an
impervious material and receiving 15
inches of annual rainfall, would collect
2774 acre-feet of water each year. This
amount of water would meet the pres-
ent water requirements at White Sands
Missile Range. Furthermore, this water
conceivably could be diverted into a
natural underground storage reservoir,
such as the cone of depression in the
well fields. The result would be a rise
of the water surface in the depressed
area of the well field, lower costs for
pumping the water due to a decrease in
lift, less possibility of salt water en-
croachment, and a more permanent
ground water supply.
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Federal environmental program budgets
show increases for fiscal year 1970

Budget requests for federal environ-
mental programs for fiscal year 1970,
which are slightly more than those
for fiscal 1969, attest to growing U.S.
concern for pollution abatement of
water, air, noise, and health hazards.
Unlike many other federal programs,
the programs for pollution abatement
and environmental quality enhance-
ment cut across many federal agen-
cies. The major identifiable and well
known programs are those for water
pollution abatement in the Department
of the Interior and for air pollution
abatement in the Department of
Health, Education, and Welfare
(HEW).

Yet, other lesser known, minor pro-
grams include those for noise abate-
ment and an ocean buoy data system
in the Department of Transportation
(DOT), environmental health sciences
in HEW, water resources research in
Interior, the International Biological
Program (IBP) and the Global Air
Research Program (GARP) in the
National Science Foundation, and the
satellite observation data resources
programs in the Departments of Com-
merce and Interior. All these have
increased obligations.

Water

For 1970, the Federal Water
Pollution Control Administration
(FWPCA) has requested expanded
programs for the improvement of
water quality. Mainly, these increases
include grants to local groups for the
development of water pollution con-
trol plans for river basins—construc-
tion grants will be awarded with
federal funding up to 55% of the
eligible cost of the project.

This increased effort is expected to
result in the evolution of more com-
prehensive approaches to pollution
problems. But the request for
FWPCA'’s direct grant program for
the construction of waste treatment
facilities remains at last fiscal year’s

level—$214 million. Still, this request
is only a portion of the amount au-
thorized by the 1965 and 1966 Federal
Water Pollution Control Acts.

FWPCA has requested no new
funds for acid mine drainage field
demonstrations. A demonstration pro-
gram for abating and controlling this
form of pollution is in process for
mines in the vicinity of Elkins, W.Va.
Nor does FWPCA seek any new funds
for the construction of water quality
standards laboratories. But the request
for additional enforcement funds
should ensure protection of U.S. water
quality and compliance with water
quality standards.

Legislation has been proposed which
would permit the Federal Government
to meet its share for an expanded
construction program for a couple of
years (see page 101). But the pro-
posals are headed for rough going in
the committees of the 91st Congress.
Other legislation for control of oil
spills, sewage discharge from vessels,
and thermal pollution will be re-
reviewed by Congress.

Interior’s Geological Survey has re-
quested increases to accelerate acqui-
sition and dissemination of water data.
The Geological Survey's program
includes:

+ Strengthening basic data collec-
tion and analysis.

+ Automating the Survey’s opera-
tions to provide better services.

+ Expanding the federal-state pro-
gram in data-deficient segments of the
national water data system.

Air

HEW'?s fiscal 1970 outlays for re-
search on air pollution and other en-
vironmental health hazards will reach
$78 million. At the National Air
Pollution  Control  Administration
(NAPCA) alone, air pollution abate-
ment and control outlays will increase
13% from fiscal 1969 to $37 million
in fiscal 1970. NAPCA'’s prime target

will be the establishment of state stand-
ards in 70 air quality control regions.
Also in fiscal 1970, NAPCA plans to
evaluate several prototype processes to
control sulfur oxides emissions.

The number of NAPCA’s air pollu-
tion grants also are slated for increase.
In fiscal 1970, approximately 225
grants for abatement and control will
be awarded, compared with 210 in
fiscal 1969, and 190 in fiscal 1968.
Approximately 350 grants for re-
search, development, and demonstra-
tion will be awarded in fiscal 1970,
compared with 288 in fiscal 1969, and
236 in fiscal 1968. And approximately
115 grants will be awarded for man-
power training in fiscal 1970, com-
pared with 106 in fiscal 1969, and 109
in fiscal 1968.

HEW’s Consumer Protection and
Environmental Health Service
(CPEHS) also supports a national
program for the prevention and con-
trol of environmental hazards and
health problems. As one of three arms
of CPEHS, the Environmental Control
Administration (ECA) deals with solid
wastes disposal, radiation dangers, oc-
cupational health hazards, and con-
tamination of water supplies, among
others. Part of ECA’s budgeted in-
crease will be used for solid wastes
field demonstrations, studies in reuse
and disposal of wastes, and initiation
of computer analysis to solid wastes
management. Earlier studies on solid
wastes at the Department of the In-
terior’s Bureau of Mines now will be
under ECA’s purview. ECA’s grant
activities—nearly 162 grants—remain
at the same level as fiscal year 1969.

Weather

Commerce’s physical environment
program centers on activities at its
Environmental Science Services Ad-
ministration (ESSA). ESSA will use
its budget increase for fiscal 1970 for
enhancing its program for the dissemi-
nation of weather forecasts and warn-
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Federal environmental programs

Air CPEHS, NAPCA
NIH

Health, Education, and Welfare
Air pollution control

$ 64,174

Environmental health sciences 17,289

$ 88,450
18,017

$ 95,800
19,004

+$ 7,350
+ 987

Health, Education, and Welfare

CPEHS, ECA

Solid

Wasta Interior

Bureau of Mines

Environmental control, 41,736
including solid waste
Solid waste disposal (Program 3,367

transferred to ECA)

42,830

57,698 + 14,868

317 —_— — 317

Interior

Satellite Geological Survey

data

Earth Resources Observation ——
Satellite

200 3,800 + 2,600

Transportation
Federal Aviation
Administration

Noise

Research and development,
including aircraft noise
and sonic boom problems

27,000

27,000

47,500 + 20,500

Source: Budget of the U. S. Government, Fiscal Year 1970

ings, especially to NAPCA for air pol-
lution forecasts. As part of the U.S.
contribution to the World Weather
Program, ESSA’s research will be di-
rected toward more reliable and longer
range weather forecasts on a global
basis. Also included in the ESSA
budget increase are requests for the
purchase of low-level sounding equip-
ment for gathering air pollution data.

In fiscal 1970, ESSA has plans for
expanded efforts to develop additional
satellite sensors. However. the slight
decrease in ESSA's request for satellite
funds is due. in large measure. to the
longer-than-expected useful life of ear-
lier satellites. Also included in ESSA’s
plans for fiscal 1970 is the develop-
ment of the data acquisition system
for water resources services.
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Lesser programs

The Federal Aviation Administra-
tion's Department of Transportation
(DOT) program on aircraft safety
includes funds for the analysis of air-
craft noise and sonic boom problems.
The Coast Guard's (also DOT) pro-
gram calls for funds for an ocean buoy
data system.

Increases in the National Science
Foundation’s (NSF) research pro-
gram will be used for additional U.S.
participation in the International Bio-
logical Program. Major integrated re-
search programs will be launched as
part of IBP to study biological pro-
ductivity, human adaptation to chang-
ing environment, and the workings of
complete ecosystems. NSF’s increases
will in part go to increased support of

the National Sea Grant Program. Such
increased support includes a program
of grants and contracts, primarily at
academic institutions, for developing
ways of more effective and efficient
exploration of marine resources.

Geological Survey’s earth resources
observation satellite (EROS) program
will continue to receive much atten-
tion in fiscal 1970. Indeed, the Survey
has requested funds for the EROS
program for the following reasons:

+ Applications feasibility studies.

+ Development of a data manage-
ment system, including procurement
of processing equipment.

« Correlation of satellite acquired
data to meet development and man-
agement needs of resources programs.
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Composite view of U.S.
water resources, needs,
and problems for next 50
years is good first step

Within the next 50 years, water use in
the U.S. will increase drastically. Major
U.S. water-using industries—includ-
ing agriculture, mining, and manufac-
turing—which withdraw or consume
large quantities of water, or add sub-
stantially to water pollution, will re-
quire greatly increased water supplies.
By 2020, major withdrawal uses are
expected to increase more than 400%
and consumptive uses are expected to
more than double. So, changes in tech-
nology and efficiency of water use will
be a major factor in translating this
growth into water requirements.

“The Nation’s Water Resources,”
the first national assessment of U.S.
water resources, presents a composite
view of water resources problems and
requirements for the next 50 years. It
describes the U.S. water and related
land assets and their use and man-
agement problems. This first estimation
results from the coordinated effort of
many federal, state, and local agencies
and private organizations working with
the Water Resources Council (WRC),
a cabinet-level agency with members
from the Departments of Agriculture;
Army; Health, Education, and Welfare;
Interior; Transportation; Commerce;
Housing and Urban Development; and
the Federal Power Commission, and
observers from the Bureau of the
Budget and the Department of Justice.

“The national assessment and the
council’s framework studies will pro-
vide information on water requirements
and development potentials that should
be of great value to the [newly-estab-
lished] National Water Commission
(ES&T, November 1968, page 991) in
its consideration of national policy is-
sues,” according to former Interior Sec-
retary Udall, WRC’s chairman. s

Regions

The council divided U.S. water re-
sources into 20 regions, noting that the
first step for each region would be the

development of framework plans which
would set forth the long-range re-
quirements for each region. Framework
studies already are underway in 11
regions, the council notes. The estab-
lishment of river basin commissions
is yet another goal, and four commis-
sions have been established—the Pacific
Northwest, Great Lakes, Souris-Red-
Rainy, and New England Commissions
—which have developed unified plans
and policies for their respective regions.
In addition, 49 states now are partici-
pating in comprehensive water re-
sources planning, according to WRC.

But the council can foresee certain
problems. By 2020, severe water short-
ages will be common to the Rio Grande,
Upper Colorado, Lower Colorado, and

portions of the Missouri, Arkansas-
White-Red, Texas-Gulf, and California
Regions. In addition, severe water qual-
ity problems resulting from high de-
grees of use and reuse will be common
to the Great Lakes, Ohio, and Upper
Mississippi Regions and significant por-
tions of the North Atlantic and South
Atlantic Regions, according to the
council.

The council’s evaluation—which was
recently submitted to the Congress—as
well as the council itself, were autho-
rized by the Water Resources Planning
Act of 1965.(P. L. 89-80). The assess-
ment is based on 1965 data on water
use, with limited analysis, and certain
assumptions, including a 1.6% pro-
jected increase in population growth

Great Basin Regions and to significant ~ and a conservative 4.0% projected
Summary of existing and emerging
regional water management problems

Adequacy |Ground- Water quality Beach,

of annual |water shore, and

natural  |storage Flood Watershed | riverbank

runoff? i Wastese | Heat? | Salinity® lands" erosion’ | Wetlands'
North Atlantic L] ] * * [} [ ] [ ] [] A A
South Atlantic-Gulf o [ A [} ° A A a * »
Great Lakes [ ] o »* * o [ ] @ ] ] [ ]
Ohio [ ] ° A A ° [} A [] ° e
Tennessee [ ) o [} [ ] L] L ] [ ] L} o o
Upper Mississippi L} [ ] A A k3 | ] A | ] A A
Lower Mississippi L) ° [ ° ° * A A 4 A
Souris-Red-Rainy A ° [ ] ° L] ° A ° [ A
Missouri A A [ ] [ ] [ ] A * A A A
Arkansas-White-Red A * [ ] L[] » A A A * A
Texas-Gulf A * A [ ] A a ] A A A
Rio Grande * »* A L] »* »* L} A L] L]
Upper Colorado * o [ ] o [ ] A [} L] ° o
Lower Colorado * » A ° * * [ ] A [} °
Great Basin * [ ] A (] [ ] '] [ [ ] ) []
Columbia-North Pacific L} L ] A o L] A [ ] L} A
California A A A L] A [} A A A ]
Alaska [ ] [ ] L] L] L] ® L] [ ) A | ]
Hawaii o [ ] [ ] ° ° ° ° [} A ]
Puerto Rico o ° [ ] ° ° A ° 'y ] °

@ Minor problem in some areas

@ Moderate problem in some areas or
minor problem in many areas

A Major problem in some areas or
moderate problem in many areas

# Severe problem in some areas or
maijor problem in many areas
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Water resources regions used in the first national assessment

Columbia-North
Pacific

Great Basin

Colorado

annual growth for the gross national
product to $4,686 billion (1954 dol-
lars) in 2020. The council recognizes
that this first report relies heavily on
the judgement of federal and state
water officials. But WRC maintains a
continuing study of the adequacy of
water and related land resources to
meet the requirements in each water
resource region.

Water uses

The WRC assessment divides water
uses into two categories—withdrawal
uses that remove water from its natural
course and instream uses that do not.
Some uses of water, such as hydro-
electric power and recreation, may fall
into both categories; however, owing to
insufficient the report was unable
to consider these refinements.

Withdrawal uses primarily are ap-
plied to domestic and municipal, indus-
trial, steam-electric power, and agricul-
tural purposes. The increase in domestic
and municipal withdrawals relate prin-
cipally to population increase, accord-
ing to WRC's findings. Industrial water
uses are dependent upon technological
advances. In manufacturing, for ex-
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Arkansas-White-Red

Hawaii

[ J
L]

Puerto Rico

First step. U.S. water resources are divided into 20 regions,
prior to the establishment of river basin commissions

ample, recirculation within the plant is
expected to increase from an average
of 2.3 times intake in 1965 to 6.3 times
intake in 2020. In steam-electric power
production, the increased use of cooling
towers and other recirculating processes
is expected to increase the ratio of
water for condensing requirements for
fresh water withdrawals from 1.2 in
1965 to 1.9 in 2020.

But the first assessment is not with-
out its limitations. Data on the use of
water resources are quite inadequate,
according to the council’s consensus.
These inadequacies place a severe limi-
tation on comprehensive planning, this
assessment itself, and other activities re-
quiring inventories of water use. Lack
of comparable data on instream uses
prevented the comparison of water
requirements for instream use with
potential flows. Nevertheless, limited
analyses of the instream use for hydro-
electric power, navigation, recreation,
and fish and wildlife uses were included
in the evaluation. By 2020, the total
hydroelectric capacity will grow more
than fourfold, and waterborne naviga-
tion will increase sixfold, according to
WRC'’s projections. But the translation

of these requirements into water re-
quirements is beyond the capability of
the first assessment and will have to
wait until future investigations, accord-
ing to WRC'’s findings.

Summaries of water resources prob-
lems for each of the 20 regions were
prepared by field groups of federal and
state water experts. These summaries
account for half of WRC’s 472-page
assessment and cover the following
items:

* Description of region.

* The water resource.

* Present water resource develop-
ment-1965.

* Adequacy of present development.

* Present institutional and manage-
ment problems.

* Projected regional economy and
water requirements.

* Emerging water problems.

* Development and management
needs—1980.

Future national assessments will lead
to a comprehensive framework plan-
ning program, computer simulation of
the national program, and, ultimately,
analyses of tradeoffs between various
uses of water.



Study group asks for

new marine science agency

The report of the Commission on
Marine Sciences, Engineering, and
Resources, a two-year study put in
motion by the Marine Resources and
Engineering Development Act of 1966,
crossed the desks of the incoming and
outgoing Presidents shortly before the
inauguration. That the issuance of
the report was overshadowed by other
matters that usually dominate the in-
terregnum—inauguration day plans,
confirmation of cabinet members, and
maneuvering for congressional leader-
ship posts—is somewhat ironic. Many
of the study’s recommendations will
be pondered and discussed long after
the inaugural parade grandstands have
been dismantled and cabinet members
and congressional leaders installed.
The basic objective of the 15-mem-
ber commission was the development
of a plan for reorganization of the
badly  splintered federal marine
sciences and oceanographic effort; this
it does, in a grand, if somewhat pre-
dictable, style. These programs, the
commission recommends, should be
guided by a new, top-level civilian
agency, reporting directly to the Presi-
dent: a National Oceanographic and
Atmospheric Agency (NOAA). This
agency would absorb a large share of
the nonmilitary marine programs scat-
tered among various federal agencies
and departments. Initially, NOAA
would assimilate the U.S. Coast Guard
from the two-year old Department of
Transportation: the Environmental
Science Services Administration and
the Bureau of Commercial Fisheries
from the Department of Commerce;
the Sea Grant Program from the Na-
tional Science Foundation; the Great
Lakes Survey activities of the U.S.
Army Corps of Engineers; and the Na-
tional Oceanographic Data Center.
Advising NOAA would be a National
Advisory Committee for the Oceans
(NACO), comprising about 15 extra-
governmental representatives of U.S.
marine and atmospheric interests.

More than just an agency

But the commission’s recommenda-
tions go far beyond the establishment

Julius A. Stratton, Marine Science
Commission’s chairman

of a top-level oceanographic agency.
Viewing the ocean’s economic po-
tential as one justification for a strong
marine program, the commission de-
votes one third of the massive report’s
recommendations—there are about
125 of them—to building up the tech-
nological, legal, and international
framework for developing the living
and nonliving resources of the sea.
Surveying and control of the global
environment is another major area of
the report’s concern.

Most of this work would be done
through NOAA. But there is a mixed
bag of suggestions for a variety of
other federal agencies, agencies as di-
verse as the Federal Power Commis-
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of offshore production), the Depart-
ment of Health, Education, and Wel-
fare (to establish a National Institute
of Marine Medicine and Pharma-
cology), and the Department of Trans-
portation (initiate an intensive study
of the nation’s ports and waterways).
Not surprisingly, then, in view of the
scope of the report, many of its recom-
mendations relate directly to pollu-
tion abatement and environmental
management.

Antipollution recommendations

The problems of pollution, in fact,
“have taken a prominent role in the
commission’s studies and recommenda-
tions,” the report notes. The com-
mission concedes that pollution and
waste disposal in the oceans and estu-
aries are often inseparable from pol-
lution upstream—including even the
land environments—and must be
treated as a single problem.

Thus, some of the commission’s rec-
ommendations on pollution are broad,
perhaps necessarily so: a national
commission to study and deal with the
total waste management problem; and
increased emphasis by the Federal
Water Pollution Control Administra-
tion on research into identification of
specific pollutants and their effects.

But in at least two areas, the coastal
zone and the Great Lakes, the com-
mission met pollution problems head
on and projected specific programs.

The states must be the focus for

sion (reexamine differential price  responsibility and action in the coastal
policies for natural gas to reflect cost ~ zone, in the commission’s view.
Cost of commission’s recommendations
Average annual cost Ten-year
Activity 1971-75 1976-80 total costs
(millions of dollars)

Management and operations 62 70 660
Research and education 142 226 1,840
Specific technology 124 182 1,530
Fundamental technology 130 210 1,700
Mapping, charting, and surveying 34 45 395
National projects:

Test facilities and ranges 43 87 500

Lake restoration 15 20 175

Continental shelf laboratories 40 60 500

Continental shelf nuclear plant 20 26 230

20,000-foot exploration

submersibles 20 a7 285
Pilot buoy network 15 2 85
Feasibility studies of future
projects 74 13 100

All recommendations $652 $948 $8,000
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Nevertheless, the states lack adequate
machinery for the task. The report,
therefore, recommends that a coastal
management act be enacted to provide
policy objectives, and to authorize fed-
eral grants-in-aid to facilitate the es-
tablishment of state coastal zone au-
thorities. The key function of these
authorities would be to manage the
coastal waters and adjacent land, and
to regulate and develop these areas.
The authorities would be given the
power and funds to acquire these lands
when public ownership is necessary to
control their use. The Federal Gov-
ernment would meet one half of the
operating costs of the authority for the
first two years, but would not impose
any particular form or organization
on the state authorities. Approval of
the grants, to be administered by
NOAA, would be contingent only on
demonstrating that the proposed state
organization has the necessary powers
to accomplish its purpose.

Coastal zone problems

The commission also studied some
of the specific problems related to
coastal zone management. It recom-
mends, for example, that AEC be
given the power to consider the en-
vironmental effects of projects under
its licensing authority. AEC, sup-
ported by the Justice Department, has
held that it lacks authority to con-
sider the effects of thermal pollution
in granting power plant permits.

Similarily, the commission would
amend the Rivers and Harbors Act
to specifically empower the U.S. Army
Corps of Engineers to deny a permit
for harbor construction activity when
such activity interferes with recreation,
conservation, or upsets aesthetic values.
The act now requires the Corps to
consider “all relevant factors . . . in-
cluding pollution and the general pub-
lic interest.” But the statutory au-
thority to deny permits for reasons
other than obstruction to navigation is
uncertain and should be clarified.

Setting national projects

A more far-reaching recommenda-
tion in the context of coastal zone
management is that NOAA undertake
one of several national projects en-
visioned for NOAA by the commis-
sion—fundamental engineering and
feasibility studies relevant to the de-
velopment of offshore terminals, stor-
age facilities, and nuclear power plants.
Offshore and underwater cargo fa-
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cilities may provide alternatives to ex-
pensive dredging of channels for deep
draft vessels; underwater nuclear
power facilities should be investigated
with the aim of reducing the possibil-
ities of accident, avoiding excessive
heating of coastal water, and enrich-
ing coastal waters by creating upwell-
ing of nutrients.

Another of the national projects the
commission proposes is the restoration
of the Great Lakes. The commission’s
Subpanel on Marine Engineering and
Technology developed the concept of
a fresh water lake restoration project
to be pursued as a feasibility test on a
lake of manageable size.

Research into the ecology of the
lake selected would be followed by
technological development of pollution
measuring devices; inflow and outflow
design and control; aeration tech-
niques; large-scale mixing techniques;
thermal pollution control; artificial
destratification; thermal upwelling
techniques; filtering; mass harvesting
of plants and animals; restocking; and
ecological manipulation. The com-
mission recommends that once the res-
toration technique has been shown to
be feasible, FWPCA would assume
responsibility for its implementation
on one of the Great Lakes.

Big program, hig funds

The commission estimates that im-
plementation of its program for
coastal zone management would re-
quire federal expenditures in this area
to increase steadily to $120 million
per year by 1980. Total 10-year cost
for coastal zone management, includ-
ing $175 million for the feasibility
study for the Great Lakes restoration
project, would be $1 billion compared
with a 10-year cost for all the com-
mission’s recommendations of $8 bil-
lion. The commission’s program is
“not a crash endeavor, but one geared
realistically to the means of the na-
tion,” in the words of the report.

Marine science has become big sci-
ence, the commission also points out,
and the report designs an elaborate
superstructure  for its  conduct.
NOAA'’s main research arm would be
the 38 federal laboratories, suitably
strengthened and consolidated, of the
various agencies from which it was
formed.

In addition, NOAA would support
a small group of laboratories selected
from the present leaders in marine sci-
ence, and designated as university-
national laboratories. These labora-

tories would be equipped to under-:
take marine projects of a global or
regional nature. Creation of such
laboratories, the commission urges,
would be cheaper than attacking major
projects on a facility-by-facility basis.
In #addition to NOAA support, the
university-national laboratories would
seek funds from other groups, such as
the National Science Foundation and
the Office of Naval Research, which
presently are the two major sources
of ocean research support. A third
level of laboratory support would be
available in university-affiliated coastal
zone laboratories, established within
the proposed coastal zone authorities.

No wet NASA

In spite of the parallelism between
the NOAA-NACO structure and that
of the National Aeronautics and Space
Administration (NASA)-National Ad-
visory Committee on Aeronautics, Dr.
Julius Stratton, the commission chair-
man, disdains use of the epithet “wet
NASA” in describing NOAA and its
mission. The ocean program differs
from the space program in timing, level
of financing and technology develop-
ment required, and economic return
involved. However, the commission
seems to have learned something from
NASA'’s early promoters; two imme-
diate goals suggested for NOAA are
strongly reminiscent of the manned
lunar landing committment:

* Development of the necessary
technology to make possible produc-
tion work for sustained periods at
depths down to 2000 feet.

* Development of a technical capa-
bility to explore the ocean depths to
20,000 feet within a decade and to uti-
lize the ocean depths to 20,000 feet—
which comprises 98% of the ocean
floor—by the year 2000.

The report would seem to provide
heady stuff for the incoming adminis-
tration. Some action will be necessary
soon to fill the gap in marine science
management which now exists. The
commission, whose raison d’etre was
the report, ceases to exist 30 days after
the report is filed. Furthermore, the
Council on Marine Resources and
Engineering Development, also cre-
ated by the Marine Resources Act
to provide interim planning and coor-
dination of marine affairs, is sched-
uled to expire June 30. The commis-
sion has asked, however, that the life
of the council be extended until such
time as the full recommendations of
the commission are acted upon.
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Scrap tires: materials and energy source

Coking oven tests demonstrate feasibility of
extracting hydrocarbons from discarded tires

Worn-out tires—approximately 100
million of which are discarded in a
haphazard manner each year—may
one day become a secondary source
of energy and chemical raw materials
while losing their status as an envir-
onmental disposal problem. That’s
the hope of scientists and engineers at
Firestone Tire & Rubber Co. and the
U.S. Bureau of Mines Coal Carboniza-
tion Laboratory, Pittsburgh, Pa.

By subjecting shredded used tires
to essentially the same process used in
coking of coal for the steel industry,
these workers have demonstrated the
feasibility of extracting various chem-
icals, liquid oils, gas, and tars from the
tires. According to pilot plant oper-
ational data, the technique is capable
of recovering 40-60% of the tire ma-
terials, in a gas or liquid form, from a
product which presents, at best, a trou-
blesome solid waste disposal problem.

The question of scrap tire disposal
has been broached off and on for
some time in discussions within and
between government agencies such as
the Departments of Commerce and
Health, Education, and Welfare, as
well as in the rubber industry itself.
Most discussion has ended on the note
that scrap tires, though perhaps not
yet as serious a disposal problem as
other facets of the solid waste crisis,
could become grounds for serious con-
cern if present consumer trends and
disposal practices continue.

Peripheral solutions

The Firestone-Bureau of Mines
work is probably the first effort to add
a new dimension to past peripheral
solutions—for example, the use of
shredded tires in rubberized pave-
ments (synthetic latex is cheaper), or
as landfill, or as compost material (for
which scrap tires aren’t well suited).

Firestone’s interest in the project,
in particular, is another manifestatign
of what is, perhaps, a trend: More
and more manufacturers are extending
their concern for their product be-
yond its normal service life, and are
studying the impact of disposal of the

product on technology of solid waste.

Firestone, which developed a pro-
posal to reclaim valuable constituents
from scrap tires, approached the
bureau with the plan because the
bureau had facilities well-suited to the
project’s goal. The bureau’s experi-
mental unit at its Pittsburgh labora-
tories includes extensive instrumenta-
tion for collection and identification of
the process byproducts. Through a
cooperative agreement, Firestone sup-
plied funds for the project and part of
the technical personnel. Initial re-
sults from the project show that by
heating at 500° C. in the absence of
air, a ton of scrap material can be
made to yield:

* As much as 140 gallons of liquid
oils, similar in composition to conven-
tional coal chemicals.

* 1500 cu. ft. of gas, equivalent in
heating value to natural gas.

* A solid residue of friable, high-
carbon-content material.

The project is in keeping with most
modern thinking about our solid waste
crisis, which stresses reclamation and
upgrading the value of waste materials
as the ultimate solution. In the case
of used tires, reclamation is unusually
attractive since after their expected
service life, they retain up to 80% of
the total manufacturing value that has
been added. Yet, because of the cir-
cumstances which govern a resource-
rich economy such as that of the U.S.,
less than a quarter of the tires re-
moved from use are reconditioned by
recapping. This low re-use figure is
in marked contrast to the recapping
rate of some other countries, where
the figure runs as high as 80%. In
the U.S., the remainder of the tires—
save those that see use as tugboat
bumpers, backyard swings, or in im-
proving the running ability of foot-
ball players—persists as a perennial
problem for tire dealers, service sta-
tions, and ultimately, municipal ref-
use agencies.

Reclamation also makes sense af-
ter consideration of the fact that scrap
tires are not suitable for disposal by

conventional means. Municipalities
that use incineration usually will not
collect discarded tires, because refuse
incinerators are not designed to burn
rubber efficiently. The melted rubber
drips through the grates, or forms a
compact mass that does not burn com-
pletely. Those that are burned in
open dumps, usually illegally, under
low temperature conditions, with a
plentiful supply of cool air, form
dense clouds of black smoke and un-
burned hydrocarbons. As a result,
most discarded tires eventually find
their way to landfill sites, although
tires are far from ideal fill material.

Clean burning

Scrap tires do have a heating value
higher than most coals, and the pos-
sibility of power generation in in-
cinerators designed for clean burning
of bulk tire quantities is being actively
pursued in England. But this ap-
proach has drawbacks: Design of
such incinerators will require consid-
erable development effort, and, also,
there are air pollution problems. The
sulfur content of rubber often exceeds
that of high sulfur coal, and such in-
cinerators would require, therefore,
extensive SO, control equipment.

Some scrap rubber, predominately
from tires, at present is reclaimed in
solid form and used in the production
of rubber goods. Although most ma-
jor rubber companies use some re-
claimed material, in a variety of
products, only a handful of U.S. com-
panies specialize in reclaimed rubber
processing. But the total amount used
is small—about 250,000 tons per
year—and has declined to about 10%
of new rubber production at present,
compared with 30% in 1945. One
reason for this decline is that collec-
tion, transportation, and reprocessing
costs often exceed new production
costs of the cheaper synthetics. An-
other cause is increasing use of oil-
extended rubber.

Thus, increased use of reclaimed
rubber as a means of alleviating a
solid waste problem would depend on
upgrading the value of the recovered
material. The Firestone-Bureau of
Mines approach, though as yet a long
way from this goal, appears to be a
substantial step in that direction.
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Approval of standards
sets pace for protection
of U.S. water quality

Today’s standards are the law of the land

The water quality standards program,
the first systematic nationwide strat-
egy for water quality management,
offers a blueprint for victory over
water pollution in the U.S. “Progress
made in the program has been very
encouraging,” said Secretary of the
Interior, Stewart L. Udall, at his fare-
well press conference last month. But
adequate provision for financing the
construction of waste treatment plants
is one of the most important items
that Udall leaves to the new adminis-
tration. “The water pollution control
program is not going to move forward
at the rate that it must, if we are going
to roll back pollution, unless the Fed-
eral Government figures out a way to
get its money on the line,” says the
departing secretary.

As Udall leaves the stewardship of
U.S. conservation and water pollution
interests to his successor, water qual-
ity standards for 51 (of a total of 54)
jurisdictions (47 states plus 4 others)
for their interstate and coastal waters
have been approved. Of the 47 state
standards, 26 have been approved,
with certain exceptions for tempera-
ture, dissolved oxygen, and certain
other criteria. Twenty states have
adopted nondegradation statements.

As of January 20, water quality
standards were unapproved for three
states—Kentucky, Kansas, and Iowa.
In the cases of Kentucky and Kansas,
Max N. Edwards, Interior’s assistant
secretary for water quality and re-
search, sent letters to Ralph Pickard,
executive director of the Kentucky
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Water Pollution Control Commission,
and to Governor Robert B. Docking
of Kansas, commending each of them
for working out certain revisions in
their standards which are necessary
for approval. When the two states
ratify these revisions, their standards
will be acceptable to the department.

Iowa is the remaining state whose
water quality standard is unapproved.
It is the only state for which a meet-
ing of the minds has not been
achieved. But to reach a final decision
on all water quality standards before
leaving office last month, Udall set a
precedent by calling the first U.S.
federal standards setting conference.
In Interior’s letter to Governor Rob-
ert D. Ray, Udall approved Kansas’
standard for interstate waters other
than those of the Mississippi and Mis-
souri Rivers, informing him that one
portion of the conference—for inter-
state waters of the Mississippi River
—will be held on April 8 and a second
portion of the conference—for inter-
state waters of the Missouri River—
will be held on April 15. Murray
Stein, assistant commissioner for en-
forcement at the Federal Water Pol-
lution Control Administration, will
preside at the conference.

“Water quality standards are the
most significant developments that
have occurred in the water resources
field in recent years,” says Robert S.
Burd, FWPCA'’s acting deputy assist-
ant commissioner for operations, who,
prior to his recent promotion, di-
rected the water quality standards pro-

gram since its inception 2% years ago.
In a recent interview, Burd elaborated
on the program and targeted additional
refinements in standards.

Development

Each standard comprises three es-
sential elements—specification of water
uses, establishment of criteria to pro-
tect these uses, and an implementation
plan. During the past three years, the
standards topped the list of priority
items of every state’s water resources
agency. “They are what the whole
business of water quality is all about,”
says Burd.

For the first time, the public and
state and federal officials have each
had an opportunity to participate in
the development of standards. But
the process toward clean water will
not stop with approval of the last
jurisdiction. FWPCA looks forward
to more refinements in these stan-
dards, as new data become available.

Burd admits that states had a re-
latively short period of time to de-
velop and submit standards; lack of
information on individual states’ wa-
ter quality was surprising. Data on
the conditions of each state’s waters
simply were not detailed nor were they
very abundant.

“We have to admit that agreement
has not been reached for Iowa’s stand-
ards,” says Burd, indicating that this
lack of agreement between federal and
state officials centers on the need for
secondary treatment for significant
and industrial municipal discharges to
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the Missouri and Mississippi Rivers.
But federal standards may be imposed
on some state’s interstate waters such
as Towa’s. Failing to reach agreement
in discussions with Iowa's former
governor, Harold Hughes, Udall
noted that Interior has no choice
now but to set federal standards. In-
terior asks only that Iowa require the
same degree of treatment as that spe-
cified by its neighboring states whose
water quality standards have been ap-
proved. But Iowa’s officials remain
adamant on the issue.

The approval procedure for stan-
dards was slowed down in many cases
by a state’s administrative procedures.
After federal and state water pol-
lution control officials agreed in prin-
ciple on a particular course of action,
individual states had to seek formal
ratifications. “Required by law, these
ratifications, in some cases, consumed
considerable time,” Burd explains.
Frequently, this process called for
the scheduling and holding of public
hearings or action by the state water
pollution control board. Normally,
these procedures required 30 days no-
tice of the public hearing and another
30 days for keeping the official record
open after the hearing. “Each state
applies its own administrative proce-
dures, and obviously, different time
schedules are involved for each state,”
Burd notes.

FWPCA commissioner Joe G.
Moore, Jr.,visited all regional FWPCA
offices and met with state adminis-
trators and federal officials from each
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region in an attempt to obtain clearer
understanding on water quality stand-
ards issues and to discuss other pro-
grams of mutual interest.

Now, approximately half of the
states have proposed nondegradation
language acceptable to the Secretary of
the Interior. “By mid-year, all states
will have acceptable nondegradation
language in their water quality stand-
ards,” Burd says wistfully.

During the past one and one half
years, guidelines slowly have evolved
in the review of standards. “We have
taken another look at the original 10
states’ standards submissions which
were approved to assure that a con-
sistent course of action is taken by
the department,” he explains. “We
expect, where appropriate, that some
portions of these . . . will be revised to
bring them more closely into line with
later approvals.”

Secondary treatment

Secondary treatment of all signifi-
cant municipal and industrial wastes
for discharge to fresh waters is a
FWPCA goal. Most states initially
specified a minimum of secondary
treatment for all wastes, in recogni-
tion that this feasible level of treat-
ment was necessary to meet state and
federal objectives to enhance polluted
waters and protect existing quality of
unpolluted waters. Other state stan-
dards do not require a flat commitment
to secondary treatment of all wastes.
Burd notes that a few coastal states
having ocean outfalls—such as Wash-
ington, California, and Massachus-
setts—specify primary treatment. For
example, Massachusetts’ standards
were approved with only primary
treatment required for Boston. “How-
ever, if technical studies indicate some
detrimental effect in Boston’s water
quality, then we and the state may
find that secondary treatment will be
required,” Burd intones. “FWPCA
and the state have such a study under-
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Approvals. Federal water quality
standards—with some exceptions—for
nearly all U.S. interstate and coastal
waters now are in effect. Develgped
jointly by federal and state officials,
the standards offer a guide for future
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protection of U.S. waters

way today. The study aims to find
the effect of primary treated wastes,
which are discharged to the ocean,
on Massachusetts’ water quality. If
the study concludes that primary treat-
ment is not adejuate, then we may
have to go back at a later date and
require secondary treatment of Bos-
ton’s wastes,” explains FWPCA’s
spokesman.

FWPCA will continue to stress its
view that secondary treatment should
be the minimum goal for significant
wastes discharged to fresh waters, in
order to comply with the intent of the
Federal Water Pollution Control Acts.
Burd explains that FWPCA thinks
the treatment requirements for insig-
nificant wastes and wastes discharged
to the open ocean should be evaluated
on a case-by-case basis. “A change
in this policy recommendation on
standards is not likely to occur,” Burd
reassures. The treatment issue had to
be resolved because the implementa-
tion plan, the third element of every
water quality standards package, is
an important item on which federal
and state officials must find a meeting
of the minds.

Regional differences

Some eastern states—such as New
York, Connecticut, Massachusetts,
and New Jersey—have issued literally
hundreds of orders to comply with the
secondary treatment requirement for
municipal wastes and equivalent
treatment requirement for industrial
wastes. But a comprehensive evalua-
tion of the status of compliance with
state standards is premature at this
time. Typical compliance dates tar-
get 1972, but there is nothing magic
about that year; a few dates are earlier,
and others are later. Originally, the
compliance date generally was set at
five years after the submission of
standards, which were adopted by
each state before June 30, 1967.
State officials felt there was sufficient

time, within the five-year period, to
design, arrange financing, and build
the requisite treatment facilities, ac-
cording to the FWPCA spokesman.

“In the western states, you often
Lear of a conflict between water qual-
ity and existing patterns of water
rights,” says Burd. “Local institu-
tions are reluctant to use stored wa-
ters for dilution of wastes. These
groups feel that any water accumu-
lated in reservoirs could be better
used for irrigation or public and in-
dustrial water supply.”

But Burd clarifies the situation by
emphasizing that western states have
a good record for prescribing a high
level of waste treatment—for ex-
ample, the Pacific Northwest Pollu-
tion Control Council, an interagency
group, established and adopted water
quality objectives as early as 1952.
“Dilution of wastes by stored waters
hasn’t been considered a satisfactory
alternative to waste treatment,” Burd
adds.

Industrial differences

Wastes from industries vary. Some
are organic, others are inorganic; some
are amenable to biological treatment,
others are amenable to chemical
treatment. For example, today, the
organic wastes from the food pro-
cessing and pulp and paper industries
can be treated to a high level by the
biological process. Often, these in-
dustrial wastes with high loads of
BOD are treated in a manner equiva-
lent to municipal wastes. However, in
other cases, such as wastes from the
metal finishing, chemical, petroleum,
and steel industries, different treat-
ment processes must be considered.

The processes and equipment for
treatment of industrial and municipal
wastes are very similiar in most in-
stances. In some cases, the conven-
tional type of treatment for municipal
wastes can be modified to treat a
specific type of industrial waste. Us-



ually, an engineering fix is obtained
from pilot studies which reveal those
additional modifications or combina-
tions of 'steps that are required to
make the waste amenable to the equip-
ment setup, or conversely, what cur-
rently available piece of equipment
must be added to the existing equip-
ment setup to treat the industrial
waste.

But defining the level of secondary
treatment of industrial wastes associ-
ated with its equivalent treatment of
municipal wastes has not yet been
accomplished with any reasonable va-
lidity, according to Burd. “Standards
from many states contain the lan-
guage that industrial wastes will be
treated to the equivalent of municipal
secondary waste treatment without
ever defining what that is,” says Burd.

Nonetheless, design engineers and
others acquainted with the business
may agree on a numerical value such
as 80-90% removal of BOD for sec-
ondary treatment of municipal wastes.
Furthermore, good design engineers
can come up with plant designs to-
day for any particular industry de-
signed around the concept of indus-
trial treatment equivalent to secondary
treatment or the best practicable treat-
ment, Burd reassures.

As yet, there is no broadly applica-
ble definition of industry’s equivalent
treatment requirements being promul-
gated by the FWPCA. “We are cur-
rently investigating waste treatment
definitions, says Burd. “FWPCA’s
first attempt to clarify attainable treat-
ment levels was contained in the in-
dustrial waste profiles of last year’s
report, ‘The Cost of Clean Water.’
We realize additional information is
necessary and have a program under-
way to accomplish this, but nothing
has been published as yet,” Burd ex-
plains.

Variances

A wide variance in individual wa-
ter quality parameters such as dis-
solved oxygen and temperature is
apparent from an inspection of state
standards from different geographical
areas of the U.S. In the Pacific
Northwest, for example, higher num-
bers are placed on the dissolved oxy-
gen requirement than in the eastern
states. Differences in geography, cli-
mate, population, and industrial de-
velopment account for some of the
differences in this parameter, accord-
ing to Burd. Furthermore, the sig-
nificant variances in temperature usu-
ally range from a 2° F. rise, from

background temperature in the sum-
mer, to as much as a 10° F. rise, from
background temperature in the winter.
As a general rule, FWPCA suggests
that no more than a 5° F. rise from
background be used in standards.

The recommendation of a passage-
way for fish and other aquatic life in
standards is justified, according to
Burd. Biologists report that if hot
water extends across the width and
depth of a stream, thereby creating a
thermal barrier, fish will not penetrate
this barrier and swim upstream.
Therefore, a passageway must be es-
tablished in the stream so that fish can
swim around the hot spot in the water
and then proceed upstream to spawn
and to grow. This passageway would
allow the fish to migrate, as well as the
food that fish depend on for survival,
from one part of the stream to another.

“The concept of a mixing zone is
valid, not only for heated waste dis-
charges, but also for sewage discharge
or any industrial waste,” says Burd.
The language on mixing zones in to-
day’s standards applies outside of the
mixing zone—the mixing zone being
defined as a small area around the out-
fall line where conditions are not as
desirable as downstream conditions
where the treated waste is completely
mixed with the dilution waters. For
obvious reasons, a uniform definition
for such a zone is impossible. The zone
will depend on a number of regional
variables including the flow in and the
width of a particular body of water.

A discharge to the ocean could be
expected to have less impact on its
water quality than the discharge of an
equal amount of waste to fresh waters
because of the great amount of dilu-
tion that occurs. “In California, open
ocean mixing zones are often defined
as circular areas—300 feet in diam-
eter—around the end of a discharge
line,” says Burd, based on his earlier
professional experience as a member
of California’s Water Pollution Control
Board. Again, he emphasizes that the
mixing zone should not be used as a
substitute for waste water treatment at
the source, be it heated wastes or
other water pollutants.

Advice

Recently, the National Technical
Advisory Committee (NTAC) on wa-
ter quality criteria, a special group of
86 consultants to the Secretary of the
Interior, recommended criteria needed
for specific water uses. NTAC’s rec-
ommendations (ES&T, September
1968, page 662) will serve as a source

book for water quality management
on a national scale for a long time.
Later, NTAC issued its second report
which details those areas in need of
additional research (ES&T, Novem-
ber 1968, page 998). Together, these
reports will contribute to future re-
finements in standards.

The weaknesses in FWPCA'’s infor-
mation are being filled as fast as the
data can be generated. FWPCA con-
ducts research at a number of its lab-
oratories. For example, research on
marine water quality requirements is
the prime responsibility of FWPCA's
National Marine Water Quality Lab-
oratory at Narragansett, R.I. Simi-
larly, research on fresh water quality
requirements is the main activity of
FWPCA’s National Water Quality
Laboratory at Duluth, Minn. (ES&T,
August 1967, page 603). The Duluth
laboratory spends a significant portion
of its present budget investigating
thermal effects on aquatic life. In
time, relevant laboratory findings will
lead to more refinements in standards.

In the future, FWPCA plans to
make summaries of existing water
conditions available to local officials,
sportsmen, and other interested lay-
men for each of their particular in-
terstate streams. The summaries will
spell out the uses that can be made of
waters, stream mile by stream mile,
and the criteria necessary to protect
those uses. Also, the summaries will
provide general information on im-
plementation and enforcement pro-
grams. Hopefully, by the summer of
1969, the first of these reports will
become available, according to Burd.

Enforcement

“But standards alone will not im-
prove water quality in the U.S., unless
we execute effective plans of imple-
mentation, buttressed by vigorous
federal-state enforcement programs
when they are violated,” Commis-
sioner Moore told attendees of a sem-
inar (Washington, D.C.) late last year.
Under present laws, two courses of
federal action are open for enforce-
ment of water quality standards. The
Federal Government can follow the
already established procedure of con-
ference, hearing, and court action, or
it can move directly to bring court ac-
tion against violators, according to
Moore. But the direct court action
must be predicated on a discharge
which has violated the standards and
must be preceded by a 180-day grace
period to permit voluntary compliance
on the part of the alleged polluter.
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Federal interest in
estuarine zones builds

Interim measures must be developed until E
stuaries constitute one of the most

a long-range management scheme can be instituted valuable of our natural resources—yet
one that rapidly is being destroyed by
landfill and pollution. The importance
of estuaries is evident to the more than
50,000,000 people who live near them,
use them for recreation, commercial
fishing, trade, commerce and industry,
mining, as a source of water, and for
the disposal of wastes. Accompanying
this widespread use is strong federal in-
terest and activity.

The nation’s first settlers set up
housekeeping on our east coast estu-
aries: Hampton Roads, Va.; New York
Harbor; and Boston Harbor. The estu-
aries not only gave the settlers a safe
and natural port to use in commerce
with the Old World but also a path-
way into the New World. They were
storehouses of finfish and shellfish and
a good place to hunt water fowl. Vil-
lages and later cities used estuaries as
seemingly inexhaustible sinks for sew-
age. If need be, an estuary could be
changed to accommodate a port or a
dump. Nobody particularly worried
about conflicting uses nor the con-
sequences of misuse—these considera-
tions had to wait until the twentieth
century.

Worth of estuarine zone

There are between 850-900 estu-
arine systems around the coastal periph-
ery of our country. The coastal zone
is a place where the land meets the sea,
yet it is not the sea and not the land; it
is part of a vital area that includes the
mouths of rivers, vast reaches of the
continental shelf, and, by Congres-
sional definition, the Great Lakes.

This article is based on a talk by Dr.
Singer at the 60th Joint Annual Conven-
tion of the Oyster Institute of North
America, Washington, D.C.
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feature

Estuaries can be defined in many
terms, depending upon the observer.
There are physical, chemical, biologi-
cal, and legal definitions, which may
be enunciated in terms of tide, salin-
ity, geography, or federal-state jurisdic-
tion. What is a swamp to a housing
developer is a bird breeding ground to
the ecologist, or a recreation area to a
duck hunter. In the Clean Water Res-
toration Act of 1966, Congress stated
that, “The term ‘estuarine zones’ means
an environmental system consisting of
an estuary and those transitional areas
which are consistently influenced or
affected by water from an estuary such
as, but not limited to, salt marshes,
coastal and intertidal areas, bays, har-
bors, lagoons, in-shore waters and
channels; and the term ‘estuaries’ means
all or part of the mouth of a navigable
or interstate river or stream or other
body of water having an unimpaired
. a place where the land meets the sea, yet it is not the sea  natural connection with the open sea
T and within which the sea water is meas-
urably diluted with fresh water derived
from land drainage.” By this definition,
the estuarine zone includes the margins
of the oceans.

Several years ago, the U.S. Depart-
ment of Commerce—seeking to learn
the value of the economic activity there
for calendar year 1964—made an inten-
sive study of the U.S. continental shelf.
Eight major economic activities were
identified: mining and petroleum; ma-
rine engineering; recreation; health
and welfare; transportation; food and
agriculture; defense and space; and re-
search and development. The level of
economic activity was estimated at
$21.4 billion, a total that included
operating expenses, investments, and
income. A little more than half the
money was spent for transportation
activities; nearly $4 billion was spent
for recreational activities; and about
$330 million was the dockside value of
the U.S. fishery catch from the con-

and not the land; it is part of a vital area. . . .
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“...our estuarine areas are limited . . .

in their ability to absorb abuse.”

tinental shelf area. The harvest of shell-
fish constituted the largest single por-
tion of the U.S. fishery catch value,
about 38%. If the investment for har-
vesting and processing the entire U.S.
fishery catch for 1964 were included,
then the total economic activity in
fisheries rose to about $1.4 billion, a
very respectable industry.

We cannot easily assay the nation’s
estuaries and estuarine zones. How can
we assign dollar-values to the relaxation
achieved by sportfishing in the tidal
waters, swimming, surfing, skin diving,
pleasure boating, or contemplating na-
ture in solitude?

Demands on the estuarine zone

As the economic value of the estu-
arine zone rises, and population pres-
sure increases, conflicting and compet-
ing uses of the estuaries become
dominant. Today, we have almost six
times as many people in the U.S. as we
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had a century ago. Since all of these
people, in some fashion, call upon, and
derive some benefit from, the estuarine
zone, the nation has been forced to
recognize that what it had in surplus,
it now has in jeopardy. Even seemingly
unrelated uses of an estuarine zone can
have dire consequences; a solution to
one irritating problem may engender
far more pressing problems. For ex-
ample, a pesticide that helps cherries
grow in unblemished splendor in a
Michigan valley orchard could result,
under certain circumstances, in a mass
of dead Coho salmon on the banks of
Lake Michigan. While supertankers
transport oil economically to all parts
of the world, a bit of carelessness re-
sulting in an oil spill can fill nearby
beaches with the carcasses of thousands
of oil-drenched waterfowl and suffo-
cate much of the shellfish. Modifica-
tions of estuaries through dredging op-
erations, filling in for real estate de-

velopment, the outpouring of wastes
from a city, fertilizer from nearby land
—all are capable of disfiguring and
destroying an estuarine zone.

Many people do not realize what
happens to the ecology of an estuary
when modifications are made in the
waterway. Unfortunately, even when
they do understand the consequences,
the short-term, rather than the overall
or long-term gain, may be the over-
riding reference for making such
modifications.

More intensive uses of our estuarine
zone are being planned continually:

* Bigger and more nuclear-fueled
power plants, are being located on the
coasts because they require very large
quantities of cooling water.

* Increased desalting of estuarine and
coastal waters, as technology improves,
is creating brine, heat, and radioactive
waste disposal problems; but desalting
also gives water to cities and to arid
lands.

* Increased pressure for housing and
commercial sites in estuaries is stimu-
lating the filling in of marshes and bays,
and resulting in soil erosion and run-
off of wastes from urban areas.

* Increased recreational demands, in-
creased channel dredging for marinas
and harbors, and shoreline modifica-
tions are promoting beach develop-
ment.

Need for optimum use

Often, the opportunities for short-
term gains can be very persuasive. A
major company recently requested a
lease from the Georgia Mineral Leasing
Commission to conduct extensive phos-
phate mining operations along the
Georgia coast. Reports indicate that
the firm must remove between 70-120
feet of overburden to get at the phos-
phate deposit. The overburden would
presumably be deposited in a coastal
marsh area. The company involved
says it will return the coastal region to
its natural state, which, incidentally,
would be very difficult to do. More to
the point, though, is whether the im-
mediate gain is worth the sacrifice;
whether, in fact, the suggested enter-
prise is in the public interest. There are
many problems in making such a judg-
ment. We do not know the economic
value of the Georgia coast as nursery
grounds for fish and as recreational
areas; it is possible that the mining of
phosphates could trigger a series of
red tide blooms, which could easily
kill the state’s fishing and tourist in-
dustry. Conceivably, the marshes and



beaches could be returned to their orig-
inal state if they were not obliterated
or changed in character. I suggest that
anybody who desires to change the en-
vironment should do so only with as
much knowledge as possible of the
implications of the change. These
should be clearly drawn for the gov-
ernmental bodies involved and for the
people who will be affected.

What this example illustrates is that
we must learn how to make optimum
use of our estuarine areas. Obviously,
they are limited in extent and in their
ability to absorb abuse. They are also
being called upon to serve more and
more masters, under more and more
difficult conditions. This brings forth
the now accepted notion of multiple
use of the coastal zone under which
compromises are introduced in order
to permit competing uses to coexist.
Harbors and healthy oysters can co-
exist, for example, if pollution levels
are held down; similarly, a properly
designed sewage treatment plant and a
swimming facility can coexist in the
same area. Water quality is the com-
mon denominator for multiple use of
the coastal zone. Here is an area where
the Federal Government and the states
can cooperate to produce a manage-
ment system to advance the public
purpose.

Marine commission and council

The Federal Government has been giv-
ing strong attention to the problems of
estuarine zones. Two groups — the
Commission on Marine Science, En-
gineering, and Resources; and the Na-
tional Council on Marine Resources
and Engineering Development—have
made major efforts in surveying activ-
ities in these zones, and in formulating
recommendations to use the zones in
the best possible ways. To this end, the
marine commission has completed a
study that makes long-range recom-
mendations to the President and the
Congress. Meanwhile, the marine
council, chaired by the Vice President,
through its Committee on Multiple Use
of the Coastal Zone, is coordinating the
many coastal zone interests of many
federal agencies and offices.

Army Corps of Engineers

The U.S. Army Corps of Engineers
is one of the strong influences in the
nation’s estuaries. The Corps has sble
authority to grant or deny permits for
dredging and filling in navigable wa-
ters, based on the Rivers and Harbors
Act of 1899. This Act is concerned

only with navigational aspects, but
more recent federal regulations have
given the Corps the responsibility to
prevent undue destruction of the na-
tion’s resource-rich estuaries as well,
at least in the Corps’ permit-granting
activities. As a result, the Corps states:
“The determination as to whether a
permit will be issued will be based on
an evaluation of all relevant factors, in-
cluding the effect of the proposed work
on navigation, fish and wildlife, con-
servation, pollution, and the general
public interest. The Corps will accept
comments on these factors, which will
be made part of the record and will be
considered in determining whether it
will be in the best public interest to
grant a permit.” Yet whether the Corps
can use other than navigational con-
siderations in denying a permit has not
been fully tested in court.

The Fish and Wildlife Coordination
Act, amended in 1958, requires the
Corps, and any other private or public
agency needing federal permission to
alter the course of any body of water, to
consult both the Fish and Wildlife
Service of the U.S. Department of the
Interior and the Wildlife Resources
Office of the affected state. The Act re-
quires that the recommendations of
both these resource agencies regarding
the wildlife aspect of the project be ex-
plicitly considered in the planning.

In another action to help preserve
our estuaries, Interior and the Army
Corps of Engineers signed an agree-
ment in 1967 to combat pollution in the
dredging, filling, or excavation of navi-
gable waters of the U.S. Field repre-
sentatives of Interior and the Corps
confer before the Corps decides
whether to grant a permit affecting any
navigable water.

Water quality and clean water acts

The next decade will be critical in
the preservation of the estuaries. If we
delay action until we fully understand
how an estuary behaves and reacts to
changes, we may be too late. The
estuaries may become stagnant, putrid
pools able to support only microscopic
life and fit only to be filled for real-
estate development. Fortunately, we
have the legal authority available now
for a vigorous program, as well as full
Presidential and Congressional sup-
port to get on with the job of pre-
serving our natural resources.

Congress created an effective instru-
ment for action when it required that
water quality standards be set for all
interstate waters. Congress defined these

waters in the Water Quality Act of
1965 to include all coastal waters. All
of the states, the District of Columbia,
Puerto Rico, Guam, the Virgin Islands,
and the Delaware River Basin Commis-
sion have submitted water quality
standards. Most have been approved as
federal standards. The remainder are
under active review by the Department
of the Interior.

The standards identify uses of the
waters, including agricultural, munic-
ipal, industrial, recreational, and fish
and wildlife use including shellfish;
they -indicate the water quality stan-
dards needed to support each use; and
they include plans to implement and
enforce these standards. Vigorous, co-
operative state-federal enforcement
and implementation of these standards
will upgrade water quality in the na-
tion’s estuaries.

Both the President and the Congress
realized it was necessary to set an ex-
ample for industry and the states in
helping preserve the nation’s natural
environment. President Johnson, in
mid-1966, issued Executive Order
11288, which seeks to keep federal
agencies themselves from changing the
quality of the nation’s water and water-
ways. The order insists—it does not
merely ask—that all federal polluters
take corrective action. Further, the
order requires that water quality be an
important consideration in the plan-
ning, construction, and operation of all
water resources projects, including new
activities as well as additions and re-
habilitation. The Executive Order com-
mits the federal establishment to what
the states are requiring of their cities—
secondary treatment of wastes.

Controlling pollution and meeting
water quality standards are costly. Con-
sequently, the Clean Water Restoration
Act of 1966 authorized $3.5 billion to
be spent over a four-year period to aid
construction of municipal waste treat-
ment plants. This money will help re-
move the backlog in construction of
waste treatment plants, and control the
municipal and industrial pollutants that
might otherwise reach our estuaries.

In addition to enforcing water qual-
ity standards, the Secretary of the In-
terior may authorize a conference to
enforce abatement of pollution when
the pollution occurs in an interstate
context, either on his own initiative or
at the request of a governor of any
state involved in an intrastate situation.
Forty - five enforcement conferences
have been initiated, 14 of which di-
rectly affect estuaries—Potomac River;
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Raritan Bay; Puget Sound; Boston Har-
bor; Escambia River; Pearl River; Mer-
rimac River; Mississippi River; Black-
stone and Ten Mile Rivers; Savannah
River; Hudson River; Moriches Bay
and the eastern section of Great South
Bay off Long Island; Penobscot River
and Upper Penobscot Bay; and the
eastern New Jersey shore from Shark
River to Cape May.

National Estuarine Study

A comprehensive study of many as-
pects of estuaries, the National Estu-
arine Study was authorized by Con-
gress in the Clean Water Restoration
Act of 1966. Led by the Secretary of
the Interior, with the cooperation of

other federal agencies, the study will
put forth an optimum management sys-
tem for the coastal zones. Specifically,
the completed report, due November
1969, will include: *. . . recommenda-
tions for a comprehensive national pro-
gram for the preservation, study, use,
and development of estuaries of the
nation, and the respective responsibil-
ities which should be assumed by fed-
eral, state, and local governments, and
by public and private interests.”

The recommendations will be based
on extensive hearings, which are being
conducted in the coastal states, to ob-
tain the view of state and local govern-
ment bodies, private organizations, and
individuals. Note that Congress asks

for recommendations for a national
program, not a federal program.
There is little that the study cannot
encompass: Congress was extremely
broad in its prescription and called for
a “comprehensive study of the effects
of pollution, including sedimentation,
on fish and wildlife, on sport and com-
mercial fishing, on recreation, water
supply and water power, and other
beneficial purposes. Such study shall
also consider the effect of demographic
trends, exploitation of mineral re-
sources and fossil fuels, land and in-
dustrial development, navigation, flood
erosion and control, and other uses of
estuaries and estuarine zones. . . .”
That is not all. The report will con-

“. .. the nation has been forced to recognize that what it had in surplus, it now has in jeopardy.”




tain an inventory of the nation’s estu-
aries and an identification of areas
where scientific knowledge is deficient.
The three elements of the National
Estuarine Study as it is envisioned to-
day are:

* An inventory.

* Anidentification of scientific knowl-
edge gaps.

* Recommendations for a national
management system.

A comprehensive management sys-
tem for the nation’s estuarine zones,
one that seeks to consider long-term as
well as short-term benefits of resources,
must arrange to:

* Understand estuaries.

* Direct an interim approach towards
saving endangered ones.

* Work up a long-term management
scheme for preserving them.

* Arrange for the most concerned
governmental bodies to have the strong-
est voices in deciding the destiny of the
estuaries.

Before we can manage, we must
measure. Consequently, an important
part of the National Estuarine Study
will consist of a thorough description of
estuarine areas and their resources, to-
gether with careful analyses of all pres-
ent uses, and projections of future uses.
This inventory will include assessmerts
of the present and potential damage
and losses to estuaries; in particular,
the state of pollution and physical
modification of the nation’s estuaries

will be identified.

The second element, that of identi-
fying scientific knowledge gaps in-
volved in estuarine processes, is essen-
tial for any management program. We
particularly need to understand the
ecological effects made by changes in
the physical and chemical environment
of estuaries. James Muir, the famed
nineteenth century naturalist, said that
whenever he picked up anything, he
found it was attached to everything else
in the universe. We will have to wait a
long time before we see even a part of
the web of these attachments. On the
other hand, many actions will have to
be taken based upon what knowledge
we have available. It would be a poor
doctor indeed who, because of his in-
complete understanding of the whole
of physiology, refused to administer
first-aid to his patients.

Interim actions to protect estuaries

It will probably be many years before
a national management system for es-
tuaries is worked out, converted into
legislation, and put into operation.
Meanwhile, there will continue to be
strong economic and political pressures
on local communities and districts to
accelerate the already increasing flood
of development projects in estuaries.
The pressure will be to make physical
modifications to the estuaries, together
with economic commitments, which are
virtually irreversible. However, it is in
the nation’s interest—and probably in

regional and local interests—to keep
open as many of its choices as possible,
at least until we know what we are fore-
closing. To err on the side of conser-
vation is advisable. The need, expressed
in sharply-drawn terms, is to make sure
there are estuaries left to manage
when a national management system is
adopted. To this end, all available exist-
ing legislation, executive orders, and
regulations should be used by the Fed-
eral Government and by state and local
governments to prevent — at least to
minimize — further irreversible degra-
dation of the estuarine zone.

State governments should strictly en-
force their water quality standards,
which have been set up for their estu-
arine and coastal zone waters; pollution
abatement actions should be initiated
whenever cause exists. States should be
encouraged to adopt appropriate tide-
land legislation, following model legis-
lation such as that in Massachusetts and
New Hampshire. Construction projects
in estuaries, which require permits from
the Corps of Engineers, should be care-
fully and severely scrutinized by both
state and federal agencies. It has been
suggested that a permit be issued only
when it conforms with a master plan.
Lacking a master plan, states should be
encouraged to develop a total or partial
moratorium until one is developed.
There is a precedent for this procedure
in the State of California’s Bay Con-
servation and Development Commis-
sion and in recent action by Florida’s
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“How can we assign dollar

Internal Improvement Fund.

During recent Interior Department
hearings, some witnesses suggested that
all federal agencies involved in granting
licenses—for example, the Atomic En-
ergy Commission and the Federal
Power Commission — or in granting
planning or construction funds to mu-
nicipalities or states — this includes
agencies such as HUD, the Economic
Development Administration in the
Commerce Department, and the De-
partment of Agriculture—should relate
the award of grants to the prevention
of estuarine degradation. The witnesses
also suggested that disposal of federal
surplus coastal lands to private develop-
ers should be suspended during this
moratorium period.

Long-term estuary management

An interim plan is clearly necessary,
but probably would not give adequate
weight to the legitimate needs for de-
velopment. We need to construct a
long-range plan for managing our es-
tuaries. Obviously, there are many legit-
imate uses for the estuarine zone. In
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general, no single interest should have
the right to use these areas to the ex-
clusion of others; rather, the manage-
ment system that is set up should per-
mit the most effective use.

A planning technique that might be
used would be to devise an optimum
resource utilization profile for each es-
tuary based on a thorough analysis of
the estuary’s value. For example, cer-
tain estuaries, or portions of estuaries,
might be set aside for aquiculture be-
cause of inherently favorable environ-
mental circumstances. In other estu-
aries, land development might be per-
missible and consistent with recreation
demands. Certain estuaries, on the
other hand, might be singled out for
preservation and acquired by the Fed-
eral Government or by state or local
governments. (Such a course is being
studied now by the Department of the
Interior under Public Law 90-454.)

The difficult question is who does the
planning and determines the system of
designating uses? And at what level of
government should this be carried out?
Today, approximately 16 federal de-

values to the relaxation achieved in the tidal zone?”

partments or independent agencies, 300
state agencies and 12 interstate agen-
cies, plus several thousand local agen-
cies have a significant involvement in
estuarine uses or management. All of
their efforts are highly focused. Nobody
appears to be looking at the collective
effect on the estuarine resources—as
distinct from specific effects on a water
resource or on a fish and wildlife re-
source, or on use as a waste disposal
medium.

Since the pollution introduced at one
point in an estuary has continuing ef-
fects elsewhere in the estuary, and since
the dredging of part of an estuary can
destroy the spawning grounds of fish
that mature in waters miles away, we
can see that spot zoning of these waters
could not lead to an effective manage-
ment system. If, as has been suggested,
the level of government involved in
managing estuaries for multiple uses
should be commensurate with the
range of interference in water uses, or,
alternately, with the entire extent of the
estuary, primary governmental respon-
sibility for estuarine management would



then go to the states; but the interests
of local governments must be safe-
guarded, as well as those of the Federal
Government, which represents the na-
tional interest. Interstate estuaries
would be managed by the bordering
states, through appropriate interstate
agreements and compacts.

Federal Government’s contribution

The Federal Government probably
should not participate directly as a
member of a management authority—
possibly called the State Estuarine
Management Authority — but should
instead provide:

* National leadership.

* A clear definition of national goals
and national interests.

* Guidelines to the states for assign-
ing multiple uses, for management, and
for enforcement. It is important, for
example, that a State Estuarine Man-
agement Authority be independent of
other state agencies, which represent
special interests in the use of estuaries;
that a mechanism be provided for ade-
quate consideration of local interests
most directly affected by zoning deci-
sions; and that proper representation
be given to the federal interests of navi-
gation, national security, and interna-
tional commitments.

* Funds on an equitable and match-
ing basis to each state or interstate au-
thority for its operation.

* Training opportunities, training
grants, and other means for producing
the management personnel for state
authorities.

* A general format for a continuing
inventory of the estuaries and coastal
zones. The states probably should have
the primary responsibility for the per-
petual inventory of their estuaries and
for studying their estuarine problems.

* A technique for value identification
and appraisal in order to provide some
objective standards for the rational zon-
ing of estuaries.

* Studies that have general rather
than local application. One example is
a national port study that would be
conducted by appropriate federal
agencies. Ports and harbors are gen-
erally built and maintained to satisfy
local and even regional needs. In the
process of dredging, leveeing and dik-
ing, many vital estuarine resources have
been destroyed. An appropriate study
would define the nation’s needs in

terms of major ports, off-shore termi-
nals, and other facilities for maritime
commerce in the light of new maritime
requirements. Perhaps the number of
ports and harbors could be cut down
radically and, consequently, some valu-
able estuarine areas saved or, at least,
rejuvenated.

* A general environmental monitor-
ing and prediction system. This would
provide important data and services
to the states and other governmental
units for estuarine management work.

The states probably should have a
major responsibility for studying the
scientific problems peculiar to their own
estuaries. The Federal Government
should be concerned with whether these
efforts are properly financed. Existing
programs could be utilized, such as
those of the National Science Founda-
tion, the Office of Water Resources
Research, the Federal Water Pollution
Control Administration, and the Bu-
reau of Commercial Fisheries. The Sea
Grant Program, established a few years
ago by Congress, may be suited for the
support of local universities which may
wish to engage in estuarine and near-
shore marine research and engineering.

We have gone full circle. We started
out with the familiar concept that often
we do not appreciate what we have
until we lose it. Our estuaries fall into
this category; they are immensely valu-
able and they are endangered by pollu-
tion and irreversible physical modifica-
tion. All levels of government—indeed,
all individuals—have a great stake in
using these areas in an optimum man-
ner. To do this, there must be various
interim measures so that we have viable
estuaries left to manage by the time a
long-range management scheme is in-
stituted. Such a long-range manage-
ment scheme would have to be based
upon some effective use allocation, with
full knowledge of an estuary’s potential
for development and its vulnerability
to destruction. To obtain this informa-
tion, we need to understand estuaries
scientifically and technically, as well as
in economic and social terms. We
would use this information to construct
an optimum management structure for
the nation’s estuarine zone to serve
public and private needs in the best
way possible. The National Estuarine
Study will contribute to this purpose
by providing recommendations for leg-
islative action.
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Nuclear methodsinairand
water pollution analysis

Nuclear methods are well suited

to the field of pollution analysis for a
number of reasons. The sensitivities ob-
tainable range from parts per million
down to 10* molecules, and embrance
the requirements of most pollution
analyses. The chemical nature of the
radioactive material can be controlled,
and the method can become uniquely
specific for the substance being deter-
mined. In fact, few other techniques
offer the specificity of nuclear tech-
niques. Furthermore, nuclear methods
stand apart in their relative freedom
from interferences. Radioactive ma-
terials are present in the environment,
but such natural occurring radioactiv-
ity offers little interference to analyti-
cal techniques.

With the exception of oxygen, nitro-
gen, and magnesium, most elements
have useable radioactive forms, pro-
viding unusual versatility. Like most
instrumental methods, nuclear methods
are fast, their speed depending only
on accuracy desired and quantity of
tracer available for measurement.

Simplicity of use and predictability
are other advantages of nuclear meth-
ods. Each nuclear decay scheme is
unique, a fact that often simplifies
measurement. Properties of radioac-
tive materials are well-known and fol-
low definite mathematical relation-
ships. Since these properties are a
function of the nucleus, they are un-
affected by the chemistry of the sys-
tem. The ability to make relative mea-
surements often simplifies the analysts’
work, in contrast to the tedium in-
volved in most analytical procedures
utilizing physical measurements.

Nuclear methods also have the ad-
vantage of low cost. Many procedures
involve only a few cents worth of ra-
dioactive material and equipment that
costs less than $100. Even the highly
sophisticated methods and equipment
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are no more expensive than those for
other analytical techniques such as
mass spectrometry, emission spectrom-
etry, and infrared spectrometry.

Disad methods

ntages of I

Nuclear methods are not the com-
plete answer to the pollution analysts’
problems, because chemists, engineers,
and technicians are seldom trained in
theory and application of nuclear meth-
ods. Few pollution analysts have had
even a two hour lecture course dealing
with nuclear technology, let alone a
course including some laboratory ex-
perience. Indeed, few schools offer
such courses. Academic and industrial
research labs are just now beginning
to train personnel, mainly through
short courses offered at the Oak Ridge
Associated Universities and major
state universities.

The second major hindrance to the
adoption of nuclear methods involves
adverse public reaction, often includ-
ing the reactions of upper manage-
ment, some research workers, and gov-
ernment officials. This opposition can
prevent application of nuclear methods
even though no health hazard is in-
volved. The continuing public rela-
tions programs of AEC and an increas-
ing number of enlightened technical
and nontechnical people are diminish-
ing this problem.

However, a good public relations
or educational program still must be
included in many large projects to pre-
vent serious interference. One good ap-
proach is to strongly publicize the fact
that federal regulations on use of fis-
sion-produced radioisotopes are being
adhered to, or even bettered. This of-
ten alleviates many of the public’s
fears. But the paper work and red
tape involved in compliance may ex-
ceed the technical problems, and so
slow down the work at hand as to com-

pletely kill it. Experience with regula-
tory matters helps overcome these
problems.

The last major problem of nuclear
methods—one which is slowly disap-
pearing—is availability of the proper
tracer. More commercial concerns are
producing tracers, and even foreign-
made products are becoming avail-
able. As specific needs become known,
complex radioactive compounds reach
the market. Radioactive forms of most
insecticides, for examples, now are
available as stock items; two years ago
they had to be specially synthesized.

Self-degradation of the tracer, im-
purities in the tracer, exchange, and
the isotope effect are some of the minor
disadvantages attached to nuclear
methods. The increase in the number
of technical articles dealing with nu-
clear methods proves that trained per-
sonnel using reasonable care can cope
with these problems. In 1946, 1.1%
of the articles in Analytical Chemistry
were on nuclear methods; in 1965, the
figure had risen to 7.4%. Similar in-
creases are apparent in other technical
journals. In the life sciences, radioiso-
topes are accepted just as any other
tool or technique. Only the training
and imagination of the user seem to
limit applications.

Early history

The beginning of nuclear science
can be traced back at least to Roent-
gen’s discovery of x-rays in 1895. Sub-
sequently, the nature and properties of
radioactive materials unfolded rapidly
through the work of Bequerel, Thomp-
son, Wein, the Curies, and Rutherford.
With Villard’s discovery of gamma ra-
diation in 1900, all simple modes of
nuclear decay and their half-lifes be-
came known. By 1915, the existence of
isotopes, the nature of the alpha parti-
cle and beta decay, and mass energy



equivalency (Einstein) were revealed.
In 1919, Rutherford observed the
nuclear reaction:

1N + 4He = 1H +170

This established transmutation and iso-
topes, and led to postulation of the ex-
istence of neutrons. Two of Ruther-
ford’s students, Cockcroft and Walton,
developed an accelerator and, in 1932,
accomplished the first artificial nuclear
transformation:

1H + "Li = 2¢He

The first artificial radioactivity was
produced a year later by the Joliets:

27Al 4 ‘He = n + 3P

From 1934 to 1938, Fermi studied
the (n,y) reactions of 68 elements and
found 47 radioactive products. During
the same period, Hahn and Meitner
bombarded uranium with neutrons,
hoping to produce element number 93.
In due course, the uranium atom was
split and the atomic era unfolded.

Not long after radiation and radio-
isotopes were discovered, scientists be-
gan to put them to practical use. X-
rays became an important tool in medi-
cine. Use of radioisotopes, which were
less available, grew a little more slowly.
The power of the radioisotope as a
tracer lies in the fact that it satisfies
the otherwise impossible criteria for
sophisticated tracing:

* The tracer must be identical to
the material being traced.

* At the same time, the tracer must
be detectable—different in some mea-
surable way from the material being
traced.

The first application of radioisotopes
as tracers came in 1913 when Hevesy
and Paneth used radium D (an isotope
of lead) to determine the solubilities of
lead sulfide and lead chromate in wa-
ter. Hevesy’s work included the first
tracer experiment in biology—he fol-
lowed the movement of lead in a bean
plant (1923); in 1924, he traced the
movement of bismuth in a rabbit
(1924)—the first tracer experiment us-
ing an animal. Hevesy used isotope di-
lution as an analytical method to de-
termine lead content in rocks in 1931,
and he and Levi used activation anal-
ysis to determine impurities in rare
compounds in 1936.

The principle behind the use of‘ ra-
dioisotope tracers is that radioactivity
is a nuclear property—only the nuclei
of the isotopes of an element differ.
Since chemical properties are func-
tions of electron clouds around the
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nucleus, radioactive isotopes generally
can be expected to behave in chemi-
cal reactions like their stable counter-
parts.

Because the radioactive and stable
isotopes of most elements exhibit iden-
tical chemical behavior, the radioac-
tive isotope makes a good tracer. How-
ever, hydrogen isotopes can show a
large deviation from this principle be-
cause the radioactive isotope has three
times the mass of the stable isotope.
This large mass difference may pro-
duce different rates of reaction of 3H
compared with 'H. With hydrogen,
this isotope effect may be quite large,
but except in rare instances, the mass
of the nuclei involved is large enough
to make the isotope effect negligible.
In some cases, the isotope effect is
helpful in explaining chemical reaction
mechanisms. Relative measurement
techniques can be used to compensate
for the isotope effect in work using
light element radioactive tracers.

Radioactive nuclei decay, or emit
radiation, at a predictable rate which is
expressed in terms of half-life. Each
nucleus has its own particular kind of
radiation:

« Alpha particles—nuclei of helium
atoms.

* Beta particles—positive or nega-
tive electrons.

* Photon—x-rays or gamma rays.

The radiation from a given nucleus

will have a specific energy or energy
range. Thus, half-life, type of radia-
tion, and energy of radiation uniquely
identify an isotope and assure correct
measurement.

Detection devices

Radiation can be detected by either
of two major types of sensors:

* Jonization or gas-filled detectors

* Scintillators
In special cases, the detectors can also
be photographic emulsions, solid state
devices, or spark chambers.

Ionization detectors that are avail-
able include ion chambers, GM (Gei-
ger-Muller) tubes, and proportional
counters. In these detectors, radiation
penetrating the gas-filled detector
chamber produces ions which are col-
lected by placing a voltage across two
electrodes in the chamber. In the ion
chamber, only ions formed by radia-
tion are collected; thus, the electrical
current is a function of the amount of
radiation.

The higher voltages used in propor-
tional and GM detectors produce sec-
ondary ionization by accelerating the
primary ions, which then collide with
other gas molecules. This ion multipli-
cation results in each radiation interac-
tion in the chamber producing a volt-
age pulse from the detector. Propor-
tional detectors give millivolt pulses,
while GM tubes give pulses as large
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as 10 volts. GM tubes are very sensi-
tive because any radiation interaction
produces an output pulse. However,
GM tubes do not discriminate as to
the kind of radiation or its energy.
Proportional counters and ion cham-
bers do discriminate.

Scintillation counters also discrimi-
nate as to energy of radiation. In these
detectors, materials such as Nal(Tl),
ZnS, anthracene, and diphenyloxazole
convert radiation energy into light.
Photomultiplier tubes observe the light
and convert it into electrical pulses; the
amplitude of the pulses is proportional
to the amount of energy deposited in
the scintillator by the radiation interac-
tion. Nal(TIl) crystals are used to pro-
duce gamma spectra, and solutions of
organic scintillators are used to count
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beta particles. Both techniques result
in excellent sensitivity.

Nuclear techniques

The extreme sensitivity with which
radioactive materials may be detected
and measured accounts for only part of
the value of nuclear analytic tech-
niques. The existence of a useable ra-
dioactive form of most elements,
coupled with the nearly identical be-
havior of most radioactive and stable
forms, gives the analyst one of the
most powerful tools of his trade. With
it he can trace an atom in a compound;
a functional group; a compound; a
class of compounds; or a phase, sim-
ply by choosing the proper radioactive
material and detector system. As we
have seen, important assumptions are

implicit in the application of radioac-
tive tracers:

* Radioactive and stable species be-
have identically.

* Radiation produces no change in
the system.

* In biological systems, the radio-
tracer or carrier produces no physio-
logical changes.

* The tracer has no labeled impuri-
ties.

* Only labeled atoms are traced.

* Tracers produce data unavailable
or inconvenient to obtain by other
methods.

Isotope dilution

A number of nuclear techniques are
available to the pollution analyst. One
of these, isotope dilution, offers an al-
ternative to quantitative recovery of
very tiny amounts of material from a
sample or one component from a com-
plex and closely related mixture of
similar compounds. A small quantity
of the radioactive form of the material
to be determined is added to the sam-
ple mixture. Once the pure material is
isolated and measured, the recovery
yield can be calculated from measure-
ment of the radioactivity. In this way,
the yield can be corrected for losses
in the separations needed to obtain the
pure material. Isotope dilution, in fact,
allows the analyst to make quantitative
analyses without quantitative recovery.

This formula describes the correc-
tion made using the tracer:

Wt.unknown = Wl.tracer added X

(M_ 1)
Sp. Act.recovered compound

or

= Wl.recovered compound X

Act.sadea
e | '— Wl ases added

Actsosvered sompound
Because measurement of radio-
active material is extremely sensitive,
the tracer can be added in small
amounts compared to the quantity of
material being traced. The formula
then simplifies to:

Wt.unknown = Wl.tracer added X
(*Sp. Act.iracer )
Sp. Act.recovered compound
or

iCt-added )

= Wt.recovered compound (
Act.recovered

Determination of the gamma-isomer



of benzenehexachloride in insecticides
is a straightforward illustration of
the technique. As little as 0.6 uc of
the gamma-isomer, tagged with 14C
or 36Cl, is added to a mixture of the
technical or commercial material. The
pure gamma-isomer is obtained by sol-
vent extraction or column chromatog-
raphy; constant specific activity indi-
cates recovery of a pure specimen.
The activity of a known amount of
the recovered isomer is measured in
the same fashion as the activity of the
added tracer is measured; a simple
calculation gives the amount of the
gamma-isomer present.

The determination of fluorine con-
tamination of tooth enamel illustrates
the sensitivity of this method. As
little as 0.1 p.p.m. F— is measured
in a few minutes by adding carrier-
free 18F as F— to a solution of the
enamel. The tagged solution leaves
F~ on a glass slide after pH adjust-
ment. The amount of 8F— left is in-
versely proportional to the F— con-
tent of the sample. The quantity is
determined by comparison with a set
of standards.

This variation on the normal iso-
tope dilution technique is not the only
possibility—reverse, double, satura-
tion, and substoichiometric isotope di-
lution methods also have been used.
The National Bureau of Standards ex-
cels in these techniques, reporting sen-
sitivities for metal ions in the 10—4
g./ml. to 10—10 g./ml. range with good
accuracy. In one example of this work,
as little as 30 pg of Cl— is measured by
adding 36Cl— and precipitating with
less than a stoichiometric amount of
Hg+. Even lower measurements should
be possible with greater specific ac-
tivity of 36Cl—.

Radiorelease

Radiometric analysis occupies a
niche closer to the traditional tech-
niques of the pollution analyst. One
radiometric technique, radiorelease,
has already been applied to air and
water pollution problems. Radiore-
lease has the advantage of being able
to produce continuous measurements
in an automated system, also as well as
providing a sensitive laboratory tech-
nique. %
In radiorelease analysis, the material
being determined replaces or releases
a radioactive substance from a matrix.
The radioactive substance is collected
and counted, and the measured ac-

tivity relates directly to the quantity
of material producing release of the
radioisotope. This technique can be
quite selective, or even specific, as
well as extremely sensitive.

One of the more promising ap-
proaches to radiometric analysis in-
volves kryptonates. The isotope 8°Kr
is encaged in a crystal lattice of hydro-
quinone by crystallizing from solu-
tion under a pressure of 60 atm.
Any strong oxidant destroys the clath-
rate, or cage, of hydroquinone-krypton,
and releases 85Kr. Separation or re-
moval of unwanted oxidants by gas
chromatography or appropriate ab-
sorbants permits the desired oxidizing
agent to be detected at the p.p.b.
level in air. This technique has been
used for O, SO,, NO,, Cl,, and ClO,,
both in batch and continuous analysis.
Release of absorbed 8Kr from various
materials gives a measure of H, at
the 0.01% level, or F— at 2ug/ml.

Similar techniques provide for
measurement of SO, by release of 131];
dissolved oxygen in water by releasing
204T1; Cry0;—2 water tracer by re-
leasing 11°Ag; and coliform bacteria
by producing [1*C] CO, from [C]
formates. Sensitivities at the p.p.m.
level or below have been reported
for these methods. By using higher
specific activities, sensitivities as low
as one part in 1012 are possible. For
example, few cells of coliform can be
detected in about four hours, includ-
ing incubation time.

Radioisotope derivative analysis

Radioisotope derivative analysis has
good specificity, sensitivity well below
the p.p.m. range, and is quite direct
and predictable. In spite of this, and
in contrast with radiorelease, few uses
of the method related to pollution
analysis have been reported.

Radioisotope  derivative analysis
works this way: A stable compound
is formed in a reaction between the
substance to be determined and a
tagged reagent. After reaction is com-
plete, excess reagent is removed, and
measurement of residual activity gives
the quantity of substance present in
the sample through the relationship:

Sp. Act.derivative

mmol unknown =
Sp. Act.reagent

This technique is applicable to less
than microgram amounts of ions or
compounds separated by such tech-

niques as paper and thin-layer chroma-
tography. Metal ions can be precipi-
tated on their chromatograms with re-
agents such as [35S] sulfide or -sulfate,
[32P] phosphate, or [131I] iodide or
-iodate. Sensitivities as low as 0.01 pg
for metal ions separated by paper
chromatography are possible using
radioactive precipitants.

The excellent sensitivity possible
with radioisotope derivative analysis
is shown best by work outside of pol-
lution analysis; end-ground analysis
in nylon using 20-50 mg. samples is a
good example. Similar problems of
sensitivity and sample size exist in
pollution and could be solved by
derivative analysis.

Radiometric titration

Radiometric titration offers the ad-
vantages of sensitivity, speed, and
automation to the pollution analyst.
However, this technique has not yet
been incorporated into general pro-
cedures in pollution analysis. Using a
radioactive reagent, titrations of Cl—
and SO,—2 can be performed at the
10-50 p.p.m. level under conditions
that preclude the use of the usual in-
dicators. The radioactive reagent acts
as its own indicator, or can be used
as the indicator when stable reagents
are used. End points can be located
by making two additions of reagents
before and two additions after the
end point. By taking a count on the
supernatant liquid after each addition,
the end point is located as it is in
conductimetric titration. Application to
precipitation reactions such as Cl1—, I—,
CrO4—2, and CN— by Ag+*; Cl— by
Hg,*2; Ba—2 and Pb+2 by SO,—2;
and F— by Cat+2? have been reported
with sensitivities in the 1-5 p.p.m.
range.

Method studies

Of considerable importance to the
pollution analyst is the use of radio-
isotope tracers to calibrate analytical
methods, to study reaction stoichio-
metry, to determine sample losses,
separation efficiencies, contamination,
and interferences, and to prepare an-
alytical standards.

Many standard analytical methods
have been examined using radiotracers.
This examination becomes more neces-
sary when a given method is pushed
to lower sensitivities or is used to
handle varieties of matrices and small
sample sizes. A good example is the
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analysis for amine groups using di-
nitro-fluorobenzene. While not directly
applicable to pollution work, it does
illustrate the use of tracers to study
reaction stoichiometry and also to
calibrate an analytical procedure.

Another common method study uses
a radiotracer to establish and follow
losses of a material being analyzed.
By adding a minute amount of tracer,
the analyst can readily locate sample
losses at any point in a procedure and
correct his final measurement for the
losses. For example, vaporization of
metals from samples being analyzed
by arc spectroscopy can be measured
by the use of radiotracers; tracer
methods have also proven that differ-
ent ashing procedures for the concen-
tration of Sb, Cr, Fe, Pb, and Zn
samples show quite different losses.
Of particular importance to water pol-
lution analysis are recent studies in-
dicating that traces of metal ions are
adsorbed from solution on the walls
of storage containers. Losses to glass
and plastic container walls, including
Teflon, can be almost 100% over long
storage periods. With the insight pos-
sible with tracers, procedures can be
established to minimize such losses
when they are known to exist.

The major use of radiotracer anal-
ysis is to determine the efficiency, as
well as the losses, of various separa-
tion processes. Almost any conceivable
separation technique can be studied by
radiotracer methods, including all the
separation and concentration tech-
niques of air and water pollution
analysis. Precipitation and coprecipita-
tion, filtration, electrodeposition, crys-
tallization, zone refining, sublimation,
distillation, adsorption, extraction, and
chromatography are some of those that
have been documented. Many of these
studies have evaluated the technique
at trace levels. Radiotracers provide
the sensitivity necessary to accurately
measure less than 1% losses or in-
complete separations at trace concen-
tration levels.

Tracer studies cover work as classi-
cal as the precipitation of BaCO,,
iridium from solution with platinum
group metals, and magnesium as
MgNHPO,, and as modern as the
use of organic precipitants. Changes
in the nature of the precipitation easily
become apparent when tracers are
used, and the sensitivity of tracer
measurements presents the analyst with
the necessary tool for coprecipitation
studies. Adding a minute amount of
tracer to the real sample, and measur-

General license quantities of radioactive isotopes

The radioisotopes listed below are available to knowledgeable individuals without
a specific USAEC license. An individual may possess and use as many as 10 of
the quantities below if they are not combined, human consumption is prevented,
and proper precautions are used in handling. These are sufficient quantities for

many analytical purposes.

Radioisotope

Sbh-124
Bala-140
Ca-45
CeBa-137
Cr-51
Cu-64
Ga-72
Au-198
1-131
Fe-55
La-140
Mo-99
Nb-S5
PdRh-103
Po-210
Re-186
Rb-86
Ag-111
Na-24
SrY-90
Ta-182
TI-204
W-185
Y-90
As-76
CdAg-109
C-14
ClI-36
Co-60
F-18
Ge-71
H-3
1r-192
Fe-59
Mn-52
Ni-63
Pd-109
P-32
K-42
Rh-105
Sc-46
Na-22
Sr-89
S-35
Te-127
Sn-113
V-48
Zn-65

microcuries/package

any form sealed source

i 10
1 10
10 10
1 10
50 50
50 50
10 10
10 10
10 10
50 50
10 10
10 10
10 10
50 50
0.1 1
10 10
10 10
10 10
10 10
0.1 1
10 10
50 50
10 10
i 10
10 10
10 10
50 50
1 10
1 10
50 50
50 50
250 250
10 10
i, 10
1 10
X 10
10 10
10 10
10 10
10 10
1 10
10 10
i 10
50 50
10 10
10 10
1 10
10 10
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ing radioactivity in the filtrate, makes
a very sensitive and accurate check for
completeness of precipitation under
true analysis conditions.

Efficiency of smoke filters can be
determined by radioactive tracers.
Tracers can point out electrodeposition
of contaminant metals as well as in-
complete plating. In zone refining,
the use of radioactive tracers and re-
action activation of the impurities
shows the amount and location of
trace impurities through autoradiog-
raphy.

Sublimation and distillation problems
also succumb to the application of
tracers. The material being recovered,
or the entrainment of residue, is fol-
lowed easily. For instance, in the re-
moval of fluoride from phosphate, the
conditions giving complete recovery of
fluoride can be determined using
tagged fluoride, and entrainment of as
litle as 0.0045% of the phosphate can
be followed using labeled phosphate.

Solvent extraction is another fertile
field for tracer separation studies.
Separation and concentration of many
metal ions have been studied. Sensi-
tivities as low as 10—9 moles are pos-
sible with tracers. Partition coefficients
can be determined by counting samples
of the two phases involved. The com-
pleteness of separation and reproduci-
bility of the technique involved is
easily measured, even at concentrations
below present spectral quantitation
techniques.

138 Envir I Sci & Technology

Rate meter  Recorder
Injection of \ —
pulse of tracer M
] |
l — Detector
NaCl by '°Ag § B—3
T
| d 1 UTracer
I i
Velocity = d

time

Flow rate = d(cross sectional area)
time

Radioactive tracers are finding con-
siderable use in chromatography. They
can identify substances separated by
paper or thin-layer chromatography
when parallel runs of unknown and
knowns do not work. Autoradiography
pinpoints the tracer without disturbing
the chromatogram. Losses by irrever-
sible adsorption can be studied and
tailing can be detected without inter-
ference from a blank. The tracers also
offer the advantage of external con-
tinuous monitoring of the effluent from
column chromatography. Tracers can
give calibrations in gas chromatog-
raphy without disturbing the qualita-
tive or quantitative analysis being car-
ried out. Loss and degradation on
gas chromatography columns is easily
noted using tracers.

Radioactive tracers are playing an
important part in preparation and
purification of chemical reagents.
Without them, ultrahigh purity re-
agents for trace analysis probably
would still be unknown. Preparation
of analytical standards for new ma-
terials is a problem that has come to
the polymer chemist but not yet to
the pollution analyst. Radioactive ma-
terials have aided in preparation of
unambiguous standards for new ma-
terials when no other satisfactory
standards were available.

Tracing

Tracing stands as one of the most
unique applications of radioactive ma-

Figure 8

terials, and tracing of almost every
conceivable substance or system is
reported in the literature. Much of
this work either relates to problems
similar to those met in air and water
pollution control, or specifically deals
with solution of a pollution problem.
In general, these problems require
measurements of flow rate, descrip-
tion of flow patterns, calculation of
system volume, location of contamin-
ant origin, and determination of rate
of contaminants added to a system.
Examples of flow rate measurements
of interest in pollution control include
studies of sewage plant output, indus-
trial plant discharges of liquid or
gaseous wastes, and auto exhaust. Such
flow rates can be measured by two
methods:

* Peak to peak timing utilizes a
pair of radiation detectors a known
distance apart along the flow system.
A pulse of radioactive tracer is added
upstream of the two detectors. The
time for passage of the tracer between
detectors permits calculation of flow
velocity; knowledge of the crosssec-
tional area of the system yields volu-
metric flow rate:

Volumetric flow rate =

distance between detectors
time between radiation peaks

X (cross-sectional area)
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* The total count method is ap-
plicable to systems in which cross-
sectional areas are unknown or ir-
regular. In this technique, a known
amount of tracer introduced upstream
from a single calibrated detector pro-
duces a radiation reading inversely pro-
portional to the system flow rate. The
faster the system flows, the less radia-
tion is detected. The tracer must be
introduced far enough upstream to per-
mit complete mixing in the system:

Volumetric flow rate = detector calibra-

. activity introduced
tion factor { ———————
counts detected

. . counts/unit time
detector calibration = — — —————
activity/volume

In much the same fashion, flow pat-
terns of contaminants from sewage
and industrial plants in rivers, bays,
and settling tanks are traced. Effluents
can be followed with radiation de-
tectors far past the limits of dilution
for nonradioactive chemical or bio-
logical components. Reliable data are
obtained miles from the contaminant
source; even vertical profiles can be
established.

One could list other examples:

* Leaks from sewers and water lines
can be located precisely.

* Particulate material in streams or
the atmosphere can be tagged and fol-

lowed for considerable distances.

* Toxic materials in soil, food, air,
or water can be followed into bio-
logical systems and their residence
time and chemical fate determined.

* In a few cases, naturally occur-
ring radioactive tracers point out the
answer to a pollution problem. Both
carbon-14 and hydrogen-3 occur in
nature. Their concentrations in air and
water depend upon the history of the
system. A knowledge of the concen-
tration of the natural tracers shows
the source of encroachment into
coastal aquifers and stratification of
water in lakes.

Radiation absorption

Nuclear radiation absorption finds
only a few applications in air and water
pollution studies. The important ap-
plications are in moisture measure-
ment and gas chromatographic detec-
tors. Gages using x-ray emissions from
199Cd can measure continuously the
silt content of streams and rivers.
Measurement of the density of the
atmosphere is also possible.

Moisture content measurement of a
variety of materials uses the property
of hydrogen either to stop electrons or
to thermalize neutrons. Hydrogen
gages using beta sources (electrons)
are applicable only to low atomic num-
ber materials—usually giving hydro-
gen-carbon ratios. Thermalization of
neutrons is applied more widely, being

used for moisture content in minerals
and fertilizer, as well as for hydrogen
content.

The use of beta radiation sources in
gas chromatographic detectors is well
known. The ionization and electron-
capture detectors, with their extreme
sensitivity, are used for many air
pollutants, and insecticide studies
utilize the beta particle from isotopes
such as tritium 3H, %3Ni, and 9°Sr as
excitation sources. Such detectors carry
the major load in the analysis of
volatile pollutants.

Activation analysis

In the area of elemental analysis,
no other instrumental technique offers
the sensitivity and versatility of acti-
vation analysis. For trace analysis, no
other technique possesses the freedom
from reagent contamination by the
element being analyzed. Activation
analysis also possesses advantages of
speed, simplicity, specificity, and non-
destruction of the sample.

This method involves making radio-
active those elements of interest in the
sample. Generally, exposure to neu-
trons in a nuclear reactor produces the
radioactive species. The reagent is the
neutron, and the only sample handling
necessary is encapsulation in poly-
ethylene. Thus, addition of foreign ele-
ments or increasing the amount of de-
termined element in the sample is
avoided.

After activation of the sample along
with a standard, the induced activities
are measured. The quantity, energies,
and half-life of the induced radiations
are determined using gamma spec-
trometry. The energy and half-life of
the radiations from the sample identify
the element activated; the quantity of
the radiations relate directly to the
quantity of the element. Calculations
use the simple relationship:

Wt.clement = Wl.element in standard X
(Activity.mkmwn>
Activitystandard
Using high flux reactors, sensitivities
for many elements are well below 1
p.p.m. in 1 gram samples. Other
irradiation techniques such as high en-
ergy photons and charged particles can
be used but, as yet, are not as useful
generally as the neutron bombardment.
To get maximum sensitivity, some

elements require chemical separation
after irradiation. Separation after irra-
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diation avoids contamination of the
sample. In fact, a known quantity of
the element being detemined is added
to the sample to act as a carrier for
the small amount of radioactive ma-
terial. The element then is recovered in
an appropriate pure form and its
radioactivity measured. Chemical yield
of the carrier corrects the radioactivity
measurement for losses in the chemical
separation. Such procedures produce
sensitivities in the nano- and picogram
range.

Application of activation analysis to
the field of air and water pollution is
still in its infancy. Air has been ana-
lyzed for argon, beryllium, iodine,
bromine, chlorine, and selenium. Ar-
gon, arsenic, barium, bromine, chlo-
rine, calcium, iodine, potassium, man-
ganese, selenium, sodium, strontium,
sulfur, thorium, and zinc and be de-
termined in water. In addition, con-
siderable work has been done with
trace elements in biological materials
and should be applicable to pollution
in the environment. Activation analysis
also permits use of nonradioactive
tracers to follow air and water move-
ments without the tracer contributing
to a pollution problem.
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Future prospects

The brightest prospects for nuclear
methods probably are in the areas of
method studies and automation of
analyses. Radioactive tracers offer sen-
sitivity, uniqueness, and simplicity in
examining an analytical method. Gen-
erally, limited quantities of radioiso-
topes are available without a specific
AEC license. These quantities are large
enough to permit study of many ana-
lytical methods.

Tracers will be used almost routinely
in the future to check a new analyti-
cal method or to extend an existing
method to new samples or lower sen-
sitivities. Only nuclear tracers permit
such studies with ease and assurance
of what is happening. Tracers often
can locate and correct problems in an
analytic method in less time than that
required to check against an extensive
series of carefully prepared standards.

Measurement of radioactive decay
offers a simplification of the automa-
tion of chemical procedures. Con-
tinuous measuring equipment already
is available and has been incorporated
into operable devices. Simplicity and
sensitivity, as well as predictability,
push instrumentation toward nuclear
measurement techniques.

Two serious problems still prevent
nuclear methods from taking their
proper place in the analyst’s tool kit.
The first, training the analyst, is dis-
appearing slowly. More schools are
offering courses in nuclear applications
as faculty and facilities become avail-
able. Many are aimed at the industrial
technical man. Short courses in nuclear
science have been offered at the Ameri-
can Chemical Society meetings,
Atomic Energy Commission facilities,
and at universities. Universities with
nuclear science programs are injecting
a number of informed and capable
scientists into technical laboratories
across the country.

The second problem is that of pub-
lic education and acceptance. This
problem too, is disappearing slowly.
AEC bombards the public with free
technical and semitechnical publica-
tions, films, and news items. State
nuclear agencies also contribute. Pub-
lic school textbooks, as early as the
5th grade, present peaceful uses of
nuclear energy and relate radioactivity
to other normal physical phenomena.
Nuclear techniques, especially gaging,
are becoming commonplace in all areas
of manufacture and production.

From these, the average person gets

firsthand experience with the applica-
tion of nuclear energy. With such ex-
perience comes the realization tha
nuclear energy can benefit man anc
can be controlled. Technical accep-
tance is here—public acceptance is not
far away. Widespread application mus!
be riear.
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Computational Analysis of Transient Response to Quantitative

Shock Loadings of Heterogeneous Populations in Continuous Culture

F. F. Storer! and A. F. Gaudy, Jr.

Bioengineering Laboratories, Oklahoma State University, Stillwater, Okla. 74074

®m Heterogeneous populations of sewage origin were grown
aerobically on a synthetic waste (glucose as carbon source)
in a continuous-flow completely mixed reactor. After estab-
lishment of a “steady-state” condition, the system was sub-
jected to a threefold step increase in feed concentration and
the transient response was observed. The transient value of
cell yield was not constant; the transient values of the specific
growth rate constant were not consistent with those predicted
by the Monod equation at various substrate concentrations
observed during the transient state. Experimental evidence of
“growth rate hysteresis” was obtained.

I he behavior of microbial populations under various
environmental conditions has been of long-standing
interest in almost all areas of industrial fermentations. More
recently, considerable attention has been given to delineation
of the transitional character of continuously cultured systems
when subjected to changes in the environment (Eckhoff
and Jenkins, 1966; Gaudy, 1962b; Komolrit and Gaudy,
1966a; Krishnan and Gaudy, 1965). This does not belie the
importance of characterizing the initial and final steady states
(before and after the environmental change), since, for any
process, such information is vital for the selection of optimal
operational procedures. However, some processes are at
times subjected to rather severe environmental pressures, and
it is important to know the severity of disruption of the
steady state for various types and degrees of external changes
(shock loading) which may be imposed upon the system.
Biological processes for treatment of waste waters (in the
present instance, the activated sludge process) are perhaps
subjected to more severe environmental changes than most
other processes, and delineation of the transient response is
vital to prediction of the severity and duration of the ensuing
disruption of the steady state. Since heterogeneous populations
are employed in the treatment of waste waters, the problems
of predicting the response are magnified. The type of shock
loading considered in the present réport, the “quantitative”
shock load (Gaudy and Engelbrecht, 1961), consists of a

1 Present address, Phillips Petroleum Co., Bartlesville,
Okla. 74003

change in the organic loading, in the present case an increase
in the concentration of carbon source. Many other types of
shock loads are known; however, kinetic analyses and the
prediction of the response to these types of shock are repre-
sentative of more complicated problems than the quantitative
shock load. This latter type of environmental change has
received the attention of both basic and applied scientists
interested in continuous culture growth kinetics.

Methods used for predicting transient performance of con-
tinuous cultures (Luedeking and Piret, 1959; Moser, 1957;
Northam, 1959) and of the activated sludge process (Eckoff
and Jenkins, 1966) are all based upon the Monod equation
(Monod, 1949) or some simplification of it.

S
= 1
© ”ml:Ks—kS} (¢))

This expression states the relationship between the specific
(logarithmic) growth rate, u, and the concentration of the
growth-limiting nutrient, S. The maximum logarithmic
growth rate, u., and the saturation constant, K., are assumed
to be constants which are characteristic of the system studied—
i.e., the cells and the substrate. Natural microbial populations
have been shown to perform as predicted by the Monod
equation when the carbon source, measured as the chemical
oxygen demand (COD), is the growth-limiting nutrient
(Gaudy et al., 1967).

The rate of change of biological solids concentration, dX/dr,
and the rate of change of substrate concentration, dS/dt,
can be given by the equations (Herbert, 1961)

X

= wX) — D(X) @

@8 . s 8
= D(S:) — D(S) Y 3

where D is the dilution rate, S; the substrate concentration in
the inflowing feed, and Y the cell yield. Y is defined as the
ratio of the rate of solids production due to cell growth to
the rate of substrate consumption during growth:

~@)E,

The familiar steady-state definition of cell yield is obtained
by setting dX/dt and dS/dt = 0in Equations 2 and 3:
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Y=—2— 5
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A time-dependent solution of Equations 2 and 3, assuming
the cell yield to be constant, has been given by Moser (1957):

Si = SUY) — X =[(Si — S)(Y) — X)) (6)

where S, and X, are the concentrations of substrate and cells
at initiation of the transient state—i.e., at time zero.

The value for u given by the Monod equation may be sub-
stituted into Equations 2 and 3, leading to the following
expressions for the rate of change of biological solids con-
centration and rate of change of substrate concentration:

dx [ S
= fm

@ K+ S

ds S 1
> D) — D(S) — pn [1?;?9:‘(?) x ©®

A general solution of the above equations is not possible. A
numerical solution was obtained by Northam (1959). Time-
dependent solutions have been found by making simplifica-
tions of the Monod equation. Luedeking and Piret (1959)
obtained a solution by assuming that the substrate concen-
tration was sufficiently high for the specific growth rate to
be nearly equal to the maximum specific growth rate. Solu-
tions of Moser (1957) and Eckhoff and Jenkins (1966) were
made on the assumption that the substrate concentration is
sufficiently low so that the specific growth rate can be approxi-
mated by the following equation:

o i (g) ©

Each of these methods for predicting transient performance
assumes that the cell yield is constant throughout the tran-
sient state.

Concerning the incorporation of the Monod relationship
or any modification of it in equations for the transient state,
another intrinsic assumption is made. If this relationship—
i.e., Monod’s—between S and y is assumed, for each change
in S during the transient state there must be an instantaneous
change in p. From a theoretical standpoint, this assumption
would not appear to be valid, since it implies instantaneous
acclimation to the incremental changes in the environment
as S either increases or decreases. Various metabolic control
mechanisms governing microbial growth and substrate utiliza-
tion are well known; various aspects of these mechanisms
have been studied in our laboratories, using both heteroge-
neous populations and pure cultures (Gaudy and Gaudy,
1966). These metabolic regulatory systems for enzyme pro-
duction and enzyme function not only control the specific
enzyme(s) which will be produced, but provide a means of
controlling the rate of their production or function, and thus
controlling the growth rate. These mechanisms not only
provide a means of successfully responding to changes in
the environment, but also help to buffer the organisms against
such changes.

It is widely accepted that a finite time is required to syn-
thesize the necessary enzyme complement for a particular
growth environment. If the concentration of substrate
changes, it is reasonable to expect that some time will be
required to bring the enzyme complement to a level corre-
sponding to the new substrate concentration in the reactor.
Thus, there should be a finite time period wherein u increases
to the level imposed by S upon the system. The change in u
in response to a change in substrate concentration cannot,

] X — D(X) @)
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therefore, be expected to be instantaneous. During the tran-
sient state caused by an increase in substrate concentration,
u will not correspond to S, as predicted by the Monod equa-
tion, but will be accelerating toward it. Therefore as substrate
in the reactor increases, the actual u observed will be ex-
pected to lag behind the u predicted by the Monod expression.
If, on the other hand, slbstrate concentration is reduced
because of an increase in cell concentration subsequent to a
step increase in feed, the enzyme levels maintained for the
higher S values cannot be expected to be dissipated immedi-
ately, and u observed in the reactor would be expected to
lead (or be higher than) the value predicted by the Monod
relationship for the instantaneous value of S.

A kinetic theory predicting that for increases in S, u will
be smaller, and for decreases in S, u will be larger than that
expected in accordance with the Monod equation was de-
scribed originally by Perret, and this deviation was termed
‘“growth rate hysteresis” (Perret, 1960). Based upon the
purely metabolic considerations cited above, the occurrence
of growth rate hysteresis seems to be an essentially correct
and potentially useful postulation. If the growth rate hys-
teresis phenomenon is manifested in a system during the
transient response, it would negate any theoretical validity
for use of the Monod equation during the transient state.
However, this should not militate against the general appli-
cability of the equation to steady-state situations. As pointed
out by Perret, Monod intended the relationship he discovered
to apply to the limiting logarithmic growth rate (in both batch
and continuous flow systems) and not to the transient growth
rate.

Investigational Approach

Various aspects concerning growth and substrate removal
in the transient state, due to an increase in substrate con-
centration, require experimental investigation and analysis.
For example, one may pose the question: In view of the postu-
lated phenomenon of growth rate hysteresis, can the Monod
expression or any of the previously attempted modifications
of it be used to depict the transient response? This question
can be approached in two ways. One can establish a biological
system in the “steady state’’ employing an “externally con-
trolled” chemostat (Komolrit and Gaudy, 1966b), then im-
pose an increase in feed concentration and observe changes in
the biological solids and substrate concentrations in the
reactor (or in the effluent) during attainment (transient state)
of the new steady state. To gain an insight into the ability
of the Monod relation to describe the transient state, values
of the constants u,, K, and ¥ may be determined for the
system, and using these values in Equations 7 and 8, the
corresponding values of X and S may be calculated and
compared with the observed values. The values of the con-
stants u., K;, and Y may be determined in several ways—
i.e., from batch data, or from steady-state data (Gaudy,
Ramanathan, et al., 1967; Herbert, 1961). Alternatively,
with the aid of a computer, one can determine which combina-
tion of values for these constants most closely permits a fit
of the experimental data. If no combination of reasonable
values for these constants can be found which does fit the
observed response, it can be concluded that some doubt exists
as to the applicability of the relationship for describing the
transient state. Another approach would be to test the
occurrence of growth rate hysteresis.

In the present study, the approach taken can be described
with the aid of the hypothetical response shown in Figure 1.
The top graph (14) shows the biological solids concentration,
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X, and the substrate concentration, S, at the start and end
of a transient state response to a fairly large increase in
concentration of inflowing substrate. The response shown is
one in which the substrate removal efficiency is disrupted, the
system recovers, and a new steady state is approached. Having
previously determined the values of .., K;, and Y, the value
of u at any substrate concentration—e.g., Si, S», etc.—can be
calculated in accordance with the Monod equation, and
plotted as shown in the solid line curve of Figure 1B. On
the other hand, one may assume that the transient u is simply
a function of time rather than substrate concentration. The
slope of the biological solids curve at any point in time—
e.g., at X; and X, etc., corresponding to S, and S, etc.—can
be determined or approximated, and u evaluated for compari-
son with the p values determined by the Monod relationship.
If growth rate hysteresis occurs during the transient, the
dotted envelope would be developed—i.e., u lagging, for
increasing values of S, and leading, for decreasing values of
S, the predicted value.

One may also pose the question: Does the cell yield, Y,
vary during the transient state? A constant Y is an intrinsic
assumption in all approaches to predicting transient cell and
substrate concentrations. There are a number of ways in
which the constancy of ¥ may be determined—e.g., ¥ may
be calculated from the experimental data during the transient
as a function of time and a fit of data using these values of ¥
may be compared to the fit using a Y value obtained from

the steady-state data or, alternatively, using the constant Y
of best fit during the transient state. With the above problems
in mind, experimental data were obtained for computational
analysis.

Experimental Procedures

Heterogeneous microbial populations were developed using
an initial seeding of municipal sewage obtained from the
primary clarifier of the sewage treatment plant at Stillwater,
Okla. The population was maintained in an externally
controlled chemostat of the once-through type (Gaudy
et al., 1967). The reactor was checked for complete
mixing with respect to substrate using the procedures of
Komolrit and Gaudy (1966a). Complete mixing with respect
to cell concentration was determined daily by checking the
equality of cell concentration (absorbance at 540 nm.) in
the reactor and in the effluent. The cells in the reactor were
completely dispersed and there were no problems due to
attachment of cells to the reactor walls. After assessing bio-
logical solids concentration and substrate concentration in the
initial steady state, the feed concentration was increased
while the dilution rate was maintained constant. Samples
of the effluent were taken during the resultant transient state,
and were analyzed for biological solids concentration and
substrate concentration. The sampling was continued until
establishment of the new, or final, steady-state condition in
the reactor.

In these studies the carbon source (glucose) was maintained
as the growth-limiting nutrient. All constituents of the syn-
thetic medium were made up in distilled water, and the con-
centration of inorganic salts per 1000 mg. per liter of glucose
was as follows: (NH).SOy, 500 mg. per liter; MgSO,-7H-0;
100 mg. per liter ; FeCl; - 6H,0, 0.50 mg. per liter; MnSO, - H,O,
10.0 mg. per liter; CaCl,, 7.50 mg. per liter; KH,PO,, 527.0
mg. per liter; K;HPO,, 1070.0 mg. per liter; and tap water,
100 ml. per liter.

Biological solids concentration was measured using the
membrane filter technique (filter pore size 0.45 micron).
Additional biological solids concentration determinations
were made by reading the absorbance of the reactor effluent
at 540 nanimeters and converting the readings to biological
solids concentration using a previously prepared calibration
curve. Substrate concentration was measured on the mem-
brane filtrate using the chemical oxygen demand (COD)
test (American Public Health Association, 1960). Substrate
concentration in the membrane filtrate was also measured
using the anthrone test (Gaudy, 1962a). Calculations of the
substrate response were based upon values obtained using the
COD test, because it provides a measure of the total carbon
source and it is a widely used parameter in the water pollution
control field.

Computational Procedures

Determination of Transient Values of x and Y, and Sub-
sequent Calculation of X and S. A plot of the observed con-
centrations of biological solids, X, and substrate, S (as
measured by the COD test), during the transient state, was
divided into small segments—i.e., X, to X,;1 and S. to S,41.
For the small time period, At, of each segment, the specific
growth rate, u, and the yield, Y, were assumed to be con-
stant. From the values of X and S at the initial and final
points of this time interval, the values of x and Y were calcu-
lated from Equations 10 and 11, which are the integrated
forms of Equations 2 and 3 for systems with constant u and
Y
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To integrate Equation 2 when u is a variable dependent
upon time, it is necessary to express u as some function of
time. To facilitate computations, u was assumed to be a
linear function of time. The value of u during any time inter-
val during the transient was then approximated by an equa-
tion of the form:

w=a+ bt —f) (12)

a represents the value of u when ¢ is equal to f (the time of
beginning the transient), and 4 is the slope of the curve approxi-
mating transient u. Substituting the approximated transient
u over this time interval into Equation 2 and solving for the
time-dependent state, the value of X at the time ¢, X, may be
obtained from the equation:

X, = (X,)elr-D)=iat=r/2 a3

where X, is the value of X at the initial time, f. In the calcula-
tions made for the present study, the time interval A¢ or (t — f)
was 0.005 hour. This method of determining transient u and
transient X as a function of time is not a means of predicting
response, but allows a mathematical reproduction of the
response curve and a fairly accurate measure of changes in
uduring the transient.

In a similar manner, transient values for Y were approxi-
mated using the equation :

Y=a +b'(t—-F) (14)

where a’ is the value of Y when ¢t = f, and b’ is the slope of
the line approximating transient cell yield, Y. The substrate
response can be calculated using a suitable numerical inte-
gration technique for Equation 3, incorporating the transient
functions for u and Y. A solution was obtained using the
Taylor series expanded to the third derivative—i.e.,

Supt = Su + A(S') + Ar¥(S'7/2!) + Ar3(S'' /3 (15)

where
S’ is as given in Equation 3

§'" = —=D(S) — X'(u/Y) —
X(b/Y) + X(wb'[(Y?) (16)
S = —=D(S") — X"(u/Y) — 2(X’) X
GGHY?) — 2 X)(w)(bb'/(Y?)  (17)

The value of X’ used in Equation 17 has been given in Equa-
tion 2, and the value of X’ is
X" = (a + bt — D)(X') + b(X) (18)

If the transient values of u and Y calculated in the above
manner can be used to retrace or reproduce the observed
substrate response, the values obtained are essentially correct
for the system under study.

Determination of Transient Values of X and S Using Monod
Equation. Values for the Monod equation constants (um, K,
and Y) were obtained experimentally for each system under
study using methods commonly employed for obtaining the
values of these constants. The value of u, was obtained
from batch experiments at nonlimiting substrate concentra-
tions using cells harvested from the steady-state reactor just
prior to administering the increase in feed concentration.
The value of K, was calculated by substituting the initial
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steady-state substrate concentration and u, value in Equa-
tion 1, with u = D. The cell yield, Y, was obtained from the
initial steady-state data. To predict the biological solids
and substrate concentration during the transient, Equations
7 and 8 were solved using the Taylor series expanded to the
third derivative:

Xlll = Hom X” | 2 Xlsl X 73
(—KAS){ (8) + 2X)S’ + (X)S"" +
[— X'(S)S — X(S)X' — (XXS)S"" + [XS)XS)S'IK, +
SUK. + 51} — S0 3y + x5 —

(K. + S)*
[X($)S'/(K. + S} — D(X'") (19)

Since Y is taken as a constant, the substrate response can be
found by solving Equation 6 for S -

S = {S(Y) = X — [(S: — SX¥) — Xeo!} (1Y> 20)

After obtaining the value of u as a function of time (and
testing the assumed function for its ability to reproduce the
transient biological solids response and its ability in conjunc-
tion with the transient values of Y to reproduce the transient
substrate response), one can plot these values of the observed
u against values of observed S during the transient state for
comparison with the u predicted by the Monod equation at
various values of S observed during the transient state. If an
envelope similar to the one shown in Figure 1 is thus developed
for the observed values of u calculated as a function of time,
there would appear to be a positive indication of the occur-
rence of growth rate hysteresis during the transient state.

Results

Six experimental runs were made in which the initial steady
state was disrupted by applying a threefold increase in the
concentration of carbon source in the inflowing waste. In
general, the response patterns which developed were similar.
In all cases there was an increase in the biological solids con-
centration. The biological solids concentration curve ap-
proached the new steady-state level along a curve which ap-
peared to describe an autocatalytic increase in all but one
case in which an excessive amount of metabolic intermediates
and/or end products was produced. In this system the biologi-
cal solids increased linearly. The expected or typical response
(five cases out of six) was an autocatalytic increase in biologi-
cal solids concentration. The typical response for substrate
concentration (filirate COD) involved, initially, an increase
(at a decreasing rate). The substrate concentration passed
through a peak and decreased, except for the one experiment
cited above, along an S-shaped curve to the final steady state.
In four cases there was evidence of the accumulation of
metabolic intermediates and/or end products, as judged by
comparing the filtrate COD and filtrate carbohydrate (an-
throne) concentrations.

The computational approach described earlier was applied
to all six sets of data. In all cases, prediction of the transient
response using equations incorporating the Monod relation-
ship did not trace or reproduce the transient response with
respect to X and S. In only two cases could it be concluded
to have provided an acceptable approximation. However,
even in these two cases u did not vary with S in accordance
with the Monod equation—i.e., there was evidence of the
existence of growth rate hysteresis in the systems. Since the
six experimental runs gave essentially the same response, the



observed experimental results and results using the computa-
tional procedures outlined previously are presented for one of
these experiments, in which there was evidence for the ac-
cumulation and subsequent utilization of organic metabolic
products produced in response to the increased glucose
concentration in the inflow.

Figures 2 and 3 show the observed and computed responses
with respect to biological solids concentration and substrate

concentration. For this experiment, the feed concentration
in the initial steady state was 450 mg. per liter COD. At time
zero, the feed concentration was changed to 1450 mg. per
liter COD. The biological solids and substrate concentrations
in the reactor at the initial steady-state condition (X, and S,)
were, respectively, 230 and 90 mg. per liter. The response
curves calculated on the assumption that u and Y are func-
tions of time, in accordance with the methods outlined pre-
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viously, fitted the observed data for solids and substrate
well.

The Monod equation constants, calculated from the data
in accordance with the methods previously described, were:
i, = 0.54 hour™!, K, = 106 mg. per liter, ¥ = 0.64. Numeri-
cal integration of the transient state equations employing
these constants yielded the predicted responses shown in
Figures 2 and 3. This procedure, which represents a means
of predicting the transient response, since it does not require
use of observed transient data, provided a rough approxima-
tion of the response.

Figure 3 shows the predicted transient substrate response
using u as a function of time, and assuming yield to be con-
stant. Several values of Y were tried to find the value which
gave the best agreement with the observed substrate response.
Of the values tried, Y = 0.46 gave the best fit, and the re-
sponse shown is one obtained using this value. Also shown
in Figure 3 is the observed response with respect to carbo-
hydrate COD. This response was obtained using the anthrone
test and converting the results to their equivalent COD
values—i.e., carbohydrate COD = 192/180 X carbohydrate
measured by the anthrone test. A considerable amount of
metabolic intermediates and/or end products was accumu-
lated and subsequently metabolized during the transient
state.

The transient u and Y values, calculated from the observed
biological solids and substrate concentrations as a function
of time during the transient, are shown in Figure 4. The
calculated biological solids and substrate responses of Figures
2 and 3 were made using these transient values of pand Y.

The cell yield prior to administering the increase in feed
concentration was 0.64. Figure 4 shows that the initial re-
sponse was a large immediate increase in Y, calculated as
(dX|dr),/(dS|dr),, accompanied by a rapid increase in u—
that is, there was a small initial increase in biological solids
concentration during this period (Figure 2) although the
substrate removal rate increased only slightly, since the
increase in S was very close to that expected from the cal-
culated theoretical ““dilute-in” curve for substrate. This
effect was noted in five of the six experiments, and it may
indicate a rapid uptake of carbon into storage products.

During the first 30 minutes, Y decreased to approximately
0.5, and u dropped to slightly under 0.3. Thereafter, during
the period of maximum COD leakage—i.e., until approxi-
mately 4 hours after administering the shock (Figure 3)—
u increased slightly, and Y decreased in a stepwise fashion.
Thereafter both parameters increased linearly, as the system
recovered its efficiency of carbon source removal, reached

peak values at approximately 6 hours, and then returned
to their former steady-state values.

The data obtained do not explain the stepwise changes in
u and Y before the response picked up momentum—i.e.,
during the first 4 hours or the period of increasing COD
leakage. However, Figure ; shows that a considerable amount
of the COD appearing in the effluent was noncarbohydrate
in nature; thus, there was ample evidence that compounds
other than the original carbon source, glucose, were produced
during this period. The stepwise changes in u and Y may be
due to metabolism of various organic compounds elaborated
by the cell population. The peak in the transient u curve
(approximately 6 hours, Figure 4) was attained after the peak
in effluent substrate (approximately 3 hours, Figure 3).

In Figure 5 the values of u predicted by the Monod rela-
tionship, Equation 1, at the various values for filtrate COD
observed during the transient (Figure 3) are compared with
the values taken from Figure 4 at the times corresponding
to the filtrate COD values taken from Figure 3. During the
period of increasing COD concentration, the transient u
values are lower than those predicted by the Monod equation.
Also, as the substrate concentration decreases, the transient
u values are higher. A similar trend was observed for the
other systems investigated. The results provide experimental
evidence for the occurrence of “growth rate hysteresis,” as
postulated by Perret (1960).

Discussion and Conclusions

The transient state biological solids and substrate concen-
trations subsequent to an increase in inflowing waste con-
centration cannot be predicted with accuracy by employing
the Monod equation. One of the underlying reasons for the
inability to predict the transient response is the variation of
the cell yield, Y, during the transient state. Of even greater
significance is the experimental demonstration of growth rate
hysteresis, the occurrence of which makes it theoretically
impossible to use the Monod relationship, since instantaneous
response of u to changes in S would be required.

In the present work, the cell yield was calculated as the
ratio of the instantaneous rate of production of biological
solids (dX/dr) to the rate of COD utilization (dS/dr), using
Equation 4 rather than employing the usual steady-state
procedure—i.e., calculation of Y as X/(S; — S) (Equation 5),
which represents a special case applicable only in the steady
state. COD values were used in preference to the anthrone
values for reasons outlined previously, and because in many
cases there was evidence for the production and accumulation,
in the medium, of metabolic intermediates and/or end prod-
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ucts during the metabolism of the initial carbohydrate
(glucose) fed into the aerator. Once produced, these soluble
organic products of metabolism became substrates which
were available to the cells, and were subsequently metabo-
lized. Thus, from the standpoint of reducing the pollutional
potential, it seemed valid to use this parameter (COD) as a
measure of S. Part of the variation in Y may be attributable
to the fact that the chemical structure of S was changed
because of the metabolic activity of the feeding population.
However, the value of Y, during the transient state, varied
(although not to as great an extent) for the systems in which
the accumulation of organic metabolic products was not
evident. This phenomenon (production and subsequent
utilization of metabolic products), observed in other studies
(Krishnan and Gaudy, 1965), is significant in that it is not
one which is observed only in heterogeneous populations
(Clifton, 1963 ; Gaudy and Gaudy, 1966).

The purpose of using heterogeneous populations in these
studies was (as with the use of the COD test) to determine
whether kinetic theory developed without this complicating
factor could be employed in the pollution control field. In
this field, engineering economy dictates the use of natural
populations, and the nature of the wastes precludes the sole
use of a specific substrate analysis, since very few waste
waters consist of “sole” sources of carbon. With pure cultures
as well as with heterogeneous populations the cells can create
a mixed substrate system from a single carbon source. Also,
the fact that growth rate hysteresis could be demonstrated for
heterogeneous populations provided, in some respects, a
more positive indication of its occurrence than if the same
phenomenon had been observed using a pure culture. The
irregularities in the envelope may be due in part to both the
heterogeneity of the population and,the presence of carbon
sources other than the original one. From the standpoint of
studying the basic kinetic aspects of growth rate hysteresis
and its effect on the transient performance of a system, it
would be well to pursue further work using a sole carbon
source and a pure culture which did not elaborate organic

metabolites during metabolism of the carbon source. Such
a system would provide, perhaps, the most simple model for
basic studies.

Although the results of the present study indicate that the
relationship between x and S as depicted in the Monod equa-
tion cannot be employed to describe the transient performance
with respect to cell and COD concentration, it can be seen
in Figure 3 that the Monod equation did predict fairly well
(with the additional assumption of constant Y) the maximum
COD concentration in the effluent during the transient state
(slightly in excess of 400 mg. per liter). Thus it might be
concluded that it has at least a limited utility. Also, in the
present study a threefold increase in inflowing substrate
concentration was employed. For smaller increases in sub-
strate concentration, the growth rate hysteresis phenomenon
may not be so prominently manifested.

The results indicate that in future work a dual approach to
the problem could provide very useful information. Basic
studies using pure cultures with relatively uncomplicated
metabolic growth patterns—e.g., absence of organic metabolic
products in the medium during transient—to determine the
kinetic properties affecting the course of growth rate hysteresis
should provide information upon which to base quantitative
kinetic statements concerning the phenomenon. Such studies
may lead to establishment of kinetic theory upon which to
base prediction of transient response. Studies of a more
practical nature employing both pure cultures and hetero-
geneous microbial populations to determine whether general-
ized transient responses, with respect to biological solids
and substrate concentrations, emerge under a variety of con-
trolled environmental changes would provide useful guidelines
for immediate application to the control of natural popula-
tions—e.g., control of biological waste water treatment
facilities.
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Identification and Differentiation of Heavy Residual Oil and

Asphalt Pollutants in Surface Waters by Comparative Ratios of Infrared Absorbances
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m To determine the chemical nature of the heavy petroleum
products involved in the 1967 Lake Michigan oil spill, a
procedure for the characterization and identification of the
oily, tarlike materials was needed. Samples from beach
water were analyzed by infrared spectrophotometry. The
unknown spectra could not be matched with the known
spectra, since autoxidation caused changes in the unknown
specimen. By comparative ratios of infrared absorbances, the
identity of the critical unknown samples was established.
Even though asphalt and heavy residual oil have similar in-
frared spectra, there is a sharp distinction. Samples from
seven petroleum companies were tested, using this new
method for rapid characterization.

I he 1967 Lake Michigan oil spill (Johnson et al., 1968)
ruined long stretches of natural recreational facilities
in Chicago, contributed taste and odor problems to potable
water, and imposed a large cost in human effort and economic
resources. To determine the chemical nature of the heavy
petroleum products involved, procedures for the rapid
characterization and identification of these oily, tarlike ma-
terials were needed. No literature information is available
on analytical methods for differentiating asphalt from heavy
residual oil, known as No. 6 fuel oil, nor is there a suitable
procedure for the characterization of heavy residual oil.

The identification of asphalt is considered extremely diffi-
cult. Havens and Daniels (1956) show that asphaltic materials
have numerous variations in physical properties and in the
extent of oxidation. By infrared spectroscopic studies, Beitch-
man (1959) and Campbell and Wright (1966) have contributed
to the knowledge of asphalt and its oxidative changes. To
show that the nature of the hydrocarbon structure of an as-
phalt has a major effect upon its weatherability, Smith et al.
(1966) applied quantitative infrared spectroscopic techniques
to coating asphalts. They classified asphalts according to the
geographical-producing areas, by plotting the ratio of the
intensity of the methylene rock absorption at 720 cm.™! to
the intensity of the carbon methyl absorption at 1375 cm.~!
against the intensity of the aliphatic C—H peak at 2924
cm.™ !

Bhattacharya (1959) classified the nature of lubricating
oils. He proposed the ratio of band areas at frequencies 1600
and 720 cm.~! as a measure of the aromatic or paraffinic
character of crude oils. The main variable between some
domestic and foreign residual fuels is in the amount of
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straight-run and cracked components. Domestic fuels are
generally mixtures of catalytically cracked, thermally cracked,
and straight-run residues, while foreign residual fuels contain
predominantly straight-run products.

By use of several infrared wave number ratios, the asphalts
and the residual oils may be classified separately and dis-
tinctly. The method of comparative ratios of infrared intensi-
ties is a new and rapid technique to identify residual oils
and differentiate them from asphaltic materials.

The objective was to develop a suitable analytical proce-
dure that would permit rapid characterization and identifica-
tion of heavy residual oil and to distinguish the residual oil
from the asphalt in a mixture, since asphalt and oil can co-
exist as pollutants on surface waters.

Experimental

Although conditions of samples varied, all were extracted
with redistilled, analytical grade chloroform, and the extract
was then filtered through anhydrous, reagent grade sodium
sulfate.

The concentrate was evaporated by means of an infrared
heat lamp (Brown et al., 1967). Exposure was limited to fewer
than 10 minutes at temperatures well below 100°C.

Samples for infrared analysis were dissolved in chloroform,
and thin rock salt smears were prepared. All remnants of
solvent were removed with aid of the infrared heat lamp
prior to analysis.

Specimens of unknown pollutants from the Lake Michigan
oil spill and known commercial products were analyzed with
the Perkin-Elmer 137 Infracord spectrophotometer, operated
at slow-scan speed with a slit opening of 25 mm.

Absorbances were determined by the base-line technique.
The length of the vertical line, which intersects the line tan-
gential to the two proximate inflections, was measured.
Ratios of intensity of the infrared absorption at one fre-
quency to that at another frequency were considered in order
to find a discriminating and characteristic property for the
residual oil and for the asphalt.

Discussion

The data reported in Table I show that these infrared ab-
sorbance ratios (R.I.LA.) provide a means of distinguishing
residual oils from asphaltic material, since these petroleum
products possess strong characterization factors, such as
aromaticity and paraffinicity.

Four typical spectra, initially studied and interpreted on
the basis of these ratios of infrared absorbances, are shown



Table I. Ratios of Infrared Absorbances

No. 740
Residual  No. 739 Unknowns
R.LA. 0il Asphalt No. 730 No. 742 No. 721
720 cm.~!
1—37522_1 0.21 0.30 029 032 0.38
3050 cm.™!
2‘—92522A1 0.32 0.16 0.12 0.15 0.08
810 cm.™!
'1375‘2[,:-1 0.43 0.25 025 023 0.13
810 cm.™!
;72022_1 2.00 0.80 0.84 0.71 0.35
1600 cm.™!
ﬁs%:j 0.57 048 050 046 035

(Figure 1) of the following samples: a known heavy residual
No. 6 oil designated as No. 740; a known asphalt sample,
No. 739; an unknown Chicago beach petroleum pollutant
sample, No. 730; and an unknown sample, No. 721, which
was retrieved in a harbor canal.

The No. 739 asphalt spectrum shows the usual hydrocar-
bon absorption bands at 2925, 2849, 1455, and 1375 cm.™!
In addition to these bands, aromatic absorption is designated
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Figure 1. Spectra of known No. 6 oil, known asphalt, and two un-
knowns

by the peaks at 869, 810, 745, and 1600 cm.~! Also, long-chain
methylenic paraffinicity was specified by the 720-cm.”!
peak, whereas only traces of olefinic groups were indicated.

The known No. 6 oil designated as No. 740 displays the
usual aliphatic and aromatic absorption bands. Thus, the
asphalt spectrum appears to be the qualitative likeness of
the residual oil spectrum. The asphalt can be differentiated
from the residual oil by comparing the amount of aromatics
that cause the designated absorptions, relative to the aliphatic
nature of each petroleum product. The last four values for
residual oil in the first column in Table I reflect a larger
specific aromatic content when these aromatic-aliphatic ratios
are compared to the numbers in the column for asphalt
739. The No. 740 residual oil shows a higher ratio of aromatic
CH absorbance at 3050 cm.~! to the methylene asymmetric
stretch vibration, 2925 cm.”! A predominant feature of the
No. 740 residual oil is the high content of aromatic rings that
cause absorption at 810 cm.™!

Asphalt material No. 739 shows not only relatively less
absorption at 810 cm.™! but relatively stronger absorption
at 720 cm.~! The only comparative ratio for which the asphalt
is greater is the ratio of the 720-cm.™! chain methylene rock
vibration, to the 1375-cm.”! C—CH; branching. Therefore,
with the exception of the fifth ratio, the comparative ratios
of infrared absorbances are distinctive and are distinguishable
for these two types of petroleum products.

Of the two unknown spectra assessed, No. 730 is similar,
qualitatively, to the No. 739 asphalt. The qualitative dif-
ferences in the spectra of Nos. 730 and 739 exist mainly with
absorption peaks at 1695 and 1150 cm.~! for the No. 730
spectra. These absorption peaks illustrate the effects of the
oxidation process upon the originally known asphalt ma-
terial No. 739. Carbonyl groups and, possibly, ether groups
are present in unknown 730. Ethers (Kawahara, 1957, 1965)
are formed as secondary products during the autoxidation
of highly reactive olefins. Presumably, an alkoxy free radical
attack upon conjugated diolefin, followed by stabilization of
the free radical via hydrogen abstraction, results in ether
formation. Since the known asphalt material may contain
traces of conjugated olefins as indicated by an inflection at
1640 cm.~! in No. 739, the facile peroxidation of the asphalt,
when diluted with some residual oil, will promote formation
of carbonyls and ether groups. Otherwise, spectra of unknown
No. 730 are similar to No. 739 asphalt, as attested by the
close quantitative agreement of their ratios of infrared ab-
sorbances. Of the five comparative ratios, four are alike.
The presence of the diluent No. 6 oil cannot be discounted,
as these variances in the ratios suggest dilution of asphalt.

A possible explanation for the presence of the 1025-cm.™!
absorption peak in No. 739, the known asphalt; for its sub-
sequent absorption decrease in No. 730, the unknown as-
phalt; and for the appearance of the absorption peaks at
1155 and 1295 cm.™! in the unknown is the conversion of
sulfoxides of the known asphalt to the sulfones, which absorb
at 1155- and 1295-cm.~! bands in the unknown asphalt. This
oxidation (Stewart, 1957) would further strengthen the
autoxidation thesis of the asphaltic residual oil materials
in water, especially when the asphalt is mixed with the residual
oil. Residual oils are composed of “cracked” material.

Unknown sample 721 is faintly similar to the first three
spectra. The aromatic absorption is much less, as shown by
the last four ratios of the last column. Two carbonyl bands
are present at 1725 and 1696 cm.~! Absorption at 1110 cm.™?
indicates an ether group. The ratio of the methylene rock
vibration to the carbon methyl deformation frequency is
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Table II. Ratios of Infrared Absorbances

No. 6 Unknowns

Residual No. No. No. No.

R.LA. Oil Asphalt 702 724 734 832
720 cm.™!

lﬁ 0.21 0.30 0.10 0.26 0.23 0.30
3050 cm.™!

mﬁ; 0.32 0.16 0.05 0.06 0.06 0.24
810 cm.™*

1375 em—1 0.43 0.25 0.18 0.26 0.27 0.24
810 cm.™ !

720 em 2.00 0.80 1.71 1.00 1.16 0.80
1600 cm. ™!

Wzm:‘ 0.57 0.48 0.18 0.45 0.50 0.36

large, suggesting a strong paraffinic nature of the pollutant
admixed with the No. 6 oil and the asphaltic material.

Other oil pollution samples retrieved during the spills were
subjected to the new method of identification. In Table II
are the ratios of the samples considered in addition to No.
742 found in Table I.

Inspection of spectra 724, 734, 742, and 832 shows that
many of the paraffinic and aromatic band absorptions are
also common to unknown 730 and known asphalt 739. Sample
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Figure 2. Spectra of four unknowns
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702 differs in appearance from the No. 739 spectra; the values
of ratios vary widely from the ratios of the infrared ab-
sorbances of known asphalt 739 (Figure 2).

Inspection of the values under Nos. 742 and 832 reflects
comparative ratios similar to asphalt or No. 739. Indeed,
the infrared spectra of Nos. 742, 832, and 739 asphalt, and
No. 740 residual oil are similar.

810 cm.™! 810 cm.™!

720 emt M 1375 em. 1

Nos. 742, 832, 739, and 740, samples 742 and 832 are found to
be quantitatively similar to No. 739 asphalt. These two ratios
reflect the distinctive difference between residual oil and
asphalt in the relative amount of the structure of two to three
adjacent hydrogens on an aromatic ring which cause absorp-
tion at 810 cm.~! Inspection of ratios of 810 to 1375 cm.™!
and 810 to 720 cm.~! shows samples 724 and 734 to be more
like asphalt 739. Although the infrared spectra of these two
unknowns are qualitatively similar to asphalt 739 and to
residual oil 740, the two are distinguishable by comparing
the ratios of intensities of the out-of-plane bending vibra-
tions to the C—CHj; bending or to chain methylene rock vi-
brations. The two smaller ratios of Nos. 724 and 734 are
characteristic of the asphalt material.

The usefulness of this classification method was confirmed
by examining other commercially available products. Fig-
ure 3 illustrates the four spectra. Qualitatively, they are
similar.

By comparing ratios of from
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Table III. Ratios of Infrared Absorbances of
Commercial Products

Asphalt No. 6 Oil
R.ILA. g sl s s p b S S
720 cm. ™!
1375 em— 0.30 0.30 0.23 0.16 0.16 0.18 0.16 0.21
3050 cm.™!
2025 cm—1 0.18 0.16 0.18 0.20 0.26 0.27 0.28 0.32
810 cm. !
1375 em. 1 0.20 0.25 0.23 0.58 0.52 0.45 0.59 0.43
810 cm.~!
720 om. 1 0.67 0.80 1.00. 3.50 3.20 2.50 3.67 2.00
1600 cm.™!
1375 cm.—1 0.47 0.48 0.55 1.00 0.75 0.68 0.97 0.57
1600 cm.™!
720 em—1 1.552.16 1.83 6.00 4.75 4.00 6.00 3.16

Table IV. Effect of Exposure of No. 6 Residual
Oil to Air at 23° C.

E Ratio of Intensities
Time . 1030cm-1 T155cm-T 1300 cm-1 1695 cm. -1

Days 1375cm.~1 1375cm.~! 1375cm.~! 1375cm.!
1 0.113 0.065 0.065 0.23
8 0.196 0.072 0.079 0.25

Ratios of the infrared absorbances of products from dif-
ferent sources are given in Table I1I.

Inspection of data bears out the two key ratios which dis-
tinguish asphalt from residual oil: the intensity of the 810-
cm.~! absorption to the intensity of the 1375-cm.~! absorp-
tion and intensity of the 810-cm.~! absorption to the intensity
of the 720-cm.~! absorption.

Values of these ratios for asphalt are about one half those
for the residual oil. Thus, the asphalt material, compared to
the residual oil, shows fewer aromatics of the types that
cause absorption at 810-cm.™! Figure 4 shows the sharp dis-
tinction of the aromatic to aliphatic ratios of infrared ab-
sorption values for the asphalts and for the residual oils ob-
tained from seven oil companies.

Located near the origin in contrast to the heavy residual
oil points are the asphalt points, most of which fall on the
common line expressed by the equation y = 0.13x + 0.125.

The positive slope denotes proportional decrease of aro-
matics responsible for absorption at 810 cm.~! for points lo-
cated near the origin. In contrast to residual oils, asphalts
are characterized by relatively larger intensities caused by
carbon methyl and methylene chains. For both asphalt and
heavy residual oil, the absorption due to carbon methyl

RATIO OF INFRARED ABSORBANCES

© Heavy Residual Gil
© Asphalt

810 cm:!
1375 cm:l

810 cm:!
720emsl ¥

Figure 4. Linear relationship of commercial asphalts and No. 6
oilsinvolving two R.I.A.’s

branching is about four times that due to the methylene
chains.

To determine whether the heavy residual oil could autoxi-
dize rapidly, a small portion of this oil was exposed to air
at ambient conditions for 8 days. Examination by infrared
spectrophotometry indicated facile formation of sulfoxides
from thioethers. Table IV shows the strong increase of the
1025- to 1375-cm.™! ratio obtained after the heavy residual
oil was exposed to air. This increase may be due to either
the oxidation of the thioether to sulfoxide or the formation of
aryl and alkyl ethers. The conversion of sulfoxides to sulfones
and/or the formation of alkyl ethers and secondary alcohol
are probably indicated by the small increases of the 1155-
to 1375-cm.~! and the 1300- to 1375-cm.™! ratios. A small
increase is noted for the ratio of carbonyl to the carbon
methyl.

These results present strong evidence as to the usefulness
of this new and much needed, rapid method for distinguishing
the two types of petroleum products which can coexist in
surface waters as pollutants.
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A New Instrument for the Evaluation of Environmental Aerocolloids

Alexander Goetz

Atmospheric Research Group, Altadena, Calif.,! and National Center for Atmospheric Research, Boulder, Colo.

m A single-stage, multiple-slit impactor was designed to
precipitate aerocolloidal particles in the submicron range
(d > 0.2 micron) on the metallic mirror surface of a slide,
which moves perpendicular to two to four equal slit exits.
This motion can be varied in exponential intervals over a
range of 1 to 512 to obtain a sequence of deposit steps with
uniform but varying density. Coagulation and mutual inter-
ference, inevitable in most other impaction processes, are
avoided by control of the deposit density with the slide speed
which is reproducible by synchronous drive. To determine the
critical concentration at which coalescence occurs, a series of
steplike deposits from each slit exit varying exponentially
in density permits the correlation of particle number with air
volume in the range of 10° to 10¢ per liter. The deposit density
is determined by measuring the light-scattering levels micro-
photometrically under reflected dark-field illumination.
The multiple-slit arrangement facilitates comparison of
deposits from different branches of the same air sample,
prior to impaction exposed to high humidity, infrared, or
ultraviolet irradiation, and indicates the hygroscopic, thermal,
and photochemical stability of the prevailing aerocolloids.

I he purpose of the moving slide impactor (MSI) is

rapid evaluation of locally prevailing levels of aero-
colloidal matter—i.e., aerosol particles predominantly in the
submicron range—and survey of the liquid or solid constitu-
tion, hygroscopic properties, and thermal and chemical
stability of these particles. While the data obtained with the
MSI, unlike the cascade impactors and the aerosol spec-
trometer (Goetz, 1957; Goetz and Kallai, 1964; Goetz
et al., 1960), do not reveal the size distribution of the
particles, they approximate the degree of visibility restriction
to be expected from the aerocolloidal matter in the air sample.

A moving, rather than a stationary, impaction surface is
used to avoid the areal inhomogeneity of the deposits, par-
ticularly at prolonged exposures, due to the steep variation
of the flow velocity across the slit exit. Impaction on moving
surfaces has been applied by several authors, on paper strips,
rotating cylinders, and microslides, particularly for identifica-
tion of specific particle types, such as spores (Hirst, 1952),
but also for producing reactions between particles and sensors
on the impacted surface (Goetz and Tsuneishi, 1959), and
on a four-stage cascade-impactor (May, 1956) (Casella-type)
with moving slides at each stage in the particle size range
(5 to 50 microns).

However, these designs are not applicable to the perma-
nently airborne aerocolloidal matter, which presents by order

! Present address, 464 West Woodbury Road, Altadena,
Cailf. 91001

154 Envir 1 Sci & Technology

of magnitude (~107°) lesser individual particle masses and
very much larger frequencies.

The MSI developed for this specific purpose differs in
many aspects. It is a single-stage, multiple-slit impactor, which
deposits the particles on the metallic mirror surface of a
microslide. The slide moves beneath the slits at variable
velocities, so that the simultaneously impacted deposits
from each slit unit cover equal separate areas on the slide.
The velocity of the slide motion relative to the slit apertures
can be varied in exponential progression and controls the
deposit density. The availability of different densities facilitates
the assay of the prevailing aerosol levels and determination
of the “critical” density at which coalescence occurs. A se-
quence of deposit densities in the form of rectangular steps is
produced when the slide velocity is doubled between adjacent
steps; a density ratio exceeding 500 can be covered by up to
10 steps.

The advantage of step deposits over continuous density
variation is the availability of a uniform area, large enough
to permit repeated micro-optical evaluation at different loca-
tions on the same density level, thus minimizing statistical
fluctuation. The reason for the exponential step order is the
convenience of graphic evaluation on semilog diagrams, where
the data of the sensor must follow straight lines of defined
slope, independent of the optical qualities of the prevailing
particles, until the critical deposit density is reached.

Besides subdividing the deposit into individual steps, the
slide can also be moved continuously at any one of 10 available
speeds. This results in a “plateau” deposit, which records
variations of aerosol density during time intervals between
1 minute and 8!/, hours. Figure 1 presents typical slide de-
posits produced in this manner.

Figure 1. Deposit slides representative of activities in a

closed room (COURTESY METEOROLOGY RESEARCH,
INC.)

Upper.  Step pattern of progressive density
Lower. Two simul 1 deposits (upper: dry;
lower: moist) indicating various personnel activities during

~1 hr.




Figure2. Moving slide impactor

Upper. Schematic top view
Lower. Vertical cross sections

The multiple slit system consists of two or four geometri-
cally identical units which produce separate deposits of the
same air sample simultaneously. This permits evaluation of
the hygroscopicity, thermal and photochemical stability, etc.,
of the prevailing aerocolloidal matter when different branches
of the same air flow, before entering the impactor, are briefly
exposed to specific conditions, such as elevated humidity,
temperature, and irradiation, for subsequent comparison
of the corresponding deposit patterns.

Design and Operation

The basic construction of the impactor is shown in Figure
2. The space where impaction occurs is confined to the heavy,
rectangular aluminum case, 4, covered by a hinged lid, 4’,
which is vacuum-sealed to 4 during operation. The slit unit,
C, is an integral part of 4’. The carrier, B, which contains
the impaction slide, E, in a fixed position moves horizontally
within 4 and is held by spring rollers against the upper edge
of A so as to maintain an exactly defined distance from the
slit exits of unit C.

The impaction slide, E, consists of a highly polished metal
plate or glass slide (25 X 75 mm.) with a Cr-Ni surface mirror,
protected by a SiO layer. It fits into a recess on B and is
held there by spring clamps which’ provide an electric con-
tact between the surface of E and the instrument body. Be-
sides avoiding the formation of electric surface charges on
E, this contact provides for a sensitive adjustment of its
critical distance from the slit exists. The metal body of C

i

T

[conas

is attached to A’ by a nonconducting socket, F, wherein the
vertical position of C can be adjusted within £0.025 mm.
by the micrometer unit, D. An electric circuit connects a
6-volt dry cell with C and A in series with a pilot light (not
shown in Figure 2), which signals whenever the slits, lowered
by D, touch the slide surface. Thereafter C is lifted to the
optimal distance, indicated by the scale on D. The distance
adjustment is independent of the slide thickness.

C is exchangeably mounted in 4’ and contains either two
or four separate, identical slit channels, where the slit lengths
are twice as large in the twin as in the quadruple units.
The C unit connects with the vacuum pump, P, by an air
channel, the inlet of which crosses all slit exits.

Each slit channel represents a vertical wedge (7.5°) of
rectangular cross section with polished interior surfaces.
This configuration was developed to assure uniform accelera-
tion of the airflow up to the exit speed at the slit aperture
and to avoid particle deposition by premature impaction
within the channels. It also effects maximal flow rates for
given pressure differences.

The outlet, M, is connected with pump P and bypass O,
so that valve N controls the required pressure reduction in
A, indicated by gage R within =2 torr.

The location of the slit exists relative to outflow into P
effects a sharp upward reversal of the flow around a knife-
edge barrier immediately after its impaction on the slide.
This contributes a centrifugal component to the inertial
forces of the particles, which increases precipitation efficiency
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and requires smaller pressure differentials. The slide motion
follows the lateral flow direction caused by this asymmetric
reversal to avoid spreading particles on slide sections which
have not yet been impacted.

The steady movement of B during impaction is produced
by revolutions of the micrometer spindle, G, over the dis-
tance of 1 inch. G is mounted vacuum-tight into one wall of
A, and is driven by the synchronous motor unit, H, over the
variable gear transmission, K, which provides a sequence of
10 consecutively increasing speed ratios. As each stage re-
duces the preceding ratio by a factor of 2, an exponential
sequence of slide velocities results, ranging from 2! to 210
1 to 512, when the transmission index of K is varied between
1 <r<10.

Another component of the driving mechanism is the auto-
matic switch unit, L, which cuts the power supply after each
fourth revolution and thereby produces a defined deposit
length of 0.1 inch. This facilitates the production of exactly
equal areas with varying deposit densities.

After the slide has moved over the distance available for
impaction (1 inch), the power supplies of motor and pump
are cut automatically, and the drive is reversed to return B
to its starting position. The latter is adjusted to coincide with
the zero mark on the micrometer scale of G in order to define
the exact limits of each deposit step on the slide, and to relo-
cate them subsequently on the microscope stage for evaluation.
For plateau operation, L is bypassed, so that G is driven at
constant speed determined by 7 over the entire slide length
to form a continuous deposit strip.

Theoretical Considerations

As the general theory of particle precipitation by aerody-
namic impaction has been developed by numerous authors,
only a few aspects are discussed here.

The impaction efficiency for small particles depends on
their mass, represented by their kinetic size, d, the velocity,
7, of the flow at the slit exit, and its distance, §, from the im-
pinged surface. These parameters are defined as follows:

For the rate of inflow, F, into the impactor, the width, w,
and length, L, of the slit, the mean impact velocity, corrected
for expansion at the slit exit, results as:

- F X p, (1)

w X L(p, — Ap)
where p, is the ambient and Ap the pressure difference (indi-
cated by R in Figure 2). Hence, to maintain the same 7
at higher altitudes, Ap must be adjusted to Ap/p, = constant.

For precipitation of atmospheric aerosols, a slit width of
w = 0.15 mm. and a length of either L = 4 mm. for the twin-
slit or L = 2 mm. for the quadruple-slit unit, proved most
effective. At Ap = 90 torr, p, = 750 torr, the corresponding
flow rates are F = 4 and 2 liters per minute =59 for each
slit, equivalent to # = 1.27 X 10* cm. per second = Mach
0.38, when the distance § between the slide surface and the
slit exits is somewhat less than w—i.e., when & begins to
impose a noticeable restriction on F. For most purposes,
8 = 0.1 mm. = 0.67 w produces the most efficient precipita-
tion at the smallest pressure difference.

The impaction efficiency to be expected for the slit dimen-
sions and operating conditions can be defined from Stokes’
law as a dimensionless “inertial parameter” (Davies and
Ashmond, 1951 ; Ranz and Wong, 1952), defined by

_p><17><d2

¥ = 187 X w XC=A4Xdd+ 1.6 X107 (2a)
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for the particle diameter, d, its density, p, and the gas viscosity,
n. C presents the Knudsen-Cunningham factor (Orr and
Dallavalle, 1959; Wasser, 1933) which varies with 4 and the
nature of the particle surface, and may be approximated
by (Millikan, 1923; Stern ez al., 1962)

—5
ety LEX

=dd+ 1.6 X107 (2b)
Substituting p = 1, n = 1.8 X 1074 poise, w = 1.5 X 1072
cm., and §# = 1.27 X 10* cm. per second in Equation 2a
produces

Y =26 X 10 X dd+ 1.6 X 1079 (20)

This parameter, generally termed V2, varies for the size
range 0.1 micron < d < 0.9 micron between 2 X 107! <
V2 < 1.6, which indicates an impaction efficiency for the
slit distance used of about 80% for d = 0.2 micron and close
to 1009 for d > 0.3 micron. A further efficiency increase in
the smallest size range with larger exit velocities—i.e., Ap >
120 torr—has proved unfeasible, since this may interfere
with the surface adhesion of the larger (¢ > 0.6 micron)
particles by causing them to slip along the slide in the direc-
tion of the deflected flow and coalesce into larger particles—
i.e., artifacts (Richardson, 1960). However, at relatively
low 7, efficiency is considerably increased by the centrifugal
effect of the flow reversion. The limitation of # and Ap is
advantageous also for a different reason. Detailed perform-
ance studies of the MSI have shown that the impaction effi-
ciency of an air sample in the lower humidity range < 60%
is much improved when the latter is raised to ~80% prior
to impaction. This indicates that the moisture contact in-
creases ¥, and thus d. The effect appears not to be restricted
to hygroscopic particles, and is probably not caused by
‘“‘condensation,” as the time interval §/5 available for adia-
batic expansion between slit exit and impacted surface is
~10-¢ second. This efficiency increase by moisture addition
disappears at higher #,; hence the optimal range has proved
to be 100 < 7 << 150 m per second for a controlled humidity
level at 70 to 90 7.

Another critical factor regarding avoidance of artifactual
deposits concerns the flow velocity profile at the slit exit.
Figure 3, Left, shows its vertical cross section parallel to the
slide motion as a steep maximum in the center, which is
represented by the density variation of the deposit on a
stationary slide—i.e., by a much higher particle number at
the center than at the deposit borders. Depending on test
duration and prevailing aerosol density, this will cause
coagulation—i.e., apparent larger particle sizes and a smaller
number at the deposit center than on its borders. If the slide,
however, moves steadily relative to the slit, a uniform density
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Figure 3. Velocity profiles of air flow between slit exit
and slide surface

Left.  Parallel
Right. Normal to slide motion
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results and coagulation is avoided if this motion is above the
“critical” velocity, beyond which the density must be inversely
proportional to the slide velocity.

Figure 3 Right indicates the analogous flow profile parallel
to the slide—i.e., a uniform lateral density normal to the slide
motion.

Evaluation of Impaction Deposits
The air volume represented by one step deposit is
Vs=FXt=FXvpX2,wherev = /2 3)

v is determined by the interval ¢ required for formation of
one step with a particular transmission index, 7. For the twin-
slit unit these parameters amount (within 3%) to: v = 3,
F = 67 cc. per second for Ap = 90 torr, and 4, = 4 X 2.5
mm. = 10~!sq. cm. Hence Equation 3 results in

V, =20 X102 X 27 (3a)

Vs can be varied between 0.4 liter for + = 1 and 205 liters
for 7 = 10.

The lesser slit lengths of the quadruple slit unit reduce F,
A, and V; to one half; hence the deposit density ~ V/A4;
remains the same. The plateau operation involves 10 step
lengths, and the time interval 7, = 10 ¢ recorded by it can
be selected between 1 minute and 8.5 hours. Figure 4 Left
correlates in a semilog nomogram the values of t, f,, and V,
for the twin- and quadruple-slit systems, with 7 as straight
lines of identical slope (~ log 2).

The micro-optical evaluation of the deposits, by counting
either C or light-scattering levels .S, must refer to V', repre-
sented by the fraction A, of A, which is measured by the
photosensor. From Equation 3a and 4, = 8 sq. cm. for 35-
mm. film Equation 3b follows

2.4 X 102 X 27

AgXV 80XV, _ ab)
A, X M M M?

Vi) =

Since C and S are proportional to ¥, their variation with 7
must follow the same slope (Figure 4) up to a critical deposit
density, where coalescence begins which reduces the slope
and causes a deviation from the straight line for larger .
This critical value of ¥, facilitates a simple and rapid assay
of the prevailing aerosol levels, which does not depend on
the optical properties (albedo) of the particulate matter—
contrary to evaluations based on light-scattering levels of
airborne particles.

The basic requirement for the micro-optical system used
for evaluating the slide deposits concerns the traceability of
individual particles down to d < 0.2 micron, regardless of
their liquid or solid nature. This condition excludes the use
of translucent illumination for two reasons: First, because of
the limited optical resolution, since homogeneous immersion
techniques cannot be applied without interfering with the
constitution of such aerosol deposits; second, because the in-
tense irradiation which must be absorbed by the individual
units to render them visible may seriously affect unstable par-
ticles after even brief exposure.
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By far the most adequate approach to this problem is the
application of dark-field illumination, reflected at low angle
by highly polished mirror surfaces, upon which the particles
are deposited—as originally applied by the author to render
the centrifugal deposits of the aerosol spectrometer accessible
to counting and microphotometry (Goetz and Kallai, 1964;
Goetz and Preining, 1960).

The surface of S is focused by the objective, O. Its aperture
(a = sin @) can receive only light scattered within the angle a.
The illuminating system provides a converging light beam
at an angle  relative to S, which encircles the full azimuth
(360°) and is independently adjusted to be confocal with O.
Figure 5 shows the optical scheme. As the surface of S repre-
sents an opaque, nonscattering mirror, the optical field is
completely dark, provided g is sufficiently low, so that the
reflected light cannot enter the aperture g, i.e. 8 < (90° — q).
If, however, particles are deposited on S, a fraction of the
light scattered by each unit enters the objective, and an image
of each light-scattering center is formed. These images, how-
ever, do not present the true particle sizes, if they are below
the resolving limit.

Objectives of relatively small numerical aperture (a < 0.6),
and relatively low magnification (M < 25X) are used to
form the microscopic image. As most of the light is reflected
by the slide surface and scattered by the particles, thermal
effects and potential degeneration are minimized.

A micro-optical unit which meets these requirements well
is the Ultrapak-system with ring-condenser (Leitz-Wetzlar),
as the latter can be adjusted independently from the objective
focus to effect optimal dark field for the mirror slides. The
microscope unit (Zeiss) (Figure 6), specifically assembled for
slide evaluation, accommodates visual binocular observation
as well as photographic and photometric evaluation. For the
latter, the optical beam is shifted either to a 35-mm. film
camera or to a photocell with amplifier, which indicates the
S-value of A4;. For identification of the individual slide de-
posits, the scales of the cross stage are marked to coincide
with the centers of each 7 step on the two- or four-deposit
strips. The design of the substage facilitates shifting the slide
sideways sufficiently far from the objective to expose the
deposits to a variety of conditions (ultraviolet, thermal, or
moisture) without removing the slide from the stage. Thereby
exact relocation of the optical field for subsequent observa-
tion is possible.

Photometric evaluation differs in principle from customary
methods for determining aerosol densities from the light-
scattering intensity of airborne particles within a limited
(three-dimensional) air volume, defined by the illuminating
light beam. The method of evaluating the scattering capacity
of a two-dimensional area (4,) upon which the particles of a
defined air volume (V,) have been precipitated is new and
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Figure 5. Scheme of micro-optical system for slide
evaluation
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Figure 6. Microscope assembly for optical, photographic, and
microphotometric slide evaluation

much more sensitive. Since the density of the precipitate can
be varied more than 500-fold, the lower sensor limit is larger
by several orders of magnitude for the same photometer
sensitivity than that of the three-dimensional evaluation—
provided that all particle sizes which are significant scattering
contributors are precipitated.

Another advantage, important for many applications, is the
preservation of the particles for evaluating their stability by
the variation of the S levels after exposing the slides to various
destructive conditions, such as vacuum desiccation, heat,
ozone, and ultraviolet irradiation.

Obviously, the sensitivity of this method is limited by the
scattering level, S,, of the clean slide surface, as it represents
the background above which a particle can be seen. Hence,
S, determines the lower threshold of identifiable sizes under
reflected dark-field illumination, in analogy to the micro-
optical resolving power limit with translucent illumination.

Extended efforts have proved the feasibility of producing
metallic surfaces of very low scattering levels which fulfill the
condition of the smallest particle size limit. The most success-
ful type so far is a glass microslide, upon which an opaque
chrome-nickel layer with a protective thin coating of SiO
is evaporated in high vacuum.

Another significant factor which determines impaction
efficiency, especially in the smallest size range, is the adhesive
retention of the particles, which depends on their affinity with
the chemical constitution of the slide surface. Extended tests
with atmospheric aerocolloids have shown that a hydrophobic
monolayer produces deposits suitable for microscopic evalua-
tion of the smallest particle sizes, as it prevents their prema-
ture coagulation. This surface layer is produced by brief
exposure (<1 minute) of the cleaned slide to the vapor of
monochlorotrimethylsilane, followed by contact with gaseous
ammonia for neutralizing the HCI traces resulting from the
surface reaction of the silane. The slides can be used many
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Figure 7. Microphotographs
Left. Deposits from monodisperse latex aerosol for five deposit densities
(1to 16)

Right. Corresponding S levels before and after ultraviolet irradiation
— — —Predicted slope (~ log 2)

times, if the deposits are removed by liquid contact with
detergents or solvents which remove the surface layer bearing
the particles. This silane treatment must be applied within a
few hours before impaction.

The micro-optical evaluation of the deposits is not restricted
to metallic surfaces, when larger sizes are involved. Trans-
parent slides can facilitate, for example, colorimetric evalua-
tion by transmitted light.

Instrument Performance

Figure 7 Left shows a series of microphotographs obtained
from a dry air flow into which an aqueous suspension of
monodisperse latex particles (d = 0.26 micron) was nebulized.
The deposits were produced on metallic surface slides and
photographed by the system described above. Figure 7 Right
shows the corresponding diagram of S levels for the five 7
steps, prior to and after extended exposure to ultraviolet
irradiation, where partial photochemical oxidation of the
polysterene particles is indicated by reduction of S.

For environmental air sampling, the mode by which the
air is brought to the MSI must avoid aerocolloids inevitably
dispersed by the personnel and operation of the equipment.
Figure 8 schematically shows the setup developed for this
purpose: A is the flexible plastic tube (2-inch i.d.) of suitable
length (30 to 60 feet) through which a continuous flow is
produced by a small blower, B, whereby the residence of the
air within A is reduced to a few seconds. C is a flexible metal
tube (0.75-inch i.d.) mounted concentrically within 4 to
neutralize the suction by B in the flow fraction led to the

Figure 8. Induction system for atmospheric samples

A. Plastic hose

B. Blower

C. Concentric sampling tube
W. Humidifying channel

MSI. This fraction is then split into two branches which pass
through geometrically identical channels D and W. While
the passage through D does not alter the ambient conditions,
W increases the humidity of the flow by its water-impregnated
wall linings to 75 to 80%. In the same manner, additional
branches can be provided in which the flow is briefly exposed
to ultraviolet irradiation, which can markedly alter the aero-
colloid levels (Goetz, 1968).

As an example, Figure 9 shows step patterns taken during
a smog period below the inversion layer in the Los Angeles
Basin, with and without prehumidification. Figure 10 presents
a typical S-level pattern which indicates about a sixfold
increase for the prehumidified samples (W). The deposits
were subsequently exposed for ~20 hours to intense ultra-
violet irradiation, which caused the gradual decay of the
particulate matter, as indicated by the S levels in good pro-
portion to the density levels, 7.

Samples of this type have been taken over a wide variety
of atmospheric conditions during day and night, including
many samples of the air immediately over the ocean, which

Figure 9. Deposits from urban air mass contained in air volumina

Upper row. Without prehumidification
Left. 7=3. Vy=28cc
Center. 7=4. V;=5.6cc.

Right. =5. Vy=112cc
Lower row. With prehumidification
Ap = 60 torr
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Figure 10. S-level pattern of deposits in Figure 9 after
passage through D and W channels

Left.  Prior to exposure
Right. After extended (6-hour) ultraviolet exposure

showed to a major or minor degree the thermal and photo-
chemical instability of the aerocolloidal matter prevailing in
hazes and smogs (Goetz, 1960; Goetz and Preining, 1961;
Goetzet al., 1961).

Comparison of simultaneous multiple-slit deposits showed
particularly remarkable alterations if branches of the flow
were briefly (6 to 30 seconds) exposed to ultraviolet (>1800-A)
irradiation prior to impaction. In this manner it has been
possible to observe lasting particle formation by atmospheric
traces of gaseous reactive hydrocarbons, due to oxypolymer-
ization induced by the irradiation exposure.
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Nomenclature

As = area of one deposit step, mm,
Ay = area exposed to photosensor
d = Stokesian particle diameter
F = flow rate at slit inlet, liters/min.
L = length of slit exit, mm.
M = linear magnification of micro-optics
Do = ambient air pressure, torr
Ap = pressure difference across slit, torr
t = time interval for one step deposit
7 = mean flow and impact velocity at slit exit, cm./sec.
Vs, V; = air volume impacted on A4, 4,
w = width of slit exit, mm.

GREEK LETTERS
1}

distance of slit exit from impinged surface, mm.
= viscosity

= index ratio

= particle density

transmission index
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Application of Internal Reflectance Spectroscopy to Water Pollution Analyses

James S. Mattson and Harry B. Mark, Jr.

Water Resources Sciences, Department of Chemistry, University of Michigan, Ann Arbor, Mich. 48104

m Colorimetric and spectrophotometric analytical methods
are useful in both qualitative and quantitative analyses in
aqueous systems, but a serious drawback in such conventional
transmission methods is that the sample must be a homo-
geneous, transparent solution. The use of internal reflectance
spectroscopy, however, circumvents separation steps which
must be employed with optically opaque samples. With this
technique, direct spectrophotometric analyses of marine
sediments, water filtrates, aqueous suspensions, etc., can be
carried out. Both visible colorimetric and infrared spectro-
photometric methods are described in this paper, along with
some representative data and the experimental apparatus,
pointing out the potentialities of this technique.

Aentuated total reflectance, the principle of internal
reflectance spectroscopy, has long been used in the
measurement of refractive index (Simmons, 1959). Later, the
application of attenuated total reflectance spectroscopy
(ATR) as a method for obtaining infrared spectra of opaque
materials was introduced (Fahrenfort, 1961; Harrick, 1960).
Cell designs and methods for obtaining multiple internal reflec-
tion spectra in the UV, visible, and near-infrared regions were
developed by several groups (Hansen and Horton, 1964;
Harrick, 1967.)

In internal reflection spectroscopy (IRS), monochromatic
light is injected into a crystal of suitable refractive index, n;,
which in turn is in contact with the sample medium, refractive
index = n, (Figure 1). If the crystal surface is highly polished,
and the angle 0 is greater than the critical angle 6, (defined by
0. = sin~!ny/my), total internal reflection will take place at the
interface. As shown in Figure 1, the x-components of the
incident and reflected waves combine to form a standing wave
on the crystal side of the interface. An evanescent wave is also
produced, which penetrates into the sample medium; the
amplitude of the evanescent wave decays exponentially with

Incident 7]
Light

0>,

increasing distance into the sample. The range of penetration
is on the order of \/7 to A/10.

The presence of a photo-active species on the sample side
of the interface will cause absorption of energy from the
evanescent wave, and transfer of energy across the interface.
This loss of energy to the absorbing species in the sample is
seen as an attenuation of the reflected beam.

By increasing the number of reflections at the crystal-sample
interface, the resulting attenuation is increased proportionally.
Figure 2 shows a multiple internal reflection cell for visible
light. The laser beam is shown entering the glass plate
through a refracting prism, then making nine reflections be-
tween the prisms before exiting from the other refracting
prism.

The attenuation of the light passing through an IRS cell is
monitored and recorded just as in the case of a transmission
spectrum. There is no shift in frequency between the light in
the crystal and the evanescent wave, but the resulting internal
reflection spectrum shows absorptions at slightly shifted
wavelengths from a transmission spectrum. These shifts are
generally small—i.e., 2 to 15 cm.”>—and can usually be ig-
nored. The reflectance is, however, a function of both changes
in «, the optical absorption coefficient, and 5, the measured
part of the refractive index, with wavelength. These are related
by

) = k) + i) )

where n is the complex refractive index. Because of the in-
fluence of the refractive index on the observed attenuation, the
internal reflection peaks do not show the same intensity rela-
tionships as the peaks in a conventional transmission spec-
trum.

Experimental

Infrared Studies. Qualitative and semiquantitative infrared
internal reflection spectra were obtained with a Wilks Scien-
tific Model 12 multiple internal reflection accessory, used with
a Perkin-Elmer Model 337 grating spectrophotometer. The
Wilks MIR-12 consists of four adjustable mirrors and a

Figure 1. (attenuated) Total internal re-

/—\smnding Wave

IRS Element Sample

Reflected
Light

/Qu\pliwde Decay

flection

Energy is transferred to an absorbing sample
via the evanescent wave,
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Figure 2. Multiple total in-
ternal reflection

Shown is the light from a gas laser
entering a multiple reflection cell via
a refracting prism, making nine
reflections as it passes down the
1-mm.-thick glass plate, then exiting
via a similar refracting prism
(Photograph by Paul Earl, U.S.
Bureau of Commercial Fisheries,
Ann Arbor, Mich.)

sample-crystal holder for each beam of the instrument.
With the mirrors adjusted for maximum output from the
crystal in the sample beam, intensities of 607, for KRS-5,
409 for silver bromide or silver chloride, and 15 to 20% for
germanium (relative to the amount of light passing through an
empty sample compartment) can be obtained. These large
amounts of available light coming through the crystals enable
the photometer section of the instrument to operate as well
with the internal reflection accessories in place as it does in the
transmission mode. In addition, an x-y recorder was con-
nected, for certain experiments, to the scale expander of the
Perkin-Elmer 337, which gave an increase in sensitivity of at
least one order of magnitude.

In the spectral study of solid particulate matter obtainable
as filtrates, the material was collected on a Millipore filter
using a previously described technique (Hannah and Dwyer,
1964). Figure 3 shows the sandwich arrangement used to ob-
tain optical contact between the sample material on the filter
and the IRS crystal. Pieces of rubber dental dam were inter-
posed between the sample filters and the glass plates to take up
the pressure of the tightening screws and avoid breaking the
brittle IRS plates. The filters themselves give a complicated
infrared spectrum if allowed to come into optical contact with
the IRS crystal. To avoid this, it is necessary to have the coat-
ing of the sample material on the filter sufficiently thick to
ensure that only the sample spectrum will be obtained. Because
of the limited penetration depth of the evanescent wave, a
uniform coating of 3 mg. of material over 10 cm.2on a filter
surface provides sufficient protection against observing bands
of the filter itself.

The use of reference beam subtraction of the substrate
spectrum is discussed in a paper on the spectra of active car-
bons (Mattson, Mark, et al., 1968), and this technique can be
applied generally in IRS analyses.

Water samples require another handling procedure. They
were injected into a Wilks liquid sampling cell, which requires

/~GLASS PLATE Immx20mmx 40mm
~SAMPLE FILTER
~ATR CRYSTAL lor2mm x 20mm x 50mm, 45°EDGES
_~SAMPLE FILTER
_~GLASS PLATE

Figure 3. Sandwich arrangement

This arrangement was used to obtain infrared spectra of particulate
matter entrapped on microporous filters. The glass plates are used
to obtain uniform optical contact between the ATR crystal and the
sample filter
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about a 2-ml. volume of sample. In this case, germanium
provides the best IRS crystal material because of solubility
problems with other materials, even though it does not trans-
mit beyond 11 microns. However, the germanium range is
sufficient to accomplish organic identification in aqueous
samples within the water “windows,” which are from 3 to 6
and 6.5 to 11 microns. The former water window allows group
frequency bands to be measured, and the latter is in the finger-
print region. KRS-5, a material which transmits further out
into the infrared and passes the most IRS light through it, is
unsatisfactory for aqueous samples. This material, a mixture of
thallium bromide and thallium iodide, is slightly soluble in hot
water. When infrared light hits the KRS-5/water interface, it
heats up the water sufficiently to destroy the reflecting ability
of the crystal surface. Silver halide crystals transmit further
into the infrared and pass more IRS light than germanium,
but they have proved unsatisfactory because of their tendency
to corrode the stainless steel sample cells used in this study.
The oxides collecting on the crystal eventually damage the
reflecting surface. It is possible that Teflon or other plastic
materials can be used as cell materials, which would circum-
vent the problem. At present, work is under way in this area.

Still other samples require handling in another way.
Sediment samples can be placed in the cavities of the Wilks
liquid cell, the crystal included, and the cell assembled with the
sample in place. This method is favored for a large range of
samples, both wet and dry particulate matter, where the
amount of sample available is not a limiting factor.

Visible Region. For the region from 3500 to 8000 A., a
Cary Model 14 spectrophotometer was used. The cell pic-
tured in Figure 2 was used, and an optical cement with a
refractive index matching that of the glass was employed to
hold the prisms in place (Lens Bond M-60, Summers Labora-
tories, Fort Washington, Pa.). Several cells of this general
type were used, some with the refracting prisms shown,
others with an achromatic arrangement employing reflecting
prisms. For this type of work, the achromatic arrangement is
favored.

Substitution of fused quartz for the reflecting plate and the
prisms provides access to the UV and near-IR regions with the
same experimental setup.

Applications

Infrared IRS. Figures 4 and 5 show spectra obtained with
the microporous filter sandwich. In Figure 4, three cigarettes
were “smoked” by an aspirator with the smoke passing
through a 0.45-micron filter, and the spectrum of the en-
trapped solids was taken.

Figure 5 shows the comparison of the infrared spectra of
two different species of blue-green algae. These organisms were
cultured by the U.S. Bureau of Commercial Fisheries and
filtered onto 0.45-micron filters for analysis. The technique
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Figure4. Cigarette smoke

Infrared internal reflectance spectrum of solid material filtered from smoke of three Camel cigarettes. Identification of some of the observed bands
includes: 3400 to 3200 cm.~'-OH, 2900 c¢m.'-C—H, 2300 cm.~'~-C—N, 1650 cm.”'-C—O, 1350 cm.”!C=H. IRS crystal was KRS-5
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Figure 5. Blue-green algae

Infrared internal reflection spectra (about 5X scale
expansion) of Anabaena cylindrinca (top) and Naviola
pellicolosa (bottom). Identification of major peaks
includes: 2900 cm.~'-C—H, 1600 ¢cm.~'-C=0, 1400
cm.~1-C—H. IRS crystal was KRS-5 -

REFLECTANCE

opens new paths to the study of the chemical nature of micro-
organisms. The two species exhibit characteristic spectra, with
definite differences which may be correlated to organic com-
pounds making up the structure of the organisms. It may be
possible to resolve the spectra of mixed cultures occurring
naturally by the use of a computer. The computer would de-
termine which types of organisms were present by comparison
of peak areas and locations, with reference spectra of pure
strains stored in a computer memory file.

Figure 6 is the spectrum of Lake Erie bottom mud, showing
the presence of carbonyl groups at 1750 cm.~, as well as the
expected water peaks at 3 and 6 microns (only the group fre-
quency range is shown in this figure). In spectra of bottom
sediments, it is possible to use germanium IRS elements and
obtain information on carbonyl, nitrile, ether, and other
organic functional groups which exhibit characteristic vibra-
tional frequencies in the 2- to 11-micron region. The method
offers many advantages over previous identification methods

REFLECTANCE (%)

| |
4000 3500 3000 2500 2000 1500
FREQUENCY (CM™)

Figure 6. Lake Erie sediment

Infrared internal reflection spectrum taken directly on sample with no
drying or other preparation. Major peaks observed are those of water.
IRS crystal was Ge
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Figure 7. Eosin-B: Reflectance vs. transmittance

The solid line is a reflectance spectrum of a solution of Eosin-B
obtained (with the cell in Figure 2) in a Cary Model 14 spec-
trophotometer. The broken line is a transmission spectrum
obtained in the same instrument. With nine reflections, and
small absorbances, the maxima occur at nearly the same wave-
length

for these materials. There is no need to separate water from the
samples, nor is there any separation step necessary. It is not
necessary to filter or digest any of the solid material in the
sample. Because the sample is analyzed directly and wholly
intact without any pretreatment, there can be no losses,
degradation, or change of components from separation and
concentration steps. The method is seen to be readily adapt-
able to shipboard and field use.

Visible IRS. Conventional colorimetric methods require a
homogeneous, transparent liquid for accurate and reliable
determinations. With a total internal reflection optical path,
the light beam never enters the sample and thus is not sus-
ceptible to scattering. For this reason, colorimetric deter-
minations may be carried out in mixed or nonhomogeneous
media, especially wet sediment. An example system is de-
scribed below.

Figure 7 shows the absorption peak of an Eosin-B solution,
an intense red dye. As is seen in this figure, the reflection peak
occurs in the same wavelength region as the transmission peak.

By mixing Eosin-B with kaolinite and distilled water, a
slurry consisting of 70 9 water and varying concentrations of
dye from 0.16 to 16 parts per thousand (p.p.t.), a synthetic
sediment system was formed. The reflectance was obtained
using the cell in Figure 2, and the plot in Figure 8 shows a
good Beer’s law relationship at 4900 A. Beyond the range of
this plot (dye concentrations greater than 1.6%) the highly
intense dye shows a falling off of the linear relationship, as
would be expected. Below the level of 0.61 p.p.t., the measured
absorbances were too low to be determined using the cell
shown in Figure 2. This cell has only five reflections on the
sample side of the reflection plate. By decreasing the thickness
of this plate from 1.5 mm. to 0.15 mm., an increase of sensitiv-
ity of an order of magnitude is obtained by getting 50 reflec-
tions on the inner side of the plate. By more judicious opti-
mization of cell design, it is possible to obtain a total of over
400 reflections (Mattson and Mark, 1968), and by placing
sample material on both sides of the reflection plate, the sensi-
tivity is extended to the parts-per-million range. Therefore,
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In a mixture of about 70% kaolinite, it is still ible to obtain
reasonable Beer’s Law plot for the species in solution, using visibl
attenuated total internal reflection

quantitative determinations may be made using coupled color
forming reactions carried out in the sediment itself (Mattson
and Mark, 1968) in mud from a level of a few parts per million
up to a few per cent, with a colored species with a molar extinc-
tion coefficient around 104,

Kaolinite has a particle size in the colloidal range, so that a
slurry of it does not show any settling or phase separation
during the time needed for analysis. However, larger particle
sizes, such as occur naturally, have a tendency to settle rapidly.
For these, the internal reflection plate must be located at the
bottom of the cell, rather than the side, for reproducible
results.

Conclusions

It is possible for direct optical chemical analyses to be
carried out in previously unusable sample media, and to
identify organic components of optically opaque materials by
the technique of total internal reflection spectroscopy. This
is important to the analyst of the environment, as a tool which
can cut hours off analysis time spent in separation, digestion,
filtration, etc. It provides a reproducible spectrum of a com-
pletely opaque material which can be used for further study of
natural systems.
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B Jon exchange membranes are employed in conjunction
with neutron activation analysis and anodic stripping voltam-
metry to determine certain trace metal ions in aqueous media.
As these two analytical techniques or applications with ion
exchange membranes appear on the surface to have consider-
able promise with respect to in situ analysis in natural water
systems, the parameters which govern their applicability,
limitations, and sensitivity were investigated. This study
showed these techniques to be somewhat impractical for
routine trace analysis. The relationships (or proportionality
factors) relating the measured amounts of material and the
concentrations of these species in their original environment
are complex, although they can be treated quantitatively.
Furthermore, very long times are required for trace systems to
reach equilibrium. In both analytical techniques, the ion
exchange membrane is used as an in situ preconcentration
matrix prior to actual analysis. Experiments were carried out
to determine if large surface active organic materials in natural
systems inhibit exchange by passivating or blocking the sur-
face, which would make the analysis of nature systems im-
possible by this technique.

If a cation exchange membrane is allowed to equilibrate

in an aqueous medium containing one or more metal
ions, the membrane will show an increased concentration of
metal ions with respect to the original concentration in
the aqueous system (Helfferich, 1962). It was originally
suggested, therefore, that such membranes could be em-
ployed for a simple in situ metal ion analysis technique
(Berlandi, 1966). Small disks of an ion exchange membrane
could be equilibrated in the natural water system, such
as a lake, ocean, or sewage system, then returned to the
laboratory to determine the metal ion(s) concentration in
them, using either neutron activation analysis of the mem-
brane directly or an anodic stripping technique in which the
pre-equilibrated membrane is mounted near the electrode
during the electrodeposition step of stripping voltammetry
(Eisner, Rottschafer, er al., 1967). If the equilibrium constants
of the ion exchange membrane in the system under analysis
are known, the initial concentrations of the metal ions can
be calculated from the concentrations of these species in the
membrane. Parameters, such as equilibration time, distribu-
tion coefficients, and effects of electrolyte concentrations,

which govern the applicability, limitations, and sensitivity
of this technique are discussed.

Experimental

Reagents and Apparatus. All reagents were analytical
grade, used with no further purification. Deionized water,
which was then double-distilled (with potassium permanganate
in the first stage of distillation) was used for preparing all
stock solutions and for further dilutions.

Prior to use, the ion exchange membranes were washed
in 1M KOH to remove oil and surface contaminants and
then in 1M HNO; and double-distilled water. The washed
membranes were stored in water until needed.

Stock solutions, prepared by standard methods, of 0.1M
concentration were made for each of the ions—silver, copper,
cobalt, and indium—used in this study. Working solutions
were then prepared daily by dilution of the stock solutions.

The zinc tracer solutions were prepared by irradiating 2 mg.
of zinc metal (encapsulated in quartz for 24 hours in the re-
actor). The irradiated metal was then dissolved in nitric acid
and the solution diluted up to 10 ml. The activity of the final
solution (3.28 X 1073*M Zn*?) was about 30,000 counts per
minute per ml. of solution.

The construction as shown in Figure 1 and operation of the
membrane “‘barrier” electrode assembly have been described
(Eisner, Rottschafer, et al., 1967).

The electrodeposition and anodic stripping voltammetry
were carried out in a three-electrode cell, using instrumenta-
tion constructed from the basic operational amplifier cir-
cuits of DeFord (DeFord, 1958; Vassos, 1965) and were re-
corded by a Moseley Autograph model 2D-2M X-Y recorder.
The scan rates used throughout this study were 5 to 30 mv.
per second.

All activation irradiations were carried out in the Ford Nu-
clear Reactor of the Michigan Memorial Phoenix Project,
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Figure 1. Electrode assembly
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which has a thermal neutron flux (in the pneumatic tubes) of
5 X 10'? neutrons per sq. cm. per second. The gamma count-
ing and spectroscopy of the irradiated samples were accom-
plished with a RIDL 400 channel analyzer using a 3 X 3
Nal (TI) scintillation crystal.

Preconcentration of Metal Ion in Membrane. The cation
exchange membranes (C103, American Machine and Foundry
Co., Springdale, Conn.) were equilibrated with the solution
to be analyzed, using a constant stirring rate (Vassos, 1965),
then removed and rinsed with water. The trace metal ion was
determined by neutron activation analysis or by anodic strip-
ping voltammetry.

Neutron Activation Analysis. The pre-equilibrated mem-
branes to be analyzed by neutron activation analysis were
encapsulated in a polyethylene vial. The size of the membrane
disks (10-mm. diameter) matched the inside diameter of the
vial, so that they had no free movements within it. The
pneumatic polyethylene rabbit was also milled, so that this
vial fitted exactly without free movement. Thus, a constant
geometry for irradiation was maintained through the experi-
ments, keeping the neutron flux in the membrane as constant
as possible (Berlandi, 1966).

After irradiation, the membrane was removed from the vial,
enclosed in a new vial, and placed in the counting chamber.
Removing and re-encapsulating took less than a minute, en-
abling the use of isotopes with half lives as short as 30 seconds
in these determinations.

Anodic Stripping Voltammetry. For the anodic stripping
voltammetry determinations, the membranes were also pre-
equilibrated and rinsed as described above. The membrane
electrode was assembled (Figure 1) and electrolysis carried out
using a solution of the supporting electrolyte alone. (Eisner,
Rottschafer, ef al., 1967, discuss mechanics of this operation).
As the only ions available for deposition on the electrode are
those initially attached in the membranes, stirring has no
measurable effect on the deposition step and the electrolyses
were, thus, carried out in a quiescent solution. The dissolution
step was carried out in the same solution after removal of the
membrane (Eisner, Rottschafer, er al., 1967).

Results and Discussion

Agt, Cut?, Zn*? Cot? and In*? were employed in various
combinations to demonstrate the applicability of the methods
described. As these ions are easily determined by radioactiva-
tion analysis techniques, the parameters to be considered in
the exchange processes involved were investigated by this
method.

Equilibration Time of Membrane. The membranes were
equilibrated in stirred solutions at 25° C. In all experiments,
the volume of bulk solution involved in the equilibration was
sufficiently large so that the concentration of the ion of interest
remains virtually constant in the solution during the equilibra-
tion experiments. As the concentration of the counter ion
initially in the membrane is high (~1 meq. per gram), the
theoretical treatment of the exchange process can be described
by the same equations employed for isotopic exchange pro-
cesses that are governed by film diffusion alone. The rate of
exchange is thus proportional to the concentration of the
trace ion in the bulk solution diffusing to the membrane (Helf-
ferich, 1962).

Experimentally, the equilibration time for a particular metal
ion varied proportionally with concentration of the ion pres-
ent in the bulk of solution, as expected for a diffusion-con-
trolled process. Thus, it is necessary to know the approximate
levels of the concentration of the trace species to know
how long to allow the membrane to be in contact with the
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sample solution. For a 10~*M solution the equilibration time
is approximately 30 minutes; for a 1075M solution, about
300 minutes; and for a 10~°M solution, 30 hours. This, of
course, is a disadvantage to the use of this technique in anal-
ysis. However, as the rate of attaining equilibrium is essen-
tially linear as a function of time (Figure 2), the ion exchange
membrane can be left in contact with the solution for a fixed
time interval. If the equilibration rate constant (the propor-
tionality constant relating concentration of ion in the mem-
brane with the initial concentration of the ion in the bulk solu-
tion as a function of time) is predetermined, the analysis of
the membrane can be used to calculate the initial concentra-
tion in solution. Of course, considerable sensitivity is lost, if
the system is not allowed to reach equilibrium.

The equilibration rate and equilibration time were also func-
tions of the particular cation being determined (Figure 2).
Thus, again it is necessary to know which cations are present
and in what concentration level, in order to know how long
the membrane must be in contact with the solution to reach
equilibrium, or to know the equilibrium rate constants in
order to use a fixed time method (with the usual loss of sensi-
tivity). The equilibration times for the trace metal ions were
found to be essentially independent of the alkali metal ion
concentration of the supporting electrolytes. Thus, the nature
of the water system—fresh, brackish, or sea—does not affect
the equilibration time.

Determination of Distribution Factor of Metal Ion between
Solution and Membrane. The degree of enrichment of the
metal ion of interest in the membrane was also found to be
related to the ion which undergoes the exchange. The ex-
change is a dynamic process and the enrichment takes place
until the ion in the membrane reaches a certain equilibrium
concentration. A useful way to define the extent of enrich-
ment is the distribution factor, D;:

mg. metal /
. g. membrane
in membrane

mg. metal futio
in solution/ & Sotution

The D; values arise from several chemical characteristics of
the various ions, such as valence, charge density, and size.
The experimental values of D; for the particular ions under
investigation (in 0.1M KNOQ;) are shown in Table I.

In contrast to the equilibrium time, the D; values vary with
the concentration of the gross components (on supporting
base electrolyte) in solution. In the case of ion exchange resins,
the value of D; is inversely proportional to the electrolyte
concentration (Samuelson, 1963):
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Figure 2. Equilibration time for membranes in various solutions

a.3 X 1074 M Co*?, 0.1M KNOs, b. 2 X 107M Ag*, 0.1M KNOj3,
¢.2 X 107" M Cu*2, 0.1M KNO3, d. 2 X 1074 Zn+2, 0.01 M NOs



Table I. Distribution Coefficient or Factor, D;, for Metal Ions
in 0.1M KNO; Solutions

Ion D;

Ag* 30
Cot? 240
Zn*? 250
Cut? 400
In*3 13,000

1
D; = const. 7 1)

where A is the concentration of the electrolyte, i is the valence
of trace element, and a is the valence of the bulk ion.

A study was made to determine if this relationship was valid
also for the ion exchange membranes when KNO; was used as
the base electrolyte and Ag*, Cot2, Cut?, and In*3 as the trace
elements. While the plots of log D; vs. log 4 were linear, as
expected, the slopes were —0.86, —1.20, —1.15, and —1.25,
respectively, for the trace elements (Figure 3), differing con-
siderably from the predicted slopes of —1.0, —2.0, —2.0, and
—3.0 (Samuelson, 1963). The reason for this disagreement is
not understood at this time; however, certain conditions im-
posed on the derivation of Equation 1 may not be met in the
membrane case (Samuelson, 1963).

Thus, it is necessary to know the distribution factor for each
metal ion measured under the same electrolyte concentration
as that of the sample bulk solution of interest, in order to cal-
culate the concentration of the trace species in the sample bulk
solution from the measured values in the membrane.

Application of Pre-equilibrated Membranes as a Preconcen-
tration Matrix for Neutron Activation Analysis. Analytical
calibration curves (activity in the membrane vs. bulk concen-
tration, slope equal to D;) in 0.1M KNO;, for Cut? and Ag™,
were found to be linear over the 10—+ to 10~>M concentration
range, for In*3 over a 1076 to 10~"M range, and for Co*? over
1 X 107*to 5 X 10~°M range. The factors which determine
the sensitivity of utilizing the equilibrated membrane as a pre-
concentration step for neutron activation analysis are D; and
the usual parameters, such as cross section, isotopic abun-
dance, and half life, that are inherent in activation analysis
(Crouthamel, 1960). The various parameters of importance for

10°r

ACTIVITY IN THE MEMBRANES ( a to D)

000! Qo1

Molarity of KNO3

Figure 3. Dependence of distribution factor of trace ion on
concentration of supporting electrolyte

Table II. Parameters Affecting Sensitivity of Ion Exchange
Membranes as a Preconcentration Matrix for Neutron
Activation Analysis

Parameter Agle Co%m  Cub® Intion
o (cross section) 30 18 2.3 154
Abundance of
parent, % 51.8 100 30.9 95.7
t1/2, Min. 2.4 10.5 5.3 54
y-ray, M.e.v. 0.63 1.33 1.04 1.27

No. of disintegrations
per 100 atoms
activated 2 0.28 9 83

the ions Agt, Co*?, Cu*? and In*3 are summarized in Table
II and below.

The ion exchange membranes can be used as a preconcen-
tration matrix for direct irradiation because they are essen-
tially pure organic in nature and, therefore, undergo no ap-
preciable activation in themselves (Figure 4). Thus, the back-
ground activity from the matrix itself is very low.

For irradiation times less than 5 minutes the lower limit for
the determination of Agt, in 0.01M KNO;, is about 1 X
10-8M; for Co*2, 5 X 1078M; for Cu*?, 5 X 10~"M; and for
In*3, 2 X 10-10M.

However, as the equilibration time required for concentra-
tions less than 1076M is in the order of several days, such
determinations are in general impractical.

In the analysis of biological materials or waste water, one
encounters the problem of surface active agents. These tend to
adsorb on surfaces and hinder processes such as electrodeposi-
tion and/or anodic dissolution—for example, silver ion in a
supporting electrolyte of 0.1M KNO; and 1M NH,OH sat-
urated with the surface active agent 1-octanol, was investi-
gated. The 1-octanol adsorbs strongly on the electrode in the
potential range —0.1 to —0.9 volt vs. S.C.E. (Graham, 1946)
and inhibits the electrochemical deposition process to such a
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Figure 4. Gamma spectra of neutron-activated cation ex-
change membranes

I. Equilibrated in 0.1M KNO; II. Equilibrated in 0.1M KNO;,
1 X 1074 M Cu*?, a. Cu’* 0.51-mev positron annihilation photo-
peak. b. Cuf 1.04 mev. c. Na? 1.37 mev. d. K#2 1.52 mev. e. Mns6
1.81 mev. f. Mn* 0.84 mev.
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degree that no anodic peak is developed when normal anodic
stripping voltammetry techniques are used.

To study the effect of surface active agents on the exchange
process, membranes were equilibrated in the octanol-silver
ion solution and in another solution which contained the same
concentrations of all species excluding the 1-octanol. Activa-
tion analysis of the membranes themselves showed that both
sets of membranes took up the same amount of silver, and
calibration curves (activity in membrane vs. bulk concentra-
tion) for equilibrated membranes in silver solution in the pres-
ence of 1-octanol were linear in the range 4 X 10~ to 15 X
10-5 (Figure 5). Thus, octanol does not constitute an appre-
ciable disturbance in the ion exchange process and the equil-
ibration time. (This means that surface active organic species
present in all natural systems do not interfere with the direct
activation analysis of these membranes.)

Application of Pre-equilibrated Membranes as a Pre-
concentration Matrix for Anodic Stripping Voltammetry.
Silver ion concentrations in this concentration range were
also determined using anodic stripping voltammetry with the
membrane electrode assembly. A linear calibration of strip-
ping peak area with bulk concentration of silver was obtained.
The experimental procedure was as follows: Three membranes
(for each sample solution) were equilibrated in the solution.
After equilibration they were removed and washed with ethyl
alcohol, followed by water to remove any octanol adhering to
the membrane. The membranes were then mounted in the elec-
trode assembly and electrolysis was carried out in a solution
of base electrolyte alone (0.1M KNO; and 0.5M NH,OH
without surface active agent.) The dissolution step was then
carried out in this same solution after removal of the mem-
brane; &5 % accuracy was obtained.

The anodic stripping analysis, which is more laborious than
direct activation of the pre-equilibrated membrane, was devel-
oped to determine species which do not have favorable cross
sections, half lives, etc., for neutron activation analysis. Ob-

/ ;
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ACTIVITY IN MEMBRANE, arbitrary units

I x 104

[ag9, M x 10°

Figure 5. Calibration curve for silver in a solution satu-
rated with n-octanol, supporting electrolyte 0.1/ KNO;
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viously, electrochemistry is only one of the possible analytical

alternatives.

This method cannot be automatically applied to the analysis
of any solution containing surface active materials, however,
as one must ascertain if the surface active agent reacts with the
ion under consideration. This can be illustrated by the fol-
lowing experiment with a”solution containing 5 X 10~°M
Cu*? and 0.02% egg albumin. Equilibration of membranes in
solutions containing various concentrations of copper ion
showed a nonlinear relationship between concentration of
copper in the membranes and in the solution. This indicates
that the copper reacted with the albumin to form a complex.

The reaction of metal ions with proteins is well known.
Many investigations have been carried out to determine the
nature of reaction sites, the stoichiometry, and the structure
of the complexes formed. The complexation of copper ions by
albumin has been discussed (Gurd and Wilcox, 1956). A stoi-
chiometric reaction of copper with bovine serum albumin in a
NH;-NH(NO; buffer (pH 9.2) has been reported (Kolthoff
and Willeford, 1957).

In the present case, the addition of 0.1 M ethylenediamine to
the solution yielded a linear relationship between the concen-
tration of copper in solution and in the membranes. Equili-
bration of membranes in solutions containing 1 X 10~M
Cut?, 0.1M KNO3, and 0.1M ethylenediamine, showed the
same uptake of copper in the presence and absence of egg al-
bumin, indicating that the copper ions were complexed only
with the ethylenediamine. When ethylenediamine was re-
placed by NH3;, even in 1M NHj;, the concentration of copper
in the membranes was 25 %, lower than in the absence of 0.02%;
albumin. The large difference in the formation constants of
the two complexing agents accounts for the differences in the
copper ion uptake (log K; for NH; 4.27; for ethylenediamine
10.72) (Bjerrum, 1964).
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COMMUNICATION

Determination of Odor Thresholds in Air Using C'-Labeled

Compounds to Monitor Concentrations

Hermes O. Smith and Arthur D. Hochstettler

The Dow Chemical Co., Analytical Development Laboratory, Midland, Mich. 48640

8 The minimum identifiable odor levels of compounds in air
were determined using a static dilution technique. Since
adsorption of the compounds on the surfaces of equipment
during the diluting procedures can potentially cause unknown
and high errors, it is important to determine the true concen-
tration in the air at the minimum identifiable odor level con-
centration. The authors do this by using C!“labeled com-
pounds and scintillation counting. Results for styrene, mono-
chlorobenzene, and monochloroacetic acid are reported.

I he determination of the odor threshold of a compound

in air is subject to potentially high errors resulting from
adsorption of the compound on the surfaces of apparatus and
from diffusion losses. Of the two, the surface adsorption is
probably of more significance, for both static and dynamic
methods. The results leave doubt as to whether the concentra-
tion being inhaled is truly the concentration calculated from
dilution ratios and known high concentrations. Of course,
the lower the threshold, the more significant these sources of
error can become. Thus, an acceptable value for a threshold
concentration can be obtained only if a reliable analytical
method is available. However, for compounds with very low

Pressure Equalizing
Syringe, N, Filled
50 cc.
Sample Syringe
1cc.

25 mm, Fisher
Porter Joint

«—— 500 ml, Flask

Figure 1. Saturated vapor flask

thresholds, sufficient analytical sensitivity is often lacking and
again surface adsorption makes it difficult to obtain and de-
liver an accurate aliquot of the system being tested for odor.

The authors, in studies on the odor threshold of various
compounds in air, are using a static method and monitoring
the low concentrations by using C'“labeled compounds and
scintillation counting. This overcomes the above-mentioned
difficulties and allows the determination of a concentration
in the threshold range regardless of how low this may be.
Naturally, the quantities of vapor inhaled must be safe from
the standpoint of toxicity.

Procedure and Apparatus

Preparation of Saturated Vapor. A saturated vapor in
nitrogen is prepared in vessels similar to the one shown in
Figure 1. The concentration is calculated and determined by
gas chromatography or total carbon determination (Van Hall
and Stenger, 1967). This saturated vapor is diluted by syring-
ing portions directly into 12.5-liter inhalation flasks.

Panel Testing. The judge inhales this diluted vapor, using
the nosepiece shown in Figure 2, which minimizes dilution
with room air. Assuming the lungs hold 2 liters, the highest
possible error would be approximately 15%, which is well
within the range of individual sensitivities. Mixing is accom-
plished by havinga 1 X 3 inch strip of aluminum foil (2-mil) in
the flask and shaking the capped flask about 10 seconds. The

Opening For Nose

<—— 12,5 Liter

Figure 2. Inhalation flask with inhaling tube
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—~—— 2 Liter Capacity

—~—— 12,5 Liter

Figure 3. Inhalation flask with sampling unit attached

motion of the foil strip relative to the flask accelerates the
mixing process. The inhalation test is made immediately after
this mixing.

The end point is the recognizable odor threshold, commonly
referred to as the minimum identifiable odor level (MIOL).
This end point is used, at the present time, because the authors
feel it is more meaningful than the absolute odor threshold for
air pollution abatement studies. It represents the lowest con-
centration at which the odor of a compound can still be
recognized as resembling the odor of the same compound at a
much higher level, such as a saturated atmosphere at normal
room temperatures. Differentiation from other similar com-
pounds or odors is not considered. By this definition, then,
other end points are possible, since some compounds do not
retain all their primary odor qualities during dilutions, and
the absolute threshold may not coincide with the MIOL.

A blank inhalation flask always accompanies the sample,
for two reasons: to help monitor the flasks for odorless back-
ground, and to give the judge a point of reference. At the
MIOL, the olfactory signal is so weak that often one has
difficulty in mentally interpreting what the senses are de-
tecting.

The sequence of sniffing the blank in respect to the sample is
randomized. An experimental design allowing statistical
analysis is not considered necessary for the MIOL determina-
tion, since the answer is definitely above the absolute thresh-
old. The authors feel that when the MIOL is being ap-
proached by subsequent dilutions, a factor of one half each
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Table I. Minimum Identifiable Odor Levels (MIOL)
MIOL Panel Average,

Purity of Mg./Liter
Compound Scintillation
Compound Inhaled, % Theory counting
Styrene 99:6 3.4X10°% 2X10°¢
Monochlorobenzene  99.9 4.3 X107 3 X103
Monochloroacetic
acid 99.5 1.5 X 107¢ 5 X107

time is normally adequate. A panel of four men and three
women is being used; and the final answer is reported as the
panel average, panel range, and individual results. Testing is
done in an atmosphere of charcoal-filtered air at 73°F. and
40 to 50 %; relative humidity.

Monitoring MIOL Concentration. To correct for the prob-
able adsorption and diffusion errors mentioned previously,
compounds labeled with carbon-14 are diluted and then
sampled using the 2-liter evacuated flask shown in Figure 3,
and monitored by measurements of their radioactivity.

A concentration close to the panel MIOL average is moni-
tored unless the panel range is broad, in which case the ex-
treme values are monitored. The 2-liter aliquot in the sampling
flask is transferred quantitatively to an appropriate counting
solvent first by sweeping and then by rinsing the flask with the
counting solvent. Counting is done on an automatic liquid
scintillation spectrophotometer (Nuclear—Chicago Corp.).

Results and Discussion

Table I shows results for three compounds.

Compounds with sufficiently low activity, safetywise, can
be used for the olfactory testing. However, the authors prefer
to perform the olfactory testing on an unlabeled compound
and run a parallel experiment with a labeled compound for
concentration monitoring.

The results also indicate the magnitude of errors due to
adsorption and diffusion.
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Levels of Stable Strontium in Milk and the Total Diet

Georgia L. Rehnberg, Ann B. Strong, Charles R. Porter, and Melvin W. Carter
Southeastern Radiological Health Laboratory, P. O. Box 61, Montgomery, Ala. 36101

B Samples of pasteurized milk, composite total diet, and vari-
ous other environmental media were analyzed for stable stron-
tium, calcium, and strontium-90 during January through
December 1965. These data are presented for use as reference
material and interpreted with regard to significance of stable
strontium levels. Pasteurized milk network samples from the
southern United States, the Canal Zone, and Puerto Rico were
analyzed. An average value of 0.86 + 0.23 mg. of Sr2* per
liter was obtained for the 20 sampling stations. Values ranged
from 0.43 + 0.03 mg. per liter in Washington, D. C., to
1.51 =+ 0.11 mg. per liter in Cristobal, Canal Zone. Composite
total diet samples from children’s homes in the southern
United States were also analyzed. Individual stable strontium
values ranged from 0.49 =+ 0.02 mg. per kg. in Charleston,
S. C., to 1.96 =+ 0.10 mg. per kg. in Oklahoma City, Okla.,
with an over-all average of 0.89 =+ 0.18 mg. per kg. wet weight.

ence of trace quantities of stable strontium in milk, food,

and vegetation. However, the amount present was not
considered important until the advent of radioactive stron-
tiums as environmental contaminants. Beta-emitting stron-
tium-90 is important from a health standpoint because of its
long half life and bone-seeking characteristics, whereas
strontium-89 is of less importance because of its much shorter
half life. Stable strontium concentrations in the environment
are important because of their influence on biological incor-
poration of the radioactive isotopes of strontium.

At the Southeastern Radiological Health Laboratory,
pasteurized milk network and institutional total diet sam-
pling network (radionuclide surveillance networks operated
by the U. S. Public Health Service) samples were analyzed
monthly during 1965 for stable strontium, strontium-90,
and calcium. Various types of individual food, vegetation,
and biota samples collected from certain areas of the south-
eastern United States were also analyzed on a random basis.

The stable strontium data are evaluated and an attempt is
made to relate these data to radioactive strontium and stable

I Yor many years scientists have been aware of the pres-

calcium. Results are examined both individually and col-
lectively as to sampling location and sample type, and sea-
sonal trends and geographical variations are discussed.

The concentrations of stable strontium in environmental
samples have often been neglected, partially because of the
difficulty of determination (Elfers, Hallbach, et al., 1964;
Leddicotte and Reynolds, 1951) and partially because of the
lack of emphasis on strontium prior to radiostrontium fall-
out.

The wide variations in the concentrations of stable stron-
tium among sample types have shown that erroneous values
for radiostrontium can result where the addition of stable
strontium for the determination of chemical yield is part
of the procedure. The presence of 1 to 5 mg. of natural stable
strontium in a sample aliquot can produce significant errors,
as the average amount of stable strontium carrier added is
approximately 20 mg. (U. S. Public Health Service, 1967)

Sampling and Analytical Procedures

One milk sample per month from each of 20 pasteurized
milk network (PMN) sampling stations (PHS regions III,
1V, and VII) and one composite food sample (including dairy
products) per month from each of seven institutional total
diet sampling network (ITDSN) sampling stations were
analyzed for stable strontium, stable calcium, and strontium-
90. Samples from eight other ITDSN stations were also ana-
lyzed until these stations were discontinued after June 1965.
The samples were analyzed for strontium-90 and calcium ac-
cording to routine procedures in use at the Southeastern
Radiological Health Laboratory (Porter, Augustine et al.,
1965). Stable strontium was determined by the ion exchange—
flame photometric procedure described by Strong, Rehn-
berg, et al. (1968).

Results and Discussion

Table I contains values for stable strontium for 20 PMN
sampling stations and 15 ITDSN sampling stations. From
these data, average stable strontium values of 0.86 mg. per
liter for milk and 0.89 mg. per kg. wet weight for food are
calculated. Inasmuch as approximately 1 liter of milk or 1
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Table 1. Stable Strontium Concentration in PMN Milk (Mg./L.) and ITDSN Fooed (Mg./Kg.) Samples, 1965

Jan. Feb. Mar. Apr. May
Washington, D. C.  PMN 1.10 0.81 0.64 0.53 0.74
Louisville, Ky. PMN 097 0.59 0.8 0.62 0.71
ITDSN 0.99 1.12 0.85 0.53 0.89
Baltimore, Md. PMN 0.81 0.69 0.68 0.56 0.68
ITDSN 0.59 0.77 0.85 0.77 0.67
Charlotte, N. C. PMN 0.88 0.75 1.01 0.69 0.95
ITDSN 0.67 0.89 0.87 1.03 1.02
San Juan, P. R. PMN 0.89 0.64 0.77 0.49 0.84
Norfolk, Va. PMN 0.80 0.68 0.86 0.66 0.46
ITDSN 0.68 0.67 0.92 0.59 0.74
Charleston, W. Va. PMN 0.72 0.80 0.88 0.62 0.63
ITDSN 0.95 0.63 1.09 0.91 0.73
Montgomery, Ala. PMN 0.63 0.85 0.96 0.73 0.93
ITDSN 0.71 0.72 1.00 0.69 1.02

Cristobal,
Canal Zone PMN 0.83 1.12 1.38 1.04 1.17
Tampa, Fla PMN 0.87 0.88 1.04 0.65 0.8
ITDSN 0.86 097 1.10 1.25 0.82
Atlanta, Ga. PMN 0.80 0.75 1.00 0.78 0.98
ITDSN 094 0.99 1.42 1.01 0.94
Jackson, Miss. PMN 0.73 0.94 1.35 1.08 1.09
ITDSN 1.04 0.83 0.75 0.72
Charleston, S. C. PMN 0.78 0.94 0.80 0.76 0.78
ITDSN 1.23 0.79 0.88 0.49 0.62
Chattanooga, Tenn. PMN 0.82 0.77 0.86 0.69 0.78
Memphis, Tenn. PMN 0.71 0.75 1.37 1.02 1.04
ITDSN 1.20 1.13 1.04 1.14 0.80
Little Rock, Ark. PMN 0.70 0.72 1.13 0.96 0.70
ITDSN 0.95 0.64 1.05 0.84 1.06
New Orleans, La. PMN 0.78 1.03 1.30 1.22 1.10
ITDSN 0.74 1.12 1.21 0.77 1.18
Oklahoma City, PMN 0.79 1.01 1.40 0.97 1.09
Okla. ITDSN 1.96 1.61 1.53 1.66 1.65
Austin, Tex. PMN 0.88 1.15 1.40 1.06 1.31
ITDSN 0.64 0.84 0.96 0.78 0.74
Dallas, Tex. PMN 0.74 1.10 1.28 1.15 0.99
Iowa ITDSN 0.88 0.83 0.98 0.57 0.82
Kansas ITDSN 1.21 0.93 1.25 1.31 1.14
Monthly PMN 0.81 0.85 1.05 0.81 0.8y
Average ITDSN 0.95 0.92 1.06 0.89 0.92

Yearly

Station
June  July Aug. Sept. Oct. Nov. Dec. Averages
0.73 0.66 0.68 0.81 043 0.50 0.49 0.68
064 059 0.8 0.48 0.57 0.53 0.49 0.65
0.65 0.80 0.57 0.73 0.71 0.98 0.78 0.80
0.59 0.70 0.80 0.54 0.76 0.51 0.52 0.65
0.81 0.74
097 099 1.07 0.87 090 0.81 0.74 0.88
0.87 0.89
0.88 0.62 096 0.63 0.59 0.49 0.47 0.69
0.72 0.71 0.90 0.77 0.62 0.58 0.44 0.68
0.83 0.74
0.70 0.71 0.78 0.75 0.63 0.53 0.49 0.69
1.05 0.89
0.8 0.76 1.21 1.31 0.73 0.83 0.69 0.87
0.74 0.81
1.19 1.18 1.27 1.51 1.51 0.94 0.82 1.16
0.70 0.69 098 1.10 0.81 0.69 0.80 0.83
1.06 0.8 0.74 0.92 0.76 1.08 0.78 0.94
0.84 0.65 0.84 0.53 0.70 0.57 0.51 0.74
1.09 1.06
1.02 09 1.24 1.28 091 0.79 0.95 1.03
0.64 0.63 0.63 0.78 0.78 0.71 0.88 0.77
0.75 0.78 0.80 0.92 0.78 0.54 0.56 0.76
0.58 0.61 0.63 0.73 0.74 0.63 0.74 0.72
0.69 0.70 0.85 0.63 0.65 0.51 0.55 0.71
0.8 0.81 1.30 1.25 0.81 0.77 0.75 0.96
0.96 1.04
094 0.8 1.08 1.08 065 0.64 0.77 0.95
0.99 0.68 0.60 0.85 0.71 0.77 0.91 0.84
1.18 1.25 1.31 1.21 0.87 0.74 0.86 1.07
1.01 1.03 0.84 0.96 0.79 0.88 0.69 0.94
1.12 1.10 1.19 1.28 096 0.88 0.89 1.06
0.93 1.56
1.20 1.19 1.43 1.40 1.35 0.86 0.89 1.18
0.77 0.86 1.12 0.85 0.96 0.98 0.86
1.01 1.16 1.01 1.20 0.8 0.82 0.85 1.02
0.70 0.80
1.20 1.17
0.8 0.85 1.03 098 0.80 0.68 0.68 0.86
0.8 0.79 0.67 0.87 0.76 0.86 0.82 0.89

kg. of food is the size of sample aliquot usually used in
radiostrontium analysis, this amount (approximately 1 mg.)
of stable strontium in a sample to which 20 mg. of stron-
tium carrier had been added could create an analytical error
of4t05%.

A comparison of stable strontium in PMN milk samples
and in ITDSN composite food samples is presented in Table
I1. From the average percentage of milk contained in ITDSN
samples, the average weight and per cent of strontium con-
tributed by milk were calculated. The per cent of stable stron-
tium contributed by milk to these composite foods ranges
from 21 to 60.

No correlations between strontium-90 and stable strontium
concentrations are apparent in either ITDSN or PMN data.

Figure 1, however, shows an apparent rise in strontium-90
values in the spring and autumn months, with a possible rise
in the stable strontium values. This spring and autumn rise
in strontium-90 concentrations has been noted previously
(Federal Radiation Council, 1964).
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Strontium-calcium ratios are presented in Figure 2. In
1959, Alexander and Nusbaum proposed a linear correla-
tion between the strontium-calcium ratio in bone and in
milk (Alexander and Nusbaum, 1959). Using six areas in the
United States they calculated this ratio to be 0.18 = 0.05,
where milk contributes 75% of calcium to the human bone.
Reports by the United Nations Scientific Committee on the
Effects of Atomic Radiation (1962, 1964, 1966) supported
this conclusion. The United Nations Committee on a world-
wide basis used 0.25 for the strontium-calcium ratio in bone
and in the diet. Using these ratios, it is possible to predict
the strontium-calcium ratio in bone at each of the PMN
or ITDSN locations included in this report. Using PMN data
an average ratio for bone was determined to be 0.23 mg. of
Sr per gram of Ca; a value of 0.32 mg. was calculated using
ITDSN data. Both estimations are well within the range of
values previously published (Alexander and Nusbaum, 1959;
Bryant, Chamberlain, ef al., 1958).
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Figure 1. Strontium-90 and stable strontium in ITDSN food and
PMN milk samples
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Table II. Stable Strontium in PMN Milk and in ITDSN

Food Samples
Milk Sr in Food
in Contributed
ITDSN PMN ITDSN by Milk
Food, Milk, Sample, Mg.Sr/Kg.
Mg./Kg. Mg./L. % _Food, 9%
Alabama 0.81 0.87 25 0.22 27
Arkansas 0.84 0.85 36 0.31 37
Florida 0.94 0.83 40 0.33 35
Georgia 1.06 0.74 30 0.22 21
Kentucky 0.80 0.65 34 0.22 28
South
Carolina 0.72 0.76 40 0.30 42
Louisiana 0.94 1.07 34 0.36 38
Maryland 0.74 0.65 36 0.23 31
Mississippi ~ 0.77 1.03 45 0.46 60
North
Carolina 0.89 0.88 23 0.20 22
Oklahoma  1.56 1.06 40 0.42 27
Tennessee 1.04 0.96 29 0.28 27
Texas 0.86 1.18 25 0.30 35
Virginia 0.74 0.68 23 0.16 22
West
Virginia  0.89 0.69 39 0.27 30
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Figure 2. Ratio of strontium to calcium in ITDSN food and
PMN milk samples

O ITDSN
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bookshelf

Book on water-use economics

rates high

The Economics of Water Utilization in
the Beet Sugar Industry. George O. G.
Lof and Allen V. Kneese. ix + 125
pages. Johns Hopkins Press, Baltimore,
Md. 21218. 1968. $4.00, paper. Wil-
liam Whipple, Jr., is Director, Water
Resources Research Institute, College
of Agriculture and Environmental Sci-
ence, Rutgers, The State University,
New Brunswick, N.J. 08903.

By William Whipple, Jr.

“The Economics of Water Utiliza-
tion in the Beet Sugar Industry” is a
welcome instance of economists get-
ting down to cases with a real water
resources problem. The authors have
made a serious attempt to determine
factually, for the beet sugar industry,
the consumption of water, and, much
more important, the costs of control-
ling the quality of waste water dis-
charge to any given degree. The work
is clearly written, and, obviously, rep-
resents a real effort to obtain and pre-
sent the facts. Although based upon a
single rather unglamorous industry, the
conclusions have important policy im-
plications for the entire field of indus-
trial pollution control.

This report is not likely to attract a
large public. The technology of the
beet sugar industry, even clearly and
accurately described, is rather heavy
going for the general reader. Outside
of managers of the industry, the great-
est appeal will be to individuals—
mainly in the government and the uni-
versities—who have a real understand-
ing of, and interest in, the economics
of water pollution. Unfortunately, this
group is not very large. The conclu-
sions deserve a wider public and prob-
ably will reach that public ultimately
in much simpler form embodied in
other works, without substantiating
detail.

The authors go to considerable pains
to establish the background of tech-
nology in the beet sugar industry, the
various processes, how those processes
affect the usage of water and the

wastes created, and the process changes
over a period of years which have re-
duced both water withdrawals and the
amount of waste produced. The quan-
tity of waste produced is measured by
biochemical oxygen demand (BOD).
Although other pollutants exist in efflu-
ents, BOD is the most serious.

Actual water consumption in the
beet industry is not very great, al-
though it has been increasing in recent
years, and cannot now be determined
accurately. As in the case for most
other industries, the principal economic
cost entailed by water usage is the re-
sulting pollution in the waste water. A
single average plant (there were 58
plants in the industry in 1962) pro-
duces gross wastes of about 40,000
Ibs. BOD daily, which is said to repre-
sent the equivalent of raw sewage from
a city having a population of about
270,000. After treatment, the total is
reduced from 40,000 Ibs. to about 15,-
000 lbs. This is a much lesser degree
of treatment than usually would be
considered acceptable for municipal
sewage. Therefore, from the organic
pollution viewpoint, a beet sugar plant
is a really major source of stream
pollution.

Reduction in industrial pollution

The authors state that, reportedly,
the European industry produces only
from one half to one quarter the or-
ganic pollution per ton of beets pro-
cessed, as is the case in America. Ob-
viously, a much greater reduction in
industry pollution would be feasible;
and the key effort of the book is to de-
termine the costs of doing so. The prin-
cipal ways of improving quality of ef-
fluent are by recirculation of process
water and its attendant treatment, pulp
drying, modern methods of processing
Steffens waste, and re-use of con-
denser water, as well as specific waste
treatment processes.

For the entire industry, if there were
absolutely no requirement for limita-
tion of wastes, the authors estimate that
the long-term savings to the industry
would be about $2 million annually be-



low present costs. On the other hand,
to eliminate nearly all beet sugar wastes
from surface streams, a much larger
investment would be required, with to-
tal costs approaching $5 million an-
nually. This larger investment is about
1% of the gross industry income of
$500 million or one seventh of annual
net profits. The shape of the cost curve
is particularly significant. Unit costs of
eliminating successive increments of
BOD vary from about $1 to about $90
per pound of BOD removed.

In the book, the authors show a
hypothetical damage function curve,
with a hypothetical optimal point
where the incremental damage caused
by pollution would be balanced by the
incremental costs of removing that pol-
lution. However, as the authors are
well aware, this part of the analysis
must remain hypothetical for the time
being, since the methods of evaluating
economic damage caused by poor wa-
ter quality are just beginning to be
developed.

The following two final general con-
clusions are well substantiated by the
evidence:

* Projections of water and waste
loads which are made by applying co-
efficients based upon present technol-
ogy to projected industrial production
are not reliable, since changes in tech-
nology can very materially change the
coefficients. Because such projecting is
a usual practice among planners, this
conclusion has considerable impor-
tance.

* Economic incentives offered indus-
trial firms to treat their waste (as by
tax abatement) may lead to grossly
inefficient measures, since changes of
process rather than waste treatment
may be a better way of handling the
problem. The authors comment on re-
search needed as to treatment methods
for the wastes which process modifica-
tion cannot be expected to eliminate.
The research aspect is important, be-
cause the sugar in the wastes is ap-
parently somewhat difficult to handle
by biological process.

Concept of BOD

From the viewpoint of scientific
treatment control, the criticism may be
made that the concept of BOD is han-
dled a little loosely. The questionnaires
distributed refer to “BOD removal”
without specifying further. Presum-
ably, such data as were returned were
given in terms of 5-day BOD, as com-
monly measured. At one point the
statement is made that BOD reduc-
tions due to pond retention times of
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from one to five days are “almost en-
tirely due to the settling of suspended
matter.” This could be true if there
were substantially no biological action
on the sugars during this period. But,
this situation could be verified only
through relatively sophisticated meth-
ods of measuring ultimate BOD. If
normal 5-day BOD measurements do
not decrease after a detention period
of several days, it may be that there has
been no biologic consumption of or-
ganic material during the period. Al-
ternatively, it may be that the BOD-
time curve is not of the shape which is
normal for carbonaceous BOD. The
authors’ statement indicates that the
retained wastes are not normal in this
respect; but the use of the term BOD
with no further explanation leaves it
unclear what the situation actually is.
Another technical deficiency is the
apparent failure to realize that the
ponding of highly polluted effluents can
affect water supplies through under-
ground seepage, even where no efflu-
ent flow escapes on the surface. In the
discussion of water use, the authors
estimate that underground seepage
averages from 15-17% of all with-

drawals compared with 6-17% con-
sumed by evaporation. Obviously such
concentrated wastes, characteristic of
the beet sugar industry, can produce
very serious pollution of aquifers and
adjacent streams.

There was one rather startling state-
ment that the condenser water had a
rather low BOD concentration—about
40 p.p.m. This concentration is many
times higher than BOD normally ex-
pected of condenser water. However,
in this case referred to by the authors,
the condenser includes a spray which
entraps vapors that have a considerable
content of sugar. The 40 p.p.m. is only
low with respect to other wastes com-
mon in the industry.

However, the objective of the au-
thors was primarily economic; and
these technical aspects do not have an
effect sufficient to reduce the value of
the main conclusions reached. In any
event, much of the material was re-
ceived from questionnaire and inter-
view and must be regarded as approxi-
mate. In the area of water pollution,
the situation is usually so poorly de-
fined that approximations of this na-
ture can be of considerable value.

From the viewpoint of public pol-
icy, the conclusions of the book relate
to one major point which the authors
do not comment upon. The effort in-
volved to determine costs of control-
ling pollution in this one industry
would have much more significance if
the “hypothetical pollution damage
curve were to be evaluated. Knowing
that various increments of organic pol-
lution can be eliminated at costs per
pound starting at $1.00 and increasing
gradually to $90.00, one cannot help
feeling that somehow there should be
a determination of the value of elimi-
nating various degrees of organic pol-
lution from our streams. If this were
done, the usefulness of studies such as
this would be greatly increased.

In order to eliminate flagrant abuses,
and initiate a national program with-
out delay, water quality standards in
streams have been generally established
without quantitatively economic eval-
uation. The authors’ conscientious at-
tempt to evaluate cost factors of con-
trolling waste in one industry is a step
toward the economic evaluation of
water quality, and warrants particular
attention for this reason. ]
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« Dustkops are easier to
install . . . accessories
immediately available.

* Dustkops save space and
money . . . compact yet

» Dustkops are virtually

Dust Collection
Simplified. ..

« Dustkop has more than 50
models, one of which will
solve your problem.

write for free booklet. .. MODERN DUST AND MIST COLLECTION. . . no obligation

MANUFACTURING COMPANY
2956 Church Street, Adrian, Michigan
Circle No. 23 on Readers’ Service Card

DUSTKOP
Stops Dust



A Major Program of Water Resources
Research in Canada. Report No. 3.
37 pages. Queen’s Printer, Ottawa,
Canada. 1968. $.75, paper.

Believing that research into Canada’s
water resources is important to the
nation, the Science Council of Canada
assigned a study group to assess activi-
ties in water resources and research.
The publication presents the findings of
the group and the recommendations
made by the Science Council to the
Prime Minister. u

Water Resources Research in Canada.
Special Study No. 5. J.P. Bruce and
D.E.L. Maasland. xvi + 169 pages.
Queen’s Printer, Ottawa, Canada. 1968.
$2.50, paper.

The publication is the result of a tech-
nical study sponsored by the Science
Secretariat, to determine the status of
research on water in Canada. A special
report by W.R. Derrick Sewell, on the
contribution of social science research
to water resource management is in-
cluded. The status of Canada’s water
resources and problems in this area are
discussed, as well as types and benefits
of research in the field. The authors
also present a summary of their major
recommendations, a list of tablets, and
an appendix containing abstracts of
background studies submitted by four
consultants engaged by the Science
Secretariat. L

Proceedings of the Sixteenth Southern
Water Resources and Pollution Control
Conference. Edited by Edward H.
Bryan. vi + 181 pages. Department of
Civil Engineering, Duke University,
Durham, N.C. 27706. 1967. $5.00,
paper.

The conference, held April 6-7, 1967,
at Duke University, was jointly spon-
sored by Duke, North Carolina State
University at Raleigh, and University
of North Carolina at Chapel Hill. The
publication contains more than 20
papers dealing with technical, legal,
and political aspects of waste water
treatment, pollution control, and impact
of pollution on water resources. Topics
discussed at the meeting include: in-
formed public—the key to water re-
sources conservation; people, politics,
and pollution; reuse of plant effluent as
process water; and oxidation ponds and
tertiary treatment—performance as a
function of retention time. L

Air Pollution Control. Volume 33,
Law and Contemporary Problems. 230
pages. Duke University School of
Law, Duke Station, Durham, N.C.
27706. 1968. $3.00, paper.

The publication presents the papers of
a symposium on air pollution control,
sponsored by the Duke University
School of Law. Economics of air pol-
lution, a guide to the Air Quality
Act, deficiencies in the act, as well as
legal boundaries of control are among
topics discussed in detail. u

The Weather Bureau and Water Man-
agement. 16 pages. U.S. Government
Printing Office, Washington, D.C.
20402. 1968. $.25, paper.

Published by the U.S. Department of
Commerce’s Environmental Science
Services Administration, the illustrated
brochure describes the facilities and
services of the Weather Bureau for
river, flood, and water supply forecast-
ing. These and other hydrological ser-
vices provided by the bureau are es-
sential for navigation activities, pollu-
tion abatement, fish and wildlife man-
agement, industrial practices along
rivers, reservoir operation, and a score
of uses affecting the environment. u

Planning and Cities. Edited by George
R. Collins. George Braziller, Inc., One
Park Ave., New York, N.Y. 10016.

An illustrated series on the history of
urbanization, “Planning and Cities”
explores the major epochs in the history
of cities and the planning of environ-
ment from biblical times to the present.
The series is organized into groups, the
first of which is historical. Subsequent
groups will discuss theoretical concepts
in planning, lives and projects of great
planners, and roles of various profes-
sional disciplines in planning. Each
volume is illustrated with photographs,
plans, maps, and drawings, and au-
thored by historians interested in archi-
tecture as social art. Four volumes are
available:

Village Planning in the Primitive
World. Douglas Fraser. 128 pages.
1968. $5.95, hard cover; $2.95, paper.
Cities and Planning in the Ancient
Near East. Paul Lampl. 128 pages.
1968. $5.95, hard cover; $2.95, paper.
Urban Planning in Pre-Columbian
America. Jorge Hardoy. 128 pages.
1968. $5.95, hard cover; $2.95, paper.
Medieval Cities. Howard Saalman. 127
pages. 1968. $5.95, hard cover; $2.95,
paper. u

CLEAN AIR

Costs Less Per CFM
With NEW

PACTECON

PACTECON ... quick-delivery
package dust filter simplifies
air pollution control.

Compact, entirely self-contained,
PACTECON is delivered ready for
mounting, hook-up and start-up.
Choose from self-cleaning continuous
pneumatic models and intermittent
shaker-types. They handle volumes
from 264 to better than 3000 CFM and
temperatures up to 250°F. PACTECON
is guaranteed to collect 99.99% of all
dust over Y2 micron size.

PACTECON joins Dynaclone and
Impinjet, proud names in clean air
backed by 95 years experience. It
makes sense to put that kind of

equipment and knowledge to work
for you. Call your Sly ’

Sales Engineer for

complete PACTECON

details. Or—contact

us direct.
SEND FOR FREE PACTECON BULLETIN 301

THEW. W. SLY

MANUFACTURING COMPANY
Manufacturers of Dust Filters
and Impinjet® Gas Scrubbers

4813 Train Ave. » Cleveland, Ohio 44102 + 216-631-1100
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pollution
problem?

New basic package gives you an
accurate picture—and records it—

FOR ONLY $1268. Here’s what
the basic package includes:

4 Model F-1 AISI Automatic Sampler
provides detailed record of particles
or gas concentration over extended
periods. Also provides data for deter-
mining source and distribution of
pollutants. Can be adapted to sample
gases such as hydrogen sulfide.
Included with sampler is model 363-A
spot evaluator (not shown) for direct

reading and measurement of filter

tapes.

Model PV Sequential Sampler—fully auto-
matic—can be programmed to provide 12
samples timed from Y% to 23% hours per
sample, and with intervals of from %, to 23%

hours between samples, Ideal for gases such Dust-fall and

as SO, HzS, NO, NO2, NH3, CO and many others. S0. Stanchion

v includes stanchion,
dust fall jar holder
unit, and complete
SO2 lead peroxide
candle station.

FREE CATALOG describes samplers
for every need

Send for your free copy of the complete
Research Appliance Catalog, which
describes the more than 150 types of
metering, testing, and sampling
instruments and accessories available
for industry and government. Research
Appliance supplies samplers for every
need—equipment which meets top
accuracy specificatjons.

Research Appliance Company
Allison Park, Pennsylvania 15101
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KArea 412—961-0588 /

new products
digest

Undersea Measurements

The Model TDC Metering System is
the first of a line of instruments for
use in marine science education. The
manufacturer claims that the portable
instrument—consisting of transistor-
ized readout module, multiconductor
underwater cable, and remote multi-
element sensor—is capable of simul-
taneous measurement of marine tem-
perature, depth, and conductivity. The
system is designed for instructional
use in classroom, laboratory, or at sea,
and can be operated by inexperienced
technicians or students. Martek Instru-
ment, Inc. 61

Better Tasting Water

A small appliance-style water puri-
fier makes it possible to transform poor
quality, bad tasting water into spar-
kling delicious water in the kitchen,
for as little as 7 cents per gallon, ac-
cording to the manufacturer. Operat-
ing on the reverse osmosis principle,
the Aqua I Water Purifier features a
purifying membrane, requires no elec-
trical connection, processes 56 gallons
of water per day, and may be installed
on or under standard kitchen wall
cabinet, wet bar, or any convenient
wall where a water line is available.
The unit rejects cloudiness, sediment,
undissolved minerals, organic matter,
detergents, bad taste, odors, offensive
colors, and even chlorine in water.
Culligan, Inc. 62

Computerized Analysis

An automated system for continuous
on-stream monitoring of up to 26
gases is available. The system fea-



tures simultaneous output of quanti-
tative and qualitative data in the con-
trol of water and air pollution, and
can be operated by a plant foreman
or technician. Five key elements make
up the system: gas sampling and
vacuum system; quadrupole resid-
ual gas analyzer used as sensing com-
ponent; automatic data aquisition cen-
ter, compact digital computer; and
computer programming. This gas
analysis system is modular, with spe-
cific configurations engineered for ap-
plication requirements. Varian Assoc.

63

Gas Detectors

A line of devices for detection of
hydrocarbon gases including methane,
as well as alcohols, ketones, ethers,
etc., are available. All units of the
line operate on the natural diffusion
principle, requiring no tubes, pumps,
or sampling systems. The Model 1100
G, a hand-held combustible gas de-
tection gun, is designed for personal
protection in remote areas, as well as
for use in plant installations, detection
of fuel storage leakage, and boat en-
gine compartment monitoring. Oper-
ating on rechargeable batteries, the
unit features a test switch for auto-
matic warning at weakening of battery
signal, and an alarm to warn of gas
concentrations from 0-100%. The
Model 70 units form a system which
can be expanded as needs increase in
rack-mounted, multichannel configura-
tions, to provide continuous positive
detection. When gas accumulations rise
above the preset lower alarm level,
a green light is extinquished and an
amber warning light goes on—if con-
centration continues to rise, a red light
flashes and audible signal is given.
Both alarm points (set from 0-100%7)
have relay closures available for oper-
ation of control or shutdown devices.

Instant |

'

i

Il
[’

Who else gives you complete
particle size distribution
in only 20 seconds?

The new Model T Coulter Countefis all action. Capable of counting air
pollutants, pesticides, emulsions, foods, sediments, metals, pigments,
pharmaceuticals, hydraulic oils, crystals and other fine particles from
0.5 to 400 microns.

Data presentation, not only in one or all 4 modes: population differential,
population cumulative, volume differential and volume cumulative, but also
in weight percent. No data reduction necessary. High speed tape printer.

Our technical brochure is available upon request

s++  COULTER ELECTRONICS INDUSTRIAL DIVISION

® A Division of Coulter Electronics, Inc.

590 West 20th St., Hialeah, Florida 33010 /305-887-8131

Patents issued /or pending for Coulter Electronics products throughout the world.
Circle No. 35 on Readers’ Service Card
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NEW from Curtin...

Improved Hi-Volume

Air Sampler

Built to meet USPHS specifications . . «
compact . . . quick-change filter .. .
24-hour flow recorder . . . 7-day timer.
For complete information, write:

W. H. Curtin & Company

P. O. Box 1546

Houston, Texas 77001

W. H. CURTIN & COMPANY

SCIENTIFIC TUS -
HOUSTON « TULSA « LOS ANGELES » NEW ORLEANS s ATLANTA « SAN FRANCISCO
DALLAS « JACKSONVILLE « WASHINGTON « WAYNE, N. J. s MEXICO CITY « MONTERREY

TORY FURNITURE

GEORGE T, WALKER & CO. DIVISION » MINNEAPOLIS, MINNESOTA
260
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The units are suitable for plant loca-
tions and sites where continuous detec-
tion is desired. General Monitors,
Inc. 64

Sewage Pumps

A line of submersible sewage ejector
pumps features a level sensor sub-
mersible switch which eliminates need
for exposed controls on tank cover
plates; nonclog performance; cast iron
impellers, volutes and motor housing,
according to the manufacturers. Avail-
able individually or as systems, the
pumps have application in commercial,
industrial, and household waste dis-
posal. Fairbanks Morse 65

Particulate Detection

Precision instruments which provide
continuous instant analog readout of
aerosol particle concentration and size
are available in two models (Clean
Room Particle Counter and Air Pol-
lution Particle Counter). The transis-
torized solid-state automatic Particle
Counters utilize the light scattering
technique and feature adjustable full-
scale deflection, optional chart speeds,
field calibration, and compact, light-
weight design. The manufacturers
claim the devices can continuously
display and record number of particles
per cu. ft. in the size ranges 0.5 mi-
cron and larger, and 5 microns and
larger. In addition, they feature ana-
log readout and a 2-pen chart re-
corder. Gelman Instrument Co. 66

Airborne Particle Detector

Featuring an elliptical mirror optical
sensor which detects and sizes partic-
ulate matter by the forward light scat-
tering technique, the CI-201 /207 Par-
ticle Analyzer/Counter/Printer counts,
displays, and accurately records air-
borne particle concentration, accord-
ing to the manufacturer. The unit,
designed for long-term studies, can be
programmed to automatically sample
the atmosphere, providing printed
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intervals from a few seconds to one
hour. Each printout contains date,
hour, and minute of the sample, as
well as the number of particles
counted in each of two size ranges—
0.5 micron and larger, and 5 microns
and larger. Climet Instruments,

Inc. 67

Dual Column Chromatography

The Model 15C-3 Dual Column Iso-
thermal Gas Chromatograph for use
with automatic data reduction systems
is available. The unit features basic
dual column flow system, permitting
sample introduction into either of two
columns, two columns simultaneously,
or two columns in series with a detec-
tor at the end of each. Optional fea-
tures include automatically or manu-
ally operated sample valves, back flush
valve, or column switching system.
Loenco, Inc. 68

Solid Waste Removal
A device for removal of coarse sus-
pended solids from waste treatment
plant influent operates by drawing par-
ticulate matter out from under the
carrier water, thus reducing the load
to sludge digestion facilities. The
Elimin-Ator, constructed of stainless
steel, features sloping transverse bars,
which form a grid ranging in 5 widths
from 18-72 inches. The manufacturer
claims that the unit—which is self-
contained with no motor or moving
parts—provides BOD removal compa-
rable to primary settling, is nonclog-
ging, and provides minimum pump
clogging and digester scumming. De-
signed for use in sanitary sewage tgeat-
ment, the device has application in
meat rendering, pulp and paper, and
other industries. Welles Products
Corp. 69

ATLAS
ANALYZERS and
CONTROLLERS

for

O,

IDOMETRIC METHOD

SO,

IDOMETRIC
and
COLORIMETRIC METHODS

NO, ... NO

COLORIMETRIC METHOD

for use wherever specific
concentrations of gases are
to be measured or controlled.

* New Schulze Methods of Analysis
(Patented)

¢ Accurate analysis with high
sensitivity

o Variations of 0.001 ppm/v
can be detected

o Extremely fast response

o Built-in electronic calibration
¢ Continuous recording

e Unattended weekly operation

e Shipped complete,
ready to operate

Write for complete technical information

ATLAS 600 Series
Weather-Ometer® and test chamber

Atmospheric contaminants can be controlled
automatically in combination with temperature
and humidity with or without simulated sunlight.
Basic models available with variations of controls.

For over 40 years manufacturers of testing
machines for Weathering and Fading.

4114 N. R d 3
ATLAS ELECTRIC DEVICES COMPANY / Chicago, linals US4, 60613
Phone: 312-327-4520
Circle No. 25 on Readers’ Service Card
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BRING ON your
tough air handling jobs!

That's what
Garden City
fans are for!

bN

Need to handle process air or gas that's superheated,
extremely cold, corrosive, explosive or loaded with
e abrasives? Garden City has been supplying industry
BGARDEN with fans and blowers to handle these problems for
)] nearly 90 years. Tell us about your problem.
Write Garden City Fan & Blower Co,

803 North Eighth Street '@“MCA)
Niles, Michigan 49120.
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FOR WATER POLLUTION . ..

Simplified BOD est

Now anyone can get accurate, reliable biochemical oxygen demand water quality
determinations without complicated procedures, calculations or previous training. Hach
Model 2173 manometric BOD measurements compare within 5% of standard APH}\
dilution procedures and, at the same time, cost less to operate than other manometric
set-ups used (Warburg and Sierp).

The Model 2173 BOD reads directly in ranges from 0-35 ppm to 0-350 ppm.
Progressive readings are easily graphed where rate data is required. And, the new
compact design requires minimum incubator space. No buffers are required.

The Hach Model 2173 BOD comes complete with five sample mixing bottles, mag-
netic stirring bars, and all necessary accessories. Price $200 F.0.B. Ames, lowa, US.A.
Send today for complete information on the Hach BOD Apparatus.

@ HACH CHEMICAL COMPANY
P.0. Box 907, Ames, lowa 50010 USA e Phone (515) 232-2533

Products for water analysis and pollution control
Turbidimeters / Colorimeters / Automatic Analyzers / Portable Test Kits / Reagents
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digest

Pipe line filters. Nine basic models
of pipe line filters for plant service
are described in a 4-page illustrated
brochure (GP 2001). The nine basic
designs are available in 300 variations,
for uses that include protecting pneu-
matic tools, instruments, precision con-
trols, vacuum pumps, pneumatic han-
dling systems, gas regulators, and
gases or air at all pressures and tem-
peratures, anywhere they must be
kept clean and dry. The brochure
also lists specifications for the filters
and operating ranges for each model.
Dollinger Corp. 91

Turbidity measurement. A new 8-page,
4-color brochure on Model 2100
Laboratory Turbidimeter discusses
turbidity, principles of operation of
turbidity meters, and the operating
values of the specific meter itself.
The instrument has changeable meter
scales, wide-range capability, extreme
sensitivity, trouble-free operation, and
is easy to standardize, the company
says. Hach Chemical Co. 92

Gravity filters. A 2-page, 2-color bul-
letin (646) provides information on a
line of gravity filters for industrial
and municipal water supplies. The
filters are available in flow rate ranges
from 14-236 g.p.m. Also in the bul-
letin are features on type of construc-
tion and standard components that
come with the units. Elgin Softener,
Inc. 93

Flotation machines. A 2-page bul-
letin briefly discusses the flotation
process, changes in flotation machine
design, and new developments that of-
fer the chance to reduce operating
costs. The bulletin also describes two
basic types of flotation machines (cell-
to-cell and free-flow). Denver Equip-
ment Co. 94

Pollution control report. Directed at
the subject of plating wastes, this 12-
page report has been designed to
serve as a reference source and to pro-
vide general information on current
techniques used to handle the wastes
generated during electrolytic plating
operations. The report covers the ma-
jor techniques which include recov-
ery, dilution, and ion exchange. Rit-
ter-Pfaulder Corp. 95



Pyrolysis for IR analysis. In a 6-page
booklet “Don’t Fight It, Burn It,” some
examples and discussions are pre-
sented to show the time-saving tech-
niques of pyrolyzing obstinate samples
for infrared analysis. Also included
in the booklet are reproductions of
various spectra of samples prepared
by pyrolysis for IR analysis. Barnes
Engineering Co. 96

Exhaust purifiers. Information is avail-
able from the company on their full
line of purifiers for gasoline, liquid
propane gas, and diesel engines. The
purifiers use a honeycomb catalyst that
has operating life expectancy of 5000-
10,000 hours and that—under normal
operating conditions—removes up to
96.5% of all carbon monoxide, 98%
of all smoke, and 99% of all odors
from engine exhaust. Oxy-Catalyst,
Inc. 97

Reverse osmosis membrane. Bulletins
TMB-1 and -2 describe the special
features of the Eastman membrane
that make it suitable for reverse osmo-
sis and other related uses, and present
a bibliography of membrane technol-
ogy. The membrane, available in full
production quantities, is made in a
two-step process that yields a very
thin (0.25) but dense continuous skin
of cellulose acetate over one side of a
porous substructure. Eastman Kodak
Co. 98

Electronic instruments. A pocket-sized
48-page comprehensive directory to
Beckman’s major electronic instru-
ments, services, and sales and service
offices is available. Included in the
booklet are sections that provide tech-
nical reference data, purchasing infor-
mation, and lists of the major product
lines and capabilities of the entire
company. Beckman Instruments, Inc.
99

Plating waste controls. A 12-page
pamphlet describing three basic meth-
ods—continuous destruction, closed
loop ion exchange, and, evaporative
recovery—for treating plating wastes
is available. The pamphlet includes
process flow diagrams and other data
relevant to solving metal finishing
waste treatment problems. Permutit
Co. 100
Low flow indicators. A new 4-page
technical bulletin (DS-1510) describ-
ing a series of low cost, low flow rate
indicators is available. The devices

are suitable for applications that do
not require great accuracy, such as
cooling water flow indication. Emer-
son Electric Co. 101

Solvent recovery. A 4-page technical
bulletin describes a solvent recovery
system that uses activated carbon to
recover such materials as ketones, es-
ters, alcohols, and hydrocarbons,
among others. The systems permit
the recovered materials to be reused
and, at the same time, help the cause
of air pollution abatement. Also in-
cluded in the bulletin are a flow dia-

gram, a list of recoverable solvents,
and data on the lower explosive limits
of various solvents. Vulcan, Inc. 102

Laboratory supplies. A new 55-page
catalog describes a line of gas chro-
matography supplies, thin-layer chro-
matography adsorbents and equip-
ment, high purity lipids, and new
products manufactured by the com-
pany. Catalog No. 12 also provides
an index to materials as well as order-
ing information. Applied Science
Laboratories, Inc. 103

ODORS CAN'T PASS RHODIA'S BARRIER

Isolate Your Plant from the Community with Rhodia’s
Chemscreen System for Odor Control

For Use in and Around Waste Disposal Plants, Feed Lots, Pulp and Paper Plants, Etc.

Rhodia technical representatives solve the toughest odor problems!
They can prove it! They’ll demonstrate a revolutionary method of
odor control right on your premises without obligation! Rhodia’s
world-wide organization of specialists in the chemistry of odor offers
the most advanced technical assistance in all phases of odor control.
Write or phone for a demonstration now!

FOR THE NAME OF YOUR LOCAL
REPRESENTATIVE CONTACT:

RHODIA INC.

B80Q0 MADISON AVE.
NEW YORK, N.Y. 10022
PHONE (212) 753-4850
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Processing unit domes. Designed to
cover trickling filters, clarifiers, and
other circular structures, these domes,
made of plastic foam and latex-modi-
fied cement, are discussed in a 12-
page, 4-color brochure. The domes,
which can be constructed on the site,
serve to improve efficiency, enhance
appearance, and contain odors when
used on waste water processing units.
The brochure offers some design cri-
teria, and includes photographic cov-
erage of construction and installation.
Dow Chemical Co. 104

Ion exchange resins. Duolite Data
Leaflet No. 3 describes—in chart
form—a line of regenerated ion ex-
change resins. The 4-page catalog
details properties and performance
data of the resins, which the company
says can meet any military and com-
mercial specifications. Diamond Sham-
rock Chemical Co. 105

Strip photo printer. A solid-state con-
tinuous strip printer for geological sur-
veying highway and city planning,
aerial reconnaissance, forestry man-
agement, bulk inventory control, and
water and air pollution control or sur-

veillance is the subject of a new 2-
page technical bulletin. The printer,
which compensates for varying densi-
ties in the negative, enhances photo-
graphic information by automatic
modulation of the light used to expose
the printing material. LogEtronics,
Inc. 106

pH Analysis. An 8-page bulletin
(4088) describes the Model 900 pH
Analyzer. The company claims that
the instrument gives continuous pH
or ORP analysis in a variety of appli-
cations including sewage and waste
water treatment, power generation,

mining, food processing, and chemical
manufacture. Specifications and in-
formation on electrodes, electrode
chambers, and other accessory equip-
ment is included. Beckman Instru-
ments, Inc. 107

Chlorinated hydrocarbon pesticides.
“Occurrence and Significance of DDT
and Dieldrin Residues in Wisconsin”
is the result of a 3-year survey to
determine the amounts of DDT and
dieldrin in a variety of fishes found
in various Wisconsin waters. The 43-
page report—Technical Bulletin No.
41—presents the information gained

not plug the tubing.

on a programmed basis,

141 North Main St. * Middleport, N. Y. ¢ Phone (716) 735-3411

Automatic SAMPLER for Water

POLLUTION CONTROL

This unit consists of a trouble-free positive displacement tubing
pump, adjustable programmer and a 21/, gallon composite
sample container, in a weather proof case (less than 30 Ibs.).

Samples can be drawn up to 18 feet. The natural pulsing action
keeps the line clear and flowing. Small fibers and particles do

Four models are now available, two battery uperated units for

remote field work and two 110-volt units for A.C. power.
This Sigmamotor pump is designed to take samples periodically

SIGMAMOTOR, INC.

Fast, accurate
dissolved oxygen
determinations
in one minute
...and you can
monitor
continuously

THE
GALVANIC
CELL

PRECISION

SUBSIDIARY OF

SCIENTIFIC

CORPORATION

Complete data on
GCOA in Bulletin 638,
ask your Precision

or write us.
Precision Scientific Co.,
3737 'W. Cortland St.,
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Chicago, IIl. 60647.

OXYGEN
ANALYSER

Scientific Dealer |

Response time is 99% in 1 minute,
with accuracy to 0.1 mg/liter or
+0.1 ppm from 5-35°C. Monitor
continuously with chart recorder,
if you prefer.

This portable, self-contained in-
strument works equally well in the
lab, plant or field, in waste waters,
liquors, inland or sea waters,
chemical effluents and process
streams. Weighs only 7'/2 Ibs. in-
cluding probe and chemicals.
Operates on a 1.35 volt mercury
battery.

Unique probe gives accurate read-
ings at flow rates as low as 1 ft./
second and is not affected by
pressures to 200 ft. depths. Sepa-
rate thermistor probe gives direct
temperature readings. Probe ele-
ments easily renewed with kit
provided.
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as well as discussion of the significance
of the collected data. A perspective
section is included to orient the reader
to the nature of the two pesticides
studied, acquainting him with the use,
movement and accumulation in the
environment, concentration in fish. and
general toxicity of the insecticides.
Department of Natural Resources,
Madison, Wis. 53701. (Write direct)

Antilitter campaign. A 16-page book-
let, “Litter-Prevention . . . An Aid
to Conservation”—distributed as a
public service by Shell Oil Co.—dis-
cusses litter as a national disgrace,
health menace, and costly eyesore, and
also examines other aspects of the
problem. In addition, the book out-
lines what the public—from vacation-
ing family to seasonal sportsman—can
do to improve conditions in the na-
tion’s parks, beaches, recreation spots,
and other areas where the public gath-
ers. Keep America Beautiful, Inc., 99
Park Ave., New York, N.Y. 10016.
(Write direct)

Polluted air. “The Physician’s Guide
to Air Pollution™ is a 20-page booklet
designed to provide current informa-
tion on this environmental health prob-
lem to the physician, the medical
society, the community, and to volun-
tary health and scientific organizations.
The book presents a definition of pol-
lution, examines the sources of air
pollution and methods of containing
them, and describes a medical program
necessary to meet the opportunities
and challenges open to the physician
in order to meet the requirements of
air resource management. American
Medical Assoc.. 535 N. Dearborn St.,
Chicago, Ill. 60610. (Write direct)

Processing solid wastes. Methods of
processing solid wastes into compost
are the subject of Report SW-2c,
“Solid Wastes Maragement/Compost-
ing; European Activity and American
Potential.” The 40-page report (PHS
publication No. 1826) is a result of a
study on the status of composting and
compost utilization in Germany, Hol-
land, and Switzerland. Findings were
related to the solid wastes problem in
the U.S., and specific recommenda-
tions made for research to define the
economics and technical &spects of
composting which may serve to pro-
mote the practice of this technique in
the U.S. Environmental Control Ad-
ministration, U.S. Public Heulth Serv-
ice, 222 E. Central Pkwy., Cincinnati,
Ohio 45202. (Write direct)

2 minute determination!
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@ Mn(NOs)2 soln. [10 ng N/ul] 56 ng N total — 102% of theoretical
® Mn(NOs)z soln. [10 ng N/ul] 56 ng N total — 98% of theoretical
® Ni(NOs)z2 soln. [10.7 ng N/ul] 59.9 ng N total — 99% of theoretical
@ Ni(NO3)z soln. [10.7 ng N/x1] 59.9 ng N total — 97 % of theoretical

5.6 ul injected

® Long established as an ideal specific GLC detector and total constituent
analyzer, the Dohrmann Microcoulometric Titrating System now becomes
more useful than ever in trace elemental analysis. New methodology now
permits determination of total organic or inorganic nitrogen in water or
oxygenated hydrocarbons...in minutes...with a minimum of sample
preparation.

This technique consists of pyrolysis of the nitrogen-containing sample to
ammonia over a nickel catalyst, specific scrubbing and automatic titration.

The Dohrmann System is modular in concept to provide the flexibility
needed for this and a variety of other specific analyses. Sensitivity of one
nanogram allows analysis of nitrogen, sulfur and halogen containing com-
pounds down to the 0.1 ppm level. Absolute specificity is achieved by use
of interchangeable selective titration cells.

The Dohrmann Nitrogen Analyzer for total nitrogen in water is particu-
larly suited for water quality control, industrial effluent monitoring, and as
a replacement for most Kjeldahl determinations. For a detailed description
of the technique and instrument specifications, please write for Applica-
tions Data File P-2.

INSTRUMENTS COMPANY
ANALYTICAL INSTRUMENTS DIVISION

1062 LINDA VISTA AVENUE, MOUNTAIN VIEW, CALIF. 94040

A SUBSIDIARY OF INFOTRONICS CORP.
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Effective air pollution surveys
depend on Davis SO, Detectors

Public health services, air pollution departments and
private industry* rely upon the high sensitivity of Davis
Model No. 11-7010 Recording Type Sulphur Dioxide De-
tector. It may be used in laboratory or mobile unit, even
a helicopter. High sensitivity range 0-1 P.P.M. S0, in air,
threshold approximately 0.05 P.P.M. Easily operated
and maintained — needs no chemicals. Available with
pyrolizing furnace for H,S detection and inverter for
battery-operated mobile use. Write for Bulletin No. 5070.
*Names upon request. Circle No. 47 on Readers’ Service Card

—
DAVIS INSTRUMENTS
 S— P ;

oivision of Cleclornalle Sprinkter corrorarion oF AMERICA

Halleck Street, Newark, New Jersey 07104

SOLUTION TO POLLUTION CONTRACTS
RECENTLY COMPLETED:

Abhott Laboratories
(e} o Barceloneta, Puerto Rico
. l Construction: Drilled

TOTAL W I PERFORMANCE J and constructed water

supply and waste dis-
Analysis« Design  Construction «Operation ] Bosa! wells for new

multi-million dollar

pharmaceutical plant.
I.P.C.L.’s basic approach to industrial waste

control is evaluation of waste quantities and § general Electric Co.

characteristics, reduction of waste through in- Mt. Vernon, Indiana

plant changes, formulation of treatment require- Design: Did engineer-

ments and determination of optimum system for [ ing design for 3 million

: R g gallon-per-day munici-
disposal or utilization. malstype Watsr Freating

The full scope of disposal methods are em- [ system for chemical
ployed by 1.P.C.1. in the design, construction and plant on Ohio River.
operation of pollution control systems through
sub-surface disposal wells, chemical treatment, }!greco v.{“
landfill, incineration, biological treatment and gore; 16xas,

‘ 5 nalysis,” Design, Con-
combinations of these methods. Learn more W struction: Constructed
about I.P.C.I.’s “total performance” concept of facility for separating
pollution control. Write for literature, ar call oil and paraffin mate-

. rial from waste brine
your nearest I.P.C.I. office. stréam. Drilled waste

disposal well for injec-

tion of brine; built in-

cinerator for disposal

® I & of oil and paraffin
-

materials.
INTERNATIONAL POLLUTION r Sl CONTROL, INC,

355 PERMANENT SAVINGS BLDG., EVANSVILLE, INDIANA 47708
o Consultants and Contractors for Industrial Waste Disposal and Water Supply Systems

NEW YORK CHICAGO ATLANTA HOUSTON LOS ANGELES  SAN JUAN
212 682-1696  312-242-1964 404-237-9911 713-228-3120 714-529-3253  809-725-8506
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March 2-5
Wildlife Management Institute

34th North American Wildlife and Natural
Resources Conference

Washington Hilton Hotel, Washington
Having as its central theme, ‘“Conserva-
tion in an Urbanizing Society," the 4-day
meeting will cover all phases of restora-
tion and management of natural re-
sources. Technical sessions include
discussion of coastal and marine re-
sources; disease, nutrition, and control;
measuring wildlife values; and forest
and range resources.

March 7-8
City of Santa Clara and San Jose
State College
Symposium of Improved Municipal
Solid Waste Collection and Disposal
Practices

Hotel St. Clair, San Jose, Calif.
Topics for discussion at the meeting
include: solid waste master planning,
incineration, accelerated refuse decom-
position and stabilization, and landfill
equipment evaluation. In addition to
these technical sessions, the sympo-
sium will feature a series of related
field demonstrations.

March 9-11
National Service to Regional Councils

3rd Annual Conference of Regional
Councils
St. Francis Hotel, San Francisco

Informational workshops covering re-
gional issues and programs will be
the main component of the three-day
conference. Scheduled for discussion
are solid waste disposal programs; air
pollution control; economic and re-
source development; and the role of
private enterprise. In addition, exper-
imental decision-making sessions and
consultation sessions will be important
parts of the meeting.

March 19
University of Cincinnati Medical
Center

Colloquium on Man and His Urban
Environment

Tangeman University Center, Cincin-

nati, Ohio
Conducted as part of the University of
Cincinnati Sesquicentennial Celebration,
the one-day meeting will feature speak-
ers who will discuss those urban habi-
tats which alter the quality of man’s
environment, and assess current as-
pirations for improvement of these con-
ditions, and the prospects for achieving
such upgrading.



March 24-27

Clapp & Poliak, Inc.

20th Plant Engineering & Maintenance
Conference

Convention Center, Cleveland, Ohio

This year's conference will feature a
session devoted to air pollution, and
one dealing with water pollution. A
discussion of air pollution control
equipment in Cleveland will highlight
one meeting; the water session will
consider the controlled disposal of
plating wastes and control of water
pollution. For further information:
Clapp & Poliak, Inc. 245 Park Ave.,
New York, N.Y. 10017

April 7-11
Southwestern Radiological Health
Laboratory, Public Health Service
Symposium on Public Health Aspects
of Peaceful Uses of Nuclear Explosives
Frontier Hotel, Las Vegas, Nev.
The six sessions of the meeting will
consist of more than 35 papers on
such topics as environmental health
and safety aspects in the event of
large-scale use of nuclear explosives
for peaceful purposes; roles of industry,
Atomic Energy Commission, Public
Health Service, and states.

April 9-11
North Carolina State University,
Duke University, and University of
North Carolina
Southern Water Resources and Pollu-
tion Control Conference
North Carolina State University,
Raleigh, N.C.

The conference is designed to bring to-
gether representatives of industry,
government, universities, and con-
sultants to discuss water, utilization,
and waste disposal in the southeastern
U.S. Meetings will examine new treat-
ment techniques, and designing and op-
eration of treatment facilities for water
utilization and waste disposal. For
further information, contact: Maynard
Shields, P.0. Box 5125, Raleigh, N.C.
27607.

April 13-16

Water Conditioning Association Inter-

national, and lllinois Water Condi-

tioning Association

WaterConditioning Management Institute
University of lllinois

Aimed at dealers and management per-

sonnel, the institute will include market-

ing, organizational performance, sales

management, finances, and communica-

tions. Limited enrollment. For informa-

tion:Box 651,325 Wesley St., Wheaton, Ill.

April 20-23
Institute of Environmental Sciences
15th Annual Meeting

Disneyland Hotel, Anaheim, Calif.
‘“Man in His Environment” is the topic
of the technical sessions of the meeting.
In addition to presentation and dis-
cussion of papers, research develop-
ment, application and management ad-
vances in environmental stimulation will
be covered. Topics for discussion in-
clude the general areas people, pollu-
tion, noise, transportation. For infor-
mation: Frank Hallstein, Technical Pro-
gram Chairman, TRW Systems, 1 Space
Park, R-5/2063, Redondo Beach, Calif.
90278.

meeting
guide

April 21-24

Industrial Medical Association, and

American Association of Industrial

Nurses

American Industrial Health Conference
Shamrock Hilton Hotel, Houston, Tex.

The conference will encompass the 54th
annual meeting of IMA and 27th an-
nual meeting of AAIN In addition to
conferences and discussions of indus-
trial and occupational health topics, the
conference will include a number of
field trips, a medical TV program, and
a series of postgraduate seminars.
Among topics for discussion are atmos-
pheric contaminants and standards,
underwater medicine, how to solve an
environmental health problem in in-
dustry.

~ Corroded

fans?

Replace them with
corrosion resistant
Plastic Blower fans

Specify these solid reinforced plastic axial
fans for long trouble-free service, minimum
maintenance. These fans resist attack by
corrosive fumes, gases, mists. Critical drive
components sealed off from corrosive fumes
and dust. Diameters from 18” to 54”, volumes
to 50,000 cfm, static pressures to 214" WG.
Write today for Bulletin 11-3.

Ceilcote

THE CEILCOTE COMPANY o 140 SHELDON RD., BEREA, OHIO 44017
Circle No. 40 on Readers’ Service Card
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PROFESSIONAL CONSULTING SERVICES

NUS CORPORATION
Consulting Engineering

Air Pollution
Water Pollution
Environmental Analyses
Process Design and Evaluation

Environmental Safeguards Division
1730 M Street, N.W.
Washington, D. C. 20036
Area Code 202 296-8850

Specialists in Air & Water Quality Problems
RESOURCES RESEARCH, INC.

1916 Newton Square West 3705 New Dade City Highway
Reston, Virginia 22070 Lakeland, Florida 33802
Phone: 703-471-7234 Phone: 813-858-4408

A Subsidiary of Hazelton Laboratories, Inc.

Environmental Studies .
Investigations - Mohile Laboratory Surveys

Pre-plant Studies

16550 Highland Rd. Baton Rouge, La. 70808

(< s .
45 Kem Tech Laboratories. Inc.
AIR AND WATER POLLUTION CONSULTANTS

WaLDEN

AIR POLLUTION CONTROL SERVICES
CONSULTATION, SURVEYS, MODELLING, PLANNING,

ReseaRCH INDUSTRIAL PROBLEMS, ENGINEERING ANALYSIS,

CORPORATION  RESEARCH AND DEVELOPMENT, TESTING
359 ALLSTON STREET, CAMBRIDGE, MASSACHUSETTS 02139  (617) 868-3940

o Rir—Water—Waste—Bioassay Analysis

o Gas Chromatographic Analysis

o Waste Utilization

o Consulting & Research Services
ENVIRONMENTAL SERVICE CENTER, INC.
220 Delaware Ave., Suite 515 (716)
Buffalo, N. Y. 14202 8545532

Industrial Plant

THE BEN HOLT CO.

521 E. Green Street, Pasadena, Calif. 91101
ENVIRONMENTAL SURVEYS
o POLLUTION CONTROL e

(=]
[—]

TREVOSE, PENNSYLVANIA 19047
CONSULTING SERVICES DIVISION
Air Pollution o Process Water e Industrial Wastes

Analyses Design
Evaluations Specifications
Treatability and Rouse Studies

i Subsidi f
& oceanonics, Inc. 457
Consulting & Research in Estuarine and Marine Waste Disposal Problems

6210 Evergreen, Houston, Texas 77036 P.0. Box 1095, Morgan City, La. 73080
Phone: 771-5731 (Area Code 713) Phone: 384-3362 (Area Code 504)

DAMES & MOORE
CONSULTING ENGINEERS IN APPLIED EARTH SCIENCES

Air Pollution Water Pollution
Solid and liquid Waste Disposal
Environmental Studies For Nuclear Power Plants

100 CHURCH STREET, NEW YORK, NEW YORK 10007

ENGINEERING-SCIENCE, INC.
Design e Research e Planning

Woaste Collection, Treatment, and Disposal
Reclamation Systems ® Receiving Water Surveys
Water Supply and Treatment
Research and Development

150 E. Foothill Blvd., Arcadia, Calif. 91006
Austin e Chicago e Washington, D. C.
Oakland e San Diego

POPE, EVANS AND ROBBINS

REGISTERED PROFESSIONAL ENGINEER

333 NORTH MICHIGAN AVENUE
CHICAGO, ILLINOIS 60601
TELEPHONE (312) 943-4100

INDUSTRIAL WASTEWATER
o SURVEY
o ANALYSES
o TREATMENT
o DISPOSAL

ATLANTA CHICAGO DENVER HONOLULU HOUSTON Consulting Engineers
LOS ANGELES PORTLAND SALT LAKE Air Pollution Control—Incineration
SAN FRANCISCO SEATTLE WASHINGTON, D. C. Water, Sewage & Waste Systems
LONDON MADRID SYDNEY TEHRAN TORONTO 11 East 36th Street, New York, N.Y. 10016
San Francisco Alexandria, Va.
P . / Air Pollution Research, Inc. \
. . Water Pollution Research, Inc.
wholly-owned
CONSULTANT Subsidiaries of:

environmental sciences, inc.
UNIVERSITY SCIENCE CENTER / 3113 FORBES AVE. / PITTSBURGH, PA. 15213 / (412) 621-7600

m Systems approach to air and water pollution problems, always with an eye toward
reclamation and savings.

m Consulting and design capabilities in abatement and control systems for compliance
with pollution laws and regulations.

m Comprehensive lahoratory facilities for air, water and process analyses.

m Basic, applied-research and development.

W Municipal and Industrial Process Analysis studies.
m Complete instrumental and wet analysis services—inorganic, organic.
m Brochure available.
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CONSULTANTS’
DIRECTORY

NEWING LABORATORIES, Inc.
260 ISLIP AVE., ISLIP, N. Y. 11751
SERVICES IN THE SANITARY SCIENCES
Industrial—Municipal—Private
Water—Sewage—Food—Air
Analysis—Research
Approved by N. Y. State Dept. of Health
BERNARD NEWMAN, Ch.E., Director

ENVIRONMENTAL DEVELOPMENT, INC.
1000 Vermont Avenue N.W., Washington D.C. 20005
Louis C. McCabe, Ph.D., President (202) 347-4747
Consultation—Research—Development—
Surveillance
In Air and Water Pollution; Marine Biology;
Industrial, Domestic, Solid Waste Management;
Oceanography; Occupational Health.

Charles R Velzy Associates, Inc.

Consulting Engineers
Water Pollution Control—Water Supply—
Drainage—Solid Waste Disposal—
Industries Wastes
300 Martine Ave., White Plains, N.Y. 10601
Mineola, N.Y. New City, N.Y.

PURICONS, INC.
PURIFICATION AND CONCENTRATION
CONSULTANTS
Air, Water and Wastes
F. X. McGarvey, President
BERWYN, PA. 19312 215-644-5488

YORK RESEARCH CORPORATION
Rir and Water Pollution Services
Laboratory Analysis Noise Level Studies
Industrial Plant Investigations

One Research Drive, Stamford, Conn. 06904
Conn. (203) 325-1371 N.Y.C. (212) 635-6378

USE THE
CONSULTANTS'’
DIRECTORY

1969
RATES PER MONTH
. 6 12
Size months months
1"X1 col. $16.25 $15.25
17X 2 col. 32.00 29.00
17X 3 col. 46.00 41.50
2"X1 col. 32.00 29.00
2"X2 col. 60.00 54.00

Your card may appear in every

issue for one year, every issue for

six months (consecutive issues), or

every other issue for one vyear.

Send your copy to Alfred E. Gall, *
ENVIRONMENTAL SCIENCE

& TECHNOLOGY, 430 Park Ave.,

New York, N. Y. 10022, or call him

at 212-688-8600.

April 21-25
International Association on Water
Pollution Research
4th International Conference on Water
Pollution Research

Prague, Czechoslovakia
The technical program of this meeting,
rescheduled from September 2—6, 1968,
features 48 papers in three sections:
stream pollution; waste water treat-
ment; and lakes, reservoirs, and the
ocean. In addition, there will be a
panel discussion on the reuse of water,
and a technical film festival on water
pollution subjects. Additional infor-
mation can be obtained from: Dr. T. G.
Shea, International Association on
Water Pollution Research, Room 114
McLaughlin Hall, University of Cali-
fornia, Berkeley, Calif. 94720

April 22-24
Houston Junior Chamber of
Commerce
National Pollution Control Conference
and Exposition

Astrohall, Houston, Tex.
Environmental  Equilibrium:  Criteria,
Cost, Cooperation is the theme of the
3-day conference, which aims to pro-
vide a forum for exchange of informa-
tion on government regulations regard-
ing pollution, technological advances,
and subjects of general interest in pollu-
tion abatement. For additional infor-
mation, contact: Aubrey LaFargue, c/o
Pace Management Corp., 4710 Greeley
St., Houston, Tex. 77006.

April 28-30
Technical Association of the Pulp
and Paper Industry
6th Water and Air Conference
Robert Meyer Hotel, Jacksonville, Fla.

Five technical sessions are planned for
the conference, as well as tours of
water and wastes facilities at area pulp
and paper mills. Papers will be pre-
sented on water supply and treatment;
re-use of water; waste water and sludge
treatment; instruments; and air con-
servation. Inquiries should be directed
to: H. O. Teeple, TAPPI, 360 Lexington
Ave., New York, N. Y. 10017.

Courses

March 11-14
Instrument Society of America

Short Course on Fundamentals of Dy-
namic Measurements as Applied to the
Ocean Sciences

LeBaron Hotel, San Diego, Calif.
Designed for practicing engineers, sci-
entists, and technicians who use so-

phisticated instrumentation in ocean re- |

search, the four-day course attempts
to enhance their knowledge of the in-
struments necessary to perform mea-
surements of time-carrying phenomena
as thev apply to ocean sciences. At
least one half of the course will con-
sider experimental techniques of spe-
cific interest to the ocean researcher.

March 24-28
University of California, Berkeley

Short Course on Desalination: Methods
and Applications

College of Engineering, University of

California, Berkeley
The 5-day course is planned as an in-
troduction to the subject of desalina-
tion, as well as a survey of the state of
the art, covering the development, the-
ory, application, and economics of the
principal methods of desalination. For
details: Continuing Education in Engi-
neering, University Extension, University
of California, 2223 Fulton St., Berkeley,
Calif. 94720.

June 2-7

Manhattan College and the Federal
Water Pollution Control
Administration

14th Summer Institute in Water
Pollution

Manhattan College, Bronx, N.Y.

Two simultaneous one-week courses
will be offered for advanced study in
stream and estuarine analysis and bio-
logical waste treatment. Stipends and
travel allowance are available for U.S.
citizens associated with universities
and state regulatory agencies. For in-
formation: Donald J. O’Connor, Civil
Engineering Department, Manhattan
College, Bronx, N.Y. 10471

Special Notices

June 9
American Board of Health Physics

Examination for Certification
Selected cities

Applications must be submitted by
April 1 for admission to the two-part
written examination. Applicants must
have at least 6 years' professional ex-
perience beyond the bachelor’s degree,
and present supporting statements from
supervisors and coworkers, as well as
records of experience and training.
Those health physicists having only 2
years' experience may apply for ad-
mission to Part 1 of the exam. For
forms and details: Dade W. Moeller,
Kresge Center for Environmental Health,
Harvard School of Public Health,
Boston, Mass. 02115,

June 30
Environmental Engineering
Intersociety Board
Qualifying Certification Examination
Various locations
In addition to satisfactory completion
of an oral and written examination, re-
quirements for certification include
good moral and professional character,
a degree in engineering from a qualified
institution, registration as a professional
engineer in the U.S. or Canada, and 8
years of professional environmental en-
gineering work. Each applicant certified
becomes a member of the American
Academy of Environmental Engineers.
Applications must be received by April
1, 1969. For further information:
Frank A. Butrico, P.O. Box 9728, Wash-
ington, D.C. 20016.
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1969-1970 Academic Year
University of Colorado, Boulder

Federal Water Pollution Control
Traineeships

Financial assistance is available for
graduate study in water resources and
sanitary engineering. Applicants with
a background in engineering or science
will be considered for the grants. An-
nual stipends for master's candidates
are $2400 per year plus $500 per de-
pendent. Those interested in graduate
programs in water resources engineer-
ing or the chemical and microbiological
aspects of water resources should con-
tact: Director, Water Resources Pro-
gram, Engineering Center OT 4-34, Uni-

versity of Colorado, Boulder, Colo.
80302.
1969-1970 Academic Year

University of Florida Department

of Environmental Engineering
Environmental Research Program in
Terrestrial Ecology

Applications will be accepted for admis-
sion to a program of environmental re-
search in tropical and subtropical
terrestrial ecosystems. Emphasis of
the project-oriented program is on the
team approach, combining such spe-
cialists as agronomists, ecologists,
entomologists, and the like, with en-
vironmental engineers, health physicists,
and radiochemists. Research topics are
available at the master, doctoral, and
post-doctoral level. Contact: Terrestrial
Ecology Research Program, Department
of Environmental Engineering, Univer-
sity of Florida, Gainesville, Fla. 32601.

1969-1970 Academic Year

Harvard School of Public Health

The Kresge Center invites candidates
to submit applications for enroliment
and fellowships for study leading to
the M.S. and D.Sc. in occupational
medicine, environmental physiology,
toxicology, aerospace health and safety,
radiological health, air pollution con-
trol, industrial hygiene, and general en-
vironmental health. Fellowship stipends
range from $200-300 per month, with
$500 per year for each dependent, plus
full tuition and fees. For details: Dr.
Dade W. Moeller, Assoc. Dir.,, Kresge
Center for Environmental Health, Har-
vard School of Public Health, 665
Huntington Ave., Boston, Mass. 02115.

1969-1970 Academic Year

University of North Carolina,
Institute for Environmental Health
Studies

Environmental Health Fellowships
Applications may be filed for fellow-
ships which provide tuition, fees, and a
stipend, including a dependency al-
lowance. Fellowships are available for
masters or doctoral candidates, as well
as for postdoctoral studies. Recipients
participate in multidepartmental pro-
grams designed to prepare students for
careers in research, teaching, and prac-
tice in the various specialized fields in
environmental health. For details: In-
stitute of Environmental Health Studies,
Box 630, Chapel Hill, N.C. 27514.
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Twonew "in" products for GC

If you want to reach new peaks in your GC work, Hamilton may have
just the answer in its line of “in" products. The Standard Glass-lined
Inlet resolves some of the problems of band spreading. The Multi-
Purpose Sampling System provides a versatile accessory for the
pyrolysis of solids. And now! for those who have wanted the sophis-
tication of capillary or high resolution columns, Hamilton introduces:
The Splitter Inlet and advanced Precolumn Inlet. The Splitter allows
you to use normal-sized samples from a syringe and splits them into
nanoliter range, and the Precolumn Inlet, now permits direct injection
into high resolution or capillary columns of samples in the 10~° gram
range. Let Hamilton put you “in"" chromatography. For literature on
our inlet systems, write to: Hamilton Company, Post Office Box 307,
Whittier, California 90608.

Repeatable Precision: Hamilton Inlets
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GET CLEANER AIR
WITH CARTER-DAY'S
ANTI-AIR POLLUTION
TEAM!

New DAY
type “CS"
Dust Filter

Exclusive, reverse jet with sonic

Famous DAY type
““RJ"* Dust Filter
and Pneumatic

Material Receiver New DAY Vortex Venturi Wet Scrubber

shock wave design sets new, high
performance standards. Handles
up to 40%, in some cases up to
100%, more air than other similar
size equipment. Ask for Bulletin
No. L-1126R2.

Reverse jet air action. Handles air
streams with light, medium or
heavy concentrations of materials
at peak efficiencies of 99.99+%.
Hundreds in use. Ask for Bulletin
No. G-464R.

Patented multiple curved venturi passages
and twisting, tornadic airflow motion gives
greater scrubbing contact with higher dust
collection capabilities. Unique single spray-
nozzle won't plug; top efficiency, less main-
tenance. Ask for Bulletin No. VVS-1.

More rigid dust control codes! Time to find out all about the Carter-Day anti-air
pollution team. Write for bulletins today.”Carter-Day Company, Minneapolis, Minn. 55418.

In Canada: Simon-Day Ltd., Box 488, Winnipeg, Manitoba.
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