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MOGUL'S 4-STEP PLAN ANSWERS
YOUR WATER POLLUTION QUESTIONS

You benefit from SS years experience
in total water management
Mogul's Water Quality Services are "on call" coast-to-coast
through five regional laboratories and a nationwide network of
full time, fully trained, career specialists. This ew,jronmental
service is just part of a comprehensive and specialized water
treatment resource that has evolved since 191 S A call to the
Mogul laboratory nearest you is your first dnd mast important
step toward defining a_nd solving your water pollution problems
quickly and expertly. Ask, too, about Mogul's chemical formulas
and automatic feeding equipment anc controls. Gel ali the
economies of one-source responsibility,
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Determines quantity and

\

Water Quality Services
Laboratories

Portland. Oregon 97201
Arlington. Texas 76010

Inglewood. California 90302
Minneapolis. Minnesota 55432

Chagrin Falls. Ohio 44022
Charlone. N.C. 28201

THE MOGUL
CORPORATION

Executive Offices
Chagrin Falls. Ohio 44022

4 Evaluation. Based on the analysis,
a complete evaluation will be supplied to help
you meet all requirements of pollution control
and water quality, both short range and long
range.

ZSampling. Taken at the prescribed
time and place so samples are representative of
content, temperature, and variations that may
result from source fluctuations.

1 Survey.
quality of effluent, when and where samples
should be taken, and what analyses will be nec
essary. Ascertains local government regulations
and water quality criteria.

3 Analysis. The local Mogul labora
tory will analyze each water sample to identify
and measure its impurities. Specialized tech
niques include atomic absorption spectropho
tometry, bioassays, coagulation studies and
chromatography.
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Current research

Recent sedimentary history of Lake Mendota, Wis.

G. C. Bortleson and G. F. Lee

The extent to which man contributes to the accelerated
enrichment of lake waters can now be revealed by analysis of
core samples. The composition of the sediments with depth,
and therefore with time, presents a pattern of change which
documents the progressive increment of materials deposited
to Lake Mendota.

Distribution of cadmium and nickel of tobacco during cigarette
smoking 830

E. E. Menden, V. J. Elia, L. W. Michael, and H. G. Petering

Cigarette smoke may be a health hazard not only to smokers
but to nonsmokers as well. These two toxic metals, cadmium
and nickel, are not only in tobacco residues but are in smoke
streams as well. For example, data show that 38-50% of the
cadmium and 11-33% of the nickel are present in cigarette
smoke sidestreams.

Degradation of iron pyrites found in coal leads to the formation
of acidic waters. analogous to acid mine drainage. The rate of
acid formation is described mathematically and is dependent
on the ferrous ion concentration. The organism, Thiobacillus
ferroxidans, significantly catalyzed the oxidation in the pH range
of 3.5-4.5.

A pH-dependent succession of iron bacteria

F. Walsh and R. Mitchell

Effect of inhomogeneous mixing on atmospheric
photochemical reactions

C. duP. Donaldson and G. R. Hilst

809

812

Notes

Infrared estimation of oil content in sediments in presence of
biological matter 833

H. B. Mark, T.-C. Yu, J. S. Mattson, and R. L. Kolpack

The estimation of the oil concentration in the presence of
biological material in the water can be distinguished on the basis
of infrared spectrophotometry. Basically, the estimation
provides a method for correcting an absorbance band (2925
em -I) to enable the estimation of the oil concentration alone.

835

837

Turbulent fluctuation of photochemical concentrations plays
a significant role in the production of photochemical materials
in the atmosphere. Mathematical models have been developed
which clearly show that atmospheric photochemical chain
reactions can be suppressed by the inability to mix the reacting
materials rapidly enough to prevent serious depletion of one
of the reacting materials.

Hydrogen peroxide formation from formaldehyde
photooxidation and its presence in urban atmospheres 816

J. J. Bufalini, B. W. Gay, Jr., and K. L. Brubaker

Hydrogen peroxide has been found in the polluted atmosphere
of urban areas. Under moderate smog condition, the urban
atmosphere (Hoboken, N.J.) contained 4 pphm of hydrogen
peroxide. Under severe smog conditions (Riverside, Calif.),
the level of 18 pphm was recorded. The material is formed by a
precursor formaldehyde; the reactions are described.

Aerosol filtration by fibrous filter mats 821

L. A. Jonas, C. M. Lochboehler, and W. S. Magee, Jr.

One way to remove aerosol particles from the atmosphere is by
filtration through fibrous filter mats. Mathematical relationships
have been developed which correlate the theoretical data on
penetration characteristics of a dioctylphthalate aerosol through
mask filter mats with actual experimental data.

Decontamination of noncombustible agricultural pesticide
containers by removal of emulsifiable parathion 826

D. P. H. Hsieh, T. E. Archer, D. M. Munnecke, and F. E.
McGowan

Used pesticide containers of parathion can be readily cleaned
by washing with an alcoholic alkaline solution. These containers
are noncombustible and represent a solid waste disposal
problems since a large number of these containers have
accumulated owing to the widespread agricultural use of this
pesticide. The parathion residue in completely drained
containers ranges from 150-45,000 mg. LD", for a rat is 3 mg/kg
body weight.
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Brucine analysis for high nitrate concentrations

J. G. Holty and H. S. Potworowski

If gross errors are to be avoided in the analysis of nitrate ion
concentration in groundwater samples it is important to have an
approximate knowledge of the nitrate ion concentration in the
sample prior to the analysis. Otherwise, some samples yield
higher concentrations of nitrate on dilution.

Correspondence

Singlet 0, production from photoexcited NO,

J. J. Bufalini
T. C. Frankiewicz and R. S. Berry

Despite the large number of papers published on the role of
singlet oxygen in smog formation, there is still no experimental
proof either in the laboratory or in situ to suggest that this
species in the photooxidation of hydrocarbons at realistic
atmospheric concentrations.

Credits: 774, UPI; 776, Bell laboratories: 779, ES&T's Stan Miller; 782,
~~~'di~?7¥8~·~71fi~~eC~'R~lfs; 788, ES&T's Carol Lewicke; 793. Koehne
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Technicon® Monitornz:
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Technicon Instruments Corporation
Tarrytown, New York

®
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Monitor IV represents a new idea in continuous
unattended in-plant monitoring of industrial
wastewater. It satisfies the monitoring
requirements of water quality surveillance. It
monitors plant effluent at the source, tells what is
happening now, not later ... before, not after,
effluents leave the plant.

Technicon Monitor IV measures a spectrum of
chemical water quality parameters by proven,
accepted methods, many used by EPA and State
laboratories. Each Monitor IV detects and
measures one parameter. To monitor others,
simply replace one method with another. For
simultaneous multiparameter monitoring use
additional Monitor IV's. Each instrument can
measure two streams. Monitor IV is economical
to run and assures highest accuracy by
automatically recalibrating itself.

But most important, Technicon Monitor IV
provides a continuous, reliable, protective record
of your wastewater quality for presentation to
regulatory environmental agencies.

Cost to you? From pennies to several
tax-deductible dollars per day. You can purchase,
rent, or lease. We train your technicians to run
Monitor IV, free, and we keep it running with our
own nationwide support services. Write today
to Department 157 for more data on Monitor IV
and other Technicon'" monitoring instruments.

Volume 6, Number 9, September 1972 767



Model LTA-302, also
available in larger
capacity model LTA-505

New improved
performance at a
new low price:
$2,500:

INCREASED ASHING RATES:
• improved oxidation chamber design
• optimum sample "boat" design
• 300 watts of R.F. power output.
• improved power coupling efficiency.

NEW FEATURES:
• manual or automatic sample boat agitation.
• controls and logic for automatic pump

down and slow purge to prevent sample
residue disturbance or accidental loss.

AREAS OF APPLICATION:
The LFE Low Temperature Asher is used in
the separation and high percentage recovery
of inorganic trace elements from an organic
matrix of a food, biological, chemical, or
pharmaceutical sample prior to spectro
chemical analysis. In addition, the LTA is
used for the separation of particles from filter
matrices for study of air pollution samples.
Try it in your laboratory. Call LFE for further
information or for a free demonstration.
LFE Corporation, 1601 Trapelo Road,
Waltham, Massachusetts 02154, telephone
(617) 890-2000. In Europe: Tracerlab/ICN,
Mechelen, Belgium. In Japan: Nissei Sangyo
Co. Ltd., Tokyo

• USA selling price of model lTA-302, excluding pump,
FOB Waltham.

CORPORATION

Process Control Division
Circle No.• '" Readers' Service Carll



Pollution-free power for the automobile

Reader Kendall Crawford, of Dearborn, Mich., has brought to our attention several
points in ES&T's Special Report on auto pollution (June, p 512) that should
be clarified:

• The Federal Clean Car Incentive Program is not restricted to gas turbines, steam
engines, and stratified charge engines, as the ES&T report implied. These power
sources are, however, the ones covered by EPA's Advanced Automotive Power
Systems Program. The confusion appears to stem from the fact that both programs
are administered by the same EPA division in Ann Arbor, Mich .

• The "new ignition systems that do away with spark plugs" (p 515 of the report)
do not, in fact, do away with spark plugs! Electronic ignition systems require plugs,
but allow them to be set with a wider gap and for a longer spark duration, which
in turn permit leaner mixtures to be used (thus reducing hydrocarbon and carbon
monoxide emissions).

Transportation in "mock cities"

DEAR SIR:

Some omissions require comment in
your otherwise excellent Special Report
(June 1972) on auto engines and their
emissions.

Cars are simply not acceptable means
of mass transportation in genuine
cities such as New York, Boston, and
San Francisco. Mock cities such as
Los Angeles and Houston, which are
really clusters of suburbs with baseball
stadiums, could not exist without cars.
In fact, there is a synergistic relation
ship between cars and suburbs: Each
vice feeds on the other.

In Manhattan, the most reasonable
place for an environmentalist to live,
our 1.5 million residents own only 200,
000 cars. By way of contrast, the 7
million people in Los Angeles own and
use 4 million cars, which amounts to
some 5 times as many vehicles per
person.

I and most Gothamites view the auto
mobile as a generator of over 70 %
(by weight) of our air pollution, a
creator of unwanted noise, a device
which smells up our streets, clogs our
traffic, and kills our pedestrians-in
short, an unnecessary pestilential nui
sanCe. When I tell younger people
from the suburbs that I do not own a
car, they usually assume that I am either
too poor or that I have had my license
lifted for reckless driving. But I and
most of my relatively prosperous Man
hattan friends use public transportation

letters

by choice. If we must go to the hinter
lands we can always rent cars.

Tinkering with auto engines does
not appear to be a solution to the
overall environmental problems created
by unrestricted auto travel. If the future
of the U.S.-where over 80% of the
population will he in metropolitan
areas-is to contain less noise, air
pollution, dirt, death, and other environ
mental hassles, then mock cities must
organize themselves along the lines
suggested by Manhattan.

Cyrus Adler
The EleC/ric Whale Co.
99 Nassau St.
New York, N. Y. 10038

Reverse osmosis plants

DEAR SIR:

Your May 1972 issue of ES&T men
tions on page 459 that Permutit will be
supplying the largest reverse osmosis
water treatment plant ever ordered, and
that this has a capacity or some 500,000
gpd.

I bring to your attcmion that as or
December 20, 1971, an Ajax Inter
national reverse osmosis plant manu
factured in Sama Barbara, Calif, was
operating at its full capacity of 800,000
gpd at Kashima near Tokyo in Japan.

Peter K. Worsley
Ajax International Corp.
P.O. Box 4007
Santa Barbara, Calif 93103

Cirel. NI. 1 ....a"rs' S.nic. Ca,_
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Water Works / Sewage Treatment Plants / Industrial/Laboratory

Use Hach Turbidimeters to control

chemical dosage for water clarifica

tion, management of filters in filter

plants, monitor turbidity of surface

water sources for treatment, monitor

out-flow from settling tanks and other

fluid quality control applications.

water
analysis
instruments

MODEL "SURFACE
SCATTER<8J 4" TURBIDIMETER

For continuous monitoring of water
samples in wide turbidity ranges
from trace particles to sludge. Four
electrically switched ranges, 0-1, 0
10, 0-100 and 0-1000 FTU's, are
read directly on precalibrated meter
scale. Requires V. to V2 gal. per min
ute sample. Available with alarm con
tacts and recorder. Little or no
cleaning necessary - sample never
touches the instrument's optical
system.

MODEL 1720,
LOW RANGE TURBIDIMETER

Ideal for low turbidity measurement to
0.04 FTU's. Four ranges: 0-0.2, 0-1.0,
0-3.0 and 0-30 FTU's. Requires V. to
V2 gal. per minute sample. Wall mount
or floor use. Needs only periodic
maintenance. The most popular tur
bidimeter for monitoring quality of
finished water. Recorder and alarm
optional.

MODEL 2100A
LABORATORY TURBIDIMETER

Most advanced method of turbidity
measurement available today. Direct
Reading precalibrated meter scale.
Gives consistent accuracy with any
operator. Measures extremely low
amounts of turbidity down to 0.04
FTU's. Ranges: 0-0.2, 0-1.0, 0-10,
0-100, 0-1000 FTU's. Comes complete
with sample cells, adapter, standardi
zation rod and handsome case.
Mentioned by Standard Methods and Ihe U.S.
Environmenlal Protection Agency.

Send today lor complete cata/ogs-turbidimeters,
colorimeters, automatic analyzers, portable
test kits, reagents and laboratory apparatus.

HACH CHEMICAL COMPANY
Main Office and Export· 515/232-2533
P.O. Box 907, Ames, Iowa 50010 U.S.A.

••......•......................••..••••.••.......••..•..........•.•.............................•.•.•..

For process instrument application assistance contact field office nearest you.
Houston, Tx. 77018 I Laguna Beach, Ca. 92652 [ Cherry Hill, NJ 08034
P. O. Box 10823 P. O. Box 477 P. O. Box 174
713/681-1408 714/494-7421 609/428-5750

Overseas Distributors and Sales Agents in Principal Cities

Circle No.6 on Readers' SerYice Carll
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editorial

Runoff poses next big control challenge

Whether or not pollution from outfalls is ever curbed,

nonpoint sources will have to be tackled in earnest

major thrust of federal, state,
and local water pollution control programs always has
been, and continues to be, directed against the point
source polluter. Of course, it must immediately be
acknowledged that even where authorities have known
where the discharge pipes were, and what was coming
out of them, it has generally not been easy to curb
pollution. Perhaps the main reason for this is that
water quality standards, rather than effluent standards,
have been the regulatory criteria with which water
pollution control officials have had to work. Relating
the character of one waste stream to the quality of a
body of water that is simultaneously receiving many
other streams from other sources has proved so difficult,
indeed, that it is hardly surprising the federal EPA is
pushing hard for specific effluent restrictions (story,
this issue, p 778). If EPA has its way, and a new water
pollution control law based on two bills being com
promised in a House-Senate conference committee is
passed, the government may at last have an enforceable
weapon against point-source pollution.

With at least the prospect of point sources
coming under better control, water pollution from non
point sources naturally assumes greater visibility. In
deed, a study performed for the Council on Environ
mental Quality and described in the just-released CEQ

annual report suggests that non point sources are often
the dominant sources of water pollution, even in river
basins with relatively uncontrolled point sources.
Enviro Control, Inc., a Washington, D.C., consulting
firm, was retained by CEQ to examine the mounds of
water quality data collected over the years by federal
and other agencies and to come up with an analysis of
trends. There is certainly no shortage of data (see
"Water quality surveillance: the federal-state net
work," ES&T, February 1971, p 114), but their ac
curacy and comparability leave a great deal to be de
sired. Nevertheless, Enviro Control was able to arrive
at some conclusions based on the most reliable data

and some analysis tools specially developed for the
study.

The "most startling" conclusion (to use
CEQ'S reaction) concerns the effect of increased stream
flow on pollution. Whereas the popular notion is that
heavy rain and the consequent increased flow in streams
somehow "dilute" pollution, the figures for both rural
and industrialized areas seem to indicate that pollution
is no less, and often even worse, during high flow
periods, suggesting a large contribution due to runoff
from land. In fact, these runoff effects were so wide
spread that only 20% of the basins reviewed were seen
to be dominated by point sources.

CEQ, in its report, is quick to try to allay
any possible misconceptions that industrial and muni
cipal pollution are not significant contributors to the
overall problem. These sources, says the Council, dump
"a large share" of pollutants into the country's water
ways, and account for "most of' the toxic discharges.
Nevertheless, " ... if the Enviro analysis is confirmed
by further work, it points up the need to place much
greater emphasis on nonpoint sources of pollution."
Behind CEQ'S soothing generalities lies the stark fact
that practical measures available to control feedlots,
fertilizer and pesticide applications, unsewered urban
runoff, building and ground clearing practices, and the
like, have barely begun to be applied, let alone become
effective. And most regulations promulgated so far
have been entirely in the province of the states, which
lack the manpower (and sometimes the enthusiasm)
to enforce them.

It is clear that all those concerned with
the control of water pollution must think seriously
about abandoning their traditional emphasis on point
sources. What is needed instead is a much broader
view, one that encompasses watershed management as
well as waste treatment technology.
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HAUE YOU PASSED In FILTERlnli
BUT FAILED In SLUDIiE?

All filters filter, but when it comes
to sludge dewatering and you need
the "driest", cleanest possible cake
for lowest cost, safest trucking,
dumping or burning -

Shriver's ALP/CGR Plate Filter is
your best choice.

ALP/CGR cakes can be thorough
ly washed and blown down in the
filter. The result is compact, clean
solids with lower moisture content
than that attainable in any other filter.

With the ALP/CGR, opening the
filter chambers for cleaning is by
push-button. Closing the chambers
- push button. The ALP/CGR re-

quires only one man - part time.
It's versatile, too. The ALP/CGR

is also readily adaptable to process
changes which doom other filters to
obsolescence. And for greater fil
tration capacity for future require
ments, you merely add CGR filter
chambers to your ALP/CGR pro
vided with extra long siderails.

SHRIVER ALP/CGR FEATURES:
Mechanized plate shifting; pneu
matic cake discharge; non-leaking
gasketed plates; 100 and 200 psi
designs; available in plastic, coated
or rubber covered metal; uses any
cloth or screen media.

• SLUDGE DEWATERING
• EFFLUENT TREATMENT

Put Shriver's 60 years of filtra
tion experience to work for you
in your pollution control proc
ess. Recent installations are
successfully doing their jobs in
handling industrial process and
municipal waste sludges, as well
as in the treatment of acid mine
waters, and effluents from mer
cury cell plants, dye houses,
chemical plants and metal treat
ing plants.

SEND FOR COMPLETE ALPlCGR LITERATURE
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Where the $Z87 billion
will be spent
Air
Water
SolId ...
Other

environmental currents

CEQ's third report adds up clean up costs

During the 10-year period, 1971-80, the Council on Environmental Quality
estimates that this nation's pollution control cleanup cost will be $287 billion,
notes that this cost does not pose any threat to the economic health of this
country and represents 2.2% of the estimated Gross National Product (GNP)
for the IO-year period. (The earlier estimate for cleanup in last year's annual
report was $105 billion for the six-year time span, 1970-75.) The report points
out that the costs and risks of not cleaning up are infinitely greater than the
price of cleanup although CEQ was unable to put a dollar value on the penalty.
The annual cost for pollution control will increase from $10.4 billion in
1970 to $33.3 billion in 1980. On a per capita basis, the increase ranges from
$51 per person in 1970 to about $145 per person in 1980.

EPA completes its action on state implementation plans

By July 25, nearly all federal actions mandated by the Clean Air Amendments
of 1970 on state implementation plans for clean air by mid decade were
finalized. At a third press conference on the subject of implementation plans,
the Environmental Protection Agency approved plans for a dozen states for
one or more portions of each of their plans that had been disapproved earlier,
in the May 31 decision (ES&T, July 1972, p 599). In another action on the
same date, EPA approved proposed regulations for a dozen states (not
necessarily the same as the above 12) to correct previously identified deficiencies
in plans. So that only three plans-those for New York, California, and
Washington, D.C.-were yet to be acted on before the July 31 deadline.

Weather modification: some good and bad news

Weather modification is one of the most important scientific developments
now visible on the horizon, says CEQ'S Gordon MacDonald, but weather
modification activity must be properly encouraged and managed, otherwise
poor management could lead to calamitous environmental consequences.
Much of the present effort in this area is devoted to the objective of clean
water augmentation. In the Colorado River Basin, for example, snow
augmentation is estimated to produce an annual increase of 2 million acre
feet of clean water. The comments came to light in recent testimony on
Senate Resolution 281 which proposes a treaty that would seek a complete
cessation of research, experimentation, and use of environmental and
geophysical modification activities as weapons of war.

Commerce affirms need for deep port facilities

The Maritime Administration of the Department of Commerce reports that
an offshore crude oil facility can be constructed off the Delaware Coast to
help this nation meet its need for imported crude oil off the Atlantic Coast.
It is expected that the U.S. consumption of energy will double in the remainder
of this century, and since domestic energy sources are expected to remain
essentially constant through this period, the U.S. will depend increasingly
on foreign sources of oil for its energy demand. But Atlantic and Gulf Coast
port facilities are limited to tankers of the 80,000-ton size, says Robert
Blackwell, Assistant Secretary of Commerce for Maritime Affairs. The offshore
facility off the Atlantic Coast would cost more than $1.3 billion with 10%
of the cost going for pollution control systems. The facility could be located
about 8.5 miles east of Cape Henlopen, Del., according to the report
prepared by the N.Y. engineering firm of Soros Associates. Deep ports

Commerce's Asst. Sec. Blackwell are also needed in the Gulf(this issue, p 778).
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Assembly line testing

environmental currents

STATES Water quality under scrutiny across the states

• In July, the federal EPA issued a 180-day notice to New York City and
the Passaic Valley Sewerage Commission to submit updated abatement plans
to stop degradation of New York Harbor and adjacent waters. The Justice
Department also filed six civil suits charging New York City, the state of
New Jersey, and a number of New Jersey communities with dumping raw
or inadequately treated sewage into New York Harbor and its tributaries.
• The Oregon Department of Environmental Quality and the federal EPA

have agreed upon a cooperative program based on a one-step waste discharge
permit procedure which could save Oregon industries and municipalities
$40 million annually. Water pollution activities will be under a combined
federal-state review: the state will issue pcrmits consistent with federal and
state water quality standards: and the state will enforce the terms of the
permits.
• Livestock feedlot waste-disposal facilities must have operating permits,
according to Montana State Board of Health regulations. Existing feedlots
have a two-year grace period, but the health department will require new
facilities to provide for both water pollution and odor controls.
• An amendment to New York's Environmental Conservation Law requires
septic tank cleaners and collectors of commercial and industrial wastes to
register with the Department of Environmental Conservation. Each
registrant must also report annually to the department indicating the number
and type of installations emptied or c1caned, the volume and naturc of the
products, and the disposal methods used.

Railroad cited for excessive noise in Chicago

The Grand Trunk Western Railroad was fined $5950, the largest fine ever
imposed for noise violations, for 40 nonobservances of Chicago's (111.)
Noise Pollution Control Ordinance, Department of Environmental Control
inspectors issued the citations for excessively noisy operations from the
railroad's piggyback crane operations.

Michigan, California enforce air quality regulations

• The Wayne County (Mich.) Department of Health filed suit in July
against the Ford Motor Co, operations at Rouge, Mich" for 143 violations
of the county's air quality regulations between January 1970 and June 1972.
The county charges that the plant emits smoke, sulfur dioxide, hydrocarbons,
iron oxide, lime dust, slag dust, zinc oxidc, fly ash, coke particulate mattcr,

, sand, and hydrogen sulfide.
• By January 30,1973, the state ofCaJifornia will require emission control
tests for 75 %of automobiles produced in 1973 and subsequent years without
obtaining a waiver under certain sections of the Clean Air Act. Tests will
be conducted at delivery preparation sites, test centers, port of entry,
distribution points, and by the Air Resources Board mobile laboratory.
Any manufacturer who fails to meet assembly line tests will be subject to
a $5000 penalty for each violation,

50th state cracks down on solid waste dumping

The state of Alaska is suing Alaska Packers Association, Inc., for SI20,000:
the company allegedly dumped three million tin cans into Alaska's Larsen
Bay and Uyak Bay, The state is also asking the court to require the firm
to clean up the bays and remove the cans. This action is the first time Alaska
has asked for punitive damages and is also the first solid waste case to be
filed under Alaska's year-old environmental protection law.

774 Em'ironmental Science & Technology



environmental currents

TECHNOLOGY New roles for methanol could increase market

Methanol is being touted in two separate environmentally related
applications.• Methanol could conceivably replace natural gas as a
clean-burning fuel. Although no confirmations have been received,
Vulcan-Cincinnati is reportedly studying the feasibility of substituting
methanol for liquefied natural gas. Although its heating value is roughly
half that of natural gas, methanol could be made and shipped without the
elaborate pressurized equipment necessary for importing LNG from North
Africa and Venezuela.• Methanol also shows considerable promise in
sewage treatment applications. EPA studies show that mcthanol can be injected
into an anaerobic sludge system where bacteria use it as a carbon source
to aid in conversion of nitrates to nitrogen gas and carbon dioxide gas.

Furnace burns whole tires cleanly

One way to get rid of the millions of scrap tires generated by the motoring
public each year is to burn them, according to Lucas American Recyclers, Inc.
(San Francisco, Calif), in a specially designed incinerator manufactured
by the company. The furnace-is of the rotary hearth type with tires
automatically deposited on the periphery of the combustion chamber.
Putting another tire in the furnace displaces the carcass of the previous
tire and initiates its trek along the spiral path leading to a central ash
discharge aperture. Along the way, the heat generated is so intense it oxidizes
the bead wire and converts it to sterile ash. Gases pass through a high
temperature combustion zone, a cyclone, and desulfurizer before being

Mounds of scrap tires emitted to the atmosphere. Cooling water can be recirculated.

RESEARCH Quick lead test perfected for blood samples

Martin Marcus, chief chemist at Fordham Hospital (New York City) has
perfected a procedure based on atomic absorption spectrophotometry for
the analysis of lead levels in blood. The method has been accepted by the
city's municipal hospital system and is a modification of the combustion
boat method pioneered by London chemist H. T. Delves. The new method
detects lead accurately in microgram quantities using a 10-",1 blood sample:
older methods required 3-5-ml samples which were dif1icult to obtain from
small children, the chief sufferers from urban lead poisoning. Marcus'
method eliminates the need for dithizine extraction and complex sample
handling which plagued earlier methods.

ERTS-l is up and working well

Earth Resources Technology Sateliite-(ERTs) I, a 1965-lb remote-sensing
satellite launched from NASA'S Western Test Range (Lompac, Calif), is
circling the globe in a 560-mile circular polar orbit and transmitting its
first data to NASA receiving stations on earth. NASA bills the ERTS program as
a major step in establishing a comprehensive information base dcaling with
thc earth's resources and surface environment. "Glitches" marred the
satellite's early transmissions-a power surgc forced NASA to shut off a
wide-band tape recorder and a return beam Vidicon imaging system to
prevent failure-but backup systems are functioning well and multispectral
scanners continue to send good pictures back to earth, NASA officials say.
ERTS-I has a life expectancy of about one year. ERTS-2 will be launched late
in 1973, pending approval of the rest of the ERTS program by the Office of

Management and Budget.
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environmental currents

INDUSTRY Paper industry wins praise from CEP

The Council on Economic Priorities (CEP), a nonprofit, New York City
based business watchdog corporation, says that the pulp and paper industry
will have adequate pollution control at most of its mills by 1975 and is
"years ahead" of such industries as steel and utilities, in coping with major
environmental problems. An earlier 1970 CEP study was highly critical of the
industry's efforts. The Council credits the industry's rapid improvement
to the fact that well-developed technology has enabled the industry to
clean up with equipment now commercially available. In addition, CEP

says, government regulatory efforts have been persistent and effective.
Data on 24 major pulp and paper corporations-representing about three
quarters of the industry's pulping capacity-indicate that the cleanup price
tag for the 1971-75 period will be about $840 million.

Bell's inexpensive catalyst
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Bell's catalyst doesn't shake Engelhard

Bell Labs may have a base metal catalyst to clean up auto emissions, but
Engelhard Industries isn't impressed. Bell announced that a proprietary
lanthanum lead manganite compound might "rival platinum" as a catalyst
for removing carbon monoxide from auto exhausts because of its inherent
cheapness. Engelhard, which makes platinum catalytic converters and will
supply at least 60% of Ford's needs for the 1975 model year, cried foul.
Engelhard charged, and Bell confirmed, that Bell's testing had been carried
out with synthetic gas mixtures containing only CO and 0" and that no
test using auto exhaust had been run. Engelhard also complained that its
platinum converters were crushed to make comparison tests, and that
crushed catalysts weren't as effective as the whole converters.

Water expert says Canadian water is coming

The transmission of Canadian water to the United States to meet this country's
need for supplementary capacity during peak demands and periodic dry
periods is "inevitable" and awaits "only political considerations," according
to Abel Wolman, professor emeritus of sanitary engineering at the Johns
Hopkins University. In an interview appearing in the Journal of the
American Water Works Association, Wolman says that importation of water
would allow the U.S. to build only the facilities it would normally need
and the U.S. wouldn't have to provide surplus water for its relatively rare
dry periods. "The quantities of water in Canada are so prodigious they
couldn't possibly be used locally, even with the maximum estimates the
Canadians have made," Wolman said.

Key to energy crunch is better utilization

Increased efficiency of energy use would help to slow energy consumption
growth rates, thereby relieving pressure on scarce energy resources and
reducing environmental problems associated with energy production,
conversion, and use, according to scientists at Oak Ridge National
Laboratory. About one fourth of total U.S. energy consumption is
attributable to transportation, but some modes of transportation-trucks,
airplanes, and automobiles-are relatively inefficient. More efficient are trains,
pipelines, waterways, and buses so that changes in the national transportation
mix could effect considerable energy savings. Residential space heating and
cooling are also major energy consumers. Increasing insulation, adding
storm windows, and installing more e·fficient air conditioners and electric
heat pumps could also cut energy needs.



The International
Pollution Engineering
Exposition and Congress:
The answers to the problems
ofpollutioncontrol.

The first full-scale effort to deal with all aspects of the massive pollution

control problems confronting industry and government will take
place December 4-7 in the Cleveland Convention Center: The International
Pollution Engineering Exposition and Congress.

If you're an industry executive-plant engineer-government official
consulting engineer-pollution control engineer-this is the all-inclusive
event you've been waiting for.

With more than 100 companies exhibiting, it will be the largest industrial
exposition yet organized to display pollution control equipment and
technology. It will cover the total spectrum of pollution problems, air, water,
solid wastes, noise. Projected attendance: 15,000.

The congress, equally broad in coverage, brings national and international
experts to discuss the most recent advances in control, here and abroad.
A special feature will be experience·exchange meetings for specific industries.
With 59 speakers in 36 sessions, the congress will consider pollution on a
national and global scale while retaining an emphasis as local as your plant

or municipali ty.

The International Pollution Engineering Exposition and Congress: If you're
directly involved in pollution control, you won't want to miss it.

TITLE

NAME

ADDRESS

COMPANY

D I'm interested in attending the International Pollution Engineering
Exposition and Congress. Please send complete information, including
congress program and Rapid Registration Cards.

D I'm interested in exhibiting at the International Pollution Engineering
Exposition and Congress. Please send floor plan and list of exhibitors.

EXPOSITION MANAGEMENT
CLAPP & POllAK, INC.
245 PARK AVENUE, NEW YORK, N. Y. 10017
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II CITY STATE ZIP

~-----------------------------------~Circle No. 25.!lt. Reallers' Service Card

INTERNATIONAL
POLLUTION
ENGINEERING
EXPOSITION
AND CONGRESS
CLEVELAND CONVENTION CENTER
DECEMBER 4-7, 1972
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outlook

The case for deep port construction
Superport development plays an im
portant part in the overall energy issue
now attracting so much attention. The
benefits and risks of such development
are being specifically considered as part
of the National Fuels and Energy
Policy Study. The public's awareness
of and attention to the subject are
arriving on the scene none too soon.
because several factors sharply point up
the need for large new ports:

• world trade of the future will be
dependent on both supertanker and
supercargo carriers

• 60 %of the total world oil produc
tion is now transported by sea. and the
percentage will increase in the future

• foreign countries already have 50
deep ports (either natural or under
construction). including 5 in Canada,
10 in Japan. and 15 in Europe

• by 1985. more than half of the
oil needed by the U.S. may have to be
imported. since domestic production.
including the anticipated Alaskan oil.
will meet only half the expected demand.

Basically, two types of terminals
are being considered-crude oil ter
minals and dry bulk cargo terminals.
If benefits of any superport project
can be shown to outweigh any risks.
the U.S. Congress would probably have
to appropriate the actual money for
construction.

Supercarriers handle oil or dry bulk
goods. For example. a supertanker is a
vessel of more than 100.000 deadweight
tons (dwt) which carries in excess of
2 million barrels of oil. More than 300
supertankers are operating today and at
least 200 such vessels are currently on
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order in the world's shipyards. A few
vessels of 1 million dwt are being de
signed or built.

The argument for superport develop
ment recognizes that fully laden super
carriers require channel depths which
U.S. ports simply cannot accommodate
at present. For example. a fully laden
150.oo0-dwt tanker requires a channel
depth of 60 ft. a 2oo.000-dwt tanker
requires 64 ft, a 250.000-dwt tanker
requires 75 ft. and so on.

At present. the U.S. has only three
ports which would accommodate some
of these supercarriers. All three are on
the West Coast-Puget Sound. with a
natural depth of 100ft; Los Angeles!
Long Beach. whose channel has been
developed to a 60-ft depth; and the Gulf
of Alaska. Major ports along the At
lantic and Gulf coasts have channel
depths of only about 40-45 ft.

Why Alabama?

To say that every state has the po
tential for a deep port. truly wants a
deep port. needs a deep port. and would
help alleviate the oncoming energy
crisis if it had one. is certainly not true.
But it is undoubtedly true that Alabama
wants a superport.

Alabama Governor George Wallace
personally asked State Sen. L. W. "Red"
Noonan to spearhead the Alabama
effort on superport development.
Noonan is chairman of the Alabama
Senate Seaports Committee. Dubbed
Ameraport. the proposed Alabama
superport envisions the location of
a deep-port facility in the Gulf of Mexico
within an approximate 30-40-mile

radius of the Alabama coastline, Amera
port is the name coined to convey the
idea that a port oil' the Alabama Coast
would serve most of America better
than most other locations. The current
thinking favors an onshore facility
the nawral depth at Port Morgan in
Mobile Bay is already 50-54 ft.

One of the noteworthy feawres of
Alabama's case for Ameraport is that
it has marshaled a statewide cll'ort and
has enlisted the support of many environ
mentalists. developers. and legislators.

Ameraport has an operating environ
mental oltice in the form of a new state
agency-the Marine Environmental Sci
ences Consortium (~IESc). ~IEse repre
sents all 17 universities and colleges in
the state; the consortium will be used in
conducting research on the ecology of
the Gulf of Mexico and estuarine areas.
It will provide the best em'ironmental
answers on development all'ecting Ala
bama's coastline.

The initial legislative proposal for
the creation of ~IEse was. in fact.
introduced by Sen. Noonan in the 1971
regular session of the Alabama legis
lature (which meets every other year).
The legislawre met during all of 1971
and in January and February of 1972.
and although its next regular session
will begin on May 3. 1973. pressing
matters such as superport development
may lead to one or more earlier sessions.

\lESe is a public. nonprofit corpora
tion dedicated to providing marine
education. research. and service to the
state of Alabama. It now has a facility
of its own to help it play its environ
mental education role.



Distances between foreign and Gulf ports (nautical miles)

Mobile, New Orleans, Galveston,
Ala. La. Tex.

Persian Gulf 12,448 12,501 12,683
Yokohama, Japan 17,553 17,606 17,790
Sydney, Australia 13,511 13,564 13,748
Dakar (West Africa) 4,215 4,268 4,452

On July 6 of this year. more than 30
acres of land on Dauphin Island. off
the Alabama coast in the Gulf of
Mexico. were transferred to the con
sortium. Formerly. the land was part
of a U.S. Air Force station: it was de
clared excess federal land and is part
of President Nixon's program of re
turning underutilized federal land to the
people for their use and enjoyment.

According to the 1970 census. the
population of the 48 contiguous states
was close to 207 million. Population of
the 23 states and the District of Colum
bia served directly by waterways and
railroads starting at Mobile is almost
104 million people. about one half the
total population. Mobile may in some
ways be the hub of Southern rebirth.
Governor Wallace commented at a
Mobile hearing. "There can be no
doubt that more people and more
communities will be served more ex
peditiously and economically and receive
more direct and indirect benefits as a
result of a deep-water port olT the
Alabama coast than from any other
location on the entire Gulf."

Other developments

In May 1971. the U.S. Congress
authorized a regional study for the
Gulf of Mexico. a main consideration
being superport development. Then.
in October 1971. Congress authorized
a regional study for the North Atlantic
region. Both studies were initiated with
fiscal-year-1972 funds. but now are
budgeted for continuation into fiscal
year 1973.

In April and May of this year. the
U.S. Army Corps of Engineers held
public hearings on superport develop
ment at the headquarters locations for
each of its four district offices on the
Gulf Coast. Thus. public hearings
were held in Mobile. Tampa. New Or
leans. and Galveston. These hearings
prov'ided strong statements by high
level officials in favor of supercarrier
facilities.

Headquartered in Vicksburg. Miss.,
the Corps' Lower Mississippi Valley
district office ultimately will make the
site selection on the Gulf superport.
but its final decision on site selection
is far olf. Meanwhile. additional in
formation and facts must be developed
before a final choice can be made.

Last month. the Corps' Vicksburg
office announced a contract with the
R&D firm of A. D. Little. Inc. (Bos
ton. Mass.) to perform an assessment
of the environmental impact of super
POrt. bulk ore facilities. and both pe-

troleum and nonpetroleum facilities
for the entire Gulf Coast-from Browns
ville. Tex.. to Tampa. Fla. The A. D.
Little study will divide this Gulf area
into a number (possibly as many as 10)
dissimilar ecological regions. and assess
the effect of a superport on each. The
report is due to the Corps on April I.
1973. Then. by June 30. 1973, the Corps
will report to Congress on the feasibility
of constructing a superport in the Gulf
based on the three E·s-engineering.
economics. and environmental con
siderations. But a specific site or sites
will not be announced until some time
after June 30. 1974. Later. the Corps
will be making specific recommenda
tions on superport construction which
will then find their way into the appro
priations machinery of Congress.

Further arguments in favor of Mobile
include the belief that Mobile is the
natural point of entry of the Gulf for
bulk cargoes that would be moved to
the greater steel-producing centers of
Birmingham. Pittsburgh. Youngstown,
Chicago. and St. Louis. In addition to

State Senator L. W. "Red" Noonan

Spearheading Alabama's superport

the inland waterway system. railroad
service is available from Mobile to
23 states and the District of Columbia.

At the same time. a number of other
studies are under way; these findings
will shed more light on the final choice
of superport sites in the U.S. These
studies are being conducted by the
Council on Environmental Quality,
A. D. Little. Inc" Soros Associates
(New York. N.Y.). and Robert Nathan
Associates (Washington. D.C.).

Each of the southern Gulf states
probably would like a superport off
its coastline. While it is true that
Alabama. with more miles of inland
waterways than any other state, may
be the choice for an offshore bulk
commodity facility. it is also argued
at the same time that the deep-port oil
facility might more logically be built off
the Texas or Louisiana coast. since
oil and gas interests are firmly estab
lished there. But it is important to
remember that the Texas and Louisiana
facilities are operating to capacity
today. and known oil reserves and
seismographic data indicate under
surface oil domes in the mid- and east
Gulf-suggesting an eastward move
ment of oil and gas interests. Meanwhile,
the reports to Congress should provide
stimulating reading as the nation moves
into its energy crunch time and as
superport development surfaces as one
solution to the energy issue.

Whether the benefits outweigh the
risks or whether ports will be onshore
or offshore. no one can say with any
assurance today. If the U.S. started
superport construction tomorrow. it
still would not likely become a reality
until 1977; further, the total cost for
each superport might be between $0.5
1.2 billion. Auxiliary crude oil buoy
installations of the bell or doughnut
type cost between 52-5 million. How
many superports are necessary and
where these developments should be
located to help satisfy the nations'
overall energy needs are questions
which cannot as yet be answered. SSM
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Nashville plans a system that not only will

incinerate its solid wastes, but also will

produce the energy to air-condition city buildings

Local trash cuts downtown fuel bills

----latpMse....Hnn
FulUr, ,IpiHnn

Central plant will serve many mid-city buildings

In an aggressive bid to solve two
problems at once, the city of Nash~

ville, Tenn., is planning to use its solid
waste as a basic source of energy to
heat and cool downtown buildings.

Nashville's approach is based on the
well-known advantages of "district"
cooling and heating, in which steam or
chilled water from a central facility is
piped for use in many buildings in the
same general area. Such a system has
many advantages for Nashville, as it is
both the center of metropolitan govern
ment (Nashville ar.d surrounding David
son County have had metro govern
ment since 1963) and the Tennessee
state capital. Many downtown buildings
are therefore government owned, result
ing in few of the difficulties in gelling
multiple owners to agree to tap into a
distribution system that might arise in a
business district.

NTTC is born

Nashville originally had in mind a
conventionally fired district heating and
cooling plant to serve metro govern
ment buildings only, and in 1969 con
tracted with the local consulting firm of
1. C. Thomasson and Associates to come

up with a design. But in 1970, before
any designs were finalized, the state of
Tennessee passed a law requiring that
by 1972 all landfills must employ daily
earth cover. When the city realized that,
in addition to the extra cost imposed by
this law on operations at its five land
fills, the sites themselves would last
only another 12 years, the idea of using
the solid waste as a fuel first arose.

Because the local gas and electric
utilities in Nashville did not have au
thority under the metropolitan charter to
build or operate a central district heat
ing and cooling plant (even a conven
tionally fueled one), an organization
the Nashville ThermatTransfer Corp.
was chartered under Tennessee law in
May 1970, and empowered to issue
revenue bonds for construction. The
corporation has no assets, and when the
bonds have been paid ofr, the plant will
revert to the metro government.

Thomasson Associates, after exten
sive modification of original plans, con
cluded that a district system fueled by
solid waste was indeed feasible. "Then,"
says Nashville Mayor Beverly Briley,
"the NTTC found itself in the incineration
business."

Initial plans for the plant call for it
to be completed by 1974, and to burn
about 720 tons/day of solid waste,
most of it collected in the mid-city area
and delivered to the central plant by
compactor truck. The plant, to be
built on a 3-acre site alongside the
Cumberland River, will at first serve
27 downtown buildings, 12 of them
state office buildings (one is the state
capitol); the state has signed a 30
year contract with NTTC, The rates
charged for steam and chilled water
will save customers 25-30% on costs of
running their own heating and cooling
units, claims Mayor Briley.

Clean burning

Key to the planned system is the
specially designed incinerator. a mul
tiple grate unit with a Babcock &
Wilcox boiler, dry cyclone particulate
mailer collector, and wet scrubber.
In Phase I of the project (slated for
completion in 1974), the unit will gener
ate 215,000 Iblhr of steam, which can
be supplied to the distribution system
at 125 psi or used to drive turbine chill
ing machines (manufactured by Carrier
Corp., Syracuse, N.Y.) which produce
water for distribution at 40°F.

The incinerator will reduce the solid
waste to one tenth of its original weight,
and the inert residue can be landfilled
without earth cover, according to Thom
asson's Maurice Wilson. NTTC is, how
ever, exploring ways in which values
can be reclaimed from the residue. Be
cause the city retains title to the waste
it supplies at no cost to NTTC, it stands
to benefit if salable products can be
produced from the residue.

By 1978, city officials think, the plant
could generate as much as 500.000 lb of
steam an hour, and double the number
of buildings served. They visualize all
of the 1300 tons.'day of solid waste
currently generated by the 500,000
people in the metropolitan Nashville
area eventually being burned in the
NTTC plant, with three centrally located
transfer stations being established to
prevent traffic jams of garbage trucks
at the plant. DH\IB
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Ecology USA 1971
The encyclopedic environmental
news annual. Every newsworthy
environmental event that took
place in 1971, reported chrono
logically. Widely acclaimed and
respected. 624 pages, 8';' x 11,
edition bound. Important speeches.
79 book reviews. Complete text of
Federal Laws. Directories of
companies, federal & state agencies.
25 never-before-published articles
of major importance in the field.
$125.00 per copy

Special Report Ecology
The authoritative environmental
newsweekl y. 52 issues a year.
Collects, digests and reports all the
up-to-the-minute environmental
news throughout the United States.
Book reviews. Calendar of events.
Profiles. Binder and semi-annual
index.
$135.00 per year

Who's Who in Ecology
The first and only annual of its
kind ever published. Painstaking
research and selective process has
produced this outstanding reference
book with more than two thousand
up-to-date biographies of ecologists
from university faculties, industry,
and government. To be published
Fall 1972.
$50.00 per copy

_ copies of ECOLOGY USA 1971 @ $125.00 each

_ 1 year subscription to SPECIAL REPORT ECOLOGY @ $135.00

_ 2 year subscription to SPECIAL REPORT ECOLOGY @ $225.00

_ Start with 1st 1972 issue. _ Start with current issue.

Please mail to Please accept our order for:
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
Special Reports Inc.
8 West 40th Street
New York, NYlO0l8

_ copies of WHO'S WHO IN ECOLOGY @ $50.00

D Payment enclosed. D Bill us.

,..,----------------------------:
•

---",-------------------------------.
address •

•-c'i:--'y-,-;,;-to,-"-,-hc-ip-------------------------:

,-ucc'h-occ,i-"CCd-'i,--g'-"C-'u-,,------------------------- :

••••••••••••••••••••••••••••••••••••••••••••••••
Circle No. 2& on Readers' Senice Card
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Cleveland opts for physical-chemical

Several years ago the Cuyahoga River
near Cleveland, Ohio, literally caught
fire as a result of semitreated and often
untreated municipal and industrial
wastes pouring into the river. Conditions
have improved somewhat since, but
Cleveland's existing Westerly Water
Pollution Control Facility (one of three
waste water treatment plants), located
on Lake Erie near the mouth of the
Cuyahoga, was built in 1922 and cannot
adequately treat its share of the metro
politan area's waste water.

The plant provides primary treat
ment to approximately 40 million
gallons per day (mgd) of municipal and
industrial wastes in an Imhoff tank
complex. (An Imhoff unit consists of
two-story sedimentation tanks with
sludge accumulation in the bottom.)
At present, the average dry weather
flow of waste water through the plant
is 50 mgd, and the dry weather peak
is 70 mgd, which the outdated plant
cannot handle. Nor can the plant pro
duce effluent meeting federal and state
water quality standards.

Criteria

Three years ago, the Cleveland Clean
Water Task Force (created to look
into water pollution problems and
solutions) began looking at two al
ternatives to the old plant. One was

U.S. physical-chemical
treatment plants

Plant Flow, mgd

Fitchburg, Mass. 15

Cortland, N.Y. 10

LeRoy, N.Y. 2

Niagara Falls, N.Y. 60

Alexandria, Va. 25

Arlington, Va. 30

Lower Potomac, Va. 36

Prince William
County, Va. 15

Cleveland (Westerly),
Ohio 50

Rocky River, Ohio 10

Owasso, Mich. 6

Rosemount, Minn. 1

St. Charles, Mo. 8

Garland, Tex. 30

Los Angeles, Calif.
(Hyperion Plant) 5

Orange County, Calif. 17

Selma-Kingsbu rg-

Fowler, Calif. 10

Total 330

Under dcsll~n or constructIon.

to construct an island' in Lake Erie
with waste activated sludge from the
plant-this was deemed impractical,
ineffective, and expensive. The Olher
later adopted-was to build a new waste
water treatment plant while the old
plant continued to operate.

A new plant must meet certain
stringent criteria, the Task Force de
cided. Besides meeting effluent quality
objectives, the plant must be capable
of handling, without upset, widely
varying flows from combined storm
and waste water sewers. It must also
handle assorted constituents from in
dustrial discharges, which account for
nearly 50 % of the flow into the plant.
The plant site, only eight acres in area,
is almost completely built up, but waste
water treatment must continue during
demolition of the old plant and con
struction of the new facilities. The
design must be flexible for future ex
pansion and addition of new processes.
Also. the facility must minimize the
effects of toxic materials and provide a
potential for removing heavy metals.

What type of plant could handle such
a big order? The Task Force knew that
biological treatment plants are sensitive
to weather changes and that unusual
or strong effluents could result in a
completely disrupted treatment process.
Furthermore. many Task Force mem-
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Transformation. The original waste
treatment plant for Cleceland,
O~io (left), was torn down' in 1922.
A 40·mgd Imhoff tank facility (right)
was built but is now autdaled
atid unable to handle the amount
and cariety of wastes passing
through to meet water quality
standards. It will soon be replaced
bj··a $~1 million physical.chemical
treatment plant (upper ~ight)

capable of handling up to 100 mgd.
The new plant, 10 be completed .
by 1974, will be the world's largest
/Jhysical-chemlcaltreatment plant



The big Ohio city is turning its

back on biological treatment as it gears

up to modernize its Westerly plant

bers felt that biological treatment
plants cannot provide the high degree
of solids and BOD removal required to
meet water quality standards.

Physical-chemical treatment is the
answer the Task Force decided upon,
and the city awarded the design con
tract to Zurn Environmental Engineers,
an affiliate of Enviro-Engineers, Inc.
(Washington, D.C.). Physical-chemical
treatment is not in widespread use;
in fact, only 17 such plants are under
design or construction in the U.S. (see
box). Nevertheless. it is receiving in
creasingly serious consideration as ef
fluent restrictions tighten.

Advantages

The 50-mgd plant will be the largest
physical-chemical treatment plant in
the world, and will be capable of han
dling up to \00 mgd hydraulically (see

below). Emuent quality will represent
90% BOD removal, 93% suspended
solids removal, and 90% phosphorus
removal.

One advantage of a physical-chem
ical treatment plant is that unit pro
cesses are based upon hydraulic (rather
than biological) requirements. This
means that waste water flows above
and beyond the design flow capacity
do not necessarily mean deterioration
in emuent quality. For example, filters
can catch solids carried over from the
clarifiers. Another benefit is high in
ternal recycle of process waste water.
The Cleveland plant will be capable of
an instantaneous recycle flow of ap
proximately 30 mgd for backwashing
the filters and adsorption columns.
The plant is designed to handle recycle
flows superimposed upon the peak dry
weather flows (70 mgd)-thus total

capacity can be 100 mgd for sustained
periods.

Not all of the old plant will be de
molished. The Imhoff tanks will remain
and be modified (for screening and dis
infection) to provide storm flows a
minimum of treatment. Combined storm
and sewer flows up to 100 mgd will be
taken into the main treatment plant,
and the remainder will be diverted to
the storm-water holding Imhoff tanks
for later treatment.

Plant processes

Here's how the new plant will work:
Incoming waste water will undergo
preliminary screening and settling to
remove debris, sand, grit, and other
large particles, and to provide some
protection for the comminutors which
will finely grind the influent. After
passing through aerated grit-removal

chambers (flow diagram), the waste
water will flow into two flash mixing
tanks where propeller mixers will stir
in a 10% lime slurry. The lime will
convert influent phosphorus into in
soluble calcium phosphate.

Water from the flash mix tanks will
go into two channels, each serving two
flocculator-c1arifiers. The flow will again
be divided and fed to the center floc
culating well in each clarifier. Poly
electrolytes can be added at this point
as a coagulant aid. Virtually all settleable
solids will be removed here as waste
particles coagulate and rapidly settle
to the bottom of the basins.

The waste water, with a pH of 10.5
11.5 from the lime clarification step,
then will pass into the recarbonation
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basin. There, carbon dioxide will be
bubbled through the water to lower the
pH.

The dephosphated effluent next will
go through a series of pressure filters
operating at 10 psi. These 14 horizontal
filters will be stacked in two levels of
seven each to minimize space. The
filter medium has not yet been chosen.
but could well be beds of sand or crushed
anthracite coal, or a combination of
the two. This filtration step will vir
tually complete removal of the remaining
suspended solids in the waste water.

After the filtration step, the semi
treated water will 110w into activated
carbon sorption columns (30 columns,
each 20 ft in diameter, 28 ft high, and
having a carbon bed depth of 17 ft)
to remove any remaining dissolved
organic material. The columns will be
stacked in two levels of 15 columns
each. Approximately 2000 tons of
carbon will be used, and each column
will be in service for 43 days between
regeneration cycles.

Spent carbon will be regenerated in
two multiple-hearth furnaces to burn off
the collected organic material. The
plant will be able to reuse regenerated
carbon again and again. The filtration

and sorption units will be housed in a
building equivalent in height to 13
stories.

The treated effluent will finally be
disinfected by liquid chlorine. Studies
are under way, however, to determine
the feasibility of using ozone both for
disinfection and as a method to achieve
higher BOO removal if it should be
required.

Sludge handling

Sludge will be pumped from the
110cculator-clarifiers to two sludge-hold
ing tanks equipped with sludge-thick
ener mechanisms. Although sludge con
centrations of 10-14 %could be achieved
in the 110cculator-clarifiers, the solids
handling system is conservatively being
designed for 5% solids. Centrifuges
will further dewater the sludge. Each
centrifuge will have a capacity of 15,000
gph, although the design loading is
9850 gph, thus providing capacity for
sustained plant operation at 100 mgd.
Additional sludge can then be handled
easily when waste water 110w rate is as
high as 100 mgd. Solids capture is
expected to be above 90% and sludge
cake solids above 30%.

Sludge cake will be fed to the re-

calcining furnaces at approximately
12,500 IbJhr. Zurn Environmental Engi
neers hopes for a recyclable lime product
of 80% purity which can be reused at
the l1ash mixing stage.

Instrumentation, control, and moni
toring for the Westerly plant will be
automated with economical use of
manpower. A programmable computer
will monitor all measurements, control
positions, and alarms and provide
feedback control.

About 60% of the plant design is
complete, and bids on major equipment
packages will be received this fall.
Construction will begin before the year
ends, and all phases of the physical
chemical treatment plant are expected
to be operating by late 1974. The cost
of the entire plant is estimated to be
$41 million, and the designers expect to
achieve a waste water treatment cost of
approximately 26-28¢ per 1000 gal.

This plant represents a significant
breakthrough in a waste water treat
ment alternative not previously explored
on a large scale, C. J. Touhill, vice
president, Enviro-Engineers, Inc., be
lieves, and will do much for the general
acceptance of physical-chemical treat
ment. CKL
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New Jersey checks auto exhaust
Annual safety inspection now includes emission testing

for carbon monoxide and unburned hydrocarbons as

part of the state's fight for cleaner air

Sniffer. Technician measures tailpipe emissions at N.J. il1~peclion station

Don't be surprised when your late
model car-which you think is in per
fect condition-fails to pass the New
Jersey state inspection this year. It
flunked because the exhaust was too
dirty.

That's not likely to cause you any
great inconvenience-this year. The
inspector will just give you a leaflet
entitled "Your car and its pollution
test" and tell you what to do to correct
the problem. But after July 1, 1973, the
state will be playing for keeps. If your
car fails then, you will have two weeks to
correct the problem and present it for
reinspection-just as you would, for
say, worn tires.

New Jersey is the first state to require
emissions testing as part of the annual
state inspection. Under Chapter 15 of
the New Jersey Air Pollution Code,
passed last June, the state will attempt
to put a significant dent in pollution
coming from light duty, gasolinc-fueled
motor vehicles.

Three sections of the code are of
major importance. The first enacts a
"public highway standard" which makes
visible emissions from the engine or
crankcase illegal after July I, 1973 and
provides fines ranging from $25 to $100.

The second section describes new
motor vehicle dealer inspection stan
dards. Under New Jersey law, the dealer
must inspect new cars and certify that
they meet stale inspection standards.
After July I, 1973, the dealer will also
have to certify that new cars meet
emission standards for smoke, carbon
monoxide (CO), and unburned hy
drocarbons (HC).

The third section of the act provides
for emission testing of all cars as part of

the annual statc inspection. The two
part cmission test is an idle mode test
which is not strictly comparable to the
multicycle test prescribed by thc federal
government for new cars, according to
John Elston, principal environmental
engineer with the New Jersey Depart
ment of Environmental Protection. The
inspector first checks for visible emis
sions from the engine or crankcase as
the engine is raced. Then, with the en
gine idling, the inspector inserts a sam
pling probe in the tailpipe and checks to
see if CO or HC levels exceed the stan
dard. The test does not include measure
ment of nitrogen oxides (NO x).

The test equipment, manufactured by
Sun Electric Co., uses nondispersive
infrared monitors to measure pollutant
levels. Most of the test equipment has
been installed, according to Elston, and
the remainder will be in place by the end
of this month.

The timetable looks something like

this. Beginning July 1, 1973, motorists
must meet the emissions requirements
or fail the inspection. With the initial
pollution standards, Elston says, about
12-15% of the state's estimated 3.5
million cars will fail the test. There are
different standards for different model
years (see table) and Elston says that
approximately equal numbers of cars
will fail the test in each of the standard
categories.

As of July I, 1974, the standards will
get tighter. Based on the model year
distribution of cars now on the road,
Elston expects that about 20 % of all
vehicles inspected would not pass.
Standards will get even tighter after
July 1, 1975, and Elston says that about
one third of all cars now on the road
would fail the test under those stan
dards.

Much of the success of the program
will depend on the private garage own
er's ability to service autos that don't
come up to snuff. That's a major reason
for the gradually tightening standard
schedule. New Jersey hopes to convince
mechanics that the equipment is valuable
as a diagnostic aid. High HC usually
means ignition malfunction, for exam
ple, Elston says, and excess CO tends to
indicate carburetion problems. "We
look on high emissions as pollution," he
says, "garage mechanics should look on
them as diagnostic signs." HMM
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Effluent guidelines are on the way
With most of its statutory enforcement authority

jeopardized by recent court decisions, EPA is looking to

a better method for controlling industrial water pollution

Although it's not too well known yet,
there's been a definite shift in EPA'S

strategy in the war against industrial
water pollution. The agency's Office of
Water Programs is readying its guns to
fight water pollution at the industrial
outfall, using a tactic adopted by the
Office of Air Programs to halt air pollu
tion from stationary sources, by pro
mulgating effluent guidelines and per
formance standards.

The shift in position is tantamount to
an admission that the agency's previous
control strategy-based on water quality
standards-simply has not worked.
Enforcement conferences and 180-day
notices-the major enforcement tools
provided by the Federal Water Pollution
Control Act, have proved to be costly
and cumbersome remedies, virtually de
void of clout. One agency official, who
declines to be quoted, labels them
"ludicrous. "

Similarly, the utility of the discharge
permit provisions of the Rivers and
Harbors Act of 1899-the so-called
Refuse Act, pressed into service by the
Nixon Administration in December 1970
to patch up the holes in EPA'S armamen
tarium-is in serious trouble because of
a pair of court decisions. In December
1971, Federal Judge Aubrey E. Robin
son of the District Court for the District
of Columbia, issued an injunction for
bidding the issuance of any discharge
permits until environmental impact
statements for each major permit could
be prepared. Some 20,000 applications
for the permits are on file, according to
EPA assistant administrator for enforce
ment and general counsel John R.
Quarles, Jr., and preparation of en
vironmental impact statements for each
major one would be a "bureaucratic
nightmare." EPA has appealed the
decision, but until the appeal can be
heard and decided, the ban on permits
stands.

To make matters worse, in May of this
year, the U.S. Court of Appeals in
Philadelphia, Pa., ruled in a case involv
ing the Pennsylvania Industrial Chemi
cal Corp., that industrial polluters may
not be prosecuted under the Refuse Act
unless permits are available. "That
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case," Quarles complains, "could stop
us dead in our tracks. Something must
be done or the Refuse Act-our princi
pal legal weapon against industrial water
polluters-may become a dead letter."
Quarles has asked the Justice Depart
ment to intervene and speed up the
appeals in the District of Columbia
case.

Full speed ahead

EPA isn't waiting for a congressional
mandate to set effluent guidelines be
fore gearing up to do battle with the
industrial polluters, although such a

Guideline chief Cywin
Not wailinKflu' Congress

mandate is expected as a result of new
legislation (see below). For example,
there has been a quiet restructuring of
the Office of Water Programs-spe
cifically, it appears, to provide a frame
work for developing effluent guidelines.
(See chart, page 779.) The office of
Deputy Assistant Administrator for
Water Programs, formerly headed by
Eugene Jensen, has been split, creating
two new positions-deputy assistant
administrator for water programs opera
tions and deputy assistant administrator
for water programs planning and stan
dards. Jensen has been named to the
operations post; the planning and stan
dards position is still vacant. The new
effluent guidelines program is headed
by division director Allen Cywin, former
acting chief of Water Quality Research

for EPA, and is administered out of the
planning and standards branch.

There is little doubt that legal author
ity to operate the effluent guidelines
program will soon be forthcoming.
Both H.R. 11896 and S. 2770-the
House and Senate versions of the omni
bus water pollution control amend
ments being thrashed over in joint
committee-have virtually identical lan
guage requiring that the EPA administra
tor adopt and enforce effluent guidelines
and standards for industrial point
sources. "The Environmental Protection
Agency is not waiting for this legislation
to be passed before beginning to carry
out and develop the necessary guidelines
and standards that are required," says
Michael B. La Graff, Cywin's second in
command. "The time schedules of the
legislation are very stringent and we
need every minute of time in order to
satisfy completely the requirements of
the legislation," he adds.

The proposed water legislation (sec
tion numbers refer to H.R. 11896) has
four separate sections dealing with
effluent guidelines and standards:

• Sec. 304 (b): Effluent Limitation
Guidelines

• Sec. 306: Standards of Performance
for New Sources

• Sec. 307(a): Toxic Pollutant Stan
dards and

• Sec. 307(b): Pretreatment Stan
dards.

Technology key

Under the effluent limitation guide
lines called for in Sec. 304(b), EPA would
identify both the "best practicable
technology" currently available and the
"best available demonstrated technol
ogy." Guidelines would be published
within one year of the adoption of the
new water amendments. By 1976 all
industrial waste sources-no matter how
old-would be required to adopt, as
minimum acceptable treatment, the best
practicable technology currently avail
able.

The proposed legislation specifies
several parameters to be considered in
the development and applieation of the
regulations, including the age of equip-



Revised organization of EPA Water Programs Office

ment and facilities involved, the pro
cesses employed, process changes, engi
neering aspects of the application of
various types of control technology, and
the cost of achieving effluent reductions.

Regulations promulgated under Sec.
304(b) would establish the minimum
requirements each industrial source
would have to meet by 1976 and maxi
mum effluent requirements that could be
achieved, where necessary, within the
alloted time. Such "practicable" control
technology would be based on end-of
the-line treatment techniques rather than
on cleaning up the process itself. The
technology to be used would be deter
mined purely on technical considera
tions and not on the quality of the re
ceiving waters. It would be uniform
regardless of the local pollution situa
tion.

EPA interprets "currently available,"
to mean a control technology which in
"demonstration projects, pilot plants,
and general use has demonstrated a
'reasonable' level of engineering and
economic confidence and viability in the
process at the time of commencement of
actual construction of the control
facilities," La Graff says.

On the other hand, "best available
demonstrated technology" embraces in
process control technology as well as
outfall cleanup. Such levels will be set
by technology that "through pilot
plant operation or full-scale use has
demonstrated both technological per
formance and economic viability at a
level sufficient to reasonably justify the
making of investments in such pro
cesses," according to La Graff. An im
portant aspect of the legislation provided
in Sec. 304(b) is that it would apply to
all plants, and not just newer ones.

Performance standards

Sec. 306 of the proposed water law
would require the administrator to pro
mulgate performance standards within
15 months after passage of the law for
new sources or all old sources which
undergo "major modification." Such
sources would have to incorporate the
"best available demonstrated technol
ogy" at the time of construction or
modification. While "best available"
legally means the same for both new and
old sources, EPA will probably require
lower discharge levels from new plants
because of greater opportunity to in
corporate in-plant controls. This section
of the bill specifically delineates about 30
industrial categories for which standards
will be prescribed. EPA will probably end
up with more categories than that.

Section 307(a) would require that
within 90 days of enactment of the
legislation, the administrator must pub
lish a list of pollutants or combination of
pollutants that are determined to be
toxic. Toxic is distinguished from haz
ardous, La Graff says, in that a hazard
ous substance presents an "imminent or
substantial danger," while for a sub
stance to be declared tox.ic "requires
evidence that it will cause death, disease,
behavioral abnormalities, cancer, ... or
physical deformations in affected orga
nisms or their offspring." Molasses is
being considered as a hazardous sub
stance "because when discharged into a
body of water it has caused a fish kill,"
he says. "However, in a normal tox
icity study it would require enormous
amounts of molasses in order to be toxic,
and therefore it would not normally be
considered a toxic pollutant per se."

Within six months after publishing
the toxic substances list, EPA would
publish proposed effluent standards for

each toxic pollutant. Such a standard
could require a total ban, but standards
could also be varied from industry to
industry depending upon the degree of
treatment technology available. Such
variances among industries would not
be granted simply because it is more ex
pensive for one industry to treat a toxic
substance than it is for a different indus
try to treat the same pollutant.

Section 207(b) would establish two
provisions for the publication of effluent
pretreatment guidelines. The first is for
publication within six months of pre
treatment guidelines aimed at aiding
municipal systems, with some specific
considerations that should be taken into
account when accepting industrial wastes
for treatment. The second is for publica
tion within six months of pretreatment

standards which will limit discharge of
specific pollutants to municipal systems.

Just how EPA will implement the pro
visions of the water legislation remains
open at this time. Clearly the time con
straints are formidable, even considering
that the bills have not yet become law.
The first step for the agency is to develop
categories and subcategories which take
into account the parameters specified in
the bills. A start, at least, has been made
in a pilot study with the American
Petroleum Institute. Following the sub
categorization of refineries by class-A,
B, C, D, and E class refineries as defined
by the industry-EPA has begun studies
aimed at characterizing the effluents-no
mean task in itself. The next step will be
to assess the treatment technology avail
able for application by each of the
various classes. EPA must repeat the
process for all industrial sources. The
end result will be a set of output stan
dards, in terms of hard numbers such as
pounds of BOD/unit of raw material in_

put or production.
The job is complicated by the fact

that, depending upon the amount of
horse trading that goes on in the con
ference committee, the law may provide
for a program to begin issuing discharge
permits upon passage of the statute.
"We must be prepared to support this
effort immediately upon enactment of
the legislation," La Graff says, " and not
a year or 15 months following the enact
ment."

Amid all the uncertainty about
specifics, one thing remains clear: With
its current legal authority to check indus
trial water pollution seriously eroded,
EPA is pinning its hopes on the effl uent
guidelines. Enforcement chief Quarles
has called on Congress for speedy
action. HMM
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Manufacturers of all types of chemicals

and subsequent products wait for

legislative proposals to gel as ...

Congress considers
strict control of
toxic substances

Chemicals. All nell'
products may !tare to
be tested b~f(lre they

can be marketed

About two million chemical compounds
are known, several thousand new chemi
cals are discovered each year, and several
hundred are-introduced into commercial
use annually. Many of these compounds,
discharged into the environment in both
large and small amounts, can be either
diluted or concentrated by physical
forces, or react with other chemicals.

Federal legislation

The federal government now exercises
some control over the manufacture and
distribution of pesticides, drugs, food
additives, consumer products, and radio
active materials, which include, in part,
toxic substances. Pesticides are regulated
under the Federal Insecticide, Fungicide,
and Rodenticide Act which protects the
user and handler of pesticides by requir
ing registration with EPA, proper label
ing, and in some cases, coloring the
pesticide product. The Food and Drug
Administration (FDA) also regulates
pesticides by examining food to see that
pesticide residues do not exceed allow
able limits.

FDA, under authority of the Food,
Drug, and Cosmetic Act, regulates food
labeling, food additives, food containers,
drugs, and cosmetics. The Atomic
Energy Commission, under the Atomic
Energy Act, controls almost the entire
spectrum of activity associated with
handling, transportation, and disposal
of radioactive materials.

The Federal Water Pollution Control
Act and the Clean Air act empower EPA

to control direct release of pollutants
into the environment. However, the
Federal Water Pollution Control Act is
generally aimed at accidental discharges
of such substances into water.
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The Clean Air Amendments of 1970
contain a section specifically aimed at
toxic substances. The EPA administrator
is authorized to regulate the use of fuel
additives, to publish a list of air pollu
tants not covered by air quality stan
dards, and to set and enforce national
emission standards for these pollutants.
(A similar section is included in the
proposed amendments to the Water
Pollution Control Act presently in con
gressional conference.)

The Department of Transportation
has regulatory power over interstate
transportation of hazardous substances.
However, substances are classified pri
marily from the perspective of hazards
involved in their transportation and
possible spills from accidents.

The Resource Recovery Act calls only
for the formulation of a plan for a
system of national disposal sites for stor
ing and disposing of hazardous wastes.
In most instances, the other acts do not
take into account disposal of wastes.

The Hazardous Substances Act of
1970 covers toxic materials in household
products and toys, but not the raw mate
rials from which they are manufactured.
The Act does call for banning hazardous
substances from interstate commerce,
but the definition of hazardous sub
stances is quite restrictive-a substance
may be banned only if special labeling or
packaging is found to be inefTective in
preventing a hazard. (Only three house
hold products have so far been banned.)

Senate bill

In 1971, both houses of Congress in
troduced toxic substances controllegisla
tion. In May of this year, the Senate
passed the Toxic Substances Control Act

(S. 1478) by a 77-0 vote. Under terms of
this bill, within one year of enactment,
EPA would specify test protocols (stan
dardized methods of performing tests)
for various classes and uses of chemical
substances and set results that must be
achieved "to protect human health and
environment. ,.

EPA would also determine standards of
use for a product. For example, a
regulation might say that a certain deter
gent could be used only if the phosphate
content were very low. If it were higher,
it could be used everywhere except the
Great Lakes Basin, where overfertiliza
tion is a problem.

One controversial section (the Spong
Amendment) would require premarket
screening of new chemical substances.
Any manufacturer of a new chemical
would have to submit test results of
intended uses of the substance to EPA at
least 90 days prior to its commercial
production. During this 90-day period,
the [I'A administrator would propose
any rules or regulations governing the
usc or distribution of the substance.

For existing chemical substances
(those on the market prior to enactment
of the law), the EPA administrator would
require testing ifhe had reason to believe
that manufacturing, processing, distribu
tion, use, or disposal of that substance
posed an "unreasonable" threat to
human health or the environment.
Furthermore, any new use for an existing
chemical would require new testing and
authorization, according to S. 1478.

If an "imminent hazard" existed, U.S.
district courts, upon petition by the EPA

administrator or the Attorney General,
could restrain the uses or distribution of
the substance responsible for the immi-



nent hazard. Chemical substances which
the administrator found manufactured,
processed, distributed, used, or disposed
of in violation of regulations and which
of themselves constituted an imminent
hazard could be seized. Under the law,
the administrator would require reports
from manufacturers indicating the
names and identities of the chemical
substances produced, the categories of
use, the amounts of each substance pro
duced, and a description of the by
products. "Trade secrets" would not be
made public.

The Spong Amendment to the Senate
bill also contains a citizen suit section.
Citizens would be allowed to bring suits
to enjoin violations of the act and to
require the performance by the EPA
administrator of his mandatory duties.

A major section of the bill deals with
transporting chemical substances on
navigable waters. The Coast Guard,
after notification from EPA of potential
harm from the transport of hazardous
chemical substances, would establish a
system for ports, harbors, and other
waters to prevent environmental harm.
The Coast Guard would be the enforc
ing arm of such a system of regulations.

House bill

The wording of the House bill is
generally similar to that of the Senate
bill. Overall, however, the House version
(backed by the administration) is less
harsh than the Senate version.

In the House bill, new chemicals
would not have to be screened before

marketing. The manufacturers would
send reports to the EPA administrator de
scribing the characteristics of the chemi
cal, and action could be taken at that
time if the substance were considered
hazardous. Also the House bill has no
provision for citizen suits.

The Council on Environmental Qual
ity (CEQ), under the House bill, would
develop a standard classification system
for toxic chemicals. On the basis of this
system, reports submitted by industry
and inspections of facilities, EPA would
be able to make initial judgments
as to which substances posed problems;
not all new chemicals would be tested.
Protocols would be required only for
new chemicals (the Senate bill covers
both new and existing chemicals).

An area of controversy in both bills
is the absence of regulations covering
intermediate chemicals-those chemical
substances that are converted chemically
in the course of manufacture of products
and subsequently sold publicly. inter
mediates are not covered in either bill
and are exempt from regulation. How
ever, a potentially dangerous chemical
could be shipped intrastate to a
processor who might convert it into an
environmentally innocuous substance
which in turn could be introduced into
interstate commerce.

Another area of dispute is that of en
vironmental impact statements. Should
EPA write a statement for each and every
chemical? And could the agency be sued
if an EPA-approved substance turns out
to be harmful to the environment?

The House is presently looking at its
bill in respect to the one the Senate has
passed. At press time, sources on Capitol
Hill expected the bill to be voted on
before the end of the summer session of
Congress. However, it is probable that
joint meetings between the House and
Senate would be necessary to iron out
the differences in the bills.

Office of Toxic Substances

Perhaps in anticipation of forth
coming legislation, EPA recently created
the Office of Toxic Substances within
the Office of Categorical Programs. Al
though, at press time, the EPA adminis
trator was not required by legal mandate
to establish it, the Office is staffing up
and has begun a number of activities of
its own. Under existing legislation, the
Office does not have any specific regula
tory or statutory authority. "We have a
coordinating role," says Charles Gregg,
Jr., temporary acting head of the Office,
"and we're interested in seeing that the
agency looks at the problems associated
with a substance, for instance, mercury,
as a single problem, rather than a num
ber of problems that everyone handles
his own way."

Gregg and the other staff members
feel that many toxic substances problems
can be solved even if no act emerges from
Congress. They hope that their persua
sive powers and what little authority
other environmental acts impart will
enable government and industry to sit
down and rationally solve problems
concerning toxic substances.

Industrial reaction

Industry sources feel that in view of
the regulatory statutes already in force,
that there is no need for "sweeping"
new legislation. For example, C. Boyd
Shaffer, Manufacturing Chemists Asso
ciation, believes that not all new chemi
cals need be tested. Of those tested, not
all need be tested to the same degree, he
says.

Shaffer also objects to the possible
time lag pending approval of new chemi
cal substances. Smaller firms have in
dicated that they will be hesitant about
introducing new chemicals if they face
expensive delays, recalls, or bans of new
or existing chemicals.

EPA Deputy Administrator Robert Fri
and CEQ Chairman Russell Train both
agree that the Spong amendment re
quirement for premarket screening
should be revised. EPA does not want to
be inundated with thousands of pre
market tests on which to make a decision
"within 90 days." CKL
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Iron castings production has varied
widely during the past 10 years, from
10 million to 15 million tons per year.

Production

Impact of foundry pollutionllC
Bernard S. Gutow Le Iron foundry Industry IS ations wIth old or obsolete equIpment

defined as those shops that melt iron in and facilities. Melting is still principally
furnaces, pour it into molds, and alloy accomplished by cupolas (vertical cylin-
and/or treat the iron in either the molten drical furnaces), but output from elec-
or cast state. Foundry processes are tric arc and ind'uction furnaces is in-
limited to making gray, malleable, and creasing in importance and tonnage.
ductile iron castings. The industry is The principal environmental problem
composed of some 1635 foundries (in of the iron foundry industry is air
1971) of which 71 % were small, Jess pollution caused largely by melting
than 100 employees; 25% medium, operations. Air pollution from non-
between 100 and 500 employees; and melting operations is more easily con-
only 4 %large, over 500 employees. trolled, and emissions are considered to

Foundries are widely distributed and be more of an in-plant environmental
are located in almost every state with problem than an air pollution problem.
half of them in the Great Lakes states. Water pollution results principally from
Approximately 25 %of all iron foundries wet scrubbers installed on cupolas for
are captive (the remainder being inde- air pollution control and from slag
pendent), largely producing jobbing quenching on cupolas.
type castings.

Most foundries are relatively old,
although many have been modernized
by installing new equipment. Many of
the small foundries are marginal oper-

A. T. Kearney, Inc.
Chicago, /II. 60606

Within the next 10 years,

control expenditures could

result in one third of U.S.

iron foundries closing their

doors and the eventual

layoff of 26,000 employees

790 Environmental Science & Technology



feature

a variety of iron castings, mostly on a
jobbing basis.

Total employment was about 230,000
in 1968, with average labor input being
23 man-hr per ton of castings. Although
almost all levels of skills are utilized in
iron foundries, most of the production
labor can be classified as unskilled or
semiskilled.

Emission control

Emission control costs, measured
against such factors as sales, total assets,
and cost per ton of castings, generally
show a declining percentage as foundry
size increases. Therefore, a greater
emission control burden is placed on the
smaller foundries, which also accounts
for their inability to cope with this cost.

The effect of environmental control
on cost of castings varies widely from
more than $14 per ton for the smallest
foundries to under $2 per ton for the
largest foundries. Except for the smallest
foundries, these cost increases are not a
significantly high percentage of the
casting cost. However, the profit struc
ture of the industry is not sufficiently
strong enough to absorb this added
cost. As a result, the cost will have to be
passed on to the castings customers as a
price increase. Since the entire industry
is faced with the same problem, price
movements may have a negligible effect
in shifting demand between foundries.
However, it will probably result in some
losses to competitive materials in pipe
products and to imported castings.

Technological changes taking place
in the iron foundry industry involve
almost every area of activity, but are
concentrated primarily in three general
directions: melting, mechanization and
automation, and pollution and environ
mental control. Although the first two
result in lower labor costs and higher
productivity, the high capital costs in
volved in all areas have accelerated the
rate of closing of small foundries.

The effect of government influence,
both federal and local, on iron castings
purchase is minimal, since very few
iron castings are bought directly by
governments. The one exception is cast

(Table 1). Only 66% of the iron casting
production is accounted for by 30
major industries, with over 2.5 million
tons per year distributed among all
other industries.

Markets for iron castings have been
projected to increase to approximately
17 million tons per year by 1980.
The only area in which competition
from other products is expected to be a
major consideration is in cast iron
pressure and soil pipe. Export markets
for iron castings are expected to di
minish, and imports are expected to
increase. However, these represent only
a minor factor in the total market.

Iron foundry production processes
can be divided into two broad cate
gories: melting and nonmelting. Melting
operations involve cupolas, electric arc,
induction, and reverberatory furnaces.
These account for the more important
pollution control problems in the iron
foundry (see flow diagram). Non
melting operations include molding,
pouring, shakeout, sand preparation,
cleaning, finishing, and coremaking.
Emissions from these operations are
more easily controlled with lower cost,
readily available equipment.

Iron foundry population has de
clined steadily from 3200 in 1947, to
1635 in 1971, and is projected to con
tinue declining to about 1000 by 1980.
The foundries that have closed, or are
expected to close in the next decade,
are primarily the small ones without the
capital to modernize and mechanize.

The necessity for large capital ex
penditures for pollution control has been
a contributing factor, but has not been
the principal reason for the closures.
Despite the reduction in the number of
operating foundries over the past years
and the projected continuance of that
trend through 1980, the industry will
continue to meet the demand for iron
castings. Since the average iron castings
production per foundry has increased
offsetting the loss in founory population,
about 16,500 tons per year will be
produced by 1980. With the exception
of pipe and ingot mold foundries, the
vast majority of iron foundries produce

Core sand
and binder

Although yearly figures have fluctuated,
the general trend has been moderately
upward, with a continuing growth pro
jected at 2 wt %/year. Malleable iron
output has remained at about one
million tons per year, while ductile iron
production has shown steady growth
and now exceeds malleable production.

Principal production categories in
clude cast iron pipe and fittings
representing 23 % of product cast;
ingot molds, 11%; and miscellaneous
castings, 66 %. However, only 65 foun
dries produce pipe and molds, resulting
in 4 % of the foundries producing 34 %
of the tonnage.

The miscellaneous iron castings cate
gory includes all malleable and most of
the ductile iron output as well as gray
iron castings. Principal users are auto
motive and agricultural equipment in
dustries, which when combined, account
for over 33 % of all castings produced

~ontrol
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TABLE 1

Distribution of miscellaneous iron castings
1967 Distribution 1967 Distribution

Toni Tons
Industry user X 1000 %- Industry user X 1000 %

Motor vehicle parts and accessories 2593 27.4 Printing trades machinery 67 0.7
Farm machinery 558 5.9 Hardware 55 0.6
Motor vehicles 505 5.3 Textile machinery 55 0.6
Internal combustion engines 295 3.1 Industrial tr4cks and tractors 51 0.5
Construction machinery 247 2.6 Household laundry equipment 47 0.5
Enameled sanitary ware (1965) 207 2.2 Special industry machinery 44 0.5
Heating equipment (1965) 199 2.1 Machine tools-metal forming 44 0.5
Valves and pipe fittings 165 1.7 Special dies, tools, jigs, and fixtures 40 0.4
Metal cutting machine tools 160 1.7 Paper industries' machinery 29 0.3
Pumps and compressors 144 1.5 Ball and roller bearings 24 0.3
Cooking utensils (1965) 140 1.5 General industrial machinery 22 0.2
Refrigeration machinery 132 1.4 Food products machinery 20 0.2
Power transmission equipment 106 1.1 Woodworking machinery 20 0.2
Railroad and street cars 104 1.1 Metalworking machinery 19 0.2
Motors and generators 91 1.0 All other 3212 33.9
Miscellaneous machinery except Total 9470 100.0

electrical 75 0.8
Note: Does not include cast iron pipe or ingot molds.
Source: Department of Commerce, Bureau of the Census, 1967 Census of Manufactures.

iron pipe, where government specifi
cations and cost control tend to promote
lower cost, competitive products.

Price increases of $2 to $14 per ton,
caused by the need to recover costs of
installing and operating pollution con
trols in iron foundries, will have some
effect in promoting the use of com
petitive products and materials over iron
castings, particularly in pressure and
soil pipe. It will also, at least tem
porarily, adversely affect the foreign
balance of trade by reducing exports and
increasing import of iron castings.
Export markets, however, represent a
minor factor in the total market.

Competition within the iron foundry
industry will be affected to only a
limited degree since all foundries are
faced with the same need for installing
pollution controls. However, the need
for higher increases, $14 per ton or more,
among the very small foundries will
undoubtedly adversely affect their com
petitive positions and will result in
increased closings among small shops.

Foundry closings

The rate of closing of small foundries,
undiminished for the past 25 years, is
expected to continue at least for the
next 10 years. The reasons have been
economic-principally the need for

792 Environmental Science & Technology

capital expenditures to replace equip
ment, reduce labor costs, and increase
productivity. The added need for high
cost pollution controls, which yield no
return on investment and, in fact,
actually increase operating costs, has
accelerated the rate of closing of smaller
and marginal foundries. The number of
foundries having fewer than 20 em
ployees that manage to survive until
1980 will be very small, probably under
100, compared with over 700 only 10
years ago. Older foundries, and those
still operated manually, will also expe
rience a high percentage of closures.

Since foundries expected to close are
primarily small ones with low capacity,
the total displaced tonnage is not ex
pected to be great in relation to total
available capacity. Principal problems
will be that as the very small jobbing
foundries disappear, there will be few
foundries left that will be willing to take
small orders for one or two special
castings.

Most foundries obtain their metallic
and nonmetallic raw materials from
suppliers and dealers located in their
general areas. These in turn get their
materials from steel plants, refractory
firms, quarries, and similar companies.
The principal exceptions are the scrap
dealers located in every community

who buy local scrap, process it, and sell
it to foundries. Since the total foundry
tonnage is expected to continue to
grow, the closing down of individual
foundries is not expected to have any
national effect on suppliers. Local
dealers and supply firms may be affected
if the only foundry in an area closes
down, but most will continue to supply
the same materials to other foundries in
the area.

The net effect of the continuing
decrease in the number of iron foundries,
while the total casting tonnage has
continued to grow, has been to in
crease the average output per foundry
from 3800 tons per year in 1947 to 8700
tons in 1969. This is projected to be
16,500 tons in 1980, and further il
lustrates- the rapid disappearance of the
small foundries.

Since pollution control costs result in
price increases, products such as pipe
and molds, which are sold as finished
products directly to consumers, will
experience a direct increase in the cost
of final products. However, for most
jobbing castings, which constitute only
a small percentage of the weight of the
product in which they are used, the
overall effect on the final product cost
is relatively minor. For example, the
cost of the average automobile has been



Note: Of the 26.630 employee dislocations, approximately 13,000 employees are absorbed
by remaining foundries and 2000 are absorbed by other industries, leaving a net dislo
cation of about 11,000 employees.

TABLE 2

Projected iron foundry employee dislocations
(1971-1980)

Bernard S. Gutow is an assodille of A. T.
Kearney, Inc., a firm (ir international
management consulwnts. Mr. Gutow has
extensire consu!ling experience in air
"o/lli/ion in the iron fimndry industry.
Most recell/I.. · he has been assessing the
economic impaCI f?f air and waler pollu
tion control ill selected industries.

Special inducements may have to be
provided by various levels of govern
ment to assist and encourage foundries
to make the necessary expendi tures
rather than closing their doors. Of the
many alternatives considered, those
which are most likely to be successful
have been identified as subsidies or
grants covering large portions of the
capital investment for pollution control,
and/or large direct offset charges against
income taxes.

Because iron castings output is ex
pected to continue to grow, even though
many iron foundries will close, the
overall effect on the industry will not be
as catastrophic as might otherwise be
expected. Raw materials will continue to
be required in undiminished quantities,
and castings customers will continue to
be supplied in spite of some local in
conveniences. Even the unemployment,
created by closing of many small
foundries, will be compensated for
partially by the need for many surviving
foundries to expand to pick up the dis
placed castings tonnage.

The widespread distribution of iron
foundries, and the location of foundries
in almost every community, are ex
pected to create a local, rather than a
national, problem. This will be true
particularly where a small foundry is
practically the only industry in a com
munity. In these cases, attraction of new
industry or·relocation of some workers
to other communities will be necessary.
With the possible exception of some
scrap yards serving isolated communities
where a foundry closes, the effect of
iron foundry closures on supplier
industries in most areas is expected to be
very minor.
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Montana 2

Nebraska 7 2
Nevada 1

N.H. 9 4

New Jersey 44 18

New Mexico

New York 85 3li
N. Carolina 29 16

N. Dakota 3 1

Ohio 164 59

Oklahoma 18 9

Oregon 14 8

Pa. 166 63

Rhode Island 10 3

S. Carolina 15 9

S. Dakota 1

Tennessee 43 17

Texas 59 31

Utah 12 5

Vermont 8 3

Virginia 33 18

Washington 21 12

W. Virginia 13 6

Wisconsin 93 33

Wyoming

Tota I 1635 685

for installing pollution controls. Pol·
lution control will only accelerate the
rate ofclosings.

Approximately 2266 of the 13,300
foundry workers estimated to be un·
employed as a result of foundry closings
through 1980 will possess skills directly
transferrable to other industries. If local
demand for these skills exists at the time
of a foundry closing, these workers will
be absorbed into other industries.
However, the majority of foundry
workers are semiskilled or unskilled
which creates a need for retraining and,
in some cases, relocation to new areas.

Expenditures for air pollution control
in iron foundries are estimated at $24
million in 1972, increasing annually to
$131 million in 1975, after which con
trols are assumed to have been largely
installed and annual expenditures
will drop off. The major problem facing
foundries has been identified as raising
capital funds for installing controls. It
represents a problem of financing non
productive expense In an industry
with earnings always marginal.
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Colorado
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Delaware
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Florida
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Louisiana
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Mississippi
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Slate

Employment effects

estimated to increase about 50 cents
owing to the installation of pollution
control equipment in iron foundries.

The principal effect of the closing of
foundries is expected to be on local
employment and' to a lesser degree on
national employment. An estimated
distribution of foundry closures has
been made, resulting in a state-by-state
analysis of the effect on employment
(Table 2).

The total number of employees es
timated to be dislocated by foundries
projected to close in the next 10 years
is 26,630, or about II %of total foundry
employment. Approximately half or
their equivalent will be reemployed in
other iron foundries, which will In·

crease their business by picking up that
given lip by thc closed foundries. Net
unemployment is therefore estimated to
be approximately 13,300. However,
many of these foundries are expected to
close for reasons other than the need
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Works," published and revised periodi
cally by the Great Lakes-Upper Miss
issippi River Board (GLUMRB) of State
Sanitary Engineers. This document is
frequently referred to as the "Ten
States Standards" since the Board con
sists of Illinois, Indiana, Iowa, Mich
igan, Minnesota, Missouri, New York,
Ohio, Pennsylvania, and Wisconsin.
Other states follow these recommended
standards at least to some extent and, in
any event, these standards are fairlY
representative of regulatory agency
thinking and practices generally.

Even so-called "overloaded"

plants may in fact be capable

of treating larger flows;

modified operation is the key

to better utilization of design

capacity

The case
for higher rate
waste water

treatment
No "universal" design standard
for biological waste water treatment
plants exists in the United States. Each
state has its own body of regulations,
design guidelines, or statutes which set
forth in greater or lesser detail acceptable
design criteria. Often, even where de
tailed design guides exist, these are sub
ject to judgmental modification and in
terpretation by regulatory agency
officials.

Perhaps the nearest approach to a
universal design standard is the "Rec
ommended Standards for Sewage
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Brian L. Goodman

Black & Veatch
Kansas City, Mo. 64114

With reference to the "permissible
loadings" for several variants of the

. activated sludge process of waste water
treatment, GLUMRB permits organic load
ings to vary from a low of 12.5 lb BOD
(signifies BOD,) per 1000 ft' of aeration
tank capacity (extended aeration pro
cess) to a high of 50 Ib BOD/1000 ft3 (con
tact stabilization or step aeration pro
cesses). For plants designed to treat
500,000 gal./day of waste water or less
(5000-person contributing population or
less), the loading range is 12.5-30 lb
BOD/lOoo ft 3, depending on the process
variant selected.

The contention exists (with supporting
data) that substantially higher loadings
should be permitted. It has also been
contended (and demonstrated) that util
izing higher design loadings in properly
designed waste water treatment plants
would not result in deterioration of
plant performance or effluent quality.
Furthermore, "volumetric loading" cri
teria such as "lb BOD/1000 ft' of aeration
tank volume/day" are meaningless both
from a practical and a fundamental
standpoint. Such criteria ignore com
pletely the fact that the food-to-micro
organisms ratio governs characteristics
and performance of biological waste
water treatment systems. In short,
volumetric criteria leave unanswered the
question, "How many, if any, micro
organisms are in the aeration tank with
the BOD?"

Case for higher loadings

Data supporting the soundness of
higher loading levels abound in the pub
lished literature and have been freely
available to regulatory agencies and
consulting engineers alike for many
years. In the early 1950's for example,
the University of Florida studied a
waste water treatment system designed
on a 3.8-hr aeration period. A "typical
activated sludge" was produced when
the unit was operated as a combined
chemical-biological treatment system,
the Florida researchers reported in
Sewage Ind. Wastes (February 1952).
During this phase of the study, water
softening sludge (principally calcium
carbonate) was added at various dose
rates ranging from 25-200 mg/l. (as

CaCO,). At air inputs of 0.28-{).30 ft'/
day (waste-treated basis) BOD removals
averaged 91 %, and suspended solids re
movals averaged 94 %.

Experiments (begun in 1937) con
ducted by the Federal Institute of
Water Supply, Sewage Purification and
Water Pollution Control, Swiss Federal
Institute of Technology, Zurich, Switzer
land, covered a range of aeration periods
of from 1.07-9 hr and a range of aera
tion tank loadings of from 23.1-202 lb
BOD/1000 ft' (Sewage Ind. Wastes,
January 1954). Mixed liquor suspended
solids ranged between 2830 and 3930
mg/1. Treatment system effluent BOD
values ranged from 8-32 mg/1. while
effluent suspended solids values ranged
from 8-47 mg/1. Effluent suspended
solids and BOD concentrations of 20
mg/1. or less were achieved at aeration
tank loadings ofl60 Ib/loo0 ft' or less.

Experiments from 1948-1951 by the
Research Institute for Public Health
Engineering, National Health Research
Council, The Hague, Netherlands, and
the Institute for Sewage Purification in
dicated that if sufficient aeration capac
ity was available, the aeration period
could be greatly reduced (Sewage Ind.
Wastes, February 1954). Loadings of
6-8 times "normal" (normal being 20
60 Ib BOD/1000 ft') could be treated by
activated sludge. At a loading of 300 lb
BOD/1000 ft3 of aeration tank capacity,
an average effluent BOD level of 39 mg/1.
was achieved with individual values as
low as 16 mg/1. At a loading of 150 lb
BOD/1000 ft " an average effluent BOD of
15 mg/l. was obtained in one run and
11 mg/l. during another. Effluent BOD
averaged 23 mg/1. at a loading of 197
lb BOD/1000 ft '. At 275 lb. BOD/1000
ft " effluent BOD concentration averaged
15 mg/1. As explained in "Biological
Treatment of Sewage and Industrial
Waste" (Reinhold, 1956), treatment of
a beet sugar process waste at an aera
tion tank loading of 625 Ib/1000 ft'
produced 90 % BOD removal.

In the same publication, operating
data from 65 waste water treatment
plants in the U.S. support the conten
tion, that, as long as a minimum aeration
period of 1.0·-1.5 hr is provided, ac
tivated sludge plant performance is in-
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dependent of aeration time and is, be
yond that point, dependent on loading
in terms of lb BOD/lb MLSS (mixed liquor
suspended solids). Data indicate about
93 % removal of applied BOD up to at
least a loading ofO.5lb BOD/lb MLss/day.
Activated sludge plants with loadings
ranging from 150-600 Ib BOD/1oo0
ft'/day removed 89-92 % of the applied
BOD at plant loadings from 150-400
Ib BOD/1000 ft'.

In 1959, an activated sludge waste
water treatment plant utilized series
aeration and clarification, described in
Water Sewage Works (February 1959).
A total aeration period of 1.6 hr at de
sign flow was provided. The BOD
loading averaged 124 Ib/1000 ft'/day.
The observed average effluent BOD con
centration was 13 mg/l. or a removal
efficiency of 92.9%. Experiments in the
Netherlands showing that an activated
sludge system loaded at 3746 lb BOD/
1000 ft'/day produced an effluent with
a 28 mg/1. BOD level are discussed in
"Advances in Biological Waste Treat
ment" (Macmillan Co., 1963).

Experiments conducted by the De
partment of Sanitary Engineering, Col
lege of Technology, Hanover, Germany,
described in J. Water Pollut. Contr. Fed.
(October 1960), revealed that BOD re
movals averaging 87 % were achieved at
a loading of 200 Ib BOD/1000 ft'/day.
At another location, aeration tank
loadings of 225-644 lb BOD/1000 ft'
resulted in effluent BOD values averaging
27 mg/1. (an average removal of 87 %).

From observations and experiments
conducted in Hungary, BOD removals
of 90 % or greater are reported in
"Advances in Water Pollution Control"
(Pergamon Press, 1965) at loadings
ranging from 199-268 lb BOD/1000
ft'/day for 1.0-1.5-hr aeration periods.
In 1965, high-rate activated sludge was
recognized as a valid process variant.
The successful development of this
process variant depended on first de
veloping high-intensity aeration devices
(1. Water Pollut. Contr. Fed., February
1965). High mixed liquor solids and
short aeration periods were process
characteristics. In studies by the Hy
draulic Research Institute, Prague,
Czechoslovakia, BOD removals of 90 %
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U.S. activated sludge plants have been
designed in the past as plug flow or
semi plug flow aeration systems. (Wastcs
added to the acration tank at any givcn
time move through the tank to the
eflluent end without substantial mixing
with thc remainder of thc tank eon
tents.) Such systcms are subject to upset
resulting from relatively largc organic
loading surges. They are even at some
considerable disadvantage owing to
"normal" daily peak loadings since the
effect of peak or surge loads is con
centrated on those microbes at and
near the influent end of a plug flow tank
at the time of such peak or surge. Per
haps one fourth or less of the total mi
crobial population of thc system must,
under thesc circumstances, attempt to
cope with loadings ranging from two to
threc times design to many times that
Icvel. The microorganisms involved
sulfer metabolic upset as well as inability
to produce the desired removal of ap
plicd organics. Frequently, hydraulic
overloading occurs during surge organic
loading, thus rcducing the time available
to thc microbcs to react.

Contrastcd with the "conccntration
of cffect" inhercnt in plug flow systems
is the "dilution of effect" inherent in
completely mixed systems. In completely
mixed aeration systems, organic load
increases are essentially immediately dis
persed throughout the aeration tank
contents-the effect on any single mi
crobe is one fourth or less that in a plug
flow system. Any incrcase in aeration
tank ellluent-soluble BOD will be mini
mized owing both to dilution and to thc
fact that a far greatcr number of mi
crobcs arc involved in thc process of
adsorbing, absorbing, and metabolizing

.~~......:.c",*IGi""'~'::~:·': .~ . ~.~
Aeration. The Grand Island, Nebra.<ka
complele mixing aclivaled sludge plmll
abare, like Ihe /IVa O.5-mgd COIlIIICI
slllbilizlIIioll fIIllks al Ihe righI, call
IIchiere abaul 98% BOD remoral

Design and loading criteria

The preceding literaturc review sets
forth amplc justification for an upward
revision of thc pcrmissible dcsign load
ing presently cxtant generally in thc
U.S. However, a simplc increase alonc
will not takc maximum advantage of
the activatcd sludge process. The mixing
mode must also be considercd. Many

A study carried out at Rutgers, the
State University (New Jersey), and re
ported in J. Waler Pol/III. COnlr. Fed.
(January 1971), determined the removal
rate of soluble organics:

• Soluble Toe (total organic carbon)
is reduced to a relatively stable level
after 30 min of aeration. Initial concen
tration reduction averaged 70 %.

• Soluble COD is reduced to a rcla
tively stable level after I hr of aeration.
Initial concentration reduction averaged
77%.

• COD :TOC ratios decrease steadily
over the first hour of aeration and
fluctuate irregularly thereafter.

• Over a 30-min to I-hr aeration in
terval, the COD :Toe ratio decreased
while the Toe concentration remained
constant. This combination of events
suggested the transfer of soluble or
ganics between the aqueous phase and
bacteria.

• Estimated net increase in the mean
oxidation state of soluble carbon aver
aged 1.61 units after I hr and 1.67 units
after 6 hr of aeration. Thus, over 96 %
of the apparent oxidation occurred
within the first hour of treatment.

In a field study, an activated sludge
plant operated at volumetric loadings
ranging from 75.2-145 Ib BOD/1000
ft'/day. Removal of BOD from primary
clarified eflluent, explained in J. Wale,.
Pol/III. Conlr. Fed. (March 1971), aver
aged 83%; thus, ovcrall plant removals
are presumed to have averaged over
90% (unfortunately plant influent BOD
data was not collected).

or greater were reported at the Third
International Conference on Water Pol
lution Research (1966) for volumetric
loadings of96-3241b BOD/I000 ft'/day.

In 10 high-rate plants in Canada, 200
samples were collected and subjected to
analysis. Design volumetric loading was
1251b BOD/lOoo ft'/day with a minimum
aeration tank detention time of I.75 hr.
High-rate data were compared to data
from 57 conventional activated sludge
plants (1200 samples) and 28 extended
aeration plants (240 samples) (Ontario
Water Resources Commission). The
mean eflluent BOD concentration for the
high-rate systems was 14.4 mg/1. and the
suspended solids concentration was
13.5. Eflluent mcan BOD levels for con
ventional and extended aeration plants
were 17.2 and 14.8 mg/I., respectively.
Both capital and opcrating costs for
high-rate plants were less than for con
ventional plants.

The University of Iowa studicd vol
umetric loadings up to 200 Ib BOD/1000
ft'/day (Waler Wasles Eng., July, Au
gust, and October 1967). At a loading of
151 Ib 000/1000 ft" an emuent BOD of
13 mg/1. was reported.

BOD removal of 90% or greater was
reported in "Advances in Water Quality
Improvement" (Univ. of Texas Press,
1968) for loadings of 53-358 Ib BOD/
1000 ft '/day at 13°C and 52-247 BOD/
1000 ft'/day at 11°C. Data presented
indicate that 90% BOD removal was
associated with mixed liquor suspended
solids loadings of 0.6 Ib BOD/lb MLSS/

day or less within the range of tempera
tures studied.

During 2 'ft years of operations at
the Grand Island, Neb., waste water
treatment plant, volumetric BOO load
ings increased ovcr thc pcriod from 66
Ib BODf! 000 ft '/day to a high of 136.
BOD removal efficiencies increased from
94% in 1967 to 98% in 1969 with a 99%
removal achieved for 2'/, months of
1969 (eflluent BOD = 5 mg/I.) (J. Wale,.
Pol/ul. Coll/,.. Fed., May 1970).

An opcrating plant at Pentyrch,
Wales, had an average volumetric
loading for a six-month period of 203
Ib 000/1000 ft3/day. According to
Waler Wasle Treal. (January-February
1969), aeration detention time varied be
tween 1.17 and 2.32 hr. Efiluent BOD
concentration averaged 23.7 mg/1. in
cluding one high-value sample. Ex
cluding this one sample, the average
eflluent BOD level was 15.7 mg/1.

796 Environmental Science & Technology



the applied BOD even though the time
to do so is reduced by an accompanying
hydraulic surge.

The importance of complete mixing,
to more fully utilize the inherent treat
ment capacity of the activated sludge
process, is nowhere better illustrated
than at Grand Island, Neb. This com
plete mixing activated sludge plant was

designed to treat the waste waters from
a 130,Ooo-head-of-cattle/day slaughter
house and the City of Grand Island.
The flow sheet consists of, in order, grit
removal, primary sedimentation, com
pletely mixed aeration, and final sedi
mentation. Over the course of the day,
the BOD loading to the aeration portion
of the treatment system varied from a
800-lb/hr high level during midafter
noon to a loo-Ib/hr low during the
early morning hours. Despite this wide
range of process loading levels, BOD
removal efficiencies were 94% in 1967,
95% in 1968, and 98% in 1969. During
the first 2 1f, months of 1970, 99% re
moval was achieved. In addition, ob
served plant performance followed very
closely that predicted by fundamental
complete mixing activated sludge re
lationships.

With these considerations in mind,
completely mixed aeration tanks could
be employed (with or without preceding
primary clarification) and permissible
BOD volumetric loadings could be in
creased to at least 60 Ib BOD/lOoo ft '/day
(contrasted with 12.5-30.0 presently)
for small plants (less than 100,000 gal./
day or 1000 population equivalent
daily treatment capacity). For large

plants (100,000 gal./day or 1000 popu
lation equivalent and greater) at least
125 Ib BOD/lOoo ft'/day (contrasted
with 3(}-50 presently) loadings could be
employed.

Beyond activated sludge

If treatment levels are desired beyond
those possible with activated sludge

treatment alone, chemical and/or physi
cal treatment units can be added to the
basic biological treatment system. This,
of course, raises the question of the de
gree of treatment possible with biologi
cal treatment systems alone. I have ob
served (as have American Society of
Civil Engineers members and Univer
sity of Kansas researchers) BOD removal
rates of I73-360/day at 20°C with com
pletely mixed activated sludge systems.
Utilizing, for example, a value of 203/
day, the unmetabolized BOD remaining
(F) after 3 hr of aeration in a completely
mixed system (assuming an influent
BOO of 240 mg/I.) would be:

240
F = 203 (0.125) + 1 = 9 mg/1.

If the aeration period is increased to
5 hr:

240
F = 203 (0.208) + I = 5.5 mg/1.

Thus, 96-98 % or greater removal of
applied BOD is within the demonstrated
capabilities of activated sludge systems.
The failure of many activated sludge
systems to achieve these levels of ef
ficiency very often stems from a failure

to design properly the final clarification
portion of the system. System effluent
suspended solids concentrations of I(}
15 mg/1. can result in effluent BOO con
centrations 6-9 mg/1. higher than those
indicated by the foregoing calculations.
Observed BOD removals could then be
reduced to 92 % or less, depending on
the actual losses of solids in the system
effluent.

To ensure low effluent suspended
solids levels and, consequently, low
effluent BOD values, tertiary filters are
more frequently employed today. By
using dual media (crushed anthracite
and sand) effluent filters operating at
filtration rates of 3-5 gal./min/ft', fil
tered effluent BOD and suspended solids
concentrations of2-4 mg/1. are achieved.
It is, therefore,possible to achieve 99 %
BOD removal through combined biologi
cal and physical treatment units.

For higher removals of applied or
ganics, carbon adsorption columns can
be added to the system following filtra
tion. My associates and I also included
phosphorus removal. Adding phos
phorus-precipitating chemicals directly
to the aeration tank, prior to aeration,
or following the aeration step, can re
move 90 % or more of the applied
phosphorus.

Recently, chemical-physical treatment
processes have been advocated as alter
natives to biological, biological-chemi
cal, and biological-chemical-physical
treatment systems. A number of labora
tory and pilot plant chemical-physical
treatment systems have been studied.
However, to date, no full-scale chemical
physical treatment plants are in opera
tion in the U.S. The first such plant will
be operated by the City of Rosemount,
Minn., when it is completed. Valid
comparisons between biological and
chemical-physical waste water treatment
systems must await collection and analy
sis of routine operational data from
Rosemount and other full-scale chemi
cal-physical plants.

Outlook
Generally accepted U.S. design load

ing criteria for activated sludge waste
water treatment plants are shown to be
"over-cautious" as indicated by the
demonstrated efficiencies of higher rate
treatment systems in many parts of the
world. Increases in permissible design
loading rates, which are modest by
comparison with established practice
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without chromates, phosphates
or other pollutants
An algae population explosion can play havoc with heat transfer
efficiency. Keep the bugs down, the efficiency up, with Oakite
Biocide 20, specially formulated to inhibit growth of algae, bacteria
and fungi within recirculating water systems.

A readily disposable water treatment, Oakite Biocide 20 is most
effective used as a periodic shock treatment, 5 to 50 ppm. It works
over a broad pH range, is non-foaming, non-corrosive and stable
for long periods, even at elevated temperatures.

If scale and corrosion are also a problem, Oakite ENPROX 555
offers a simple solution. It inhibits formation of calcium, magnesium
and barium scale and, in some instances, gradually removes
existing deposits. Simultaneously, a monomolecular film inhibits
corrosion.

Oakite Biocide 20 and ENPROX 555 make the perfect team for
keeping the troublemakers out of water· lit
cooling systems. Effective, economical and • I

flexible, both are also readily disposable.
Write for literature.

~.T ,_ 'iQ:oot:l

OAKITE PRODUCTS, INC., 50 VALLEY ROAD, BERKELEY HEIGHTS, N. J. 07922
in Canada: OAKITE PRODUCTS OF CANADA LTD., ONTARIO

Subsidiaries and Distributors World-wide _ Cable: OAKITE BerkeleyHeights
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elsewhere, are urged. In terms of process
efficiency, completely mixed acti"ated
sludge waste water treatment systems
are capable of BOD removals of up to
99 %even when loaded at rates consider
ably in excess of those generally per
mitted.

Adopting only the proposals pre
sented here would result in substantially
decreased waste water treatment capital
and operating costs. Not considered
here are further reductions in capital
costs which would result from compati
ble and rational design of other portions
of the total waste water treatment sys
tem. These economies would stem from
the fact that a more rational aeration
system design would yield an activated
~Iudge possessing more desirable char
acteristics (increased solids settling rate,
sludge density index, etc.) which would
permit advantageous changes in the
design criteria for other portions of the
treatment system.

Also, exceptionally high-quality ef
fluents can be obtained through addition
of chemical and/or physical treatment
processes to the basic biological process.
Such combined treatment systems are in
routine operation in many parts of the
U.S. today.

In an era when required land area,
capital costs, and operating costs are
of such importance, the opportunity
significantly to reduce these factors
should not be overlooked. This is es
pecially deserving of the most serious
and immediate considerations since
both land area requirements and costs
can be very significantly reduced without
sacrificing process efficiency.

Brian L. Goodman is presently head
oj the Process Control Section, Civil
Sanitary Division, Black & Veatch,
Consulting Engineers. Mr. Goodman is
experienced in administrating all phases
oj comprehensive research, development,
and design in areas oj waste water treat
ment and transport.
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Recent Sedimentary History of Lake Mendota, Wis.

Gilbert C. Bortleson and G. Fred Lee I

Water Chemistry Program, University of Wisconsin, Madison, Wis. 53706

• The chemical composition of several sediment cores taken
from Lake Mendota, Madison, Wis., has been investigated
to determine changes in the flux of various chemicals to this
lake. The uppermost sediments consist of approximately
If, meter of black gyttja. The chemical stratigraphy of a 9.9
meter-long core indicates that stable conditions existed in
Lake Mendota and its watershed prior to the settlement of
the area surrounding the lake by white man in the mid to
late 1800s. Since that time, there has been an appreciable
increase in the amounts of phosphorus, iron, manganese,
aluminum, and potassium in the uppermost sediments. The
organic carbon content of the sediments has fluctuated several
times in the past with the most recent sediments showing
slightly higher values than the older sediments. This study has
demonstrated the feasibility of using the chemical composi
tion of lake cores to estimate the influence of cultural activities
of man on the rate of eutrophication of a lake.

"l Tarious human activities contribute to accelerated
V-enrichment (cultural eutrophication) of waters. Among

the symptoms of cultural eutrophication are nuisance blooms
of algae, increased nutrient levels, depletion of hypolinmetic
oxygen, increased turbidity, and changes in the species
composition of phytoplankton, invertebrates, and fishes.
In most instances cultural eutrophication is an accomplished
fact because there are few data to document changes that
have occurred in precultural times. The information needed
to trace changing limnological and watershed conditions
must come from a record preserved in lake sediments. Al
though several chemical studies have been performed on
postglacial sediments and interpreted on the basis of long
term historical trends (Brown, 1969; Gorham, 1961; Horie,
1966; Hutchinson and Wollack, 1940; Kendall, 1969;
Livingstone and Boykin, 1962; Mackereth, 1966; Pennak,
1963), few investigators (Stockner and Benson, 1967; Shapiro
et aI., 1971) have examined the recent historical changes of
lakes through the interpretation of chemical profiles of lake
sediment cores.

Lake Mendota sediment cores were examined in this study.
This lake is a hard-water eutrophic lake formed by morainic
damming of the preglacial Yahara River Valley near Madison,

1 To whom correspondence should be addressed.

Wis. (Twenhofel, 1933). The lake currently receives domestic
drainage from agricultural lands, urban runoff, and some
municipal and industrial waste effluents contained in entering
streams. For a survey of limnological information on the
lake the reader should see Frey (1963).

Experimental Procedures

In October 1966, cores WC-84 and WC-89 were taken
from Lake Mendota in 11.2, 18.3, and 23.2 meters of water,
respectively, in line from University Bay to the center of the
lake as shown in Figure 1. The main tributary to the lake,
the Yahara River, enters from the north. The only surface
outlet from the lake is located on the eastern shoreline. The
outlet is actually a continuation of the Yahara River, which
flows from Lake Mendota into Lake Monona and subse
quently into two other lakes located toward the southeast.
University Bay has two inlets; one coming from a pumping
station of lowland drainage, and a small creek, University
Creek, which serves as a storm sewer for urban Madison.

The sample drive through I meter of sediment was accom
plished by a coring device consisting of a circular cutting
head on the lower end, a clear acrylic plastic core barrel
(3.5 in. in diam), a piston assembly, and a set of weights at
the upper end. The design and operation of the piston corer
was described in detail by Wentz (1967) and Bortleson (1968).
A sampling platform and a winch were provided by a con
verted Army amphibious Dukw to facilitate raising the corer.
The sample material after inspection for laminations was
extruded and fractionated in the field into 5-cm intervals.

~
Contour !nt,rvols
in M.ters

Figure t. Bathmetr)' and coring locations for Lake Mendota
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The samples brought to the laboratory were stored frozen at
- 20°C until commencement ofanalysis.

After thawing, the wet sediments were homogenized in a
blender and air-dried. Prior to acid digestion, sediment
sample aliquots were ground, passed through a lOO-mesh
screen, and heated to constant weight at 105°C. Acid di
gestion consisted of adding 5 ml of 48 % HF to a 0.500-gram
sample in a 50-ml polypropylene beaker. The sample was
heated to about 100°C for 8 to 12 hr, after which only a dry

Element

residue remained. The solid residue was removed from the
beaker, transferred to a lOO-ml Kjeldahl flask, and further
digested for two hours to decompose the organic matter in
the presence of 5 ml of concentrated HNO, and 60 %HCIO•.
After this digestion, the sample was cooled, passed through a
prerinsed Whatman No.2 filter, and drained directly into a
lOO-ml volumetric flask. This solution, or an appropriate
aliquot thereof, was used for total P, Fe, Mg, K, Ca, and
Al determinations.

Iron was determined by the orthophenanthroline method
(Olson, 1965) and P by the vanadomolybdophosphoric (VM)

yellow colorimetric procedure (Jackson, 1958). Wentz and
Lee (1969a) have discussed the sensitivity, minimum detectable
concentration, precision, and working range for the VM

yellow color procedure. Analyses for Mn, AI, Mg, K, and
Ca were made by direct aspiration of the digestion solution,
or diluted aliquots, into a Perkin-Elmer Model 303 atomic
absorption spectrophotometer. Organic nitrogen was deter
mined by semimicro Kjeldahl technique outlined by Bremner
(1965). Total carbon was determined by a dry combustion
technique using a LECO (Laboratory Equipment Corp.) low
carbon analyzer (Model 5894(0) and LECO induction furnace.
The CO, released by combustion of carbon compounds and
decomposition of carbonate was measured by a thermal
conductivity cell. With calcareous sediments, the choice is

Std dev,
mgfg

0.6
0.02
0.012
0.4
0.1
2.0
028
0.36
7.0

Table I. Precision of Analytical Metbods

No. of Av value of
repli- N replicates,

cates, N mgfg

7 23.6
5 1.37
5 0.622
5 13.1
5 12.6
5 110.0
5 31.3
5 7.08
5 1280

____-;;lron
Phosphorus
Manganese
Magnesium
Potassium
Calcium
Aluminum
Organic nitrogen
Total carbon

.. 10
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Figure 2. Chemical and Ambrosia pollen
stratigrapby of Lake Mendota core WC-89
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between determining organic C on the sample after removal
of carbonate C or computing organic C by subtracting car
bonate C from total C. In this study the Ca dissolved by
HF-HNO,-HCIO, acid system was converted to carbonate
C equivalents; this value was subtracted from total C to
obtain organic C. Studies by Bortleson (1970) have shown a
good correlation between measured and calculated inorganic
C in Lake Mendota sediments.

Sediment sample aliquots (0.200-gram sample, 100-mesh,
dried 105°C) for Ambrosia pollen analysis consisted of re
moval of carbonates with He!, silicates with HF, solubiliza
tion of humic material with KOH, and removal of cellulose
with acetolysis solution (Faegri and Iversen, 1950; Andersen,
1960; and Maher, 1969). Since a total pollen assemblage was
not counted and identified-e.g., oak, pine, hickory, grass
pollen-to obtain a percentage of ragweed pollen, it was
necessary to add an internal standard. A suspension volume of
0.20 ml of internal standard (1 gram of pure Eucalyptus
pollen in 500 ml of tertiary butyl alcohol) was pi petted while
well-stirred and at constant temperature (27.5-0.5°C) and
transferred to the sediment aliquot. The Eucalyptus pollens,
which are exotic pollens, were easily identifiable triangular
shaped grains. Identification of Ambrosia-type pollen was
made with high power magnification using a Bausch & Lomb
microscope. No reference was given to a particular species
of ragweed. Continuous sweeps were made across the entire
width of the preparation; in each sample, 100 to 200 grains
were counted. The abundance of ragweed found in the sedi
ment cores was based on the average ragweed-to-Eucalyptus
pollen ratio of duplicate or triplicate samples.

The results presented for the chemical analyses of each
core are mean values of two or five replicate determinations.
Data for the precision of the analysis are given in Table I.
The relative standard error was less than 5% for 73 % of the
analyses performed in replicates of five. Duplicate pollen
counts were made from each processed sample. In the transi
tion zone (high or low ragweed) triplicate counts were made.

Results and Discussion

The sediments laid down from the precultural period to
the present day can be subdivided into four zones according
to changes in ragweed pollen and chemical distribution
patterns as shown in Figures 2-4. The main physical and his
torical features of the Lake Mendota cores are shown in
Table II, and the mean concentrations of organic C, carbonate

C, P, Fe, K, and % solids are shown in Table IIIfor each of the
sediment zones.

No evidence of laminations or lenses, which could be
used for dating purposes, was observed for any of the cores.
To identify pre- and postcultural periods of deposition in the
sedimentary column, Ambrosia pollen counts were performed ;__
the appearance of these pollen grains provided a stratigraphic
horizon which could be dated from historical records showing
when man moved into southern Wisconsin and began modi
fying the environment. Ragweed pollen occurs in relatively
high percentages (5-40%) in surface sediment samples from
the deciduous forest region of the northeastern and north
central USA; the plant seems to have increased as a result of
disturbance and creation of open habitats through forest
clearance by European settlers (Ogden, 1967; Davis, 1967;
Wright, 1968). For instance, a short core (50 cm) was taken
from Frains Lake in Michigan by Davis (1968). The ragweed
pollen increased from less than 1% to about 30% of the total
from below to above 25 cm of sediment, respectively. Ac
cording to Davis, the time of land settlement and forest
clearance around Frains Lake occurred in 1830.

The lowermost sediments in Zone I consist of a buff marl
containing 45-60% CaC03 or 190-255 mg/g Ca. The sedi
mentary concentrations of Fe, Mn, AI, K, Mg, P, and organic
C show little or no change with depth in the buff marl. Mini
mum ragweed pollen counts were observed in Zone I. Pre
sumably, the buff marl was laid down prior to any major
disturbance by white settlers in the Lake Mendota drainage
basin. Although most of the Lake Mendota cores observed
by Murray (1956) showed a simple sequence of black gyttja
(called sludge by Murray) over buff marl, other sequences
were found in parts of the Lake Mendota basin, usually
in the shallower regions. Among the sequences found with
sediment depth by Murray (1956) were a sludge-marl-blue
plastic marl, sandy sludge-blue plastic marl-pink clay with
sand and pebbles, and a sludge-blue plastic marl-blue plastic
clay.

The sediments in Zone II consist of gray-colored gyttja
marl which represents the transition zone between the buff
marl and black gyttja. The reported (Murray, 1956) knife
sharp nature of the contact between gyttja and marl was not
observed in any of the cores used in this study. In all the core
section~ examined, the buff marl passed gradually upward
into a gyttja marked by a gradual darkening of color. Ap
parently, the false impression of a knife-sharp contact was

Figure 4. Chemical and Amhrosia pollen
stratigraphy of Lake Mendota core
WC-84
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Table II. Main Features of the Lake Mendota Cores and Corresponding Historical Events

Sediment
depth and

thickness of Chemical Type of
Core No. zones, cm zone deposit Period Relevant historical events

WC-89 15-50 III Black
WC-86 10-40 gyttja Midcultural
WC-84 15-45 1880 to 1940

WC-89 50-70 II Gray- Early cultural
WC-86 40-60 colored 1820 to 1880
WC-84 40-75 gyttja-

marl

WC-89 70-95 Buff marl
WC-86 60-100 Precultural
WC-84 75-100 before 1820

C-14 date, <200 yr B.P.
at 90-95 cm level of
WC-89 (Bender, 1969).

WC-89
WC-86
WC-84

0-15
0-10
0-15

IV Black
gyttja

Late cultural
1940 to present

Accelerated urbanization in Madison (pop.
67,000-158,000,1940-1965)

"Detergent era"
Decline in cisco (Coregonus artedii) after 1940

(Frey, 1963)
Large decline in wetland from 1938 to 1950's
Sewage diversion around lake December 1971
Rapid urbanization of Madison (pop. 12,000-

67,000, 1884-1940)
Rapid settlement in L. Mendota basin
L. Mendota received sewage effiuent from

Madison, 1884-1899
Early urbanization in Madison (pop. 2500-

12,000, 1850-1884)
Raised lake level 5 ft by outlet dam in 1847
Early settlement in southern Wisconsin
Privies, cesspools, and direct drains to lake to

dispose sewage
Presettlement in southern Wisconsin

created by either compression of the core sections during
sampling or the manner of fractionating the core column.
The increase in ragweed pollen begins in the middle of Zone
II and increases upward throughout Zone III in cores WC"
84 and WC-86. The ragweed pollen rise probably corresponds
to the period of active settlement of southern Wiscon
sin and the Madison area in the decades following 1820.
The population of Madison increased from 2000 in 1850
to 12,000 in 1884 and to 30,000 by 1918; the acreage devoted
to crop production in southern Wisconsin increased from
about 400,000 to 2,900,000 to 15,300,000 in 1830, 1850, and
1880, respectively (Curtis, 1959; Smith, 1929; Sarles, 1961).
Thus, the time period for the early postcultural interval
(Zone II) is estimated to have taken place from 1820-1880.
During this period, concentrations of organic C, Fe, Mn,
K, AI, and P show an initial upward rise, and Ca mostly
in the form of CaCO, shows a rapid decrease in concentra
tion. Selenium was found by Wiersma and Lee (1971) to
increase from a background concentration of 0.8-1.4 mg/g
in Zone I to 2.2 mg/g in Zone II.

The lower column of black gyttja is shown in Zone III;
the interval thickness ranges from 40-50 to 10-15 cm de
pending on the core locations. During the midpostcultural
interval, estimated to span the period 1880-1940, concentra
tions of P, Fe, Mn, AI, and K show a rapid upward increase.
At the same time, Fe, AI, and K reach maximum concentra
tions in Zone III. Goldberg (1971), who used '''Pb with a
half-life of 22.4 years, has determined the sedimentation
rate for core WC-89 for the past 100 years to be 5.8 mm/yr.
This is in agreement with a mean sedimentation rate of 6.2
mm/yr and the time scale given for core WC-89. The mean
sedimentation rates of cores WC-86 and WC-84 are 5.0 mm/
yr and 5.6 mm/yr, respectively.
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High counts of Ambrosia pollen are observed in all three
cores in Zone Ill, but the distribution pattern of ragweed
pollen in each of the cores is different. In core WC-89 the
first increase in abundant ragweed pollen occurs at the 35-40
em level in Zone III while in the other Lake Mendota cores,
ragweed pollen first appears in abundance in Zone II and
increases upward to reach a peak in Zone III. It seems, based
on the chemical and ragweed pollen evidence from cores
WC-84 and WC-86, that the ragweed horizon shown in Zone
III for WC-89 is an anomaly.

Additional evidence supporting the above contention is
given by sediment studies of Nriagu and Bowser (1970).
They observed the presence of magnetic iron spherules be
ginning at the 35-40 em horizon and continuing to the sedi
ment-water interface in a deepwater Lake Mendota core.
Nriagu and Bowser (1970) suggested the iron spherules are
flue products derived from industrial and domestic activities
supplied to the lake through the action of washing the at
mosphere or as a detrital load from urban runoff. The depth
of appearance in the magnetic iron spherules (Zone III) and
ragweed pollen grains (Zone II) is in approximate agreement
if it is assumed that extensive fossil fuel burning occurred
approximately 50-80 years after the commencement of in i
tialland clearance in the Mendota basin. No clear explanation
for the late rise in ragweed pollen in profile WC-89 can be
given. It is observed, however, that the relative counts of
ragweed pollen against the Eucalyptus standard throughout
the entire core for WC-89 are less than in WC-86, but in
core WC-84 the relative ragweed count is about the same
as WC-89.

These differences suggest that the final deposition of rag
weed pollen may vary locally within the lake depending on
sedimentation rate of the pollen grains and whole sediment



at different water depths or locations within the lake. Davis
(1968) noted at Frains Lake, Mich., the pollen grains are
deposited an average of two to four times before being buried
deeply enough to escape further disturbance. Davis explains
that "the sediments in shallow water are apparently stirred
up and resuspended more frequently or more extensively
than sediment in deep water. The net result of repeated
resuspension, mainly from shallow water sediment, followed
by redeposition over the entire basin, is movement of material
from shallow to deep water."

The black gyttja in Zone IV (upper 10--15 cm) is char
acterized by high ragweed counts. Iron, AI, and K concen
trations level off or decrease slightly from maximum con
centrations in Zone III while P, Ca, organic C, and organic
N concentrations increase upward to the sediment-water
interface. This interval is estimated to cover the period 1940
to the present. Among the domestic changes taking place
in the Lake Mendota basin during this time were the rapid
urbanization of Madison, rapid growth of towns in the north
ern part of the drainage basin which contribute ernuent to
Lake Mendota tributaries, drainage of large acreages of wet
lands in the Lake Mendota basin, and emergence of the "de
tergent era" as an additional P source. Since 1940, a decline
in the cisco fish population has been noted (Frey, 1963). The
changes in the catchment basin that have been responsible
for the decline of this species are not known, but increasing
quantities of domestic sewage and severe siltation are sus
pected offenders (Frey, 1963).

Distribution of Carbon. Several investigators have exam
ined the distribution of organic C with sediment depth to
measure trends in historical aquatic productivity (Mackereth,
1966; Gorham, 1961; Hutchinson and Wollack, 1940; Horie,
1966). Often the organic C profile has been used to explain
lake succession from oligotrophic to eutrophic conditions.

The deepwater core and University Bay cores show sim
ilarities as well as differences in the organic C profiles. The
fact that the three cores show such a degree of similarity in
dicates that they are reflecting general conditions of the lake,
not just local conditions. Especially notable are the similarities
in the organic C profile of cores WC-89 and WC-84 and the
similarities of the organic C and organic N profiles in WC-89.
In the case of organic C and organic N almost every irregular
ity of the former is reflected in the latter. However, sedimen
tary profiles of organic matter varied for three cores taken in
Lake Washington at different locations (Shapiro et aI., 1971).
The authors concluded that the different rates of deposition
of eroded inorganic material in various parts of the lake
caused the observed changes in organic matter in the three
cores. In soils and lake sediments organic N is the dominant
N form usually ranging from 95 to 98 %of the total N (Brem
ner, 1965; Keeney et aI., 1970) and is a function of the amount
of particulate organic matter deposited. The deposition of
organic C is rather uniform during the precultural period,
but in the early postcultural period the organic C concentra
tion increases upward to a maximum near the junction of
Zones II and III for cores WC-84 and WC-89. In all three
cores there is a subsequent upward decline in organic C
throughout Zone III which is followed by an increase in
organic C in Zone IV.

To discuss the factors believed to be controlling the de
position of organic C, a review of various possible methods
of organic C deposition in lakes is necessary. The primary
factors controlling the abundance of organic C in the sedi
ments are: (1) production of organic C of autochthonous
origin, (2) sedimentation of allochthonous organic matter,

(3) destruction of organic material by organisms or nonbio
logical processes, and (4) variation in deposition rate of the
whole sediment.

The trends in the organic C deposition may be due to varia
tions in any of the four factors mentioned in controlling the
organic C deposition. Belcher and Fogg (as quoted by Brown,
1969) reported that eutrophy and the associated hypolimnetic
deoxygenation were considered as major factors in favoring
the preservation of pigments in cores from Windermere and
Ennerdale Water. A rapid rate of sedimentation would also
favor the preservation of organic C, since the period of time
during which the organic substance is in contact with the
oxygen-bearing bottom water is reduced before being buried.
Thus, a portion of the increase in organic matter in the Lake
Mendota postcultural sediments may be the result of anaero
biosis favoring preservation of organic molecules and a more
rapid rate of sediment accumulation.

However, there are some compounds, such as DDT, which
only break down more rapidly under anaerobic conditions
(Stalling, 1970); therefore, the overall effects of anaerobic
conditions on the breakdown of organic compounds are not
known. It is important to remember that the concentration
and the rate of deposition of organic constituents in sedi
ments are the result of differences between rates of formation
and decomposition. Sediment trap studies by Kleerekoper
(1953) show at least 70-90 % of the organic matter synthe
sized in a column of lake water is decomposed prior to in
corporation in surface sediments. Nevertheless, Mackereth
(1966) and Hutchinson and Wollack (1940) believed that the
organic matter which becomes incorporated below the bio
logically surface-active layers of the English Lakes and Linsley
Pond reaches a state of considerable stability toward further
oxidation shortly after burial.

The lignin content of the gyttja from several cores in Trout
Lake was determined by Twenhofel et al. (1945). They had
anticipated that bacterial decomposition would have led to a
decrease in the nonligneous materials, and thus an increase
in ligneous materials with depth. Twenhofel et al. (1945)
concluded that the fact that such a decrease was not observed
suggested that bacterial activity ceased in the organic sedi
ments of Trout Lake shortly after burial. However, Shapiro
et al. (1971) found organic matter, as measured by loss on
ignition, increased in the upper 15 cm of sediment in a core
taken from Lake Washington in 1958. Another core taken
in the same location in 1970 revealed that the high values for
organic matter found in 1958 had decayed. The authors con
cluded that diagenetic changes caused the decrease in organic
matter after burial with newer sediments. Thus, the final
concentration of organic C in the sediments will probably
depend on all factors (1)-(4) mentioned above.

[n all the Lake Mendota cores examined, the mean con
centration of organic C was lowest in Zone I as shown in
Table HI. The observed increases in the mean concentrations
of organic C in the postcultural muds may represent an in
crease in both an auto- and allochthonous organic C. Thus,
an increase in a lake's own total production of organic C
becomes mixed with and is indistinguishable from that of
external origin. However, organic production of either in
ternal or external origin may increase since the cultural period
may result in increasing the hypolimnetic oxygen uptake rate.
[n Lake Mendota the oxygen is allowed to deplete without
replenishment during stagnation, but the rate of change in
hypolimnetic oxygen deficiency is not known since the cul
tural period began about 140 years ago. The increase in the
organic C deposition in the recent sediments could be at-
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tributed in part to increased biological productivity since the
advent of domestic drainage. The observed variation in the
organic C content in the cores from Lake Mendota may best
be attributed to the combined influence in the rates of car
bonate C, organic C, and inorganic sedimentation since the
onset of extensive agricultural and urban activities in the
Lake Mendota watershed.

Further insight into the relative importance of the varia
tion in the sedimentation rates of carbonates and inorganic
materials in controlling organic C deposition may be gained
from Murray's (1956) studies on Lake Mendota. The rela
tionship of gyttja to marl as suggested by Murray (1956)
may be considered from the three possibilities: the gyttja
is a diagenetic precursor of the marl, the gyttja is developed
by leaching of the marl, and the gyttja and marl are separate
sedimentary units developed under different limnologic con
ditions. Twenhofel (1933) postulated that the black gyttja
was a diagenetic precursor of the marl and that the process
of change was one of removal of organic matter by bacteria
and precipitation of CaCD, at depth in the gyttja, thereby
the gyttja was converted to marl. Twenhofel based his con
clusion that the gyttja was a preliminary product in the pro
duction of marion the assumption that the color of the gyttja
resulted from the disappearance of organic matter with depth
to produce the light marl. Murray (1956) maintained the
black color in the gyttja results from the presence of ferrous
sulfides deposited under conditions of oxygen deficiency and
not from the organic content. Berner (1964) found that recent
sediments containing fine-grained black FeS, even in small
concentrations, tend to be colored gray and black. Further
more, Murray (1956) argues that it is doubtful the gyttja
might have resulted from alteration of the marl by removal
of carbonate since the deeper stagnated waters would be
expected to develop leaching conditions first and thus to a
greater degree retain a lower carbonate content. But in fact,
the greater the carbonate content, the deeper the water. Mur
ray thus concluded that the gyttja is simply the most recent
sedimentary unit to be deposited in the lake postdating the
buff marl. According to Murray, the fact that the gyttja is
a universal deepwater sediment resting not only on marl but
on other varied sediment types suggests that it is a unit in
itself. The change in sedimentation from marl to gyttja was
explained as being the result of increasing rates of clastic and
organic matter sedimentation superimposed on a constant
carbonate deposition pattern.

The variations in organic C shown for Zones II-IV can
be explained by variations in the superimposed inorganic
sedimentation rates. A pronounced increase in either auto
or allochthonous organic C early in Zone II is attributed to
the simultaneous increase in inorganic and organic sedimenta
tion. The net elfect of the early cultural activities in the Lake
Mendota basin appears to have been to produce an increase
in organic C and inorganic materials in somewhat the same
proportion. If the organic sedimentation rates were not high,
it would be reflected as a decrease in the concentration depth
diagram the same as CaCD,. In Zone III, the inorganic sedi
mentation rate is probably occurring faster than the organic
production rate which produces a decrease in the organic C
profiles. In Zone IV, the organic C profiles show an increase
toward the sediment-water interface indicating perhaps an
accelerated rate of organic C production of either internal
or external origin in the last 20-25 years.

The carbonate profiles of the Lake Mendota cores indicate
uniform deposition has occurred in the precultural period.
The constant deposition is interrupted during the cultural
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period to depress the carbonate C concentration. Calcium
carbonate precipitation initiated by planktonic photosynthesis
or physiochemical precipitation has probably not decreased
in recent times as inferred directly by the concentration pro
file of Ca. If photosynthetic uptake of carbon dioxide is the
dominant mechanism for carbonate precipitation, then an
increase in CaCD, precipitation in recent times might be
slightly favored with increased productivity. However, in
creased biological respiration, bacterial activity, and chemical
oxidation serve to decrease CaCD, precipitation. Further
more, Megard (1969) noted that it is unlikely the productivity
during the history of lakes can be inferred from the concen
tration of carbonate in the sediment because a large propor
tion of the carbonate formed in the epilimnion of productive
lakes is dissolved in deep water during periods of stratifica
tion. It appears that the most likely explanation for the post
cultural decrease in carbonate C concentration is the masking
of a somewhat constant (or increasing) carbonate deposi
tion by the increased inorganic sedimentation. The distribu
tion of carbonate C in the marl increases with decreasing
water depth. The distribution of carbonate C in the gyttja
shows the opposite relationship. The content of carbonate C
decreases with decreasing water depth. The same phenomenon
was observed by Murray (1956). The basic change in car
bonate C deposition may be the result of a relative increase
in dilution of carbonate C by inorganic materials closer to
the shore regions or to a relative increase in planktonic photo
synthesis in the deeper water vs. the shallower water of Lake
Mendota since the cultural period. However, Wetzel (1970)
noted that the present-day deposition rates of littoral car
bonate were much higher than those of the central portion
of the allochthonous carbonates associated with warm, wet
climatic conditions precipitating before entering the major
volume of the lake.

Distribution of Phosphorus. The migration and precipitation
of P into the bottom muds may take place both by P in
corporation into plant and animal remains and by sorption
or precipitation with inorganic components. The final con
centration of P residing in the sediment depends primarily
on the rates of supply of P in the form of inorganic and organic
P from inflowing waters; the efficiency at which P is precipi
tated or sorbed with other chemical components such as Ca,
AI, Fe, and Mn or sorbed onto particulate matter and carried
into the sediment; the retentive capacity of the sediments for
P; and the rate ofaccumulation of the whole sediment.

A period of constant P deposition (0.8-0.94 mg/g) occurs
in Zone I of the Lake Mendota cores. During this time, the
concentrations of Fe, Mn, Ca, Mg, K, AI, and ragweed pollen
are all relatively constant. It probably can be assumed that
all factors mentioned in controlling the distribution of P
maintain a relatively constant ratio to each other during this
period.

During the subsequent interval (Zone II), the P concentra
tion steadily increases upward. There is a concomitant in
crease in Fe, Mn, and K concentrations in all the cores. The
additional source of P provided to the lake during the early
postcultural period may most likely be associated with in
creased erosional products, presumably, owing to man's
first appearance in the watershed. An increased influx of Fe
and Mn hydrous oxides, clay minerals, and oxides and hy..
droxides of Al from domestic drainage of urban and rural areas
may have provided for increased efficiency for P precipita
tion. Phosphorus may be taken from solution by precipitated
ferric and aluminum hydroxides or clay minerals (Carritt
and Goodgal, 1954; Hsu, 1965); however, the mode of P



deposition which is favored in the calcareous lake system
is sorption or precipitation with CaC03 (Frink, 1969; Wentz
and Lee, 1969b). An eroded colloidal soil, low in P, might
remove considerable amounts of P from the water before
final deposition. Wang and Brabec (1969) have shown that
the turbidity in Illinois River water was related to particulate
P, particulate Si, and particulate Fe(lII). With the increase
in runoff waters since the advent of agricultural practices in
the Lake Mendota watershed, a particulate P-Fe-Si complex
associated with clay minerals similar to that proposed by
Wang and Brabec may have contributed to an increased
depositional efficiency of P since the cultural period.

High concentrations of P are maintained in Zone III
representing the period 1880-1940. Any of the observed in
creases in the concentration of sorbed or precipitated P in
the sediment could be attributed to an increase in the supply
of P to the waters as well as the increase in efficiency of P
deposition. For example, from 1884 to 1899, Lake Mendota
received the effluent from Madison's sewage treatment plant
(Sawyer, 1947). In core WC-89 a reversal in P concentration
is shown to occur in about 1920; however, no reversal in the
trend of P concentration is shown for WC-86 and WC-84
in University Bay. Thus, it appears that a different interpreta
tion for explaining the P profiles may be given for the two
locations within the lake. An explanation for the minimum
P value in the late postcultural interval may be due either
to a decrease in P supply and/or P depositional efficiency
or to an increase in inorganic or organic sedimentation dilut
ing the P fraction. The latter alternative seems the most
plausible considering all the additional sources of P which
usually accompany urbanization ofa watershed.

Maximum concentrations of P are found in Zone IV for
WC-84 and WC-86, but in the deepwater core a maximum
peak for P occurs in both Zones IV and III. Increases in P
concentration in the recent sediment of Zone IV are only
modest-i.e., 1.3-1.8 mg/g for WC-89-compared to the P
increase in Zone III from 1.0-2.0 mg/g. If substantial P has
been added to the lake waters from storm sewer runoff and
domestic waste since the detergent era, then either the addi
tional source of P is masked by increased sedimentation rate
of the whole sediment throughout Zone IV or the P associated
with agricultural runoff (Zones 1II and IV) overwhelms the
P added from new sources since the detergent era (Zone IV).

The final concentration of P that resides in the sediment
is also dependent on the P sorptive and retentive capacity of
the sediment. If the chemical composition of the sediments
has changed historically, presumably, the P sorptive and
desorptive capacity of the sediment will also be influenced.
Bortleson (1970) conducted a laboratory study to assess the
P sorptive charactcristics on selected strata representing pre·
and postcultural sediments in WC-89. The sorption and de
sorption of added increments of P to the sediments indicated
that the postcultural gyttja is a more favorable sorptive and
less favorable desorptive environment for P than the pre
cultural marl. [n other words, the postcultural sediment
which sorbed the most P during the sorption step released
the least P during the subsequent desorption. The higher
concentrations of Fe, Mn, AI, and K in the gyttja probably
account for the greater P binding capacity. Thus, it appears
during the precultural period the marl sediment was less ca
pable of sorbing and retaining P, but in recent lake history
the muds are capable of sorbing and retaining P which may
be added to the lake. Livingstone and Boykin (1962) noted
that the produc:ivity in a lake could be inversely propor
tional to the sorptive capacity of the mud. They found the P

content was highest in the deeper-lying samples of the sedi
mentary column of Linsley Pond, which formed during the
oligotrophic stage in the lake's history. In such a case, the
P that had not been released from the mud during the early
history of the lake would still be trapped in the sediment.
Acid-soluble P concentration, as determined and reported
by Wentz and Lee (I 969a,b), provides additional evidence
for a greater P binding capacity in the gyttja. The acid-soluble
P concentration follows a similar trend to total P in core
WC-89. The P released with 0.075N HCl-H 2SO, extractant
is an operationally defined fraction of the total which is de
sorbed at 20°C at pH 1-2 (Wentz and Lee, 1969a). Presum
ably, the acid extractant would remove Ca-bound forms of
P plus an undefined fraction of Fe·P and AI-P. The ratio of
acid-soluble P to total P decreases above the 55-60-cm level
indicating that the more recent sediments contain a greater
fraction of P which is not acid extractable. Acid treatment
probably would not extract organic P or occluded forms of
Fe-P and AI-P (Shah et aI., 1968). Williams et al. (1970) re
ported values indicating that 26%of the total P is organic P
in Lake Mendota surface muds.

The mean P concentration in the precultural marl is about
the same in cores WC-84, WC-86, and WC-89, but, for the
same cores, the P concentration increases more in the post
cultural sediment the deeper the water. It appears that the P
concentration in the marl sediment was more uniform over
the lake, but since the advent of domestic drainage, the influent
materials have allowed fractionation of sediment particles
with water depth which has complicated the sedimentation
regime of the p6stcultural sediments. Based on surface sam
pling of 32 stations in Lake Mendota, P, Fe, and Mn con
centrations show a positive statistical correlation with sample
depth (Delfino et aI., 1969); a linear correlation coefficient
of 0.82, 0.74, and 0.81 was found for P, Fe, and Mn, respec
tively. Since higher concentrations of P, Fe, and Mn were
found at deeper depths in Lake Mendota, and since these
deeper depths are essentially in the middle or central part
of the lake, a relatively simple particle fractionation of trib
utary-born suspended matter may have occurred (Delfino
et aI., 1969). Apparently, the P in the center of the lake is
associated with the finer sediment fraction (see Table III).
The differences in the thickness of the sedimentary Zones
for cores WC-84, 86, and 89 can also be partially attributed
to changes in percent solids in a given interval which is a
function of the particle fractionation in the lake and con
solidation after burial. Frink (1969) found in eutrophic
Bantam Lake, Conn., that the center of the lake was enriched
in clay, organic matter, and P when compared with the sedi
ments around the lake edge. The Fe-P and AI-P fractions
were always highest in the finer fractions toward the center
of the lake, but Ca-P decreased with increasing water depth
in Bantam Lake and was associated with the coarser fraction
(Frink, 1969).

Iron and Manganese Distribution. Total Fe and Mn analyses
were performed on all the cores investigated. The distribution
of Fe and Mn in the sediments may depend primarily on the
supply rate of particulate and dissolved Fe and Mn, the migra
tion of Fe and Mn as influenced by redox conditions and the
rate of accumulation of the whole sediment.

The Fe and Mn content increases by two- to fourfold in
the postcultural over the precultural interval; the initial up
ward increase in Fe and Mn occurs in the early cultural period
prior to an increase in Pin WC-86 and WC-89. The increase
in sedimentary Fe is probably associated with an increased
Fe supply to the lakes from land runoff. Wang and Brabec
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(1969) found the turbidity in Illinois River water to be related
to the particulate P, Si, and Fe(lIf) concentrations. The
molar ratio ofSi to Fe(III) was 1.0:1.47. Carroll (1958) found
that the association of Fe with clay minerals is an important
means whereby Fe is transported by rivers to lakes. Accord
ing to Carroll, Fe is associated with clay minerals as an es
sential constituent, as a minor constituent within the crystal
lattice, and as iron oxide on the surface of mineral platelets.
The close relationship between the Fe, K, and AI profiles in
the calcareous lakes are further evidence that Fe is mainly
associated with the clay mineral fraction. Analyses of the
clay fractions of soils show that Fe is mainly associated with
the finest fractions (the clay and silt grades), which have ex
tremely large surface areas (Carroll, 1958). This may account
for the high concentrations of Fe found in the center of Lake
Mendota (Delfino et aI., 1969).

Nriagu (1967) proposed from his studies of Fe and S in
Lake Mendota cores that the progressive upward enrichment
of Fe in the sediments may be due to the increased efficiency
of precipitation and retention of ferrous iron in the sediments
as sulfides. Nriagu (1967) found a positive relationship be
tween Fe and sulfide in the cores. However, a feature shared
by the gyttja and marl is that the Fe content is greater than
should be required to hold all the sulfur as FeS. Murray (1956)
concluded that the black color of the gyttja resulted from
the presence of ferrous sulfides deposited under conditions
of oxygen deficiency which occurred contemporaneously
with increased clastic deposition as a consequence of farm
and domestic drainage. However, Nriagu (1968) suggested
prior to the change in sedimentation of Lake Mendota as
sociated with human activity, the lake had developed an
oxygen deficiency intense enough to cause reduction of sul
fates to sulfides, but the lake was able to maintain its basin
free of black muds by the process of self-purification.

Distribution of Aluminum, Potassium, Calcium, and Mag-

Table III. Mean Concentrations of Phosphorus, Iron,
Potassium, Organic Carbon, Carbonate Carbon, and

%Solids in the Lake Mendota Cores"
Zone

Early Late
Pre- post- Midpost- post-

Chemical cultural cultural cultural cultural
Core component I II III IV

WC-89 P 0.90 0.96 1.57 1.63
Fe 7.00 12.9 20.2 20.2
K 2.43 7.45 9 78 10.2
Organic C 64.8 763 70.5 84.1
Carbonate C 57.6 41. 3 33.6 35 6
%solids 13.4 12.6 16.3 15 5

WC-86 P 0.96 1.06 1.23 1.46
Fe 6.90 13.1 19.8 22.9
K 3.12 8.42 11.5 11.7
Organic C 59.8 70.0 74.7 77.4
Carbonate C 74.9 46.1 30.5 30.5
%solids 180 23.2 24.4 17.9

WC-84 P 0.85 0.997 1.09 1.16
Fe 6.70 12.4 20.2 200
K 2.71 7.34 II. I III
Organic C 90.5 102 98.6 92.3
Carbonate C 76.1 48.4 28.4 274
%solids 26.2 27.7 33.3 289

a All concentrations arc mg c1cment/g dry wl of solids.
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neslum. The distribution of AI, K, Mg, and Ca may depend
primarily on the rate of supply of dissolved and particulate
mineral maller, the biological or chemical precipitation of
carbonates, and the variation in the accumulation of the whole
sediment. AI, Mg, Ca, and K may occur in a large variety of
mineral structures such as feldspars, clay minerals, and amor
phous aluminosilicate gels. Mackereth (1966) noted that Na,
K, and Mg were associated with the mineral fraction of the
sediment of English lakes, but Ca was not so clearly associated
with mineral erosion. Calcium was evidently more easily
leached from the soil than Mg. According to Mackereth,
the Ca is abundantly deposited into the English lake sedi
ments only at times of very intense erosion when the rate of
precipitation of clastic material is high enough to prevent
removal by leaching of much Ca. In Lake Mendota the Ca
concentration is controlled mainly by carbonate deposition
(discussed previously), but Mg concentration is influenced
by the rate of detrital inorganic sedimentation and Mg car
bonate deposition. Processes other than Mg carbonate (or
mixtures of Mg with CaCO,) sedimentation are dominant in
Zones II-IV because the Mg concentration is not depressed
in the recent muds as is CaCO,.

Al and K concentrations increase initially in Zone II and
continue to increase throughout Zone III before leveling off
in Zone IV. The K and AI concentration is enriched two to
five times in the postcultural over the precultural sediments
indicating erosional activity has increased since man moved
into the Madison lake region. The construction of a dam
at the Yahara outlet in 1847 led to raising the level of the
lake 5 ft and has exposed new shoreline to erosion. There
should, on the grounds discussed above, exist a direct rela
tionship between Al and K content in the sediments and ero
sion intensity of the drainage basin.

Lake Mendota Long Core. In November 1968, a 990-cm
core was taken from the center of Lake Mendota in 23 meters
of water using a 1-1.5-in. piston-operated corer. The 9.9
meter core was fractionated in 20-cm intervals as shown in
Figure 5. The zones shown in Figure 5 indicate approximate
changes in chemical stratigraphy as described previously for
the short cores WC-84, 86, and 89. The purpose of the sample
probe was to determine the physical and chemical homo
geneity of the precultural sediment during the late postglacial·
period. The top 62 cm of sediment consisted of a black gyttja
containing 98-111 mg/g Ca; below 62 cm to 990 cm (Zone I),
the fine-grained, buff-marl deposits contain 183-226 mg/g
Ca. There was no variation in appearance from 62 to 990
cm of sediment.

The marked increase in ragweed abundance occurs upward
of the 42-62 cm stratum (Zone II). The low ragweed pollen
deposited during the period represented by 920 cm of sedi
ment below the recent muds supports the use of Ambrosia
pollen as an indicator of the cultural base in a sedimentary
sequence. A ragweed maximum in pollen diagrams may not
necessarily be related to European-type settlement. At Silver
Lake, Ohio, and at Rogers Lake, Conn., high ragweed pollen
counts were found in core intervals dated 5000-8000 years
B.P. (Ogden, 1966; Davis, 1967).

Organic C concentration varies from 59 to 77 mg/g over
the core interval of 62-990 cm. This compares favorably
with 55-73 mg/g organic C found in the marl sediment of
WC-89, a short deepwater core. The postcultural sediment
contains 87-92 mg/g organic C.

The enrichment of P in the postcultural sediments of Lake
Mendota is of particular interest because the long core (9.9
meters) provides a background concentration of P that was



250

. 450

650

"0

'50

Figure 5. Chemical and Ambrosia
pollen stratigraphy of Lake
Mendota core WC-95

deposited for a long period historically. The P concentration
remains constant at 0.8-0.94 mg/g throughout Zone I, then
in Zones III and IV, the P concentration increases to 1.5-2.1
mg/g in the postcultural sediment.

The depth plot of Fe, Mn, K, and Al concentrations is
remarkedly uniform below the ragweed horizon to 990 cm,
but the postcultural concentrations of these elements increases
three-five times that found in the precultural sediment. For
all the above elemental concentrations, a slight minimum
inflection is observed in the zone of 400-650 cm.

Several species of ostracodes were described by Burrell
(1971) for Lake Mendota core WC-95. Ostracodes were pres
ent throughout the 990-cm core length, but in the upper 60
cm (Zone III and IV) there was an increase in diversity of
species and total ostracod numbers. Species reported as ex
clusive to the recent upper 60 cm of sediment were Danvinula
aurea, Candona caudata, Candona poseyensis, and Candona
spinaensis (Burrell, 1971).

In summary, the chemical stratigraphy of the 9.9-m core
indicates that stable conditions existed in Lake Mendota
and its watershed for a long historical period before the settle
ment period in Wisconsin.

Summary and Conclusions

The composition of the sediments with depth and, there
fore with time, presents a pattern of change which documents
the progressive increment of materials deposited to Lake
Mendota. Thus, changes in the chemical stratigraphy can
be traced to man's activities in the watershed. If it is assumed
that the sedimentation rate throughout the period represented
by the concentration-depth diagram is constant, a calculation
can be made showing the incremental increase or decrease
in concentration per unit thickness of sediment (or per year
if time is estimated). However; this study has revealed that
concentration-depth diagrams do not generally contain suf
ficient information to estimate an incremental rate change
in nutrient concentration "Ihich accurately reflects changes
in nutrient supply owing to man's activities in the watershed.
The deposition rate of the whole sediment imposes a con
straint on the system which necessitates an absolute time
scale in the pre- and postcultural sediments.

A basic change in sedimentation is recorded in the Lake
Mendota cores by a buff marl (Zone I) overlain by a gray-

colored gyttja-marl (Zone II) and a black gyttja (Zones III
and IV). Initial increases in Fe, Mn, AI, K, and ragweed
pollen occur in Zone II corresponding to the first active
period of settlement in southern Wisconsin and the Lake
Mendota basin (ca. 1820-1880) while carbonate C shows a
rapid decrease in concentration during the same interval.
The change in sedimentation is attributed to increased de
position of erosional material as a consequence of farm and
urban activities in the drainage basin. Further increases in
the deposition of Al-, K-, Fe-, and Mn-containing compounds
in Zone III (ca. 1800-1940) are correlated to the increased
runoff and leaching of the soils in the Lake Mendota basin.
The overall trend in Lake Mendota has been to increase in
the rate of deposition of the whole sediment from about 1820
1940. The core profiles indicate that the runoff of erosional
products reached a peak and leveled off approximately 20-30
years ago. The enrichment of Fe appears to be caused by
an increase in the rate of sedimentation of a detrital mineral
or group of minerals that contain the element as a firmly
bound major component or sorbed constituent. The marked
ability of the postcultural sediments to retain inorganic P
compared to the precultural marl is probably due to the
higher Fe content in the black gyttja.

Analysis of past rates of change must be taken together
with the detection and measurement of recent man-induced
changes. Therefore, the chemical stratigraphy of lake sedi
ment cores provides the understanding which is needed to
detect a change as an acceleration; only by detecting accelera
tions is it possible to distinguish between normal and cultural
processes. In the Lake Mendota cores, the normal rate of P
change (before man's influence) with sediment depth is nearly
zero. The chemical stratigraphy of precultural interval of
the Lake Mendota long core indicates that stable limnological
and watershed conditions existed in Lake Mendota and its
basin prior to man's influence for a long period historically.
The concentrations of P, organic C, Fe, Mn, AI, K, Ca, as
well as ragweed pollen are all relatively constant in Zone I.
In the midcultural period (Zone III) an accelerated upward
increase in P occurs and reaches a.first maximum (ca. 1920)
in core WC-89; a second maximum in P concentration occur'
in the most recent sediment (Zone IV). The enrichment of P
in the postcultural sediments of Lake Mendota is due not
only to an increase in supply of P from domestic drainage,
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but to an increase in P retentive capacity of the postcultura1
sediment and to an increase of P depositional efficiency owing
to the concomitant increase in Fe-, Mn-, K-, and AI-containing
compounds. The P concentration in the marl sediment is
more uniform over the lake, but since the advent of domestic
drainage, the influent materials have allowed fractionation
of sediment particles with water depth to produce higher
concentrations ofP toward the center of the lake.

Organic C concentrations in the Lake Mendota sediments
have increased since the precultural period indicating an
increase in biological productivity of the lake; however, it is
difficult to determine what part of the increase is attributable
to allo- or autochthonous organic production. In Zone [V
organic C increases upward to the sediment-water interface
perhaps indicating an accelerated increase in level of organic
productivity since 1940. The increase in organic C concentra
tion in Zone IV is accompanied by an increase in P and a
slight increase in carbonate C.
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A pH-Dependent Succession of Iron Bacteria

Fraser Walsh' and Ralph Mitchell

Laboratory of Applied Microbiology, Division of Engineering and Applied Physics, Harvard University, Cambridge, Mass. 02138

• The role of an acid-tolerant, filamentous iron bacterium
in a succession of pH-dependent events affecting the rate of
iron oxidation is identified. This organism significantly
catalyzes iron oxidation in the pH range 4.5-3.5. At pH
greater than 4.5, abiotic iron oxidation proceeds rapidly.
At pH less than 3.5, Thiobacillus ferrooxidans significantly
catalyzes iron oxidation. The activity of the filamentous iron
bacteria in this succession of events may directly affect the
rate of acidity production in coal mine waters.

The rate of acidity production from the degradation of
iron pyrites found in coal deposits has been shown by

Singer and Stumm (1970) to depend on the rate of ferrous
iron oxidation. The rate of abiotic ferrous iron oxidation is
directly related to solution pH (Stumm and Lee, 1961) with
the relationship above pH 4.5 being:

-d[Fe2+) = k[Fe2+)p[O,][OH-)'
dt

where k = 8.0 X 10"1. mol-' atm-' min-' at 25°C. At pH
between 4.5 and 3.5, chemical ferrous iron oxidation proceeds
at a rale indirectly pH dependent (Singer and Stumm, 1970).
The oxidation rate at pH less than 3.5 is approximately
7 X 10- 3 mg/I.-day for an initial ferrous iron concentration
of 250 mg/1. This rate remains relatively constant at lower pH.
Table I shows the relationship between pH and the rate of
abiotic ferrous iron oxidation over the meso-acidic pH
range (pH 3.5-5.5). The ferric iron released can then oxidize
iron pyrite even in the absence of oxygen. Singer (1969)
showed that the half time of reaction between ferric iron and
pyrite in the absence of oxygen is 25 min for a pyrite con
centration of 5 gram/I. The chemical equations of the pyrite
degradation reactions are shown in Table II. The acidity in
coal mine drainage waters is produced either by the formation
of ferric hydroxides (Equation 4) or by the oxidation of the
sulfur moiety in pyrite degradation (Equation 3).

In a coal mine, pyrite degradation may occur in the self
accelerating cycle identified in Table II with pyrite being
oxidized by ferric iron. Of the two ferric iron-producing
equations shown in Table II (Equations 1 and 2), Singer and
Stumm (1970) showed that only ferrous iron oxidation is a
significant source of ferric iron. Assuming that influent mine
waters have an average total iron concentration of 0.5 mg/!.,
that ferrous iron oxidation is the only ferric iron source, and
that no ferric iron is hydrolyzed, 93 turns of the pyrite degra
dation cycle (Equations 2 and 3, Table II) must occur to result
in the release of 300 mgt!. total iron commonly observed in
mine drainage. If average mine water residence time is
10 months, each pyrite degradation cycle can thus take no
longer than 3.2 days. Ferric iron hydrolysis and precipitation

1 To whom correspondence should be addressed.

(Equation 4) will naturally increase the number of cycles
required and thus decrease the theoretical time available per
cycle.

The iron oxidation-pyrite degradation cycle identified in
Table II will proceed slowly at pH < 4.5 in the absence of
catalysis. This is because at pH < 4.5, the cycle is rate-limited
by the ferrous iron oxidation rate (Singer and Stumm, 1970).
Catalysis of ferrous iron oxidation can be biologically or
abiotically mediated. Singer (1969) examined the effect of
chemical and physical catalysts on abiotic ferrous iron
oxidation and he showed that their effect was a catalysis factor
of less than 30. The iron bacterium, Thiobacillus ferrooxidans,
significantly catalyzes iron oxidation with catalysis factors
greater than 300 under laboratory conditions. (Schnaitman,
et aI., 1969). However, optimal activity of this organism is at
pH < 3.5 (Silverman, 1967). Thus, there is no mechanism for
rapid catalysis of the iron oxidation-pyrite degradation cycle
in the pH range 4.5-3.5. In this report, we describe the effect
of a filamentous iron bacterium on catalyzing the formation
of the environment necessary for optimal T. ferrooxidans
activity and thus for pyrite degradation.

Materia/sand Methods

Samples of sediment and mine water were obtained from
five widely separated sources: a coal mine in Illinois, an
iron-bearing stream in New Hampshire, a zinc mine in
New Jersey, a coal mine in West Virginia, and an iron-bearing
stream in Vermont. These samples were obtained during
different seasons (August, September, December, May).
From all of these samples we isolated an acid-tolerant fila
mentous iron bacterium of the genus Metallogenium, using a
medium containing the following constituents: (NH,),sO"

Table I. Rate of Ferrous Iron Oxidation
over the Meso-Acidic pH Range-

Abiotic Fe2+
pH oxidation rate, mgjl.-day>

3.5 0.007
4.0 0.25
4.5 0.70
5.0 5 76
5.5 57 6

a From Singer and Stumm, 1970.
, [Fe"], ~ 250 mg/1.

Table II. Chemical Reactions in Iron Pyrite Degradation

Pyrite oxidation:
FeS,(s) + '/,0, + H,O - Fe2+ + 2S0,2- + 2H+ (I)

Pyrite degradation cycle:
Fe2+ + '/,0, + H+ _ FeJ+ + '/,H,O (2)

FeS,(s) + 14FeJ+ + 8H,0 _ 15Fe2+ + 250,'- + 16H+ (3)

Ferric iron deposition:
FeJ+ + 3H,0~ Fe(OH)J(s) + 3H+ (4)
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Table m. Rate of Fe2+ Oxidation in the Presence
of the Iron.Oxidizing Metallogenium".b

Initial FeH FeH oxidation, mgfl.-day
concn,mgfl. pH3.6 pH4.l pH5.0

o 0 0 0
50 3 5 0

250 12 58 4
400 7 24 2

1,250 5 14 0
a Rates reported are differences between rates observed in inoculated

and in control flasks.
b In the presence of 0.4%KH phthalate.

0.1%; Caco" 0.01%; MgSO" 0.02%; KH,I'O" 0.001%;
KH phthalate, 0.4 %; and 250 ppm ferrous iron from an
acidified FeSO,· 7H,O solution (Walsh, 1971). Phthalate was
used to buffer the growth medium in the pH 4 range. Initial
isolation required addition of 0.4 % formalin to 100 ml of the
isolating medium in a 25D-ml Erylenmeyer flask (Nunley and
Krieg, 1968). After three transfers, each following four days of
growth, pure cultures were obtained in nine of ten flasks.
Culture purity was based on the absence of contaminant
growth on solid and liquid media used to culture heterotrophs
and other iron or sulfur bacteria (Walsh, 1971). The extent
of iron oxidation catalysis by this acid-tolerant stalked iron
bacterium was measured by comparing the change in the
ferrous iron concentration in solution in an inoculated flask
and in a control flask. Ferrous iron concentration was
measured by acid permanganate titration of a I-ml sample
(diluted to 50 ml) using an o-phenanthroline indicator.

To identify the pH-dependent succession of iron bacteria,
T. ferrooxidans and the iron-oxidizing Metallogenium, as
well as eight heterotrophs isolated from acidic coal mine
drainage, were inoculated into a 5OD-ml solution with ion
concentrations similar to those observed in some influent
mine waters [CaCO" 50 mg/I.; MgSO,· 7H,O, 25 mg/I.;
MnSO" 5 mg/I.; (NH,),SO" 2 mg/I.; KH,PO" 0.25 mg/I.].
Initial pH was adjusted to 5.0. Ferrous iron concentration was
initially 20 mg/I. with an additional 20 mg/I. added every two
weeks. Sterile distilled water was added weekly to maintain
the initial volume of 500 mi. This medium was circulated in a
ID-ft Tygon tube ('/. in. diarn) using a nitrogen gas lift
pump. The total population of the heterotrophs in the medium
was followed by colony counting on the eight solid media
used to isolate the bacteria. T. ferrooxidans and Metallogenium
populations were followed using a five-tube most probable

0.5 J.I
Figure 1. Eleelron micrograph ortbe iron-oxidizing Metalloge/lium
washed in 0.05% oxalic acid (X27,OOO)

number (MPN) technique ("Standard Methods for the Ex
amination of Water and Waste Water," 1965). T.ferrooxidans
was tested on the 9 K medium (Dugan and Lundgren, 1964);
the iron-oxidizing Metallogenium was tested on our liquid
growth medium. Because of the unusual morphology of the
Metallogenium, care was taken not to break the filaments
during dilution in the MPN procedure. A wide-tipped pipet was
used, and shaking of the dilution tubes was kept to a mini
mum.

A control system was run in which bacterial populations
were also followed. The same liquid medium was used in this
system, and it was inoculated with the heterotrophs and
T. ferrooxidans but not with the Metallogenium. Again
heterotrophic populations were counted on solid media
and those of T. ferrooxidans by the MPN technique. A second
control system was run which was buffered at pH 4.1 with
phthalate. This system was inoculated with T. ferrooxidans,
the Metallogenium, and the eight heterotrophs.

Experimental

CuItures of the filamentous iron bacterium were isolated
from five widely separated sources and appeared morpho
logically to belong to a single species. The organism grew in
multibranching colonies of interweaving ferric iron encrusted
stalks (0.1-{).4 IJ. diam) without a conventional cell body.
Macroscopically, these stalks appeared as a rusty precipitate,
but when this precipitate was washed carefully with 0.05 %
oxalic acid, the stalks were visible under the electron micro
scope, still partially encrusted with iron (Figure 1). This
organism is morphologically similar to the manganese
oxidizing bacterium Metallogenium symbioticum described by
Zavarzin (1961, 1964) and Dubinina (1969, 1970). It differs
from the stalked iron bacterium, Ga/lionella ferruginia, in the

Table IV. Bacterial Populations Observed in the Mine Water System
Mine water inoculated with Melalloge/lium No Melalloge/lium

~ ~

Time, days pH ferrooxida/ls" Melalloge/lium" Heterotrophs' pH ferrooxido/ls" Metallogenium" Heterotrophs"

2 5.0 5.1 5.0 4.0
5 4.3 2.7 7.8 5.0 5.5

10 4.3 4.1 8.3 4.9 7.1
20 3.8 4.0 8.5 4.5 7.2
30 3.2 2.0 1.2 4.7 4.1 7.0
45 2.6 4.0 2.7 4.0 6.3

" Log numher of cells/m!.
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absence of a conventional cell body and in its aicd tolerance
(Walsh, 1971). The iron bacterium we have isolated does not
catalyze manganese oxidation but we consider it to be an
acid-tolerant, iron-oxidizing strain of Metal/ogenium. This is
based on morphological similarities and on the inhibition of
both organism strains by high initial concentrations of their
metal ion substrates (Walsh, 1971). Although we have mea
sured a base pair ratio (gc) of 72-73 %for the iron-oxidizing
strain of Metal/ogenium, there are no similar data available
in the literature for comparison with Gallionel/a or other
Metal/ogenia.

Initial studies showed that the iron-oxidizing strain of
Metal/ogenium is active in the pH 3.5-5.0 range with an
activity optimum at pH 4.1 (Walsh, 1971). Initial ferrous iron
concentration directly affected activity. Concentrations over
40 mg/I. increasingly inhibited growth "ith an upper tolerance
limit of 150 mg/1. ferrous iron. The phthalate buffer in the
growth medium permitted growth in a medium of higher
initial ferrous iron content (Table III). This effect was probably
the result of the formation of a ferrous iron phthalate com
plex.

We investigated the changes in populations of acid mine
drainage heterotrophs, of T. ferrooxidans, and of the iron
oxidizing Metal/ogenium in a synthetic mine water system.
Table IV shows the changes in bacterial populations in the test
system. As the pH decreased from 5.0 to 3.3, the Metal/a
genium population increased from less than 10'/100 011 at
pH 5 to almost 10'/100 011 at pH 4.2 and then decreased again
to less than 10'/100 ml at pH 3.5. There was heavy bacterial
growth on the tube surface when the pH declined to 4.3.
When the pH decreased from 3.5 to 2.5, the T. ferraoxidans
population increased from less than 10' cellsflOO 011 to almost
10' cells/IOO 011.

Table IV also shows a comparison of populations between
the test and a control tube system. This control system had
not been inoculated with the Metal/ogenium. The pH of thc
control system remained above 4.0. The population of T.
ferraoxidans remained below 10' cells/IOO 011 and only a
minor decline in the heterotrophic population was observed
after 35 days. This decrease was significantly less than that
observed in the test system. The final characteristics of the
test system after 45 days are very similar to those reported
by Tuttle et aI., (1968) for a gob pile drainage. Table V shows
that the final characteristics of the control system are not
similar to those of the gob pile or the test system.

A second control system was run to further demonstrate
the effect of pH on the distribution of iron bacteria popula
tions in the column. In this control, the pH was buffered at
4 with phthalate. No decline in the Metal/ogenium population
and no increase in the T. ferroaxidans population was ob
served after 45 days. The heterotrophic population again
remained high as in the previous control system.

Table V. Comparison of Characteristics of Gob Pile
Drainage" with Test or Control Mine Water Systems"

T. Hetero-
[FeJr, ferrooxidalls , trophs.
mgJl. cells/ml cells/ml

Discussion

The groundwaters influent into a coal mine are generally
weakly buffered in the pH 5.5-7.5 range; they leave a coal
mine at pH less than 3.0. This decrease in pH and increase in
acidity has been reported to be the result of ferric iron degra
dation of iron pyrites and to be rate-limited by the rate of
ferrous iron oxidation (Singer and Stumm, 1970). Our research
has suggested a mechanism by which bacterial catalysis of iron
oxidation can occur throughout the meso-acidic pH range
(4.5-2.5) in which abiotic ferrous iron oxidation is extremely
slow. Abiotic ferrous iron oxidation rates in the pH range
3.5-4.5 are not sufficient to produce the ferric iron required
to react with pyrite so that sufficient hydrogen ion is released
to lower mine water pH to 3.5 from pH 4.5 during the average
10-month water residence time in coal mines. The acid
tolerant Metal/agenil/m increases ferrous iron oxidation
rates and resultant acidity production by a factor greater
than 200 in the pH range 3.5-4.5 (Walsh, 1971). This is an
environmentally significant increase because the activity of
this iron bacterium can create the pH environment necessary
for T. ferraaxidal/s during a short portion of the IO-month
mine water residence time.

The population differences in the test and the control
column in the laboratory suggest the ecological importance
of the iron-oxidizing Metal/ageniulII. Although it was pH
sensitive outside the pH range 3.5-5.0, within the range,
Metal/ogenil/In was active in catalyzing iron oxidation.
Hydration of the ferric iron in this laboratory simulation of
the mine water system produced the acidity. The potential
ecological significance of this iron-oxidizing strain of Metal/o·
geniI/III is that in a coal mine it may catalyze the creation of the
acidic environment necessary for high activity of T. ferro
axidans. The resultant decrease in pH in the mine water, as
it flows through the mine, may bring about a rapid decrease in
the Metal/ogeniwn population and an increase in the T.
f'erraoxidans population. Thus, in regions near where ground
waters enter the mine, the Metal/ogel/il/III should be the pre
dominant iron bacterium. In water flowing from the mine,
T-ferroaxidans should predominate.

The existence of this pH-dependent iron bacteria succession
has interesting implications in the formation of acidity in coal
mine drainage. The acid-tolerant Metal/ageniulII may signifi:
cantly catalyze the rate of formation of ferric iron in a coal
mine in the pH range 4.5-3.5. As such, its activity would
affect the rate of pyrite degradation under these meso-acidic
conditions. In addition, the activity of Metal/ogeniwn may
result in the creation of a pH environment in the mine suitable
for the growth of a large T. ferrooxidans population. In the
absence of the Metal/agenil/lIl, the rate of acidity formation
resulting from abiotic pyrite degradation in the short residence
time of water in the mine may not be sufficient to create the
environment necessary for significant T. ferroaxidans growth.
An acid mine pollution control measure based on breaking
the pH-dependent iron bacterium succession may be possible
based on inhibiting the growth of the Metal/ageniulII. Stopping
the bacterial succession at this point should result evcntually in
effluent mine waters at pH greater than 3.5 and with iron con
centrations less than 75 mg/I.

Gob pile
drainage 2.5-3.0 100-500 30-3,500

Test system 2.6 80 10,000
Control system 4.0 80 <10

" From Tuttle et al. (1968).
, After 45 days.

1-65
500
10'·'

SI/Illmary

Isolates of an acid-tolerant filamentous iron bacterium of
the genus Metal/ogeniuln were obtained from a number of
geographically separated neutral and acidic iron-bearing
streams. This stalked iron bacterium catalyzed ferrous iron
oxidation in the pH 3.5-5.0 range with an optimum at pH 4.1.
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An examination of the ecological role of this filamentous
iron bacterium showed it to be a member of a pH-dependent
iron bacteria succession. Growth of T. ferraaxidans, an acid
tolerant iron bacterium, was shown to be dependent on the
growth of the filamentous iron bacterium to lower solution pH
through acidity production from the ferric iron reaction
following catalysis offerrous iron oxidation.

This iron bacteria succession has ecological and pollution
control implications. The existence of this succession suggests
an ecological mechanism by which neutral groundwaters
become acidic coal mine drainage. Acid mine drainage
pollution may be controlled by breaking the iron bacteria
succession in the 4.0-4.5 range at which solely abiotic acidity
and iron releases will be less significant.
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Effect of Inhomogeneous Mixing on Atmospheric Photochemical Reactions

Coleman duP. Donaldson and Glenn R. Hilst'

Aeronautical Research Associates of Princeton, Inc., Princeton, N.J. 08540

• The conventional assumption of local uniform mixing of
reactive chemical species is reexamined by derivation of the
chemical reaction equations to include the effect of locally
inhomogeneous mixtures on the reaction rates. Preliminary
solutions of a simplified version of these equations show that
inhomogeneities in reactant concentration generally tend to
slow the reaction rate. Estimates of the relative roles of local
diffusive mixing and chemical reactions in inhomogeneous
mixtures show that there are several relatively fast photo
chemical reactions which may be limited by local diffusive
mixing. In these cases, the reaction proceeds much more
slowly than would be predicted if the reactants were uniformly
mixed.

The importance of chemical reactions in the atmosphere
has been increasingly recognized in the problems of air pollu
tion. These are probably most acute in dealing with photo
chemical smog formation (Worley, 1971). We have, therefore,
drawn our examples from photochemistry, but we have not
attempted to go beyond an examination of the possible im
portance of inhomogeneous mixing in these processes.

Basic Chemistry Model

We assume a bimolecular reaction

(I)

where a, {3, "Y, and 8 denote chemical species and that the re
action of a with {3 to form "Y and 8 is stoichiometric and is
governed by equations of the form

and

(i] denotes the molar concentration of the ith chemical
species and K is the reaction rate constant in units of (sec
mol/cm')-l. It is convenient to transform the concentration
terms in Equations 2 to dimensionless mass fractions, C" by

(4)

(3)

(2)

-K[a][{3]

PoC, = M,(i]

a[a]

at
a({3] = -K[a]({3]
at

where Po is the density of the mixture (g/cm') and M, is the
molecular weight of the ith chemical species. Then the de
pletion rates for the a and {3 species may be written

aCa?Jl = -KaCaC~

I n developing either mathematical simulation models or
laboratory chambers for the study of chemical reactions

in the atmosphere, it has been generally assumed that the
reacting materials are uniformly mixed. However, observations
of the time history of concentrations of trace materials show
quite clearly that uniformly mixed materials are the exception
rather than the rule in both air and water (Nickola et aI., 1970
Singer et aI., 1963; Csanady and Murthy, 1971). Local fluctua
tions of concentration are particularly significant during the
early stages of atmospheric mixing, immediately following dis
charge of trace materials into the atmosphere, and when there
are multiple point sources of pollutants. Our purpose here is to
make a preliminary estimate of the importance of these fluctua
tions on atmospheric chemical reaction rates and determine,
at least approximately, the relative roles of reaction rates and
diffusive mixing in the control of atmospheric chemical re
actions.

I To whom correspondence should be addressed.
(5)
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where Ka = KPo/M~ and has dimensions (sec-ppm)-l when Ca
and C~ are expressed in parts per million (ppm) by wI.

We may now examine the relative contributions ofthe means
and fluctuations of Ca and C~ to the chemical reaction rate by
assuming the time history of these quantities at a fixed point
constitutes a stationary time series and that

(II)

(12)

ClCt' ClC ClC
Clt Cl( Clt

ClC~'C.' ClC' ClC '
- " = Ca'-~- + C ,_a_
Cl/ Cl/ ~ Cl/

and

Performing the necessary operations and time-averaging, we
get, repeating Equations 8 and 9,

ClCa - - --ill = -Ka(CaC~ +Ca'C~') (13)

Cl~~ = _ K:~ (CaC~ + Ca'C~') (14)

-Ka [M~ (CaCa'CP' + C;;Ca" + Ca"CP') +
M a

(C~Ca'C~' + CaCp" + Ca'C~")] (15)

(6)

(8)

(7)

Ca =C a + Ca'}

C~ = C~ + C~'

where the overbar indicates a time average and the prime
indicates the instantaneous fluctuation about the average.
Noting that Ca ' = C~' = 0 and that

ClCi ClCi ClCt'-=-+
Clt Clt Clr

we obtain directly from Equations 4-6

ClCa - - -ill = -Ka (CaC~ + Ca'C~')

ClC~" = _ 2 KaM~ C C 'C ' + E C" + C 'C ") (17)
Cl/ M

a
~ a ~ a ~ a ~

Equations 13-17 provide a closed set, except for the third-order
correlation terms Ca'Cp" and C~'Ca".

The appearance of the third-order correlations complicates
the modeling problem very considerably since the statistical
description now requires consideration of the distribution
functions for Ca and C~. In an independent study, O'Brien
(1971) has proceeded from Equations 13-17 by assuming· the
form of these distribution functions. Another approach, which
we are pursuing, is to model the third-order correlations in
terms of the second-order correlations. However, for our
present purpose of determining whether or not the effects of
inhomogeneous mixtures on chemical reactions may be
significant, we may neglect the third-order correlations by
assuming Ca ' and C~' are symmetrically distributed about Ca

and C~, respectively. This assumption is, of course, untenable
for more general cases but it does permit a solution of ~ua
tions 13-17 by numerical techniques.

For an initial test of the significance of inhomogeneities in
chemical reactions, we assume a reaction box in which the
initial concentration distributions of '" and f3 are arbitrarily
specified by C:, 0, Ca", Cp", and Ca'Cp'. As a further con
straint which isolates the chemical reaction process, we assume
there is no mixing in the reaction vessel and -no wall effects.

As a reference case, let us assume a completely uniform

(9)

(10)

and

where we have suppressed the dependence of Ka on the tem
perature and pressure. (This analysis can be extended to in
clude the fluctuations of Ka owing to significant fluctuations of
temperature and pressure. For our present purposes, we shall
assume an isothermal reaction at ambient pressure.)

The role of concentration fluctuations in chemical reactions
is immediately evident from Equations 8 or 9. The second
order correlation in the joint fluctuations of Ca and C~ either
enhances the reaction rate (when the correlation is positive) or
suppresses the reaction when Ca 'C~ , is negative. Only when
these fluctuations either do not exist or are uncorrelated is the
average reaction rate governed by the average concentrations.
As a simple example of the importance of this correlation
term, imagine that the materials a and f3 pass the point of
observation at different times-i.e., they are never in contact
with each other. Values of Ca and E~ would be observed, but
it is readily seen that Ca.C~ = - Ca'C~ , in this case, a result
which correctly predicts no chemical reaction.

If we assume no diffusive mixing of the reacting materials,
we may model the chemical reactions by noting that

ClCt" = 2 C' ClCt'
Clt 'Clt

Figure 1. Chemical depletion of randomly
mixed reactants (Ca'C~' = 0) for various
initial degrees of inhomogeneity, as measured

by Ci/C,'
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Estimates ofLocal Mixing Rates in the Atmosphere

The only way in which the correlation Ca'Cp' can be elim
inated, if it exists, in given flow situations is by the process
of molecular diffusion. To estimate the rate at which this can
occur, we may write the expressions for the contribution of

nitude of the fluctuations, as measured by C', reverses as one
goes from large positive toward small positive and negative
values of Ca'Cp'.

These results point toward an important role for fluctua
tions of concentration in controlling chemical reaction rates.
For example, if two reacting materials are discharged si
multaneously from a point source, during their initial mixing
with the atmosphere their concentration fluctuations should
be large and positively correlated. We would then expect, on
the basis of this effect, that their reaction rate would be con
siderably faster than if they were uniformly mixed from the
start. The emission of hydrocarbon and NO, from auto ex
hausts is a case in point. Discharge of SO, and particulate
matter from power plant stacks is another.

On the other hand, if reacting materials are randomly
mixed or if positive fluctuations in one are associated with
negative fluctuations in the other, the reaction should be
suppressed, compared to the uniformly mixed case. Both of
these cases could be important, but their true importance de
pends critically on the rate at which atmospheric diffusion
tends to mix chemical species and, hence, to diminish these
fluctuations, as compared with the rate of chemical reaction
produced by the concentration fluctuations.

Figure 3. Joint effect of initial correlation and inhomogeneity on de
pletion of reacting materials at Kt = 1.0
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mixture of a and {3-i.e., no fluctuations in concentration,
Ma "'" Mp, and initially Ca ~ Cp ~ C,. The predicted values
ofCa are shown in Figure I as a function of time normalized
by the reaction rate constant. As can be seen, the reaction
proceeds to exhaustion of the reacting materials.

Now let us assume that a and {3 are initially inhomogene
ously mixed but that there is no initial correlation between
Ca' and C/-i.e., initially Ca'Cp' == O. As a measure of these
fluctuations, we take C;'2/C; = 0.2, 0.4, 0.6, 0.8, and 1.0.
The results of these calculations are also shown in Figure I,
and it is immediately evident that any inhomogeneities
operate to suppress the chemical reaction rate and to stop it
completely before the reacting materials are exhausted.
Mathematically, the model predicts that, in the absence of mix
ing, initial inhomogeneities operate to produce values of
Ca'Cp' which eventually become equal to -CaCp and the re
action ceases. Physically, the local reactions have everywhere
proceeded to exhaustion of one of the reactants, leaving a
residue of the other reactant and products at that site.

H is of special interest to note; from Equation IS, that the
suppression of the reaction rate by C:'Cp' depends only on
one of the reactants being nonuniformly distributed initially.
A negative rate of change of Ca'Cp' can be generated by non
zero values of either Ca " or Cp", since the terms CpCa" and
CaCp" are positive definite. The presence of concentration
inhomogeneities in one of the reactants generates inhomogene
ities in the other.

The effect of an initial correlation between Ca ' and Cp' may
now be examined by assigning initial nonzero values to Ca'Cp',

Ca ", and Cp". To illustrate this effect, we have chosen
c7'/C,' = CI!'/C,' = 0.4 and Ca'CP'/(Ca"Cp")'/2 =

+ 1.0, +0.5,0.0, -0.5, and -1.0 where Ca'Cp' /(Ca"Cp"),/2
== Ra,p, the ordinary correlation coefficient. The resulting
predictions of C/C, are shown in Figure 2 and are again com
pared with the uniformly mixed case. As might have been ex
pected, initial positive correlation accelerated the reaction
rate, but only when this initial positive correlation was per
fect did the reaction go to exhaustion of the reacting materials.
In this case, although there were concentration fluctuations,
stoichiometrically equal amounts of a and {3 were initially
placed in each local volume. In all other cases, the reaction
was again halted when one of the reactants was exhausted
locally, leaving a residue of the other reactants and products
of the reaction.

The combined effects of initial inhomogeneities and correla
tions between the fluctuations are summarized in Figure 3 by
plotting the depletion of C during the first normalized time
step as a fun.tion of Ra .p and C'/C,'. The effect of the mag-

1.0 -------"1!!!1!~~::::::_~

Figure 2. Chemical depletion of initially
inhomogeneously mixed reactants «3,(C;
~ 0.40) for various degrees of initial correla-

_tion between Co' and C~', as measured by
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(21)

molecular diffusion to the time rate of change of Ca ' and Cp'.

They are

(
ilCa') D V'C ' = D il'Ca' (18)

ill dill a a a ily,ily,

(
ilCp') 'D il'Cp '

ill dill p ily,ily, (19)

Multiplying Equations 18 and 19 by Cp' and Ca ', respectively,
adding, and time-averaging gives

(We have assumed Da "" Dp = D, consistent with the assump
tion M a ~ M p. See O'Brien (1971) for a discussion of this
assumption.) The first term on the right-hand side of Equation
20is nondissipative-i.e., it measures the transfer of the Ca'Cp'
correlation by gradients in the value of this correlation within
the field. The second term is dissipative-i.e., it measures the
local diminution of Ca'Cp' by the action of molecular diffu
sion. The appropriate expression for this term is

2 D ilCa' ~~ = 2 D c::"Cl
ily ily A'

Table I. Reaction Rate Constant Ka for Various Photochemical
Reactions and Associated Estimates of N Using Ca = 1 ppm

Reaction K (ppm-sec)-l N

I. 0, + NO = NO, + 0, 8.3 X 10-' 4
2. NO, + 0, = NO, + 0, 1. 7 X 10-' 2 X 10'
3. NO, + NO = 2NO, 48 7 X 10-'
4. NO + HO, = NO, + OH 1.7 X 10- 1 2 X 10-'
5. OH + 0, = HO, + 0, 1.7 2 X 10-'
6. OH + CO = H + CO, 5.0 X 10-' 7 X 10-'
7. CH 30, + NO = CH 30 + NO, 1.7 2 X 10-'
8. C,H,O, + NO =

C,H,O + NO, 1.7 2 X 10-'
9. C,H.O, + NO =

CH,CHO+ NO, 1.7 2 X 10-'
10. CH,O + 0, = HCHO + HO, 1.7 2 X 10-'
II. C,H, + 0 = CH, + C,H,O 6.0 X 10- 1 6 X 10-'
12. C,H, + 0, =

HCHO + C,H,O, 8.3XIO-' 4 X 10- 1

13. C,H, + 0, = CH,O + C,H,O I. 7 X 10-' 2 X 10- 1

14. C,H, + HO, =
CH,O + CH,CHO 3.4 X 10-' 10- 1

15. C,H,O + M =

CH,+ CO + M 1.7 X 10- 1 2 X 10-'

Conclusion

These results indicate there are clearly reactions in the photo
chemical chain which will be suppressed by the inability of the
atmosphere to mix the reacting materials rapidly enough to
prevent serious local depletion of one of the reacting materials.
In these cases, conventional models of the reaction will tend to

and the reaction rate will be suppressed. In this case, the re
action is controlled by the rate of species mixing and will de
pend on parameters other than Ka and CaCp.

We may estimate which two-body reactions will proceed as
though C'aCP' ~ o-i.e., in the usual manner, and which will
be modified by having values of Ica'cp'1 of the same order as
Icacpl by forming the ratio

When N » 1.0, Ca'Cp' will tend to zero and the reaction will
be controlled by the reaction rate constant and the mean con
centrations; when N« 1.0, Ca'Cp' will tend to and remain
close to - CaCp and the reaction will proceed at a rate deter
mined largely by the rate at which one reactant can be mixed
with another and will depend on the scale of the patches of
unmixed reactants.

Typical values of Ka for various reactions which enter into
the photochemical chains are listed in Table I along with esti
mates of N. For these two-body reactions, only the first and
second are sufficiently slow for conventional kinetic models
to apply. The propylene reactions with 0" 0" and HO, (num
bers 12, 13, and 14 in Table I) tend to represent a transition
stage between diffusive mixing control and chemical reaction
control of the reaction rate. The remaining reactions are all
clearly diffusion-limited in inhomogeneous mixtures and
should proceed at a rate which is much slower than conven
tional chemical kinetics would predict.

(22)
3.4 X 10-'

KaCa

2D

A'KaCa

(
ilCa'Cp')

N = ill diff =

(
ilCa'Cp')

ill oh

A = !OOOcm
Po = 10-' glcm'
1'0 = 1.7 X 10-' g/cm-sec
D = 1.7 X 10- 1 cm'lsec
q = 30 cmlsec

These numbers give for the magnitude of the dissipative scale

A = 10 cm

where Po is the atmospheric density, q' = i1i + iJ'2 + 17', 1'0

is the molecular viscosity of air, and A is a length scale related
to the integral scale of the atmosphere, and is of the order of
1000 cm in the earth's boundary layer.

If we choose typical values of the parameters involved in
evaluating the magnitude of the expression for (ilCa'Cp'/ill)difl
given in Equation 20, we have

From this result, we obtain, finally,

In this expression, the dissipative scale length Amust be chosen
as it is chosen for the calculation of other turbulent correla
tions when performing calculations of the structure of turbu
lence (Donaldson, 1969).

For such calculations, I/A' is given approximately by

2 D = 3.4 X 10- 3 secl
A'

The rate of destruction of Ca'Cp' by molecular diffusion is of
the order of magnitude of 3.4 X 10-'Ca'Cp' and is tending to
drive Ca'Cp' to zero. If this diffusion dissipation of Ca'Cp' is
dominant, Ca'Cp' will remain close to zero and the chemical
reaction will proceed according to the product of the mean con
centrations. In this case, the chemical reaction rate is controlled
by the reaction rate constant and the mean concentrations in
the traditional way.

On the other hand, if the change of Ca'Cp' is dominated by
chemical reactions-i.e., the reaction proceeds more rapidly
than species diffusion, Ca'Cp' will tend to the value - CaCp
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seriously overestimate the reaction rate, and, therefore, the
production rate of the chemical species which enters into the
next reaction in the photochemical chain. On the other hand,
the enhancement of the reaction rate for two materials
emanating from a common source and, therefore, occupying
the same volume of the atmosphere, during the initial period
of incomplete mixing, may also represent a significant de
parture from conventional simulation models.

It is hoped that this brief and necessarily incomplete dis
cussion will serve to demonstrate the importance of turbulent
fluctuations of concentrations in atmospheric chemical re
actions. Consideration of these effects in refining simulation
models of these reactions appears to be important.

Nomenclature

C, mass fraction of ith chemical species, ppm
D, molecular diffusion coefficient for ith chemical

species, cm'/sec
K = chemical reaction rate constant, cm'/sec-mol
Ka , Kp chemical reaction rate constants, I/ppm-sec
M, molecular weight of ith chemical species, g/mol
N = nondimensional ratio of characteristic times
q2 i12 + V'2 + W '2 , cm 2/sec 2

Ra •p ordinary second-order correlation coefficient
t time, sec
u', v', w' orthogonal components of turbulent fluid

motion, cm/sec
y, length along ith direction of a cartesian coordinate

system, cm

[ ), - averaged quantity
departure from the average of the primed quantity

GREEK LEITERS

a, {3, 'Y, 5 chemical species
A dissipation scale length, cm
A macroscale of atmospheric turbulence, cm
1', dynamic viscosity for air, g/cm-sec
p, fluid density, g/cm'
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Hydrogen Peroxide Formation from Formaldehyde

Photooxidation and Its Presence in Urban Atmospheres

Joseph J. Bufalini,l Bruce W. Gay, Jr., and Kenneth L. Brubaker

Environmental Protection Agency, Research Triangle Park, N.C. 27711

• Hydrogen peroxide has been observed both in laboratory
studies involving the photooxidation of formaldehyde and in
urban atmospheres. In the laboratory studies, the H,O, yield
was nonlinear with formaldehyde consumption and decreased
in the presence of oxides of nitrogen. The urban atmosphere
at Hoboken, N.J., contained 4 pphm of H,O, under moderate
smog conditions. Under severe smog conditions, the River
side, Calif. atmosphere contained 18 pphm of H,O,.

I n the study of Purcell and Cohen (1967), hydrogen perox-
ide was found as a photooxidation product of formalde

hyde. This observation contrasts with the earlier work of
Carruthers and Norrish (1936) as well as that of Horner and
Style (1954) who observed no H,O,. The differences in results
obtained by these investigators may arise from the concentra
tions employed in the laboratory irradiations. Purcell and
Cohen worked with very low concentrations, ranging from I
to 30 ppm (v/v), whereas the earlier workers used millimeter

1 To whom correspondence should be addressed.
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partial pressures of formaldehyde. This difference suggests
that the mechanism for the photooxidation of formaldehyde
may be significantly altered at low concentrations.

The purpose of this investigation was to extend the work of
Purcell and Cohen by observing the H,O, and all of the carbon
fragments resulting from the photooxidation of formaldehyde
at two different wavelength regions (maxima near 3100 and
36OOA., respectively) and in the presence and absence of oxides
of nitrogen. Also, since our laboratory studies have detected
H,O, in irradiated systems containing oxides of nitrogen and
such hydrocarbons as 1,3,5-trimethylbenzene, ethylene, pro
pylene, I-butene, as well as irradiated auto exhaust, we con
cluded that H,O, may also be present in polluted urban at
mospheres.

Experimental

Formaldehyde in air was irradiated either in a 72-1. boro
silicate flask or in 160-1. plastic bags made from fluorinated
ethylene-propylene copolymer (Du Pont FEP Teflon). The
bags were constructed of Tedlar plastic in the Hoboken, N.J.,
study. The irradiations were carried out in a thermostatted
irradiation chamber described elsewhere (Altshuller and
Cohen, 1964) at a temperature of 23° ± 1°C and at ambient
pressure. The irradiation chamber was fitted with either 24



1.3
027
0.20

NO"
ppm

12.0
12.3
12.8

MeOH,
ppm

Table I. Photooxidation of Methanol with Nitrogen Dioxide
and Blacklights

Irradn Products formed, ppm
time, min CO CH,O

60 0.253 0
120 0.153 0.280
120 0.109 0.242

Results

During the early stages of this work, we were uncertain
about the suitability of formalin solution because of the
presence of methanol. We compared the formaldehyde con
sumption and H,O, produaion offormalin and paraformalde
hyde. The results showed that the presence of methanol had
very little, if any, effect on the photooxidation of formalde
hyde. In further tests, methanol was irradiated with NO,; these
data are shown in Table I. Apparently some methanol reacts,
since CO and formaldehyde are observed as products. The
yield is small, however. Also, since the concentration of
methanol present during the formaldehyde irradiations is
three times lower than that shown in Table I, we concluded
that methanol interference is minimal. We were not able to
measure the methanol concentration directly. The retention
time for the methanol on the gas chromatograph was ex
tremely dependent on the relative humidity of the air employed
for the irradiations. Since FEP Teflon is extremely permeable to
water vapor, we found that the sensitivity of tbe gas chro
matograph to methanol increased with increasing time. Tbis
phenomenon was apparently a result of column conditioning
with water vapor.

The stability of H,O, in FEP Teflon bags was also investi
gated. The concentrations observed experimentally were lower
than the calculated theoretical concentration. This discrep
ancy is probably owing to the destruction of H,O, in the metal
needle of the syringe and the destruction of H,O, on the bag
walls. An initial increase in H,O, was observed. This phenome
non was reproduced in replicate runs and was probably due
to desorption of H,O, from the walls. In filling the bag ini
tially, the surface-to-volume ratio was very large and some
H,O, apparently condensed on the walls. As the bag filled,
the surface-to-volume ratio decreased, and H,O, came off the
walls and into the gas phase. The decomposition was linear at
a rate of 10- 3 ppm/min at 2 ppm H,O, level. The data pre
sented in the figures and tables were not corrected for decom
position.

Data from the photooxidation of formaldehyde in the pres
ence and absence of NO, with sunlight fluorescent lights

value was all that was needed for our studies, but the absolute
light intensity (photons cm-'sec') can be obtained by using
the absorption cross section for NO, and the quantum yield.
The first-order dissociation constants kd for the cbamber were
0.32 min-' and 0.14 min-' for 24 blacklights and 28 sunlamps,
respectively.

During the summer of 1970, the Environmental Protection
Agency had one of its mobile instrument trailers stationed in
Hoboken, N.J. Air was collected in large plastic Tedlar bags
during the early morning hours of heavy traffic at the New
Jersey entrance to the Lincoln Tunnel. These bags of polluted
air were protected from sunlight and returned to the instru
ment trailer for irradiation and analyses. The collected air
samples were irradiated by exposing the bags to sunlight on
the roof of the trailer.

GE F-40-BLB blacklights with maximum intensity at 3600A or
with 28 Westinghouse FS-40 sunlamps with maximum in
tensity at about 3100A. The irradiation container was filled by
injecting either or both nitrogen dioxide and formaldehyde
solution through a rubber septum onto the inner wall of a
glass tube through which a gas, usually air, was passing. The
glass was then heated gently to ensure complete evaporation
of the reactants.

Analysis for formaldehyde was performed by the chromo
tropic acid method (Altshuller et aI., 1961), nitrogen dioxide
concentration was measured by the method of Saltzman
(1954), and nitrate as nitrite by reduction with hydrazine in a
hot alkaline solution. The nitrate (as nitrite) was then diazo
tized with sulfanilamide and N(I-naphthyl)-ethylenediamine
dihydrochloride (Mullin and Riley, 1955).

Carbon monoxide and carbon dioxide were measured by gas
chromatography with a catalytic convertor of the type origi
nally developed by Schwenk et al. (1961) to convert the CO to
methane for easy detection with the flame ionization detector.
The formic acid analyses were made with I-ethylquinaldinium
iodide reagent (Sawicki et aI., 1962). H,O, was determined by
using the specific method developed by Cohen and Purcell
(1967). This method involves the reaction of titanium IV and
8-quinolinol with H,O, to form a colored complex. Possible
interferences from various atmospheric pollutants (SO" 0 3,

NO" NO, and olefins) were investigated. Only SO, at high
concentrations was found to give a negative interference of
0.7% at a SO, concentration of 20 ppm. Other compounds
such as peracetic acid, ethyl hydroperoxide, n-butyl hydro
peroxide, acetyl peroxide, and peroxyacetyl nitrate (PAN) were
tested by Cohen and Purcell and found to give a very slight
negative interference at high concentrations. Since no one has
reported any of these compounds, aside from PAN, as being
present in the atmosphere, one can assume that interferences
are minimal. The concentrations of PAN in urban atmosphere
are usually quite low (~4 pphm). Thus, no PAN interference
with the H,O, determinations is possible.

Singlet oxygen (0, 'Llg) was not tested as a possible inter
ference for H,O, determinations in the atmosphere, but it is
doubtful that 0, 'Llg is present at sufficiently high concentra
tions to make its interference important.

The formaldehyde solution was Matheson, Coleman and
Bell reagent grade 36-38% in water with 10-15% methanol
added as a preservative. This solution was used without
further purification. Baker dry air and prepurified nitrogen and
nitrogen dioxide (Matheson, 99.5 % pure) were used.

The stability of H,O, in FEP Teflon bags was investigated by
injecting microliter quantities of a standardized 22.9 % H,O,
solution into a metered airstream while filling the bag. The
theoretical concentration of peroxide was calculated from the
amount of liquid injected and the volume of air used. The
actual concentration in the bag was determined by both the
titanium IV reagent and the catalyzed I % potassium iodide
method (Cohen et aI., 1967).

Ozone at the New Jersey site was monitored with a Regener
type instrument (Regener, 1960) while total oxidant was
measured with the neutral KI procedure. Laboratory measure
ments employed the chemiluminescence from the ethylene
ozone reaction (Nederbraght, 1965) and the Beckman Mark
IV uv photometer. Total oxidant readings in California were
obtained on a Mast ozone instrument. H,O, gives a 7% slow
response with the Mast (Bufalini, 1968).

Light intensity of the irradiation chamber was determined
by measuring the initial rate of disappearance of NO, in an
inert atmosphere, as described by Tuesday (1961). This k d
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Figure 1. Formaldehyde irradiated with and without NO, in the
presence ofsunlight

Figure 3. Formaldehyde irradiated with blacklights
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Figure 2. Formaldehyde irradiated with hlacklights and NO,

Table III. Formaldehyde (12 ppm) Irradiated with 1.2 ppm
NO, in Air and Sunlamps

Irradn
time, (HCHO) (CO) (H,O,) (NO,)
min (HCHO), (HCHO), (HCHO), (NO,), OJ, ppm

30 0503 0.771 0.073 0.133
60 0336 0824 00867 0080 068

120 o 190 0896 00871 0039 0.93
180 0.118 0.881 0.0713 0030 081

Table IV. Formaldehyde (12.9 ppm) in Air Irradiated
with Blacklights"

Irradn time, (HCHO) (CO) (H,O,)
min (HCHO); (HCHO;, (HCHO),

60 0.861 0.717 0
90 0813 0.814 0018

120 0.759 0.861 0.035
180 0.669 0.883 0.021

Q; Ozone <0.1 ppm after 180 min. This was not observed with a clean
Teflon chamber.

Table II. Formaldehyde (12.5 ppm) in Air
Irradiated with Sunlamps

Irradn time,
min

30
60

120
180
240

(HCHO)
(HCHO),

0.633
0.400
0.224
o 156
0.106

(CO)
(HCHO),

0.732
0.724
0.796
0.836
0.833

(H,o,)
(HCHO),

0.052
0.115
0.127
0.140
0090

Table V. Formaldehyde (12.7 ppm) Irradiated with 1.01 ppm
of NO, in Air and Blacklights

lrrado.
time, (HCHO) (CO) (H,O,) (NO,)
min (HCHO), (HCHO), (HCHO), (NO,), OJ, ppm

30 0814 0819 0.050 0.152 0.27
60 0714 0.864 0.020 0064 0.75

120 0.527 0.825 0028 0.089 1.l9

(wavelength maximum at 3100,.\) are shown in Figure 1. Re
sults from the photooxidation of formaldehyde again in the
presence and absence of NO, but with blacklight fluorescent
lights (wavelength maximum at 3600,.\) are shown in Figures
2 and 3. The reduced data are shown in Tables II-V for the
various conditions.

Gas chromatographic analyses indicated CO as the major
product. As shown in the tables, this product accounted for
as much as 90% of the total carbon. Limited data from two
experiments with a closed glass system indicated that between
12 and 20% of the carbon appears as CO,. The remaining
carbon appeared as CO.

Various techniques were employed to test whether any oxi
dant other than H,O, was formed in the photooxidation of
formaldehyde. These tests were performed by the titanium-8-

quinolinol method for H,O, with neutral potassium iodide re
agent, the molybdate-catalyzed potassium iodide reagent, Mast
instrument equipped with an olefin titration system, and a
Beckman Mark IV uv photometer. After obtaining some con
tradictory results, we found that formaldehyde interfered with
the molybdate-catalyzed potassium iodide reagent giving more
oxidant than is actually present. No other oxidants, such as
performic or peroxyformyl nitrate, were observed as products.
Some ozone (~0.1 ppm) was observed in the photooxidation
of formaldehyde in the presence of black lights and in the
absence of oxides of nitrogen. However, this phenomenon
was dependent on the history of the Teflon container. A con
tainer that had not been previously employed in irradiations
involving oxides of nitrogen did not produce ozone. This sug
gests that very small concentrations of NO, (ppb range) can
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Discussion

The formation of H20, can be explained by a sequence of
reactions involving either the photolysis of formaldehyde,
nitrous acid, or nitrogen dioxide. The photolysis of formalde
hyde has been reported (Calvert and Pitts, 1966) in terms of
two primary processes:

formation. On August 6, during a severe smog episode, con
centrations of oxidant as high as 0.65 ppm were observed with
the Mast ozone meter (Figure 5). H,O, reached a maximum
of 18 pphm during the episode. This maximum appeared at
the same time the total oxidant maximized.

The time at which the oxidant maximum for Riverside oc
curred was later in the afternoon than is usually observed in
downtown Los Angeles. This difference can be explained by
meteorological factors relating to the transport of air masses
from west to east. Movements of polluted air mass and
changes in photochemical smog formation are reflected in the
observed changes in H,O, concentrations. Figure 6 shows the
H,O, concentration as a function of time of day for various
days at the Riverside site. On August 7, moderate to heavy
smog buildup was observed for the air mass which moved
eastwardly over Riverside. Maximum total oxidant observed
was about 0.3 ppm between 2:00 and 3:00 P.M. A maximum
concentration of 6 pphm of H,O, was observed. The polluted
air mass which formed west of Riverside on August 11 never
reached the sampling site owing to a change in wind djrection.
Less photochemical smog on August 10 was exhibited by
increased visibility and lower oxidant readings. The maximum
oxidant was observed at about 3:00 P.M. when I pphm of
H,O, was measured.

be responsible for significant concentrations of ozone. The
H,O, yield was lower when formaldehyde was irradiated with
sunlamps in the presence of oxides of nitrogen.

Analyses for formic acid were performed on several experi
ments under the various conditions of these studies. The
formic acid data were inconclusive, probably because of the
difficulty of the analytical method. In one experiment, no
formic acid was observed when formaldehyde was reacted
with NO, and sunlight for 30 and 60 min. At 120 min, when
9.69 ppm formaldehyde had reacted, 0.73 ppm formic acid
was observed. At 180 min, when 10.16 ppm formaldehyde had
reacted, 0.64 ppm formic acid was observed.

Since most if not all of the carbon from formaldehyde can
be accounted for, it was necessary to determine the fate of
NO,. We (Gay and Bufalini, 1971) showed recently that when
hydrocarbons are photooxidized in the presence of oxides of
nitrogen, much of the nitrogen oxide is oxidized to nitric acid
on the walls of the reaction vessel. Since Teflon bags could not
be used for this study, we repeated some of the work with a
large borosilicate flask. Two experiments were performed with
the large flask for this purpose. Formaldehyde (6 ppm) was
irradiated for 6 hr with 2.3 ppm of NO,. After the irradiation,
2.25 ppm of nitrogen was recovered; 1.79 ppm appeared as
nitrate on the walls; and 0.46 ppm appeared as nitrate in the
gas phase. The alkaline hydrolysis product of NO, at low ppm
concentrations is a nitrite. This experiment was repeated with
6 ppm formaldehyde and 1.9 ppm NO,. After 17 hr irradia
tion, no nitrate or nitrite were observed in the gas phase but
0.18 ppm of nitrite and 1.8 ppm of nitrate were observed on
the walls of the reaction vessel.

The results from irradiating a bag of air collected at Hobo
ken are shown in Figure 4. The bag contained 6.0 ppm of CO,
4.1 ppm of methane, and 1.9 ppmC of nonmethane hydro
carbons. The total oxides of nitrogen were 36 pphm with 29.5
pphm as nitric oxide. After I hr exposure to sunlight, the
NO, maximum was reached, and after 2 hr all of the nitric
oxide and most of the NO, had disappeared. Total oxidant
maximum and H,O, maximum were observed after 33/, hr
exposure.

The atmosphere in the vicinity of the mobile instrument
trailer in Hoboken, N.J., contained concentrations up to 4
pphm of H20,. This concentration was measured on a day of
high solar radiation and moderate smog formation. On days
when solar radiation was low owing to cloud cover, no H,O,
was observed.

In August 1970, the urban atmosphere at Riverside, Calif.,
was sampled for H,O, during days of photochemical smog

HCHO + hv~ H + HCO

---'------''-----'----'--'- ..-----l
TlllEOFIlAY

(I)

TOTAl ox,.......-------

,~,__--J~-:>....oq--"----..J;---+--___!~-__!

IRIl.I.OIATION TillE, hI"$

Figure 4. Lincoln Tunuel air sample irradiated with natural sunlight

Figure 5. Measured oxidant at Riverside, Calif., August 6, 1970

TIlliE OF DAY

Figure 6. H,O, concentrations at Riverside, Calif., in August 1970
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HCO, + NO _ HCO, + N02 (28)

HCO, + HCHO _ HC02H + HCO (29)

From the sequence of reactions as written, it isn't obvious how
formic acid can be produced in the absence of nitrogen oxides.
In their presence, Reactions 28 and 29 can occur

The importance of both processes at different wavelengths
has been discussed recently by McQuigg and Calvert (1969)
and by DeGraff and Calvert (1967). When CO, oxides of
nitrogen, water vapor, and high partial pressures of oxygen
are present, the following sequence of reactions can also occur:

This mechanism shows that formaldehyde participates in
H,O, formation (Reaction 8). However, formaldehyde is not
necessarily needed for the production of H 20,. If a hydro
carbon containing a weak C~H bond is replaced for form
aldehyde in Reaction 8 and any hydrocarbon in Reaction 5,
then as long as atomic hydrogen is formed (by Reaction 27
when CO is present), H,O, can be produced. Since polluted
urban atmospheres contain NO" CO, H,O, and various hy
drocarbons, H,O, has a number of ways of being generated.
However, the photolysis of formaldehyde is probably the pre-

dominant source ofH,O, in the atmosphere.
In this work, as in the work of Purcell and Cohen (1967),

the molecular balance between peroxide formed and aldehyde
consumed is clearly lacking. This is especially true for pro
longed irradiations, as shown in Figures I and 2. This dis
crepancy can be explained by Reactions 12 and 16 in the
absence of nitrogen oxides. In the presence of nitrogen oxides,
the amount of H 20, produced is significantly lower. This sug
gests that Reaction 18 is important. It is doubtful that Re
action 9 occurs, since no oxidants other than H20, and ozone
have been observed. It is also probable that peroxyformyl
radical (Reaction 7) is not formed at all and that the HCO
radical decomposes directly after combining with oxygen to
form the products of Reactions 10 and II. Evidence for this is
found in the recent work of Dimitriades (1969) who was un
able to produce peroxyformyl nitrate.

In one respect, the data shown in the tables do not fit the
reaction scheme shown. In Tables II and III, the third col
umns show the CO/HCHO ratios for various irradiation times
in the absence and presence of oxides of nitrogen. The ratios
are higher in the presence of nitrogen oxides and with increas
ing irradiation time. Reaction 27 shows OH radicals reacting
with CO. If this reaction were important, there should be a
relative decrease in CO concentration after prolonged irradia
tion. The ratio should also be lower when oxides of nitrogen
are present. Unless the rate constant for OH and HCHO is
much greater than 2 X 10- 1' cc molecule- I sec 1 (Dixon
Lewis et aI., 1966), which is the OH-CO rate constant, it would
appear that OH radicals are unimportant in this system. How
ever, comparison of Figures 1 and 2 shows that the rate of
disappearance of formaldehyde is 50 to 200 times greater than
the rate that can be explained by just the atomic oxygen reac
tion (Herron and Penzhorn, 1969; Niki, 1966). Since the H,O,
yield is low in the presence of NO" and since little if any
formic acid was formed and no peracid was observed, the
types of free radicals operative in this system are clearly
limited. Therefore, it must be concluded that OH radicals are
the most important free radicals in this system and that the
OH-HCHO rate constant is much greater than that for CO
and OH. This conclusion is not in agreement with the work of
Avramenko and Lorentzo (1949) but seems compatible with
the observations of Herron and Penzhorn (1969). The former
found a rate constant of 10- 1' cc molecule- I seC 1 for the
OH-HCHO reaction while the latter group found a lower
limit of 6 X 10-]2 cc molecule- 1 sec I This observation is also
compatible with the recent work of Morris and Niki (1971).
These investigators observed a rate constant of 1.5 X 10- 11

cc molecule- 1 sec-I
A possible explanation for the increase in the CO/HCHO

ratio arises from the reaction of methanol. In Table I with
12 ppm of MeOH and 1.3 ppm of N02, approximately 2%
CO arose from the photooxidation in only 60 min. Since 4
ppm of methanol are present in all of the formaldehyde ex
periments, it is reasonable to assume that the amount of
methanol reacting should increase with increasing irradiation
time. The CO concentration should increase thus making the

CO/HCHO larger.
Reactions 22 and 26 are included in the reaction scheme as a

possible source of nitrate formation. However, since no ni
trate was observed in the gas phase, the reactions either occur
on the walls of the reaction vessel or they are of little impor

tance.
The data shown in Tables II and IV indicate that more H20,

is formed when formaldehyde is irradiated with sunlamps
(/0. = 3100,\) than when irradiated with black lights (/0. =

(2)HCHO + hv _ H, + CO

NO, + hv - NO + 0 (3)

M
0+ 0,-0, (4)

o + HCHO _ OH + HCO (5)

M
H + O,-HO, (6)

HCO + O2 - HCO, (7)

HO, + HCHO - H20, + HCO (8)

HCO, + HCHO _ HCO,H + HCO (9)

HCO, - CO + H02 (10)

HCO, - CO, + OH (11)

wall
HO, - destruction (12)

2HO, - H,O, + 0, (13)

HCO,H _ CO + H,O + 1/,0, (14)

HCO,H - CO, + H, + Ij,O, (15)

H,O, _ H,O + Ij,O, (16)

OH + HCHO - HCO + H,O (17)

NO + HO, _ NO, + OH (18)

0, + NO - NO, + 0, (19)

NO, + 0, - NO, + 0, (20)

NO, + NO, - N,O, (21)

N,O, + H,O - 2HNO, (22)

NO + NO, + H,O~ 2HNO, (23)

I"
HNO,-OH+NO (24)

M
OH +NO- HNO, (25)

M
OH + NO, - HNO, (26)

OH + CO _ CO, + H (27)
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3600;\). This suggests that Reaction I is less important at the
longer wavelength, an observation that is compatible with
the work of McQuigg and Calvert (1969) and earlier in
vestigators and incompatible with the observations of DeGraff
and Calvert (1967). This observation is also in qualitative
agreement with the recent work ofCalvert et aI. (1972).
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Leonard A. Jonas,' Carlye M. Lochboehler, and William S. Magee, Jr.

Chemical Laboratory, Edgewood Arsenal, Md. 21010

• The physical properties and aerosol filtration characteristics
of U.S. Army Types 5, 6, 7, and 8 filter mats were studied.
Filter bulk densities ranged from 0.197 to 0.243 g/cm', and
the fractional void volumes from 0.845 to 0.883. Pressure
drops of the filters were expressed asa function of the product
of the mat thickness and the superficial linear velocity in a
simple polynomial in conformity with Darcy's law for fluid
flow through porous media. Filtration by the filter mats of
0.3 IJ. diam dioctylphthalate (oop) aerosols was expressed
both by the long-standing equation relating oop penetration
to the filter pressure drop at any discrete flow velocity and
by the more recent Dorman equations. The Dorman flow
regimes were found consistent with the experimental data,
and the parametric relationships confirmed the concept
of a discrete velocity at which maximum aerosol penetration
of a filter occurred.

MUCh current interest is centered at the control and
reduction of air pollution. One of the means of

accomplishing this is the removal of fine aerosol particles from
the air by fibrous filter mats.

The published literature in the general field of aerosol filtra
tion is exceedingly voluminous, and the problem existing with

I To whom correspondence should be addressed.

the new experimentalist is how to limit the references in order
not to stagger the reader without slighting the important con
tributions of many workers in this field. Excellent background
in aerosol filtration can be found in the work of First and
Silverman (1953), Chen (1955), Green and Lane (1957), Fuks
(1964), Werner and Clarenburg (1965), Pich (1965), Dorman
(1966), and Torgeson (1968).

In addition to the generalized studies of aerosol filtration, a
body of literature ("Handbook on Aerosols," 1950; "Hand
book on Air Cleaning," 1952) had accumulated on methods of
generating aerosols, measuring their particle size distribution,
the choice of solid or liquid aerosol, instrumentation for the
detection of aerosol penetration of filters, and on the under
lying theories based on which the instrumental methods were
developed.

Purpose

The purpose of this study was to determine the penetration
characteristics of a 0.3-IJ.-diam liquid dioctylphthalate (oop)
aerosol through four types of U.S. Army mask filter mats as a
function of variables such as flow velocity, filter thickness,
and pressure drop, and to develop those mathematical rela
tionships in accord with present theory which quantitatively
expresses the experimental data.

Theory

Dorman (1960a, 1966) has developed a means of analyzing
aerosol filtration data in terms of a semiempirical formulation
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which takes into account the relative contributions of inertial,
diffusional, and interception mechanisms. Impiicit to his work
is the assumption that these three mechanisms contribute
additively. Hence, the percentage penetration may be related
to physical parameters of the system by the expression:

and

/iP = k,A

-In ~ = k,/iP
n,

(8)

(9)

(12)

(10)

(II)

we obtain

-In (DOP % ~;etration) = k,/iP

from which, by defining

a = k,f(2.303 X 10-')

and

where k, is equal to kfk, and n,fn, is the fractional density of
DOP particles penetrating the filter. It follows, therefore, that

n, DOP % penetration

nl 100

log DOP % penetration =

-(kRAVLX+ kDAVL- V+ klA) + 2 (I)

where kR, k D, and k l are, respectively, the inertial, diffusional,
and interception parameters; VL is the superficial linear
velocity; and A is the thickness of the filter. Dorman reported
that x imd yare found empirically to range up to 2 and 'f"
respectively.

As demonstrated experimentally, a plot of log DOP % pene
tration vs. VL exhibits a maximum for the velocity equal to,
say, VL . Knowing this we find the analytic maximum for
Equation 1 by taking the derivative with respect to VLand
setting it equal to zero. From this we obtain the relationship

(2)

with which Equation 1 can be reduced to the form

log DOP % penetration = - 0,0) a/iP + 2

From Equations 4 and 13 we form the expression:

log DOP % penetration = -0,0) k,AaVL + 2

(13)

(14)

where n is the number density of aerosol particles (no.fcm '), A
is the filter thickness, and k the constant of proportionality.
Integrating over appropriate limits we get:

log DOP % penetration =

-kRA[VLX +(n VL(XH)VL-V] - klA + 2 (3)

The above set of equations form the basis for analysis of our
experimental data.

Equipment

The equipment used to test the filtration characteristics of
the filter mats was a DOP aerosol test apparatus. The apparatus,
assembled on a laboratory bench and occupying a space 2 ft
deep, 3 ft high, and 8 ft wide, consisted of three functional
parts: a generator for the test aerosol, a holder for exposure of
the filter mat to the aerosol, and a detector for measurement of
that fraction of the challenge aerosol penetrating the filter. The
aerosol was produced by a MIT-EIR9 generator at 100 l.fmin
(lpm), 20 lpm of which was preheated (150°C) and passed
over DOP liquid at 168-170°C picking up existing vapor. The
remaining 80-lpm air (room temperature) quenched the vapor
to the aerosol (mean diam, 0.3 p.) by virtue of the temperature
gradient in the flows. A concentration of aerosol between 80
and 120 p.gfl. of air was formed by regulation of the tempera
ture of the DOP liquid. The particle size of the aerosol was ad
justed, as desired, by the temperature of a small filament heater
in the 80-lpm quenching airstream which altered the tempera
ture gradient. The 0.3 p. diam corresponded to a reading of
29° (± 10) on the MIT-EIR2 particle sizc meter, referred to as
the Owl. The newly formed aerosol was next directed into a
5-gal. reservoir which served to age or store the DOP aerosol,
and from which aerosol was drawn by vacuum through the
remaining portions of the test apparatus when required.
Excess aerosol generated was vented to a laboratory hood.

The sample filter mats were conditioned in the laboratory at
the temperature (25°C) and Lh. (50%) of the room. The mats
were positioned in a cast iron mat holder which held them in
place by a pressure seal and exposed an area of JOO cm' to the
challenge DOP aerosol.

Comparisons of the right-hand sides of Equations 3 and 14
yield, after logarithms are taken, the equation

log a = -log VL +

log {kR[VLL+ (~) VL(LH)VL-V] + k l} -log(O.OI k,)

(15)

(5)

(6)

(7)

(4)

-dn = kn
dA

f n'dn 1"- - = k dA
nJ n i\.l

or

Plots of [2 - log DOP % penetration) vs. IVLX + (xfy)
VL (XH) VL-V) being straight lines enable kRand k D to be cal
culated from the slope and k l from the intercept.

Darcy's law (Collins, 1961) for flow of an incompressible
fluid through a porous material of length A, cross-sectionaI
area A, volumetric flow rate q, fluid viscosity p., and material
permeability K expresses the pressure drop 6P as

where k, is the ratio p.fK. In these relationships cognizance has
been taken of the facts that VL = qfA by definition and that
both p. and K are constants of the fluid flow and porous
material under study.

A simplistic aerosol filtration equation can be derived by
assuming that filtration is a first-order removal process. Thus,

since A, - AI constitutes the boundaries of the filter thickness
and therefore AI can be set as zero. From Darcy's law, Equa
tion 4, we see that pressure drop 6P is a linear function of filter
thickness for a fixed velocity, then
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where n was the number of different fibers in the composition
of the filter. The porosity, of the filter mat was calculated from
the relationship

The physical properties of the filter mats are shown in Table II.
The pressure drop across the filter, resulting from forced air

flow through the filter, was determined as a function of both
the number of layers and the superficial linear velocity for

drop across the filter mat at the specific flow velocity was noted
from a pressure manometer. Next the mat was exposed to the
predetermined DOP aerosol concentration by drawing the
aerosol through the mat at the same flow velocity. The DOP %
penetration was read directly as the maximum deflection of the
microammeter needle on the NRL penetrometer. The system
was again purged before each pressure drop and DOP penetra
tion determination.

(18)

(17)

0- = 1 - ,

1

bulk density dr
, = -'----:-1--=------!

bulk density

since the reciprocal of the bulk density represented the specific
volume (cm'/g) of the filter mat which included both the spe
cific volume of the filter fibers and their interfiber space
volumes. The fraction ofa total filter volume filled by fibers (0-)
was:

Results and Discussion

The four filter mats studied, namely Types 5-8, were each
composed of both aerosol filtering fibers and coarse matrix
fibers. The fine filtering fibers in Types 5-7 were blue Bolivian
Crocidolite asbestos beaten to separate the mineral clusters;
in Type 8 AAA glass fibers having a range of diameters be
tween 0.50 and 0.74 ". Matrix fibers in the various filter mats
consisted of mixtures of fibers such as cotton, rayon, hemp,
and wood pulp. Density values for the various fibers ranged
from 1.15 to 3.25 g/cm' (Hall, 1965). The compositions used
for the formation of the filter mats are shown in Table I. The
specification governing the composition and performance of
these mats is MIL-F-13785A, Amendment 2, July 25, 1958,
and formed the basis for their manufacture on commercial size
Fourdrinier equipment by various industrial paper-making
companies. The filters are widely used in industrial and govern
ment laboratories.

Weight per unit area and mat thickness values were deter
mined for each of the four filter types. From these data
physical properties such as the bulk density, mean fiber density,
volume fiber fraction, and porosity (volume void fraction)
were calculated. The mean fiber density for the filter was cal
culated as the weighted mean in accord with

dr = :t (dr;"", X fiber fractional composition) (16)
1

Table I. Composition of Fibrous Filter Mats

Fiber

Procedure

The generator cup was filled with liquid DOP to a depth of 2
in. All electrical and heater switches were activated including
an auxiliary heater, which in a 15-min period aided in attain
ing the operating temperature (l68-170°C) for the DOP. When
operating temperature was obtained, the air pressure valves
were opened to generate the DOP aerosol. The aerosol particle
size was checked with the Owl and the temperature gradient
adjusted until a mean 0.3-,,-diam aerosol was being formed.

The concentration range of 80-120 "g DOP/1. of air was
determined as follows: A 5'/. X 5'1. in. cut of Type 6 filter
mat, having reached equilibrium at the temperature and rela
tive humidity of the room, was placed in the filter mat holder
and exposed to air without DOP for 15 min at a flow of 321pm.
The mat was removed from the holder and, after an additional
100min waiting period, the initial weight of the mat was ob
tained to the nearest tenth of a milligram on an analytical
balance. The same mat was then replaced in the holder and
exposed to the DOP aerosol concentration for 15 min at 32lpm.
After another IO-min waiting period the final weight was deter
mined. The mean concentration was calculated by dividing the
net increase in filter weight due to DOP by the volume of air
passed through the filter. After the desired concentration range
was obtained, the system was purged with pure air prior to
actual testing of filter mats.

Pressure drop and DOP % penetration were determined in
the following manner for one-six layers of Type 5 filter
material over a linear velocity range of 50-797 em/min and for
one layer of Types 6-8 filter materials over a linear velocity
range of 80-850 em/min.

The filter mat was placed in the pad holder and the pressure

The detection and measurement of that fraction of the
challenge DOP aerosol penetrating the filter mat was accom
plished with a NRL-E2Rl Smoke Penetration Meter which
employed small-angle forward light scattering to measure the
DOP aerosol. The meter was capable of detecting aerosol
particles over a range of 0.001-100% penetrating the filter
mats.

Density, %Composition of filter types
Type gfcm' 5 6 7 8

Cotton floc I. 52 58.2 25.6
Viscose rayon 1.51 34.0 42.0 46.3
Manila hemp 1.48 4.9 6.4 4.3 9.8
BI. Bol. crocidolite

asbestos 3 2-3.3 2.9 20.0 11.7
Duralba wood pulp 1.15 42.0 23.9
AAA glass 1.25 20.0
Causticized esparto I. 33 48.0

Table II. Filter Mat Physical Properties
Bulk Weighted mean

Thickness,' em density, gfcm' fiber density, gfcm' Fiber fraction, uFilter type

5
6
7
8

Wt/area, gfcm'

00128
0.0214
0.0245
0.0203

0062
0.103
0.101
0.103

0.206
0.208
0.243
0.197

1.565
1.772
i .561
1.369

0.131
o 117
0.155
0.144

Porosity
(vol. void fraction)

0.869
0.883
0.845
0.856

a Measured with Randall & Stickney thickness gauge.
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Table m. DOP %Penetration of Type 5 Filter Mats as a Function of Layers and Linear Flow Velocity

DOP % penetration through
Linear velocity,

em/min
I Layer

0.0619 em
2 Layers

0.1238 em
3 Layers 4 Layers

0.1857 em 0.2476 em
5 Layers

0.3095 em
6 Layers

0.3714 em

50 17.000 2.390 0.330 0.055 0.006
100 18.000 3.150 0.462 0.070 0.013 0.001
150 19.000 3.360 0.798 0.170 0029 0006
200 19000 4116 0.756 0.210 0033 0.007
300 21.000 3.990 o 819 0.200 0.041 0.008
400 26.000 5.000 1.092 0240 0.059 0.007
500 25.000 5.500 1.071 0.200 0.043 0006
600 24.500 5.000 1.176 0.255 0.065 0015
700 24.500 5.000 1.197 0.245 0.057 0.012
797 22.000 5.000 1.008 0.235 0.040 0.009

Type 5 filter mats. Because of the high-pressure drop across
one layer of the Types 6-8 filters, pressure drop was determined
only as a function of linear velocity. Pressure drop measure
ments in millimeters of water were made for as many as six
layers of Type 5 filters. For the Type 5 filter, the superficial
linear velocity range tested was 50--2983 em/min; for Types
6-8, 80--850 em/min. The data, if plotted as pressure drop vs.
mat thickness for each velocity or vs. velocity for each mat
layer, would result in a family of straight line curves for each
filter type. However, by plotting the pressure drop vs. the
product of the superficial linear velocity and mat thickness,
one straight line curve was obtained for each of the four filter
types in accord with Darcy's law, as expressed in Equation 4.

The curves are shown in Figure 1, the smooth lines being the
Univac 1108 computer regression lines and the points some of
the experimental data used in .the regression analyses. The
coefficient of correlation R for each of the lines was greater
than 0.998, indicating an extremely high confidence that the
regression lines accurately represented the experimental data.
The regression line equations obtained were as follows:

For Type 5: t1P (mm water) = 0.268 }.VL (R = 0.99840)

For Type 6: t1P (mm water) = 1.297 }.VdR = 0.99856)

For Type 7: t1P (mm water) = 1.335 }.VL (R = 0.99829)

For Type 8: t1P (mm water) = 0.883 }.VdR = 0.99815)

In these equations, the product }.VL was in cm'/min and the
slope of the M vs. }.VL was equal ;0 p./K of Equation 4 in
(min) (mm water/cm'). To convert to centime gram sec (cgs)
units, the t1P values would be multiplied by 98.03 to obtain t1P

120

"0

100 X TYPE.5 FILTER

: !:J. TYPE 6
~ '0 o TYPE 7
~

• ao o TYPE 8

~ 70
~

~
..
'0

30 40 ~ ~ 70 80 90 100

THICKNESS II VElOC·ITY, ~Vl (eM 2/MIN]

Figure 1. Pressure drop as a function of thickness X velocity
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in dynes/cm' which, if the product l\VL were converted to cm'/
sec, would result in slopes (p./K values) in g/cm" sec. These
equations show that the slope (p./K) of Darcy's equation varies
for each filter. Since the fluid viscosity p. was constant, the
variations in slope were attributable to differences in the
material permeability factor K for each of the filters studied.

The aerosol filtration characteristics of the various filter
mats were studied using DOP aerosols with a mean diameter of
0.3 p. and measuring the %penetration of the DOP through the
mats. The penetration of Type 5 mats was tested as a function
of pressure drop by using multilayers of mats at anyone flow
velocity, and then separately by varying the velocity. These
data are shown in Table III. Figure 2 shows that for these data
a plot of the log DOP %penetration is an inverse linear func
tion of pressure drop and results in a family of straight line
curves for the various flow velocities. The equations of these
straight line curves for the six linear velocities plotted (ranging
from 50 to 797 cm/min) are shown in Table IV in accordance
with the form of Equation 13 where the slope of the log DOP

%penetration vs. t1P plot is equal to -0.01 a. Figure 3 shows
that a plot of the log DOP % penetration vs. velocity has a
maximum for each of the six layers displayed, the maxima
being 450, 550, 580, 540, 520, and 570 cm/min for the one to
six layers, respectively.

10

Z
"00

"~
~
~

g

Figure 2. nop penetration as a function of pressure drop at various
velocities for Type 5 filter
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Table v, nop %Penetration of Filter Mats as a Function of
Linear Flow Velocity

~
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o TYPE 6
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o TYPE 8

Because of the high aerosol filtration per layer, the Types
6-8 mats were only studied by varying the flow velocity
through single layers. These data are shown in Table V and
plotted in Figure 4. Again the plot shows the characteristic
maxima in the penetration of DOP aerosols as a function of
velocity, the maxima occurring at 560,640, and 670 cmlmin for
Types 6-8 mats, respectively. The velocity at which the maxi
mum DOP %penetration occurs was indicated by f7L, and ob
tained by direct inspection of the log DOP penetration vs.
velocity plots.

Should the plot of log DOP penetration vs. velocity for some
filters show either an apparent absence of a maximum or a
broad plateau which prevents unique determination of 17L by
inspection, the following alternative method for determination
of f7L was devised. Using the values x = 2 and y = 'f, in
Equation 15 and differentiating, we obtain

dloga = _I + 2kR(VL' - 17L8/'VL-'/') (19)
dlog VL [kR(VL' + 3 f7L

8/'VL-'/') + k[l

with the second term >0 if VL > 17L, = 0 if VL = f7L, and <0
if VL < VL. Thus, the magnitude of the slope-i.e., (d log a)1
(dlog VL ), decreases as VL increases. The experimental results
in Table IV are plotted as log a vs. log VL in Figure 5 and
demonstrate this decreasing magnitude of slope with increasing
VL . The value of 17L is the abscissa value for the point of

, I

2 3

(v
l
2 +3V

L
8/3 vl"2/3))( 10.6

Figure 6. Log (100% pen./% DOP pen.) vs. (VL' + 3 VL8I3 VL -ll')
for various filter mats

88.1
36.5
22.8
16.8
10.6
7.97
6.28
5.44
4.75
4.83

Filtration
efficiency,

a

Type 6 Type 7 Type 8

0.005 0.000 0.000
0.017 0.003 0.001
0.033 0.013 0.008
0.046 0.018 0.013
0.062 0.023 0.015
0.071 0.035 0.018
0.087 0.039 0.021
0.079 0.045 0.022
0.079 0.044 0.034
0.084 0.046 0.027
0.073 0.038 0.030
0.072 0.034 0.021
0.054 0.027 0.020

DOP % penetration through

Aerosol penetration equation

log DOP %pen. = -0.8807 liP + 2
log DOP % pen. -0.3651 liP + 2
log DOP %pen. = -0.2276 liP + 2
log DOP %pen. -0.1676 liP + 2
log DOP %pen. - 0 .1059 liP + 2
log DOP %pen. -0.0797 liP + 2
log DOP %pen. -0.0628 liP + 2
log DOP %pen. -0.0544 liP + 2
log DOP %pen. -0.0475 liP + 2
log DOP %pen. = -0.0483 liP + 2

Linear
velocity,
em/min

80
100
150
200
300
400
500
600
650
700
750
800
850

50
100
150
200
300
400
500
600
700
797

Table IV. Filtration Efficiency as a Function of Velocity
for Type 5 Mats

Linear
velocity
(VL).

em/min
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Table VI. Dorman Parameters for Aerosol Filter Mats
Filter mat type

Dorman parameter 5 6 7 8

Inertial k R I. 51 X 10-' 4.67XI0-' 3.72 X 10-' 3.82 X lO-'
Diffusional k D 53.9 298 354 402
Interception k] 899 24.0 27 3 278

tangency of this curve with a straight line with slope equal to
minus unity. This uniquely determines 17L as seen from Equa
tion 19.

The filtration data shown in Tables III and V were replotted
in Figure 6 according to the Dorman procedure as expressed
in Equation 3 with x = 2 and y = 'f,. These values are chosen
for a best fit and, as stated by Dorman (1960b), with some
theoretical justification for the latter value. Straight line curves
were obtained for the Types 5-8 filter mats. Since the slope of
these lines equals XkR , the y-axis intercept equals Xk], and
k D = 3 k R 17LSI' (from Equation 2), the three Dorman param
eters were calculated for the various filter mats and are shown
in Table VI.

It should be noted that these Dorman parameters apply to
aerosol penetration of a filter, as shown in Equations 1-3, and
therefore some reciprocal function of the parameters would
apply to aerosol filtration. It is of interest that the Dorman
penetration parameters for Types 6-8 filters are in the same
order of magnitude, and are, in general, 2.8 times higher for
k R and k] and 6.5 times higher for k D than the corresponding
values of the Type 5 filter.
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Decontamination of Noncombustible Agricultural Pesticide

Containers by Removal of Emulsifiable Parathion

Dennis P. H. Hsieh,' Thomas E. Archer, Douglas M. Munnecke, and Francis E. McGowan

Department of Environmental Toxicology, University of California, Davis, Calif. 95616

• Large quantities of noncombustible containers have re
sulted from years of widespread use of agricultural pesticides,
an ingredient of which has been parathion in an emulsifiable
form. The used containers all show residues, in significant
amounts, of the original solution. The formulation can be
effectively removed from the containers by repeated rinsings
with small volumes of water or alkaline detergent solution.
The parathion in the resulting wash liquids undergoes slow de
gradation and its toxicity persists for months. Ethanol, how
ever, strongly enhances the rate of hydrolysis of parathion in
alkaline solutions.
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Apressing problem associated with the widespread use of
pesticides is the disposal of used agricultural pesticide

containers. A survey by the California Department of Public
Health shows that 3.87 million agricultural pesticide con
tainers were used in California during 1969. These and the
hundreds of thousands of containers accumulated from pre
vious years all contain significant amounts of residual pesti
cides (Wolfe et aI., 1961) and have become a serious threat to
the public health quality of the environment.

These used pesticide containers, particularly the non
combustible ones such as glass bottles and metal drums,

1 To whom correspondence should be addressed.



cannot easily or inexpensively be disposed of by incineration;
they must either be decontaminated and then disposed of as
conventional solid wastes, or be received by landfill sites
capable of absorbing toxic wastes. Many agricultural areas
do not have the necessary special disposal sites; therefore, it is
mandatory that these containers be decontaminated for
proper disposal. The easiest and most inexpensive way of de
contaminating these containers appears to be by solvent
washing of the pesticide residues from the container surfaces
and subsequent detoxification of the residues in the washes.
The procedure recommended by the National Agricultural
Chemicals Association (1965) is to wash with IN NaOH in a
1.4 % detergent solution. This solution is added to the empty
container in a volume equal to one fifth of the container's
volume; the container is sealed, shaken, and allowed to stand
20 min or longer; the mixture is then poured out and buried,
and the container disposed of as usual nontoxic waste.

In the above procedure, the pesticide residues are assumed
to undergo hydrolysis and detoxification in the strong alkali
mixture. However, laboratory studies (Kennedy et aI., 1969)
have shown that the rate of decomposition of most pesticides
in the alkaline mixture is rather low and that detoxification of
the residues is unlikely to be complete during the alkaline
exposure.

In the present study, the efficiency of removal of a parathion
emulsifiable concentrate by washing various types of con
tainers with dilTerent solvent systems was determined as well
as the rate of decomposition of the parathion in various de
contamination liquids in order to assess the elTectiveness of
existing decontamination procedures and to select specific
areas for further study and improvement.

Experimental

Chemicals. The parathion formulation used throughout this
study was a 4-lb emulsifiable concentrate (47.6% active ingre
dient) obtained from Niagara Chemical Co., Richmond, Calif.
A technical parathion containing 98.76% active ingredient
(City Chemical Corp., New York, N.Y.) dissolved in benzene
was used as a standard in the gas chromatographic assays.
Sodium hypochlorite was obtained from a commercial
chlorine disinfectant (Georgia Pacific Corp., Durate, Calif.)
which contained 5.25 % active ingredient. All solvents used
were double distilled, and the chemicals were reagent grade.

Containers. All containers except the 125-ml and I-gal. glass
bottles were obtained from Niagara Chemical Co. and repre
sented the types of containers commonly used for agricultural
pesticides.

Wash Solvent Systems. Three solvent systems were used in
the parathion removal studies. These were distilled water;
DlAS (a mixture originally developed in Russia) containing in
I liter 250 grams of disodium dioctylsulfosuccinate, 50 grams
of sodium valerate, 50 grams of sodium caprylate, 90 ml of
ethylene glycol, 80 grams of sodium carbonate, and 8 grams of
sodium silicate, diluted twentyfold (pH 9.88); and an alkaline
detergent mixture containing in I liter 40 grams of sodium
hydroxide and 14 grams of laboratory detergent (Glis-N,
Perf Co.) diluted tenfold (pH 12.45).

Determination of Residual Parathion in Containers. Ample
parathion formulation was added to empty, weighed con
tainers to completely wet the containers' inner walls. The con
tainers were closed, shaken, and swirled so that the entire
surfaces were wetted by the formulation. The containers were
then opened, inverted, and allowed to drain (at least 5 min)
until dripping stopped, and were either reweighed or the
formulation net volume retention was determined. The residual

formulation in the container was determined by the dilTerence
in weights or volume or both.

Determination of Washing Efficiency. The parathion formu
lation was added to the empty containers in the amounts equal
to their predetermined retention volumes. The containers were
shaken and swirled to wet the internal surfaces completely.
Predetermined volumes of wash solvents were then used to
repeatedly rinse the specific sized containers. The wash volume
aliquot for the various sized containers was as follows:
125-ml glass bottle, 25 ml; I-gal. glass jug, 75 ml; and I-gal.
flat head steel drum, 150 ml. The parathion in each wash was
extracted three times with equal volumes of a solvent system
composed of 16 parts isopropanol, 22 parts diethyl ether, and
20 parts mixed pentanes, added in the order described with
mixing between the addition of each solvent. The extracts were
analyzed by gas-liquid chromatography.

Degradation of Parathion. Appropriate amounts of the
parathion formulation were added to various degradative sol
vent systems to prepare reaction mixtures which contained
10-10,000 ppm of parathion. Twenty-five milliliters of each
reaction mixture was contained each in a 25-ml volumetric
flask. The flasks were stoppered and shaken periodically during
the reaction period. Samples (I ml) were taken at dilTerent
times of incubation and each was extracted three times with 6
ml of the extracting solvent mixture. For the samples with
dilTerent ethanol content, dilution was made such that the
final ethanol concentrations were equal for all the samples
before solvent extraction.

Measurement of Parathion. Both the spectrophotometric and
gas chromatographic methods were used. The optical density
of the parathion in benzene at 280 nm was measured on a
Hitachi Perkin-Elmer UV-VIS spectrophotometer. Although
the cutolT value for benzene is 280 nm, using the same solvent
as reference, a good linear relationship between optical density
and parathion concentration was observed in the range 0.2
2 ppm. Aliquots of the extracts were also injected into a 4 ft X
1/8in. i.d. glass column packed with 3% SE-30 on Chromosorb
G, 60/80 mesh, with a column temperature of 190°C and a
nitrogen carrier-gas flow rate of 20 ml/min in a Varian
Aerograph 1700 gas chromatograph equipped with a flame
ionization detector coupled with a Rb,SO, salt pellet which
significantly enhances the specificity and sensitivity for
phosphorus detection. The analytical data by both methods
were in close agreement.

Results and Discussion

Parathion residues in containers of various types after com
plete draining are shown in Table 1. The parathion residue in

Table I. Container Retention Volume of Parathion
Emulsifiable Concentrate (Ec)a

Unit
Inner Unit Surface

surface Residual vol area
area, Ee. retention, residue,

Container type in,' ml mill. mg/in.'

G lass bottle, 125 ml 22 0.3 2.4 13.6
Glass bottle, I gal. 222 0.6 0.2 2 7
Metal can

Flat top I gal. 244 14.0 3.7 57.3
Flat top 5 gal. 658 40.0 2.1 608
Flat top 55 gal. 3040 900 04 29.6

R Four.pound emulsifiable concentrate, 47.6% active parathion.
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Table II. Efficiency of Parathion Removal from Drained Containers by Three Wash Solvents

Cumulative parathion removal. %"
Wash solvent Container type ]' 2 3 4 5 6

Water Glass bottle, 125 ml 9880 99.81 9986 99.94 100.0 100.0
Glass bottle, 1 gal. 99.20 99.90 9998 9999 100.0 100.0
Metal drum,' 1 gal. 88.00 9690 98.12 9815 98.18 9820

Dias Glass bottle, 125 ml 98.20 99.45 9995 99.97 1000 100.0
Alkaline detergent Glass bottle, 125 ml 98.95 9990 99.98 99.99 1000 1000

a For the volume of solvent per wash, see experiment.
b Number of washes.
c Steel epoxy coated, I-gal. flat head drum.

(I)

IN

dC,
--;;; = -kC.C,

50

*z
0
I

20f--
«
a:
«
0..

10

In C, (init) = C"kt
Ct (at time t) ~

100 ilR------..--------.

where C. and C, are the concentrations of parathion and OH-,
respectively. Since in this experiment; the concentration ofOH
is much greater than that of parathion-i.e., C, » c.-C,
can be considered a constant, and the integrated form of
Equation I can be shown to reduce to

.1 N

Thus, the reaction can be represented by a second-order
rate equation

It follows that a plot of C vs. time (hr) on a semilogarithmic
scale should yield a straight line with its slope equal to
C,k/2.303. The semilogarithmic plot as shown in Figure I,
however, did not give straight lines. Significant tailing is
observed with all the OH- concentrations. Moreover, the k
values evaluated from the initial phase of the different curves
vary from 0.3 to 6.5 1/1-1 hr- I Therefore, the widely used
pseudo first-order reaction model does not adequately describe
the hydrolysis of parathion in alkali under our experimental
conditions.

To simulate the degradation of parathion in washes,
different quantities of emulsifiable parathion were subjected to
decomposition by IN NaOH solution. Figure 2 shows a plot
of residual parathion in the alkaline solution vs. time on a
semilogarithmic scale. Instead of a single curve, a family of
curves resulted, again showing that the pseudo first-order re-

Parathion
concn in

wash, ppm

Table III. Parathion Concentrations in
Resultant Wash Liquids

Residues in Total
emptied wash

container, volume,
mg ml"Container type

completely drained containers ranged from 150 to 45,000 mg.
If we consider the Woo of parathion which is 3 mg/kg body
weight for the rat, the residual toxicity present in the emptied
containers cannot be overemphasized. The variation in the unit
volume and unit surface area residues suggests that the impor
tant factor in determining how much formulation remains in
a container is the geometry and location of the container's
spout. This may also account for the much greater retention
found with metal drums than glass containers.

The efficiency of removal of parathion residues by repeated
rinsing with three types of solvents is shown in Table II. In all
runs with glass bottles the amounts of parathion added to the
containers as residues were totally removed in the washes
regardless of the chemical properties of the wash solutions.
About 99.9 % of the residues could be removed by two or
three washings with the volumes of the solvents used. Re
moval from steel drums was less efficient and about 2% of
the residue remained unremovable by the aqueous solvents.
Subsequent rinsing with benzene, however, recovered all the
parathion originally added into the drums. This washing
efficiency represents the maximum efficiency attainable in the
laboratory; however, in the field where rinsing and draining
are usually less thorough and complete, the efficiency could
possibly decrease.

From the above residue and washing data, we can say
efficient removal of tlie residues occurred in the first three
washings. The volumes of the three washes used with three
types of containers and the parathion concentrations in the
resultant wash liquids are shown in Table III. At these volumes
of washes, the concentration of paraihion in the resultant
liquids is alarmingly high, suggesting that the fate of parathion
in the wash liquids needs to be closely examined.

The degradation of parathion in different alkali concentra
tions is shown in Figure 1. The rate of degradation is de
pendent on the alkali concentration. As an ester of phos
phorothioic acid, parathion contains an electrophilic phos
phorus atom and reacts readily with nucleophilic agents by
direct displacement at the phosphorus atom (O'Brien, 1960).

Glass bottle, 125 ml
Glass bottle, 1 gal.
Metal drum, I gal.

142
285
666

75
150
450

1,900
1,900

14,800

10 15

HOUR

20 25

a Volume for three washes. Figure 1. Degradation of 50 ppm emulsifiable parathion in NaOH
solutions
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Table IV. Effect of Ethanol and Hypochlorite on the Hydrolysis of Parathion in IN NaOH Solutions

Residual parathion, pprn/hr
Additive

None
Ethanol

Sodium hypochlorite

Conen, %

o
10
25
50

0.525
1.31
2.62

o
927 (100)a
927 (100)
938 (100)
966 (100)
903 (100)
906 (100)
982 (100)

5

880 (94.9)
829 (89.4)
740 (78.9)
87 (9.0)

778 (86.2)
704 (77.7)
652 (66.4)

10

840 (90.6)
782 (84.4)
553 (59.0)
ND'

710(78.6)
569 (62.8)
605 (61.6)

15

798(86.1)
776 (82.6)
467 (49.8)
NO

636 (70.4)
460 (50.8)
523 (53.2)

26

785 (84.7)
751 (81.0)
207 (32.7)
NO

518 (57.4)
256 (28.2)
344 (35.0)

a Figures in parentheses are percentages.
, Not detectable.

Figure 2. Degradation of different quantities of emulsifiable parathion
in IN NaOH (Numbers with curves show initial ppm of parathion)

10

HOUR

15 20 25

initiallY. Therefore, use of ethanol in the washing solvents for
pesticide containers deserves special considerations. Use of
1.3 % sodium hypochlorite along with the sodium hydroxide
yielded a degradation capacity similar to that of the 25 %
alkaline ethanol solution. Additional amounts of bleach
did not show increased degradative effectiveness. Although
bleach has been used along with sodium hydroxide to detoxify
waste water from the production of parathion (Mel'nikov
et aI., 1958; Libman and Fuks, 1967), in the case of decontami
nation of pesticide containers its effectiveness seems to be
limited.

Recently, a solvent system composed of dipropylene glycol
monomethyl ether and monoethanolamine has been developed
for decontamination of organophosphorus insecticides on and
around aircraft and spray equipment (Wolverton et aI., 1970).
This solvent is effective in neutralizing high concentrations of
O,O-dimethyl-s-bis(carbethoxy) ethyl phosphorodithioate
(malathion) and I ,2-dibromo-2,2-dichloroethyl dimethyl phos
phate (naled) and has low toxicity to fish and is noncorrosive
to aluminum. Its applicability to the decontamination of used
pesticide containers deserves further evaluation.

action model does not adequately describe the actual re
actions. The reaction mechanism in this experiment was
probably complicated by the presence of emulsifiers and the
concentration and solubility of parathion. (Parathion must
first be dissolved into the aqueous phase before the nucleo
philic attack can occur.) At concentrations higher than
saturation, which occurs at approximately 20 ppm (Heath,
1961), the degradation rate of parathion is not proportional
to the concentration, and the highest rate found at the initial
phase of the reaction was only 5 ppm per hr. Therefore, at
levels of parathion found in washes (ranging from 2000 to
15,000 ppm), very little change could be expected in 24 hr of
alkaline exposure, and the toxicity would persist for months.

Two approaches were made to increase the solubility of
parathion in water. Ethanol was added to the mixture as a
mediator. Also, sodium hypochlorite was used to oxidize
parathion to paraoxon which is considerably more water
soluble (Heath, 1961). Table IV summarizes the effect of
ethanol and sodium hypochlorite on the degradation of
parathion in IN NaOH solutions. Addition of ethanol to the
reaction mixture strongly enhanced the rate of hydrolysis of
parathion. In the presence of 25 and 50% ethanol, the rate
increased four- and eighteenfold, respectively. The total
parathion disappeared in 5 hr from the solution containing
50% ethanol. It should be noted that the experiment was run
for a system containing more than 900 ppm of parathion
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Distribution of Cadmium and Nickel of Tobacco During Cigarette Smoking

Edward E. Menden, Victor J. Elia, Leslie W. Michael, and Harold G. Petering l

Kettering Laboratory, Department of Environmental Health, College of Medicine,
The University of Cincinnati, Cincinnati, Ohio 45219

• Analyses of wet- and dry-ashed cigarettes, cigars, and pipe
tobacco revealed that these products contained appreciable
amounts of cadmium and nickel. Our results indicate values
of 1.56-1.96 /lg Cd and 4.25-7.55 /lg Ni per cigarette, and
0.93-1.86 /lg Cd/gram of cigar and pipe tobacco. Only 7-10%
of the Cd and 0.4-2.4 % of the Ni in the smoked portion of the
cigarettes appeared in the particulate phase of the mainstream
smoke (TSC); the remainder is present in the ash, trapped in
the butt or lost in the sidestream. These data suggest that
38-50% of the Cd and 11-33 % of the Ni in the smoked por
tion of cigarettes are present in the sidestream. Thus Cd and
Ni in the sidestream smoke of cigarettes may present a health
hazard to nonsmokers as well as smokers.

Cadmium and nickel are toxic metals which are present
in our environment because of certain industrial uses

and because of their widespread occurrence in foods, fuels,
and many industrial products (Stokinger, 1963; Mastro
matteo, 1967; Smith et aI., 1960; Schroeder et aI., 1961).

Several investigators (Nandi et aI., 1969; Szadkowski et aI.,
1969) have attempted to assess the fate of heavy metals in
cluding cadmium during the smoking of cigarettes. Nandi
et al. (1969) assumed that 69 % of the cadmium in the un
smoked cigarette entered the mainstream. However, Szad
kowski et al. (1969) reported that only 13% of the cadmium
in the unsmoked cigarette was found in the inhalable main
stream smoke.

To delineate the cadmium and nickel distribution during
smoking of nonfilter cigarettes in a more exact manner, we
reinvestigated this problem with the particular intent of con
firming suspicions that the sidestream smoke might contain
significant amounts of these trace metals, which could be
detrimental to the health of the smoker as well as the non
smoker.

Materials and Methods. Tobacco products: Reference cig
arettes (KR) prepared for research purposes by the University
of Kentucky Institute for Research on Tobacco were used in
the main part of our study, and were from one lot. A popular
commercial brand (CB), purchased on the market, consisting
of two different lots was also tested for comparisons. All cig
arettes were of the nonfilter type, measuring 85 mm in length,
and weighing about 1.12 grams each.

For comparison, we determined the metal content of one
brand of cigar and one brand of pipe tobacco, which were pur
chased on the market.

I To whom correspondence should be addressed.
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Smoking Procedure. Cigarettes were smoked on a Mason
Mark III, 24-port smoker which was adjusted to provide a
35-ml puff in a 2-sec interval during each minute of smoking
per cigarette. During the nonsmoking interval, the mouth
piece was exposed to the air. The cigarettes were smoked to a
23-mm butt (73 % of total length).

The ash from the cigarettes used in each experiment was
collected directly in metal-free beakers utilized for the wet
ashing procedure. Tobacco smoke condensate (TSC), which
is the particulate phase of the mainstream smoke, was col
lected in cold acetone traps as previously described (Michael
et aI., 1971). The acetone was removed by evaporation at
reduced pressure and the residue was ashed as described be
low. The butts remaining after the cigarettes had been smoked
to the prescribed length were extinguished with deionized
water and analyzed as indicated below.

Preparation of Analytical Samples. The samples of tobacco,
ash, or TSC were either wet ashed or dry ashed. The two meth
ods were used as convenience dictated, since no evident dif
ference in results could be associated with these procedures.
Wet ashing of smoked or nonsmoked tobacco products was
accomplished by heating these materials with concentrated
HNO, until liquefaction and oxidation occurred. The resul
tant solutions and reagent blanks were reduced by evaporation
to approximately 1 ml prior to dilution with hot 10% HNO,
for analysis.

Dry ashing was accomplished in a muffle furnace at 400
450°C after moistening the sample with concentrated nitric
acid. The residue from the dry-ashing procedure was dissolved
in 2 ml of concentrated HNO" which was evaporated and the
residue taken up in hot 10% HNO, for analysis.

Analytical Determinations. Analyses for cadmium, nickel,
zinc, and lead by atomic absorption spectroscopy were made
on the 10% nitric acid solution of the digested or ashed sam
ples by aspirating these directly into a Perkin-Elmer Model 303
unit equipped with a Boling burner and recorder readout.

Values for each metal were determined by comparison with
standard absorption curves using certified Fisher standards.
It was found that recovery of added standard solution to
samples was 92 % for cadmium, 95 % for nickel, 95 % for
zinc, and 98 % for lead, using external standards.

Results

Metal Content of Tobacco Products. The cadmium, nickel,
and zinc contents of several tobacco products are listed in
Table I. The standard deviations for cadmium, nickel, and zinc
mostly reflect the variability of metal levels in the samples and
in different batches of the cigarettes.

The data show that cadmium occurs in all of the tobacco
products at 1-2 /lg/g levels. Nickel was determined in KR and
CB cigarettes only, giving 4.5 and 7.5 /lg/cigarette, respectively.

The values for nickel in KR and CB cigarettes were two and



Table I. Metal Content of Tobacco Products
Metal concn,a ",g

Ash'

TSC' (mainstream
particulate phase)

Sidestream' "

Table II. Trace Metal Content of Cigarette Fractions
Metal contenta

Fraction Cd Ni Zn

KR cigarettes
Smoked portion

(73 % of total) 1.14 3.10 24.3
Smoked butt 0.56 ± .33 ± 12.4 ±

0.03 (6) o 07 (2) 1.9 (6)
TSc' (mainstream 0.12 ± 0.08 0.36

particulate phase) 0.03 (5)
10.1% 26% 1.5%

Ash' 0.45 ± 1.81 ± 21.3 ±
0.03(4) 0.16 (2) 4.7(5)
39.4% 58.4% 876%

Sidestream' " 0.43 1.03 -0.66
38% 33% 3%

1.43 5.51 14.6
0.67 ± 2.64 ± 7.6 ±

0.02(4) 017(4) 0.8(4)
0.10 ± 0.02 ± 0.06 ±

0.01 (2) 0.01 (2) 0.01 (2)
7% 0.4% 0.4%

0,48 ± 4.27 ± 11.9 ±
0,02 (4) 0.20 (4) 05 (4)
335% 77.5% 81.5%
0.72 0.62 0.40

50% 11% 3%
a Concentrations are in IJ-g per fraction listed. Values are means ±

S.D. or calculated values. Parentheses indicate the num~er of samples.
b Percentages were calculated on basis of smoked portlon.
c Sidestream was calculated by subtracting the values of smoked b.utt,

TSC and ash from the total cigarette value given in Table I. (Butt ennch
mel;t can be estimated by subtracting the calculated value for unsmoked
butt from the experimental value given.)

This cadmium has been assumed as being present in the
sidestream smoke-i.e., the smoke which drifts off the burning
end of a cigarette between puffs. A preliminary result obtained
in our laboratory (Hoegg et aI., 1972) on directly collected
sidestream smoke has indicated the presence of cadmium in
an amount which was similar to the calculated values given
here (0.43 and 0.72 !'g cadmium per KR and CB cigarette,
respectively); this is taken to be indicative of the logic of our
method of estimating sidestream Cd. These amounts are
equal to 8.6 and 14.4!'g for a pack of 20 KR and CB cigarettes,
respectively.

The importance of the sidestream cadmium is that it repre
sents a large amount of this toxic metal which is available for
inhalation by both the smoker (Lewis et aI., 1972) and anyone
in his vicinity. It thus becomes a possible general indoor air
contaminant.

NICKEL. Nickel has recently become a toxic metal of con
cern to environmental scientists. The data in Tables I and II
show that it is present in considerable amounts in cigarettes,
and like cadmium, a large portion is lost during smoking
presumably as part of the sidestream smoke. The apparent
loss of Ni during smoking of the KR and CB cigarettes (com
puted by subtracting the sum of Ni in TSC, ash, and butt from
the total Ni in the whole cigarette) amounted to 1.03 !'g per
KR and 0.62 !'g per CB cigarette. Thus, quantities of nickel,
equivalent to 33 % (KR) and 11 % (CB) of the initial amount
present in the smoked portion, were unaccounted for and are

CB cigarettes
Smoked portion

(73%)
Smoked butt

Zn

33.4 ±
2.4/cig
(7)

38.9 ±
9.0/cig
(4)

20.0 ±
0.8/cig
(4)
51.4/g
33.0/g

Ni

4.25 ±
0.18/cig
(2)

7.55 ±
0.50/cig
(4)

Cd

1.56 ±
0.19/cig
(6)'

1.90 ±
0.14/cig
(4)

1.96 ±
O.l1/cig
(4)
1. 86/g
0.93/g

Batch 2

Sample

Kentucky reference'
cigarettes (KR)

Commercial brand'
cigarettes (CB)

Batch 1

Cigar (commercial)
Pipe tobacco

(commercial)
a Values are mean ± S.D.
b KR cigarettes weighed 1.12 ± 0.04 grams and CB cigarettes weighed

1.12 ± 0.10 grams.
C Digit in parentheses denotes number of samples.

three times as large, respectively, as that reported for German
cigarettes (Szadkowski et aI., 1969).

The zinc determinations in Table I, in conjunction with
those in Table II, served as an analytical control. All types
of tobacco products show high concentrations of zinc (Cogbill
and Hobbs, 1957; Nadkarni and Ehmann, 1969, 1970;
Nadkarni et aI., 1970), ranging from 20 !,g/cigarette in CB
to 51.4 !'g/g in a cigar.

Metal Content of Smoked Cigarettes. The metal contents of
the smoked portion of cigarettes are listed in Table II. These
include determined values for ash, TSC, and smoked butt, and
calculated values for the smoked portion, and the sidestream.
The sidestream Cd, Ni, and Zn were calculated as that part of
the smoked portion which could not be accounted for by sum
ming up the levels of each metal in the ash, TSC, and smoked
butt.

The sidestream percentages in Table II are given in terms
of the amount of cadmium, nickel, and zinc originally in the
smoked portion ofa cigarette.

CADMIUM. The results show that only a small percentage
(10.1 and 7.0%) of the cadmium in the smoked portion of
either the KR or CB cigarettes appears in the TSC and so would
be directly available for pulmonary absorption by the smoker
(Lewis et aI., 1972). The amount of cadmium in TSC per
cigarette is 0.12 and 0.10 !'g for KR and CB cigarettes respec
tively, or about 2.4 and 2.0 !'g per pack of 20 cigarettes. This
amount is less than the amount in mainstream smoke found
by Szadkowski et al. (1969). Nevertheless, depending on the
chemical form of the cadmium, it may be a source of cadmium
as well as a health hazard to the smoker (Schroeder et aI.,
1961; Lewis et aI., 1972).

The total mainstream smoke consists of the TSC and what is
trapped by the tobacco in the butt during smoking, designated
butt enrichment. Thus the total mainstream cadmium of KR
and CB cigarettes is 22 and 17 %, respectively. The ash and
mainstream cadmium constitute the readily measurable
amounts, and in both types of cigarettes these sums are only
62 and 50 % of the cadmium in the smoked portion. Thus,
there remain 38 and 50 % of original smoked portion cadmium
to be accounted for.
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assumed to have entered the sidestream smoke. This results
in 20.6 I'g/pack of KR and 12.4 I'g/pack of CB cigarettes,
which is lost to the atmospheric environment of the smoker.
The TSC nickel levels were 0.08 and 0.02 I'g per KR and CB
cigarettes respectively, indicating that only a very small
amount of this metal is directly inhaled by the smoker.

ZINC. The data for zinc were obtained as a control on the
analytical procedures, since its presence in the sidestream
smoke was not expected to be significant. The values for
zinc given in Table II show that 87.6 and 81.5 %of the zinc
in the smoked portions of KR and CB cigarettes respectively
were found in the ash. The remainder of the zinc was mainly
found in the mainstream smoke absorbed by the butt. Very
little zinc was found in TSC and probably none was actually
present in the sidestream. Thus, the fate of zinc is quite differ
ent from that of cadmium and nickel, a difference which
emphasizes the importance of these metals in sidestream
smoke.

LEAD. Untabulated values obtained for lead show a fate
similar to that for zinc. Most of the lead was found in the ash
and only 1.8-1.9 %of the initial smoked portion was found
in the TSC. It appears unlikely that the sidestream contained
an appreciable amount oflead.

Discussion

These results not only lend support to the suggestion of
Schroeder et a!. (1961) and Lewis et a!. (1972) that cadmium
in tobacco represents a contributory source to the total body
burden of the smoker, but also indicate that the presence of
cadmium and nickel in the sidestream smoke may affect the
health of both the smoker and anyone breathing the air in
the general vicinity of the smoker.

From our data, it appears that 38-50 %of the cadmium and
11-33 %of the nickel of the smoked portion of cigarettes was
released into the sidestream smoke. The TSC data suggest that
a pack of 20 cigarettes would provide about 2 I'g of cadmium
and from 0.4 to 1.6 I'g of nickel in the TSC which is inhaled by
the smoker; the sidestream smoke, on the other hand, would
put into the general environment 8.6-12.8 I'g of Cd and 12.4
20.6 I'g of nickel per pack. These amounts of Cd and Ni
constitute a considerably greater environmental contamina
tion than is found in ambient air. Although the smoker is the
most exposed individual to the smoke, nevertheless, it could
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be a hazard also to the nonsmoker in the vicinity of the
smoker.

In addition, since there is considerable sidestream smoke
derived from the smoking of cigars and pipe tobacco, the
presence of cadmium in both of these products suggests that
such sidestream smoke could also contain cadmium.

Since both cadmium and nickel are known to be harmful
in occupational situations (Szadkowski et a!., 1969; Friberg,
1957; Smith et a!., 1960; Mastromatteo, 1967; Stokinger,
1963), and since smoking exposes a very large number of
people to these toxic metals, the presence of cadmiurn and
nickel in tobacco products (especially cigarettes) needs to
be carefully considered in evaluating the health effects of
tobacco smoking (Anderson et aI., 1964; Lewis et aI., 1972).
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1.26
1. 39
1.26
1.26
1.43
1.24

7
6
6
6
5
7

-NH
(1650 em-I)

(transmission,
peak length)

12
12
9.5
9.5

10
11

Table I. Comparison of the -CH,j-NH- Peak
Ratios for Various Biological Materials

-CH2- -CH2-1
(2925 em-I) -NH
(transmis- (transmission
sion peak length

length) ratio)"·'

Plankton
Algae
Seaweed
Shrimp
Kelp
Equal mixture of

plankton, algae,
seaweed, shrimp,
kelp

a Ratio values given here are those obtained for transmission mode
ir measurement. Radio values obtained for internal, r~flectan~e .mode
arc larger as expected (Mattson et at. 1970c) with a slmllar vanattan of

va~up~~k lengths converted to absorbance before calculation of band
ratio.

Experimental

The experimental procedures and the instrumentation
employed in this study are described in detail in previous
publications (Mattson et aI., 1970b; Kolpack et aI., 1971;
Yu and Mark, 1971; Mattson et aI., 1970c). A Beckman
IR-12 infrared spectrometer was employed for all measure
ments described in this paper.

Results and Discussions

The complete ir spectrum of a large number of different
crude oils (Mattson, 1971) and of different biological materials
was examined. All materials of biological origin exhibited a
large, well-defined absorbance band at 1650 cm- I (the -NH
band characteristic of proteins) while crude oils and sediments
had no observable 1650 cm- l band (Figure I). The ir spectra
of a variety of finely ground biological materials in sediment
were measured in the region from 4000 to 1200 cm- I . Similar
spectra results were obtained for both transmission and
internal reflectance modes of measurement. In each sample
the peak absorbances of the -CH,- band at 2925 cm- I and of
the secondary amide band at 1650 cm- l were measured and the
-CH,-j-NH- ratio calculated from the absorbance bands.
It was found that this -CH2-I-NH- band ratio was rela
tively constant (varying from 1.24 to 1.42 for transmission ir
measurement) for all of the biological materials examined
(see Table I) and also was independent of the concentration of

• The crude oil content of marine sediments was determined
by ir spectrometry from the magnitude of 2925 cm- l (-CH,
stretching band) absorbance. Biological materials also absorb
at 2925 cm- l and have a well-defined absorbance band at 1650
cm- l (the -NH- band characteristic of proteins) whereas,
crude oils do not exhibit an amide band. The relative contribu
tions of oil and organic material of recent biological origin in
marine sediments were determined from measurements of these
two absorbance bands, and a correction applied which enables
the calculation of the oil content in the presence of these
biological materials.

I To whom correspondence should be addressed.
2 Present address, School of Marine and Atmospheric Science,

University of Miami, Miami, Fla. 33149.

I na recent study of the effects of the winter 1969 oil blow
out at Platform A in the Santa Barbara Channel, analyt

ical procedures for the rapid determination of the oil content
of the channel bottom sediments using both transmission
and internal reflectance ir spectrometry were reported (Matt
son et aI., 1970b; Kolpack et aI., 1971; Yu et aI., 1971). In
these analyses, the oil content of the sediment was considered
to be related to the magnitude of the 2925 cm- I (-CH,
stretching band) absorbance.

Those analyses were made primarily on bottom sediments
which were deposited following a major flood. The rate of
sedimentation of this highly oxidized detrital flood material
was very rapid and in most samples there were no significant
amounts of organic material of recent biological origin pres
ent. However, some of the samples were obtained from the
central part of the Santa Barbara Channel up to 18 months
after the flood. The rate of detrital sedimentation in this area
is much slower, and the surficial sediments often were mixed
with organic debris of biological origin. The presence of bio
logical material interfered with the determination of the oil
content as the -CH,-- groups of such biological matter
also absorb at 2925 cm- l . This ir band is identical for any
-CH,--containing compound, and the relative contribu
tions of oil and biological matter to the observed absorbance
cannot be determined by a simple measurement of the 2925
cm- l band. This paper reports a simple extension of the above
ir procedure which permits estimation of the concentration
of biological materials. This provides a method for correcting
the 2925 cm- l absorbance band to enable the estimation of
the oil contribution alone.
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Sediment
sample no. d·~¥,~
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Figure 1. Typical transmission ir spectra

A I Oil-containing sediment sample containing biological (protein)
material i B, oil-containing sediment sample containing no biological
material

the material in the sediment. Thus, it is possible to correct for
the contribution of the biological materials to the 2925 em-I
band by measuring the 1650 em-I transmission band, con
verting percent transmission to absorbance units (so that a
linear correction can be made) multiplying the 1650-1 band
height by 1.3 (the average of all-eH,-/-NH- band ratios
which was arbitrarily chosen as the correction factor), and
subtracting the resulting number from the total 2925 em-I
band height (also converted to absorbance). Results for a few
examples of the determination of the oil content in some
Santa Barbara Channel sediments which contain biological
matter are shown in Table II. It is apparent that the accuracy
of the estimation of the oil content decreases as the concen
tration of the biological matter increases. This decrease in
accuracy arises from the uncertainty or variations of the
-CH,-/-NH- band ratios for various biological materials.
The precision of the measurements themselves were better than
±10%, and, thus any correction of the -eH,- absorbance
which shows that the oil content is only 10% or less of the
total -CH,--containing material is a meaningless number.
For example, the value of 0.6 ppt oil content for sample
12973 in Table II should be considered to be zero detectable
oil content. However, for most applications in ecological
and/or geological studies, this sensitivity limitation should not
present a significant problem.

It should be pointed out that this method must be used with
caution as it is absolutely necessary for the analyst to know the
chemical nature of organic material present in the sediment
samples. For example, an organic material which does not
contain -NH- groups, such as cellulose, could be present in
sediments from some areas. If the analyst were not aware of its
presence, it would be analyzed as part of a fossil fuel hydro
carbon in the sediment. Thus, it is recommended that the total
ir spectra of the sediment sample be examined for other
organic functional group bands which would suggest other
-CH,--containing species were also present in significant
amounts to cause significant error in the hydrocarbon content
estimate. It is further suggested that, as a precaution, random
sediment samples from the series being studied be analyzed
by a separate means which can qualitatively identify the
various organic species present to determine if a potential
source of error is common to the area. Extraction and gas
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Table II. Example Analyses of Sediment Samples
Containing Oil and Biological Material

C-H (2925 N-H (1650
em-I) trans- em-I) trans-
mission peak mission peak Oil concn' after

length length correction, ppt

12,888 14 8 4.3
12,889 16 11 4.6
12,929 16 9 5.1
12,930 14 3 5.5
12,932 19 4 7 5
12,934 15 3 61
12,935 24 5 98
12,972 13 12 29
12,973 9 14 06
12,981 7 4 2.4
13,027 49 10 19.5

• See Kolpack e1 a1. (1971).
b Resultant -CH2- peak length converted to concentration by

means of a calibration curve (Mattson et at., 1970a).

chromatograph were actually used in the Santa Barbara
Channel study to determine if other types of organics were
generally present in the sediments of this area in sufficient con
centration to cause interference in the ir estimation of the
hydrocarbon content. In this particular study, no other mea
surable interferents were found.
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Brucine Analysis for High Nitrate Concentrations
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• The validity of the brucine method for the determination
of nitrate concentration in groundwaters was examined when
it was found that some samples yielded higher concentra
tions of nitrate upon dilution. A detailed study of the rela
tionship of brucine to nitrate stoichiometry and reaction
time in color development to the shape of the absorbance vs.
nitrate concentration curve was made in the 550-350 mIL
range. The shape of the absorbance curve at 410 mIL is
totally dependent on brucine-to-nitrate stoichiometry, thus
necessitating at least an approximate knowledge of nitrate ion
concentration in the sample prior to analysis ifgross errors in
calculations are to be avoided.

--Standard Cur~.·

QOOO~o-~--t.20""""~--4-:'Oc-~-'60!""-~~~80""""~--''''OO"....J

mg/l NO;H

Conformity to accepted methods of quantitative wet
chemical analysis is good practice for any analytical

laboratory. However, using the brucine method (tentative)
described in Standard Methods for the Examination of Water
and Wastewater (1971) has led to discrepancies in our analyses
of nitrates in well waters. The procedure is one used by the
Environmental Protection Agency (Training Manual, 1969).

Inconsistent results were obtained when samples known
to be high in nitrates were diluted according to the procedure
referred to. For example, when a water sample of unknown
NO,- concentration was successively diluted with distilled
water in a 1: I, 1: 3 and 1: 10 ratio (Sample: H20, vol/vol),
and the intensity of the developed color measured on a uv
spectrophotometer at 410 mIL (I-em cells), absorbances in
creased with increased dilution instead of decreasing as would
be expected. On other occasions, a well water sample with an
absorbance above that of the standards was diluted until it
absorbed within the proper range. However, on further dilu
tion the sample again exhibited an absorbance in excess of
the standard curve. Literature on the much beleaguered
brucine method (Greenburg et aI., 1958; Jenkins and Medsker,
1964) did not provide an answer to this anomaly: an increase
in color intensity and absorption at 410 mIL as the sample
was further diluted. Also, these observations were not thought
to be caused by the interferences discussed in Standard Meth
ods.

Although the color of the brucine-nitrate complex does
not follow Beer's law, a good standard curve from 0.1 to 2
mg/1. NO,-N can be achieved with little difficulty. If we as
sume the absorbing complex measured at 410 mIL adheres to a
1 : 1 brucine: nitrate stoichiometry, excess brucine would be ex
hausted at about 7 mg/1. NO,-N. Above such a concentra
tion of nitrate, absorbance at 410 mIL would not be expected
to change. This we found to be false.

I To whom correspondence should be addressed.

Figure 1. Absorbance vs. NO, -N concentration as a function of color
development time

Experimental Results

To identify the reason for the observed discrepancy, a
standard curve was constructed following Standard Methods
except that nitrate concentrations ran up to 100 mg/1. NO,-'
N. The standard curve obtained for absorbance measured
at 410 mIL is shown in Figure 1.

Absorbance did not level off at the point of 1 : 1 stoichiom
etry, but in fact dropped to absorbance levels within the
range of the 0.1-2 mg/1. of NO,-N standard curve be
fore increasing again. This can lead to instances where ab
sorbance determined at 410 mIL seems to be well within the
range of the standards, but the sample may be 50 times as
concentrated in nitrate. Thus, an absorbance reading of 0.6
could actually be obtained from a sample containing 0.8,
23, or 38 mgfl. of NO,-N. The concentration at which this
curve reaches maximum absorbance at 410 mIL corresponds
closely to the depletion of excess brucine, assuming a 1: 1
stoichiometry. With higher concentrations, the unusually
rapid drop in absorbance down to ~0.5 is followed by a
gradual rise which reaches a plateau at ~1.0 as the NO,-N
concentration continued to increase.

Similar curves were developed using different times for
color development to determine if inadvertent changes in
development time would result in mistaking high nitrate
concentrations for lower concentrations. Plots were made of
standards heated at 100°C for 5, 15,25, and 35 min to deter
mine dependence of the shape of the absorbance curve on
color development time. Results showed (Figure 1) that in
all cases the analyst could be misled by the absorbance minima
dropping within the range of standards. The shorter color
development time minimized the chance of this occurring to
a certain extent.

To examine the drop in absorbance with increasing con-
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Figure 2. Absorption vs. wavelength curves for nitrate standards from
o-100mg/1. N

centration, the spectra of the color developed from standard
samples were scanned from 550 mIL down to 350 mIL. The
results are shown in Figure 2. The absorbance peak at 410
mIL increased through 5 mgjl. NO,-N, then declined in the
manner already shown in Figure 1. As the 41O-mlL peak be
gan to disappear, background absorbance increased at the
higher wavelengths until at SQ.-IOO mgjl. of NO,- N little
change in absorbance was observed at 410 mIL.

Additional scans were made using two sets of standards
run with I : I and I : 2 nitrate: brucine stoichiometry, respec
tively (Figure 3). This was to show the effect of a constant
ratio of nitrate and brucine. The procedure was otherwise
identical to that described in Standard Methods. With in
creasing concentrations of nitrate, absorbance at 410 mIL
continued to increase until it reached opacity (I-cm cells).
The scans of absorbance vs. wavelength indicated all stan
dards had peaks at 410 mIL even as background absorbance
increased.

Standard curves were also run with enough excess brucine
to prevent a higher concentration of nitrate from being mis
taken for a concentration within the standard range. This
procedure required sufficient brucine to cause absorbance to
approach opacity (in I-cm cells) with increasing nitrate con
centrations. It would also indicate whether excess brucine
would increase background absorbance and jeopardize the
sensitivity of the method. To show this, two more sets of
standards were developed, one using 7 and the other 21 mg
of brucine SO,,- in each standard. Standard Methods re
quires 5 mg brucine SO,,- in its procedure. Twenty-one milli
grams of brucine was the minimum required to produce opacity
at 410 mIL in I-cm cells. This was enough for I: I brucine:
nitrate stiochiometry to about 20 mgjl. of NO,-N. The
standard (Figure 4) seemed to have less precision at lower
concentrations as indicated by the greater deviation from a
smooth curve.

The samples treated with brucine approached opacity at 5
mgjl. of NO,-N with 21 mg of brucine SO,'-. This is well
above the 2-mgjl.limit of the standard procedure.
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2.000 V
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Figure 3. Absorption vs. wavelength curves of nitrate standards from
0-10 mg/I. N, with a 1:2 stoichiometric ratio of nitrate to brucine

Discussion

The results of these experiments show that without a stoi
chiometric equivalent or an excess of brucine over nitrate,
the brucine method can lead to erroneous results. If a brucine:
nitrate procedure does not produce a standard absorbance
curve which goes to opacity with increasing nitrate concen
tration (or levels off at constant absorbance), then it will be
subject to undetected error. A procedure which uses sufficient
brucine to avoid this problem sacrifices the low-end sensi
tivity of the method, and as the absorbance of low concen
trations approaches that of the blank, it degrades in both
precision and accuracy. Therefore, as Standard Methods
implies, one must know the approximate concentration of
nitrate in a sample before analysis.

To use this procedure without the risk of having a high
concentration of NO,-N mistaken for falling within the

21mq 9rucin,'SO.

mg/l NO; N

Figure 4. Standard curves, absorbance vs. concentration, developed
with slight excess brucine (410 ml')



range of standards, the analyst has a choice of three ap
proaches. He may use a selective ion electrode for preliminary
screening, and from the results obtained, determine the re
quired dilution. A second alternative is to employ a systematic
dilution strategy in which either a specified absorbance-i.e.,
0.5 (in l-cm cells) is not to be exceeded-or the absorbance
of two dilutions of the same sample must lie on the standard
curve, one of which should not exceed a specified absorbance.
Additional effort is required to analyze samples by this method
and makes this second technique undesirable. A third and
less time-consuming alternative is to add enough extra brucine
to prevent the absorbance curve from decreasing with higher
concentrations of NO,-N. If a particular circumstance pre
vents the addition of excess brucine, it is recommended that

CORRESPONDENCE

Singlet 0" Production from Photoexcited N02

SIR: In the recent article by Frankiewicz and Berry [EN
VIRON. SCI. TECHNOL., 6,365 (1972)], it is stated that a paper
by Altshuller and Bufalini [ENVIRON. SCI. TECHNOL., 1, 133
(1967)] indicates that the rate of hydrocarbon oxidation can
be explained solely on the basis of O-atom oxidation. The
authors have not only misquoted our findings but have
missed the basic theme of the paper-i.e., that O-atom and
ozone reactions could not explain the hydrocarbon oxidation.
Our manuscript went into great detail explaining that free
radicals must be introduced to explain the "excess rate."

I would also like to point out that all of the evidence strongly
suggests that 0, (llig) is not important in smog formation. If
the concentration of O,('lig) is indeed 10' to 10' cm-', while
the O('P) is of the order of ~5 X 10' cm-' as the authors state,
the O,('lig) will only exceed the O-atom concentration by
10' to 10'. Since the ratio of k(O 'P)(k(O, llig) is usually 10' to
>10' [J. T. Herron, R. E. Huie, ENVIRON. SCI. TECHNOL., 4,
685 (1970)] then the singlet oxygen-hydrocarbon reaction rate
is 10-1 to 10-4 times that of the O-atom-hydrocarbon reaction.
When hydrocarbons are photooxidized in the presence of
nitrogen dioxide, the O-atom reaction is most important in the
initial stages of reaction. Its importance decreases with

SIR: Apparently the wording of our note (Frankiewicz and
Berry, 1972) has caused some confusion, at least for some
readers, as Bufalini's comment indicates. It is perhaps worth
clarifying how the misinterpretation has arisen.

It was not our intent to imply that direct reactions of
oxygen atoms were considered by Bufalini and Altshuller to
account for all the oxidation of hydrocarbons; they were
almost surely quite right in their statement in 1967 that chain
reactions are responsible for the "missing" factor, as several
recent studies have shown (Levy, 1971; McConnell et aI.,
1971; Weinstock, 1972). Second, it was hardly the intent of
our note to argue that metastable 0, is a major contributor to
smog formation, but rather, that is one contributor and that
its contribution can be estimated and measured. The numbers
presented in our note surely make it clear that the contribution
is of the order 0.1-5 %, depending on the class of compounds

a specific ion electrode be used for preliminary screening
to determine the required dilution.
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irradiation time. If the best fit is taken between the calculated
and observed rates of reaction for I-butene [Figure 5 in
ENVIRON. SCI. TECHNOL., 1, 133 (1967)], the O-atom reaction
is responsible for only 50 % of the total reaction. Since the
k(O'P)(k(O,'Iig) is :2:2.4 X 10' for I-butene (Herron and
Huie, 1970), the contribution of the O,('lig) reaction at best is
less than 10-' that of atomic oxygen. We do not feel that this
is a significant contributor to smog formation as the authors
suggest.

There have been a large number of papers published on the
role of singlet oxygen in smog formation. However, to date,
there is still no experimental proof either in the laboratory or
in situ to suggest that singlet oxygen is important in the
photooxidation of hydrocarbons at realistic atmospheric con
centrations.

Joseph J. Bufalini

Gas Photochemistry and Kinetics
Research Section

Environmental Protection Agency
Research Triangle Park, N.C. 27711

being considered and not of an overall order of 50 %, which
would be req uired to make the species a major contributor.
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industry trends

looies, loc. and Stone & Webster En
gineering Corp. have signed an agree
ment with EPA and Wisconsin Elec
tric Co. for a full-scale demonstration
of the sulfur dioxide removal system
developed jointly by the two firms
(August 1972, p 688). The system will
be installed on one boiler at Wisconsin
Electric's Valley Plant in Milwaukee.
The agreement commits the electric
utility and EPA to a total expenditure
of $7 million over a period of three
years or more.

California Filter Co. (Burlingame,
Calif.) will design, fabricate, and in
stall a waste water treatment plant for
a paper mill owned by American For
est Product Corp. in Newark, Calif.
The plant will include a flash mixer,
clarifier, and sludge thickener. The
150-gpm plant will be fully automatic.
The Newark mill uses 100% recycled
material to make corrugating medium.

Keene Corp. Water Pollution Control
Division (Aurora, IlI.) has licensed
one Italian and one Japanese company
to manufacture and sell its line of
standard waste treatment process
equipment in Italy and Southeast Asia,
respectively. The foreign concerns are
Fenwick S.p.a. (Milan, Italy) and
Daido Steel Co. Ltd. (Nagoya, Japan).

Landis & Assoc. (Auburn, Calif.) has
purchased California Analytical Labora
tories (Sacramento, Calif.). Details of
the transaction were not announced.
Landis is a civil and sanitary engineer
ing firm. California Analytical Lab
oratories has capabilities in water analy
sis, pesticide residue analysis, and
toxicology.

North American Rockwell's Information
Systems Co. has received a contract
from the Louisiana state legislature to
develop a comprehensive statewide en
vironmental management system. The
system, first of its kind, is jointly funded
by EPA and the state.

seA Service Inc., (Boston, Mass.)
will acquire seven more privately owned
solid waste management companies in
several southern, eastern, and south-
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western states, with combined annual
revenues in excess of $11 million. Ac
quisitions were for an undisclosed
amount of common stock and fol
lowed a similar acquisition of seven
firms announced last June.

The National Association of Secondary
Material Industries, Inc. has formed a
Solid Waste Recycling Information
Service to provide guidance to state,
municipal, and county officials in
volved in solid waste management or
related environmental problems.

Chemical Construction Corp. (Chemico)
has announced the successful startup
and continuous operation of a full
scale calcium oxide additive S02-f1y ash
scrubbing system in Japan. Startup of
the unit at the Ohmuta power plant of
the Mitsui Aluminum Co. was last
March.

Grumman Ecosystems Corp. has formed
a subsidiary, Puritech Industries, Inc.,
which will serve as a general contractor
and construction project manager for
waste and sewage treatment systems.

American Housing Systems (Cleveland,
Ohio) has announced an agreement in
principle to acquire Robert Bossow,
Inc. (Garrettsville, Ohio) for an undis
closed amount of cash. Robert Bossow
builds sewage treatment plants and
water purification and distribution
plants.

Combustion Equipment Associates, Inc.
(New York, N.Y.) and Arthur D. Little,
Inc. (Cambridge, Mass.) announce that
they have joined forces to provide air
pollution control systems for municipal
waste disposal.

Rex Chainbelt's Ecology Division has re
ceived an $83,333 contract from the
National Environmental Research Cen
ter of EPA to develop and demonstrate a
method for removal of spilled materials
from the bottom of the Little Menomo
nee River in Milwaukee, Wis.

Georgia-Pacific is expanding its new
continuous-process panel manufactur
ing program which converts formerly

wasted wood fiber into an endless hard
board sheet of multipurpose resin
bonded wood. G-P has three such
plants in operation and will build a
fourth at Crosett, Ark. Cost is about
$3 million.

The National Society of Professional
Engineers has signed a six-month,
$21,000 contract with EPA'S Office of
Air Programs to conduct a salary anal
ysis of air pollution control personnel
in the private business sector.

Compaktion Engineering (Miami, Fla.)
has appointed Tepco of Florida, Inc.
(Miami, Fla.) and Environmental Con
trol of Illinois (Carterville, Ill.) as dis
tributors of the firm's heavy-duty com
paction equipment.

Houston Research, Inc. will be acquired
by a group of investors headed by
Arthur E. Nail from its present owner,
SCI systems, Inc. (Huntsville, Ala.).
Nail will be president of the firm which
is expanding its current activities in
water desalination, oil cleanup, and
development of waste treatment pro
cesses.

Peabody Engineering Corp. will design
and furnish a wet-scrubbing system to
remove fly ash from the 630-MW unit
No. 4 of Potomac Electric's Chalk
Point generating station in Prince
George's County, Md. The system will
cost in excess of $2 million.

Dow Chemical Co. has announced li
censing of its automatic phosphate ana
lyzer to Ionics, Inc. (Watertown, Mass.).
The instrument is designed to analyze
phosphate content of municipal waste
water.

American Cyanamid Co. will build a new
acrylamide plant at its Frontier com
plex in New Orleans, La. Acrylamide is
used in the production of polymers to
aid flocculation and sludge dewatering.

Research-Cottrell will supply a counter
flow natural draft cooling tower for
Arkansas Power and Light Co. 's Arkan
sas Nuclear One plant. The multi
million dollar tower is designed for a
flow rate of404,000 gpm.



Phenols test kit

Simplified version of "Standard Meth
ods" colorimetric test for phenols uses
patented vacuum-reagent ampuls to
eliminate usual problems of reagent
handling and stability. Reliable results
can be obtained by nontechnical per
sonnel in less than a minute. CHEM

etrics, Inc. 61

Recorder

Portable battery-operated unit employs
sonar to measure and record the level
of any liquid waste without actually
contacting the waste stream. Corrosion
resistant pvc sensor is not subject to
buildup. C. W. Stevens, Inc. 62

Clarifier

Compact waste water treatment system
provides economical separation of emul
sified oils from industrial and com
mercial process discharges. Unit adapts
chemical coagulation and air flotation
principles to clarify water at rates of
less than 20,000 gpd. Tenco Hydro/
Aerosciences, Inc. 63

Velocity meter

Air velocity meter boasts newly de
signed probe that features small diame
ter noncorrosive tubing as sensing
element instead of delicate wires. Meter

with probe is available in several ve
locity ranges with logarithmic scale to.
permit expansion for lower velocities.
Can be used for other gases as well as
air. Hastings-Raydist 64

Cooling systems

Modular evaporative cooling system
uses sonic atomizing nozzles to inject a
fog of ultrafine water droplets into hot
gaseous effluents. Typical applications
include smelters, waste incinerators,
generating stations, and kilns. Sonic
Development Corp. 65

Ion exchanger

Commercial size fluidized bed ion ex
change unit can continuously treat 600
gpm industrial liquid waste. Water can
be recycled or safely vented to public
waterways. Liquitech, Inc. 66

Oil/water separator

Separator is designed to remove oil
from water where oil content is greater
than 25 ppm. Unit uses system of regu
lated compartmentation, leveling gates,
and controlled flow to separate liquids.
Flow rates from 10-1000 gpm available.
Automatic Filter Systems, Inc. 67

BOD instrument

Electronic instrument measures BOD of
waste water by measuring pressure de
crease in head space as microorganisms
deplete oxygen supply in test flask.
Mechanical sensor activates a cell which
generates oxygen electrolytically until
pressure is restored to equilibrium value.
Ecological Controls, Inc. 68

new products

Visible emissions monitor

Low-maintenance visible emissions
moni tor has electronic components
housed in weatherproof case and yields
readout in percent opacity on a meter
or, if desired, on a recorder for per
manent records. Finds application in
stack monitoring. Leeds & Northrup 69

Combustible gas monitor

Compact instrument will detect gasoline,
propane, methane, smoke, carbon mon
oxide, and most common industrial sol
vents with solid state sensor that will
not burn out in high gas concentration.
Remote sensor activates alarm, and
meter indicates concentration levels.
International Sensor Technology 70

Organic carbon analyzer

Direct reading instrument gives rapid
measurement of total organic carbon
and total carbon in water. Instrument
determines carbon content directly,
not by difference, from single sample.
Uses chemical oxidation followed by
nickel/hydrogen reduction and hydro
gen flame detection of methane pro
duced. Envirotech Corp., Dohrmann
Div. 71

Airport pollution monitor

Mobile monitoring system aids in de
veloping program for dealing with
noise and air pollution generated by
airport traffic and aircraft emissions.
Instrument Systems Corp. 72

Need more information about any
items? If so, just circle the appro
priate numbers on one of the reader
service cards bound into the back of
this issue and mail in the card. No
stamp is necessary
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new literature

Spectra. Literature describes collection
of newly obtained infrared reference
spectra for coating chemicals and
specialty water treatment chemicals.
Sadtier Research Laboratories, Inc. 105

Sampling techniques. Bulletin describes
principles of sampling effiuent streams
and tells how to tailor sampling tech
niq ues to characteristics of the stream
to be sampled. Denver Equipment Div.,
Joy Mfg. Co. 104

Newsletter. Hydromike is a quarterly
publication distributed free to those
interested in water and fluid waste
measurement and instrumentation. Cur
rent issue is devoted to articles on digital
recording and telemetry. Leupold &
Stevens, Inc. 102

Fasteners. Booklet gives details of
operating experience with nickel stain
less steel components in water and waste
treatment plants. International Nickel
Co. 103

olTerings and details consulting services
available for combating all forms of
pollution. Nalco Chemical Co. 99

Ultrafiltration. Buyers guide and catalog
provides comprehensive information
about ultrafiltration membranes and
equipment for desalting, concentration,
and fractionation uses. Includes price
list. Amicon Corp. 100

Data Sheet. Leaflet describes company's
proprietary coagulation/sedimentation
package for water treatment/industrial
effiuent treatment. Andoc Environ-.
mental Processes, Inc. 101

Reverse osmosis. Booklet tells of com
pany's reverse osmosis system and
details applications of system in de
mineralization, removal of organics,
purification, and concentration. Illinois
Water Treatment Co. 106

Silencer. Bulletin describes operation
of silencer that reduces sound caused
by gas streams by exhausting to the
atmosphere at sonic velocities. King
Tool, Inc. 107

Film list. Brochure describes loan films
available for free viewing which deal
with issues of social concern, including
pollution. Modern Talking Picture Ser
vice, 2323 New Hyde Park Road, New
Hyde Park, N.Y. 11040. (Write direct.)

Chromatography catalog. New pocket
sizcd comprehensive catalog lists olTer
ing of firm in gas chromatography.
Carle Instruments, Inc. 98

Pollution control. Illustrated booklet
describes company's specialty chemical

Lift station. Brochure describes opera
tion of packaged lift station for handling
small flows with solids up to 3'h in.
Capacity is from 20-75 gpm with heads
to 150 ft TDH. Marolf, Inc. 95

Turbine silencer. Reprint of magazine
article tells how company silenced
aircraft turbines on converted floating
power plant with acoustical package.
Industrial Acoustics Co., Inc. 96

Anticorrosion agents. Bulletin describes
use of additives to solve a wide range
of corrosion problems alTecting utility
power stations such as fireside fouling,
air heater corrosion, acid smut, and
waterside condenser corrosion. Apollo
Chemical Co. 97

II YOU need 10 remove oil
Irom walee..
YOU need
Fram
Fram's oily water systems can
remove oil down to 5 ppm in
concentrations from 0 to 100% oil/
water. The three-stage Fram system
plus a pl~te separator removes most
oils, breaks emulsions which cannot be
separated by other techniques.

Where desirable, your Fram system can be automated for
unattended operation. A strip chart records continued
analysis, and signals when effluent exceeds pre-determined
level. Special controls can be added to evacuate oil
accumulation, and a dual system can maintain continuous
service when backwash is required to keep element clean.

When inquiring about a new
F"m o;ly w,,~ ,y",m foc y,"' ,.
specific application, ask a.bout our FRAM Corporation I Industrial O,VlSlon
Trace all AnalySIS Kit designed for BOX 50096 TULSA OKLAHOMA 14150
rapid on-the-spot readout of oil . .
content in water.

Oxygen analysis. Four-page brochure
describes company's flue gas and in
dustrial oxygen analyzers working on
paramagnetic principle. Includes typical
applications and detailed specifications.
Taylor-Analytical Instrument Div. 91

Microscopy. New publication outlines
various techniques using optical micros
copy for detection and measurement of
pollutants in air, water, and food prod
ucts. Bausch & Lomb 92

Flocculants. Wide range of industrial
f10cculants and water treatment chem
icals are described in booklet. Lists
applications for paper and steel mills,
chemical plants, refineries, and sewage
treatment plants. American Cyanamid
Co. 93

Chelant information. Technical paper
answers questions about chelant prop
erties-elTects on economizer opera
tion, boiler corrosion, relation to oil
contamination, elTects on steam blanket
ing situations, and more. Betz. 94

Circle No 5 on Ruders' Service Card
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Circle No.2' on Readers' Senice Card

Wastewater help now.
800·245·1669'

Circle No. 14 on Rnders' Service Card
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The Waler Managers
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.......... ·"' .....·«0".<

o

I sample•.•••..•• $20.00
2-5 samples•.•..• $17.50
6-10 samples ••••• $16.00
11-25 samples•••.. $15.00
Over 25 samples by quote

Price
Schedule:

© ~~!~!~...
waste-water analysis.
Procedures in accord
with State and Federal
regulatory agencies.

Toll free. One phone call for help with your press
ing wastewater problems springs Calgon into action.
Immediately, In confidence,

Our experienced environmental engineers listen
to your problems. We will tell you right away if
and how-CaIgon can help you.

And then we'll notify YOUI' local Calgon water
specialist to contact you fast.

Get the answers now by phoning
800-245-1669.' Toll free.

Calgon Corporation, Calgon
Center, Pittsburgh, Pa. 15230.

°In Pennsylvania, call collect:
(412) 923-2345, exl. 234.

<->~~~~~
P. O. Box 686

815;727-5436 Joliet, Illinois 60434



bookshelf

Electret Devices for Air Pollution Con
trol. Thomas Kallard, Ed. vii + 126
pages. Optosonic Press, Box 883,
Ansonia Station, New York, N.Y.
10023.1972. $9.95, paper.

This volume relates generally to the
various methods of producing elec
trets-a permanently polarized dielec
tric that can be used as a source of an
electrostatic field and, more particularly,
to their applications in air pollution
control. Twenty-one patents are fully
described. _

Lead: Airborne Lead in Perspective. xi +
330 pages. National Academy of Sci
ences, 2101 Constitution Ave., Wash
ington, D.C. 20418. 1972. $6.50, paper.

National Academy of Sciences report of
current knowledge of airborne lead to
serve as a background for preparation
of criteria documents and EPA decisions
and to make recommendations for
research where sound information is
lacking. Discusses strictly biological
aspects thoroughly and nonbiological
effects of lead in brief. _

Environmental Law, Vol. 2, No. 1. Cary
V. Abbott, Ed. x + 312 pages. Lewis
and Clark College, 10015 S.W. Terwil
liger Blvd., Portland, are. 97219. 1972.
$6.00 per volume of 2, paper.

Published twice annually by students
of the Northwestern School of Law of
Lewis and Clark College. Devoted
primarily to the problems of man and
his environment with emphasis on
workable solutions. Contains both legal
and scientific articles. _

Air Pollution, Part A: Analysis. Joe O.
Ledbetter. xii + 424 pages. Marcel
Dekker, Inc., 95 Madison Ave., New
York, N.Y. 10016. 1972. $11.95, paper.

Discusses the measurement of the air
pollutant and the evaluation of the
problem presented by the pollutant.
Since engineers have an important role
in informing decision-makers in pol
lution control as well as carrying out
the control, Dr. Ledbetter hopes "that
this book will aid the engineer in his
job." _
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Upper Mississippi River Comprehensive
Basin Study. Division Engineer, U.S.
Army Engineer Division, North Central,
536 S. Clark St., Chicago, Ill. 60605.
1972. $33.

Designed to develop a framework for
the best use, or combination of uses, of
water and related land resources to meet
the future needs of the Upper Mississippi
river basin. _

Environmental Conservation, 3rd ed.
Raymond F. Dasmann. xi + 473 pages.
John Wiley & Sons, Inc., 605 Third
Ave., New York, N.Y. 10016. 1972.
$10.50, hard cover.

Looks at environmental and human
problems from an ecological viewpoint.
Attempts to provide a factual basis on
which action to improve the environ
ment can be taken. Each chapter is well
illustrated. _

Proceedings of the Third Mineral Waste
Utilization Symposium. Murray A.
Schwartz, Ed., vi + 445 pages. lIT

Research Institute, 10 W. 35th St.,
Chicago, III. 60616. 1972. $17.50, hard
cover.

Reports on the current state-of-the-art
in solving mineral waste disposal prob
lems and recycling to useful products.
Contains over 60 papers reporting on
such subjects as mining and mineral
wastes, industrial wastes, scrap metals,
and municipal refuse. _

Waste Heat Utilization. Marvin M.
Yarosh, Ed. viii + 348 pages. National
Technical Information Service, U.S.
Department of Commerce, Springfield,
Va. 22151.1972. $6.00, paper.

"It was the intent of the conference,"
says Editor Yarosh, "not only to
present a status of technology and
technical applications of heat use but
also to explore the often less tractable
problems of implementation of heat
use." Individuals experienced in market
ing, regulation, legal and industrial
problems, and financial aspects partic
ipated. _

Determination of Air Quality. Gleb
Mamantov, W. D. Shults, Eds. xii +
197 pages. Plenum Publishing Corp.,
227 W. 17th St., New York, N.Y. 10011.
1972. $13.50, hard cover.

Introduction to air pollution control.
Composed of data submitted by chem
ists, physicians, engineers, administra
tors, and systems analysts. The Pro
ceedings of an ACS symposium held in
Los Angeles, Calif., April 1-2, 1971.
Considered a contribution to the present
state of science and technology. _

Methods of Air Sampling and Analysis.
xvii + 480 pages. American Public
Health Association, 1015 Eighteenth St.,
N.W., Washington, D.C. 1972. $12.50,
hard cover.

First published volume of methods for
air sampling and analysis adopted as
"tentative" by the Intersociety Com
mittee for a Manual of Methods of
Air Sampling and Analysis. The Inter
society Committee was organized in
1963 and consists of 10 organizations. _

Detergency: Theory and Test Methods,
Part 1. W. G. Cutler, R. C. Davis. ix +
451 pages. Marcel Dekker, Inc., 95
Madison Ave., New York, N.Y. 10016.
1972. $28.50, hard cover. _

Presents a compilation of detergency
test methods in use as well as the theo
retical basis of these tests. Includes the
relationship of detergents to the en
vironment. Reference for academic and
industrial researchers or students in the
textiles, soap, coatings, lubricants, pe
troleum, drug, and food industries. _

Biology of Brackish Water. Adolf
Remane, Carl Schlieper. viii + 372
pages. John Wiley & Sons, Inc., 605
Third Ave., New York, N.Y. 10016.
1972. $21.75, hard cover.

Translation of earlier German works
blit revised and covering a broader field
of knowledge. The authors, editors, and
publisher hope that this English edition
will stimulate international research on
brackish water and enlarge the general
scientific interest in this field. _



The Saving of San Francisco Bay. Rice
Odell. xii + 115 pages. Conservation
Foundation, 1717 Massachusetts Ave.,
N.W., Washington, D.C. 20036. 1972.
$3.00, paper.

Book is about the functioning of a
regional governmental agency. Traces
citizen's movement to save the Bay from
excessive encroachment by developers
and then describes the function of the
San Francisco Bay Development and
Conservation Commission. _

Environmental Measurement and Inter
pretation. Robert B. Platt, John F.
Griffiths. xii + 235 pages. Robert E.
Krieger Publishing Co. Inc., Box 542,
Huntington, N.Y. 11743. 1972. $12.50,
hard cover.

Textbook and reference manual de
signed to meet the need for gathering
literature on the instrumentation and
analysis of environmentally oriented re
search. Concerned primarily with the
terrestrial environment. Intended for
botanists, . zoologists, scientists, engi
neers, and others in the environmental
field. _

UCSB Oil Spill Index Catalog. Robert
W. Holmes, Ed. Four Vols. Oil Spill
Information Center, Marine Science
Institute, University of California at
Santa Barbara, Santa Barbara, Calif.
93106. 1972. $275.

Key to information on oil spills around
the world. Contains maps, photographs,
unpublished manuscripts, patents, pam
phlets and letters, and collections of
journalistic works providing a frame
work of oil spill incidents, public reac
tion, government legislation, and court
action. _

The Economic Impact of Pollution Con
trol. 332 pages. U.S. Department of
Commerce, National Industrial Pollu
tion Control Council, Washington, D.C.
20230. 1972. $2.50, paper.

Purpose is to put into perspective studies
which were conducted to assess the
economic impacts of air and water pol
lution abatement requirements on a

number of industrial activities. Report
was prepared for the Council on En
vironmental Quality, Department of
Commerce, and federal Environmental
Protection Agency. _

Nitrogen Metabolism and the Environ
ment. J. W. Campbell, L. Goldstein,
Eds. xi + 318 pages. Academic Press,
111 Fifth Ave., New York, N.Y. 10003.
1972. $13.95, hard cover.

Covers the regulation of nitrogen me
tabolism in animals. Discusses both bio
chemical and physiological regulatory
mechanisms relative to their function in
the adaption of animals to different
environmental situations. Water restric
tion in the terrestrial and marine en
vironment and environmental pollution
are investigated at different biological
levels. _

Chemosphere. Pergamon Press Inc.,
Maxwell House, Fairview Park, Elms
ford, N.Y. 10523. 1972. $35 annually.

Interdisciplinary journal designed for
publication of articles related to environ
mental affairs and reporting scientific
investigations in the fields of chemistry,
physics, and biology. Emphasis placed
on evaluation of changes in the atmo
sphere, in water, and on land in relation
to plants, animals, and man. Published
bimonthly. _

Conflicts in Water Resources Planning.
Earnest F. Gloyna and William S.
Butler, Eds. x + 172 pages. Center for
Research in Water Resources, The
University of Texas at Austin, Austin,
Tex. 78757.1972. $15, hard cover.

Contains lectures that examine the
conflicts in water resources planning in
the belief that understanding the issues
is essential if basic conflicts are to be
resolved. Deals with such important
issues as conservation of resources and
the relation of water resources planning
to land use policy, the government's
role in resources planning, and ecology.

-
(Continued on p 844)
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BUY
News about exciting
new processes . ..
Symposium on New Solid
Waste Disposal Processes
(cassettes or open reel.
please specify) $12.50

AND GET
Four cassettes from the
exciting Men & Molecules
series . ..
o Mercury: Another look
Parts I & II. .The trouble
with water; Pure oxygen for
polluted water. e Bubble
machines & pollution find
ers; The steam engine: a
modern approach. OThe
lead issue; Smog: an envir
onmental dilemma.

FOR ONLY $15.50
TOTAL PRICE $28.00
Payment must accompany order

PLUS
Bonus-no extra cost the 87 page
book Solid Waste-a $2.00 value.
published by Environmental Science
& Technology Magazine

SAVE
'$4.46 over regular prices

Send $28 to . ..
American Chemical Society
1155 Sixteenth Street, N. W.
Washington, D.C. 20036
Dept. AP

Name _

Address _

City _

State Zip _

For orders outside U.S.A. add 75¢
handling charge
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Pollution Analyzing and Monitoring
Instruments. vii + 354 pages. Noyes
Data Corp., Noyes Bldg., Park Ridge,
N.J. 07656.1972. $36, paper.

Gives basic technical information on
"step one" in a systems approach to
total war on pollution. Descriptions of
what is available in ready-made, on-the
line commercial equipment for sampling,
measuring, and analyzing pollutants
found in the air, in water, in soil and
food or foodstuffs, or noise and
radiation. _

SOS Books. 244 pages. Snyder Ocean
ography Services, P.O. Box 98, Jupiter,
Fla. 33458. 1972. $2.35, paper.

Catalog of environmental science and
technology books. Lists over 3000 books
in print from the U.S. and abroad.
Organized into six major categories
environmental sciences, engineering &
technology, commerce, natural re
sources, glossaries, and juvenile books.

-
ASCATOPICS. Institute for Scientific
Information, 325 Chestnut St., Phil
adelphia, Pa. 19106. Begun 1972.
Usually $95 annually.

Information alerting service that pro
vides subscribers with weekly bibliog
raphies of literature published in the
areas of environmental science, medi
cine, biology, and chemistry. Emphasis
on the adverse effects of pollutants, food
additives, pesticides, and drugs. _

The Domination of Nature. William
Leiss. xii + 242 pages. George Braziller,
Inc., One Park Ave., New York, N.Y.
10016.1972. $6.95, hard cover.

Historical and critical approach de
scribing the circumstances in which the
modern versions of the idea of the
domination of nature first arose, how it
became associated with science and
technology achievements, and why it
became a powerful ideology in society. _

Salinity and Water Use. T. Talsma,
J. R. Philip, Eds. viii + 296 pages. John
Wiley & Sons, Inc., 605 Third Ave.,
New York, N.Y. 10016. 1972. $17.95,
hardcover.

Papers from the second National
Symposium on Hydrology. Offers up
to-date review of the scientific and, to
some extent, social backgrounds, both
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of which are problems of natural and
man-made salinity. Papers range from
geochemistry, soil physics, hydraulics,
and biology of salinity to legal and
administrative aspects. _

The Air Pollution Control Market. 150
pages. Frost & Sullivan, Inc., 106
Fulton St., New York, N.Y. 10038.
1972. $345.

Identifies and projects industrial and
government markets for pollution con
trol equipment and services. Contains
technical information which defines
gaseous and particulate pollutants, gives
the state of development of major
pollutant control equipment classifica
tions, discusses sulfur dioxide, and pro
vides profiles of 13 leading pollution
control companies. _

The Careless Technology: Ecology and
International Development. M. Taghi
Farvar, John P. Milton, xxix + 1030
pages. The Natural History Press,
Garden City, Long Island, N.Y. 11530.
1972. $25, hard cover.

Explores the relationships between tech
nological development in the Third
World nations and the ecological strains
that "progress" creates. Contains 50
case studies. Follows the theme that too
often science and technology are used to
conquer the world rather than help
people live better in it. _

Ecological Aspects of the Nuclear Age:
Selected Readings in Radiation Ecology.
Vincent Schultz. 588 pages. National
Technical Information Service, U.S.
Dept. of Commerce, Springfield, Va.
22151. $6.00, paper.

Scientific literature compiled to bring
together summary papers, ecosystems
studies, and historical background
papers around which the radiation
ecology developed. Covers terrestrial
and marine and freshwater environ
ments. Intended for concerned indivi
duals and groups outside the radiation
ecology community. _

Handbook of Environmental Manage
ment, Vol. I: Fundamentals. Charles J.
Hilado. xi + 113 pages. Technomic
Publishing Co., Inc., 265 W. State St.,
Westport, Conn. 06880.1972. $25, paper.

Synthesis of up-to-date information on
population, food, water, air, materials,
and energy. Each section is supple
mented by data tables and references.
Designed for both the general reader and

the professional. Provides information
on the environment, environmental
problems, and remedies. Also useful for
study programs, reference, and bibli
ography. _

Journal of Environmental Quality. Amer
ican Society of Agronomy, 677 S. Segoe
Rd., Madison, Wis. 5371 I. $10 annually,
paper.

Brings together reviews and technical
reports on all aspects of the environ
ment (not limited to agricultural prac
tices). Includes effects of practices and
chemicals on ecosystems, pest control
programs, waste disposal, and land use
development. Four issues annually. _

Air Pollution Control, Part 2. Werner
Strauss, Ed. xi + 300 pages, John
Wiley & Sons, Inc., 605 Third Ave.,
New York, N.Y. 10016. 1972. $14.95,
hard cover.

Provides reviews in areas of current
importance in air pollution control.
Each article is aimed to completely
cover theory, experimentation, and
practice in the field discussed. Especially
valuable to those planning research in
the areas reviewed. _

Films

Environmental Pollution. Environmental
Communications, 62 Windward Ave.,
Venice, Calif. 90291. $50.

Set of 40 color slides. Visual survey of
sea, air, and land pollution in urban and
rural areas of California. _

The 1st Pollution. Stuart Finley Inc.,
3428 Mansfield Rd., Falls Church, Va.
22041. 1972. $300.

Film about water pollution problems:
what they are, who produces them,
what's being done about them, and
what'll happen in the future. Reports on
current efforts to clean up U.S. waters.
Cites comparison between earlier pol
lution problems and conditions today.
Excellent photography. _

Record

Spaceship Earth. Addison-Wesley,
Menlo Park, Calif. 94025.1972. $5.95.

Songs by Pete Seeger, vignettes of
American life, and straight talk from
people knowledgeable in the environ
ment. Based on broadcasts from CBS

News and the CBS News Magazine oj/he
Air. Originally produced for distri
bution in schools. _



September 24-27
U.S. EPA
National Environmental Information
Symposium

Cincinnati, Ohio
Forum for producers and handlers of
environmental data to identify and ex
plain resources and methods. To bring to·
gether groups and organizations to share
objectives and interests related to the
production, use, and dissemination of
environmental information. Contact: Gil·
bert M. Gigliotti, Director, Public Affairs
Office, National Environmental Research
Center, U.S. EPA, Cincinnati, Ohio 45268

September 27-29
Western Canada Section, American
Water Works Association
24th Annual Western Canada Water and
Sewage Conference and Operator's
School

Regina, Saskatchewan, Canada
Contact: D. A. Shillabeer, c/o Division of
Pollution Control, 6th Floor Milner Bldg.,
10040-104th St., Edmonton, Alta., Canada

September 28-29
Paper Technology Foundation, Inc.
Thirteenth Annual Meeting

Kalamazoo, Mich.
Contact: Paul W. Bartholomew, Execu
tive Secretary, Paper Technology Founda·
tion, Inc., Western Michigan Univ., Kala
mazoo, Mich. 49001

September 28-30
American Assoc. of Textile Chemicals
& Colorists
National Technical Conference

Philadelphia, Pa.
Contact: George P. Paine, AATCC, P.O.
Box 12215, Research Triangle Park, N.C.
27709

October 2-3
American Medical Association
1972 Air Pollution Medical Research Con
ference

Chicago, III.
Sessions on familial and inherited re
sponse to air pollution, air pollution and
human illness, health effects research,
and epidemiology. Write: Department of
Environmental, Public, and Occupational
Health, American Medical Association,
535 N. Dearborn St., Chicago, III. 60610

October 4
American Society for Testing and
Materials
Committee on Toxic Materials and Harm
ful Physical Agents Organizational Meet
ing

Philadelphia, Pa.
For additional information, B. J. Corrigan
or R. D. Bauer, ASTM, 1916 Race St.,
Philadelphia, Pa. 19103

October 4-6
Institute of Noise Control Engineering
and others
International Noise Control Engineering
Conference and Equipment Exposition

Washington, D.C.
Comprehensive technical program and
product display in fields of noise/vibra·
tion/shock control and hearing conserva
tion. Contact: INTER-NOISE 72, c/o Ap
plied Acoustics Section, Mechanics Div.,
National Bureau of Standards, Washing
ton, D.C. 20234

October 8-13
Water Pollution Control Federation
WPCF Conference

Atlanta, Ga.
Write: Robert A. Canham, WPCF, 3900
Wisconsin Ave., Washington, D.C. 20016

October 9-12
Association of Official Analytical
Chemists
86th Annual Meeting

Washington, D.C.
Papers on analysis of feeds, fertilizers,
food additives, pesticides, and related
subjects. Contact: L. G. Ensminger,
Executive Secretary, AOAC, Box 540,
Benjamin Franklin Station, Washington,
D.C. 20044

October 9-12
Instrument Society of America
27th AnnuallSA Conference

New York, N.Y.
Includes papers on major sectors of in
strumentation and automatic control
including pollution control. Write: R. I.
Gray, ISA Conference Program Chairman,
400 Stanwix St., Philadelphia, Pa.15222

October 10-11
Industrial Health Foundation
37th Annual Meeting

Pittsburgh, Pa.
Discussions will cover standards for
OSHA, toxicology, industrial hygiene
engineering, and other related topics.
Contact: IHF, 5231 Centre Ave., Pitts
burgh, Pa. 15232

October 11-12
Society of Plastics Engineers
Regiona ITechnica IConference

Chicago, III.
Theme "PlastEcology-1972" includes 17
speakers dealing with plastics and ecol
ogy. Contact: Robert N. Bose, CO, Con
sultants Co., 303 E. Elm St., Wheaton, III.
60187

October 11-19
Institute of Sanitation Management
15th Annual ISM National Conference
and Exposition

Philadelphia, Pa.
Will cover federal environmental stan
dards, planning, and assistance; eco
nomics; and education. Write: ISM, 1710
Drew St., Clearwater, Fla. 33515

meeting
guide

October 15-17
Virginia Polytech Institute and State
University
The Environment-Conflicts, Costs, Ac
tion Conference

Blacksburg, Va.
Proposes to give editors and reporters
covering the environment concentrated
background in ecology. Write: Mary Ann
Johnson, Burruss 400, Virginia Tech,
Blacksburg, Va. 24061

October 15-18
Institute of Sanitation Management
National Environmental Sanitation &
Maintenance Management Educational
Conference

Philadelphia, Pa.
Aimed at environmental sanitation main
tenance management personnel as well
as supervisors, foremen, and related
personnel. Write: ISM, 1710 Drew St.,
Clearwater, Fla. 33515

October 18-20
National Automatic Laundry and
Cleaning Council and National
Carwash Council
1972 National Convention·Exposition

Chicago, III.
Features problems and possible solu
tions to pollution, waste water, and re
cycling. Write: NALCC-NCC, 7 S. Dearborn
St., Chicago, III. 60603

October 24-26
Engineers Society of Western Pa.
33rd International Water Conference

Pittsburgh, Pa.
Write: W. M. Porter, Secretary, Engineers
Society of Western Pennsylvania, William
Penn Hotel, Pittsburgh, Pa. 15219

October 24-28
Federation of Societies for Paint
Technology
50th Annual Meeting

Atlantic City, N.J.
Includes topics on air pollution control,
water pollution control, and solid waste
disposal. Contact: Federation of Societies
for Paint Technology, 121 S. Broad St.,
Philadelphia, Pa. 19107

October 25-26
New York State Action for Clean Air
Committee
Eighth Annual Symposium on the En
vironment and Health

Syracuse, N.Y.
Theme "Environmental Education for the
Adult Public." Write: New York State
Action for Clean Air Committee, 105 E.
22nd St., New York, N.Y. 10010

(Continued on p 846)
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MEETING GUIDE (continued)

October 25-28
. Clackamas Community College

Environmental Technology Show
Oregon City, Ore.

Will focus on new technological equip
ment and research. For information:
Marvin Weiss, Community Services.
Office, 19600 S. Molalla Ave., Oregon City,
Ore. 97045

Courses

September 25-29
University of Texas at Austin
Advanced Water Pollution Control: Bio
logical Waste Treatment Short Course

Austin, Tex.
Contact: Engineering Institutes, P.O.
Box K, University of Texas at Austin,
Austin, Tex. 78712

September 27-28
George Washington University
Air Pollution Control Short Course

Washington, D.C.
State-of-the-art information on air pollu
tion control for engineers and technical
personnel working in this field. Fee: $145.
Contact: Continuing Engineering Educa
tion Program, George Washington Univ.,
Washington, D.C. 20006.

September 28-29
University of Wisconsin
Structural Design of Sanitary Engineering
Facilities Short Course

Milwaukee, Wis.
Based on improving and maintaining
environmental quality. Fee: $95. Write:
University of Wisconsin-Milwaukee Civic
Center Campus, 600 W. Kilbourn Ave.,
Milwaukee, Wis. 53203

October 2-5
B&K Instruments, Inc.
Industrial Noise Control Seminar

Cleveland, Ohio
Objective is to provide information neces
sary successfully to implement industrial
noise control programs. Fee: $135. Con
tact: B&K Instruments, Inc., 5111 W.
164th St., Cleveland, Ohio 44142

October 5-6
International Association on Water
Pollution Research
Toward a Unified Concept of Biological
Waste Treatment Design Seminar

Atlanta, Ga.
Will discuss mathematical models in
present use and factors affecting their
use and applications. Registration: $125.
Contact: Fred G. Pohland, Civil Engineer
ing Department, Georgia Institute of
Technology, Atlanta, Ga. 30300
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October 5-6
University of Wisconsin-Extension
Applications of Remote Sensing to Urban
and Regional Planning Institute

Madison, Wis.
Will present a picture of how various
remote sensing devices can be used and
should be used to study urban problems.
Fee: $100. Contact: Donald E. Baxa, Pro
gram Director, Dept. of Engineering,
University of Wisconsin-Extension, 432
N. Lake St., Madison, Wis. 53706

International

September 25-27
Water Research Association
Groundwater Pollution Conference

Reading, England
Contact: The Water Research Associa
tion, Medmenham, Marlow, Bucking
hamshire, SL7 2HD, England

October 2-6
Commission of the European
Communities and U.S. EPA
International Symposium on Environ
mental Health Aspects of Lead

Amsterdam, The Netherlands
Program will cover uptake and metab
olism, subclinical effects, epidemiological
studies, sources, and monitoring. Write:
J. Smeets, Secretary, Health Protection
Directorate, Commission of the European
Communities, 29 Rue Aldringen, Luxem
bourg

October 3-4
Office of Civil Engineers
Management of National and Regional
Water Resources Conference

London, England
Contact: Conference Office, Institution
of Civil Engineers, Great George St.,
Westminster, London, SWI P 3AA, En
gland

October 4-9
Japan Management Association
International Ocean Development Con
ference

Tokyo, Japan
Information from Secretariat, Interna
tional Ocean Development Conference,
Japan Management Assoc., No. 25, Shiba
Park, Minato-ku, Tokyo, Japan

October 10-14
Society of Chemical Engineers
(Japan) and AIChE
First Pacific Chemical Engineering Con
gress

Kyoto, Japan
Includes sessions on air pollution control
and water pollution control. Write: Ameri
can Institute of Chemical Engineers,
Japan Meeting, 345 E. 47 St., New York,
N.Y. 10017

October 16-20
National Society for Clean Air
39th Annual Conference

Scarborough, Engla nd
Contact: National Society for Clean Air,
134-137, North St., Brighton, BNl lRG,
England

October 26, 1972-September 7, 1973
UNESCO
International Course in Environmental
Science and Technology

Delft, The Netherlands
Postgraduate course is related to inter
governmental research program on "Man
and the Biosphere" focusing on causes,
implications, and solutions of environ
mental problems. Contact: Netherlands
Universities Foundation for International
Cooperation, 27 Molenstraat, The Hague,
The Netherlands

November 3-9
Sewage Engineering Association of
the German Federal Republic and
others
International Sewage and Refuse Engi
neering Exhibition and European Sewage
and Refuse Symposium

Munich, Germany
Address Inquiries to: Wissenschaftlicher
Leiter des EAS 73 Munchen, Gunter
Muller·Neuhaus, Technische Universitat
Munchen, D-8000 Munchen 2, Arcisstrasse
21, West Germany

November 15-19
U.S. Trade Center and
ANTINQUINIMENTO '72
PURAQUA-PURARIA '72

Milan, Italy
Contact: Don Johnson, Project Officer,
Bureau of International Commerce (Ref:
948), U.S. Dept. of Commerce, Washing
ton, D.C. 20230

December 4-8
Ministry of Water Resources (Mexico)
and International Association of
Hydrological Sciences
International Symposium on the Planning
of Water Resources

Mexico City, Mexico
International experts will compile meth
odologies and experiences of many
countries toward enhancement of inter
national cooperation. Contact: Ing. Ger·
ardo Cruickshank G., Subsecretario de
Planeaci6n, Secretaria de Recursos Hi
draulicos, Reforma No. 69-11 0 Piso, Mex
ico, D.F.

June 4-9,1973
UNESCO and others
International Symposium on the De
velopment of Water Resources Projects
with Inadequate Data

Madrid, Spain
Write: David R. Dawdy, U.S. Geological
Survey, Engineering Research Center,
Colorado State Univ., Foothills Campus,
Fort Collins, Colo. 80521

July 1973
AAAS and National Council of Science
and Technology of Mexico
1973 Inter-American Scientific Meeting

Mexico City, Mexico
Includes air and water pollution discus
sions. Contact: American Association
for the Advancement of Science, 1515
Massachusetts Ave., N.W., Washington,
D.C. 20005



Make sure/check MSA

~

The government chose
our hydrocarbon and car
bon monoxide analyzers
to prove your compliance
with the federal emissions
standards. You'll find the
same instruments moni
toring the air you breathe,
stack emissions and in
plant pollution.

Involve an MSA man
in your emission prob
lems. He knows exactly
what you're up against.
Write Mine Safety Appli
ances Co., Pittsburgh, Pa.
15208.

Check auto emission standards
with MSA instruments.
EPA does.

Circle ND. 10 on Readers' Service Card

SPRAY NOZZLES
you name the need-we'll supply the nozzles!
Complete choice of capacities, spray angles and ma
terials. All nozzle types ... hollow and full cone, flat
spray and air atomizing in choice of over 15,000 sizes
and materials. Also spray guns and accessories. See
your local representative or call us. Ask
for 64 page Catalog 25A.

SPRAYING SYSTEMS Co.
North Ave. al Schmale Road, Wheaton, III. 60187

Telephone: 312 665-5000/ Telex No. 72-8409

Circle No.3 on Readers' Senice Card
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professional consulting services directory

~
CONSULTATION AND LABORATORY SERVICES
• Radionuclide Analysis • Bioassay
• Environmental Studies • Health Physics Services
• Low Level Tritium Counting • Whole Body Counting
• Licensing Assistance (Mobile)

• Emergency Medical Planning

RYCKMAN / EDGERLEY / TOMLINSON
and ASSOCIATES

£ Consulting Engineers Specializing
in Poltution Conlrol

WA TER .nJ WASTE WATER, AIR,
SOLID WASTES, HEALTH, HYGIENE,

NOISE POLLUTION CONTROL
12161 Lackland Rd•• St. Louis. Mo. 63141 314-434·6960
Wash., D.C.; Memphis, Tenn.; Dayton, 0.; Chicago, Ill.
Bryan, Tc.;Caspcr, Wy.; Northumberland,Eng.; Rome, It.

RADIATION MANAGEMENT CORPORATION
UNIVERSITY CITY SCIENCE CENTER

3508 MARKET STREET, PHILADELPHIA, PA. 19104

Phone (21,:i) 386-1805

LABORATORIES

Diffusion Studies

Source Testing

Monitoring

Systems Analysis

Implementation Planning

Air, Water, EnvIronmental Impact
Monltoring,Surveys, Process Development

Laboratories in Fifteen Cities

Box 8768 Houston, Texas 77009 (713) 692-9151

ENGINEERS· CHEMISTS· BIOLOGISTS

YORK RESEARCH CORP.

P.O. Box 750, Bound Brook, New Jersey 08805
201356·2600Telex833413

• Ambienf Air Sfudies
• Air & Wofer Pollution Confrol
• Complefe Analyficol Laboratory

• Source Testing & Sfack Sampling
• Indusfrial Plant Invesfigafions

• Noise Level Sfudies
• Combustion Sfudies

One Res.arch Drive

Stamford, Connecticut 06906
(203) 325·1371

NUS CORPORATION
4 Resf',Hch Pllce ROCKVille M,HyLlnrl 20850

,301 9481010

CONSULTING ENGINEERS

• Air & Water Pollution Control
• EnVironmental &Ecological I\nalyses
• Meteorological Studies
• Process Evaluation & DeSign
• Complete laboratory Services

IJNUS

Cottrell
Environmental
Systems
Division of Research-Cottrell

Nationwide service and experience

Environmental Management Services

$;~~~&,t",.
LAlOR...TORIES INC.

5-45 Comm~rc~ St. 201·337-4174
Fr.. nklin ldk~s, N. J. OH17

• Ato,..lc Abso,ptloft • Optical EMlnlon
• Chemical • X.r.y Specero....try

An.lytic~1 S~rviet:s for th~

Environm~nt~1Enginur Ii Industry

1845 WALNUT ST., PHilADElPHIA, PA. 19103
Tel.: (215) 561·5300

STUDIES' REPORTS' DESIGN
CONSTRUCTION • OPERATION

,,-V-., K I··tliJ·l U J_an
ENVIRONMENTAL ENGINEERS

• WATER &AIR POLLUTION CONTROL
• WATER SUPPLY &TREATMENT
• LIQUID &SOLID WASTES OISPOSAL
• NOISE LEVEL CONTROL

Environmental Sciences Division
John Pizzo W. Baumgartner

(201) 792-2400 (509) 946-5157

THE BEN HOLT CO.
m E. Green Street, Pasadena, Calif. 91101

ENVIRONMENTAL
• IMPACT STATEMENTS •

• ENGINEERING •

Environmental Testing Specialists

• Dust Collection Measurements
• Source Sampling
• Combustion Evaluation
• Complete Source Surveys
• Code Compliance Investigatiogs
• Incinerator Efficiencies
• Industrial Hygiene
• Control Equipment Evaluation
• Complete Water Pollution Studies

UNITED STATES TESTING COMPANY INC.
1415 Park Avenue 2800 George Wash Way

Hoboken N J 07030 Richland, Wash 99352

G601 K"kv,lle Road, E"'l Syr"~lIj.C. N,Y 13057
Tel 13151437-1181

ERNEST F. FULLAM, INC.
P. O. BOX 444 • SCHENECTADY, N. T.12301
TII.EPHOfrCE 51..71HW

ENVIRONMENTAL POLLUTION
CONTROL SERVICES

Galson

POLLUTION
TOTAL ANALYSIS & CONTROL

Write for information

J&Wagro/eco LABORATORIES
Drawer B, South Bay, Fla. 33493

Phone 305/996·3880

ClillaD, N.J. Sao Dielo, Calif. Aillfltl, GI. New York, N.Y.
20147:HO« 714 UH>81 4()4 1)s-9)41 211 ~766

A Subsidilry 01 Wood.lrd·Clyde Consulfillb

Engineers & Constructors

Air and Water Pollution
Control Systems

9800 S. Sepulveda Blvd.
Los Angeles, Cal. 90045

Ph. (213) 776·5513

SIERRA

"BURNS AND ROE, INC.

• WOODWARD-ENVICON, INC.
(tMronmetlfli COilsulflllfs

All. WAUl' Sill 'LA••IIIG • WaSlE • IOISl
AsrSrElAAT/C MULTI·DlSCIPLINE APPROACH TO

ENVIRONMENTAl. IMPACT REPORTS
AND FIELD SURVEYS

1373 .IOAD $TIm, CUrTO-, I£W J(lSn 01012

R!mm!RlI Meteorological
_ Consulting Services

• Air pollution diffusion modelling
• Real-time analysis systems
• Environmental impact reports
• Site analysis

Research Division, Box 1249,
612/853-3595 Minneapolis, Minn. 55440

ENVIRONMENTAL
SERVICES I SYSTEMS
• AMBIENT AIR MONITORING • SITE
SURVEYS • METEOROLOGICAL ANALYSES
• COOLING TOWER EFFECTS
• AGENCY LIAISON AND EXPERT WITNESSES
• MONITORING AND DATA SYSTEMS

ENVIRONMENTAL SYSTEMS CROUP. P.O. BOX 3007
BOULDER, COLORADO 80303 • (303) 443·0384



professional consulting services directory

• Detailed recommendations for cor
rection and control of pollution prob
lems and for compliance with legal
requirements.
• Chemical and Particulate Analysis.
• Bacterial, Biological, Microscopic
and Toxicity Studies.

Write dept ES

NEW YORK TESTING LA80RATORIES, INC.
81 URBAN AVENUE, WESTBURY, N.Y. 11590

TEL: (516) ED 4·7770. (212) AX 7·1449

Branch offices in principal cities

ENVIRONMENTAL IMPACT REPORTS

APPLIED RESEARCH ENGINEERI NG CONSULTI NG

DIFFUSION METEOROLOGY STACK TESTING

ANALYTICAL LABORATORIES
The Research Corporation of New England

125 Silas Deane Highway Wethersfield, Connecticut 06109
(203) 563·1431

ANALYSIS

VACCINES

• WATER TREATMENT/DiSTRIBUTlON/
LEAK AND FLOW STUDIES

• SEWERAGE/COLLECTION AND TREATMENT
• SOLID WASTE PLANNING AND MANAGEMENT
• AIR POLLUTlON/INVESTIGATlDN/

EVALUATION/CONTROL
• COMMUNITY PLANNING
• INDUSTRIAL WASTE/STUDY /TREATMENT
• SUPERVISION OF CONSTRUCTION

AND OPERATION

ENGINEERS/PLANNING CONSULTANTS
Reading, Pa • Sp"ng!<eld, Mass • Ph,ladelphla, Pa

HOME OFFICE

Box 4850, Jacksonville, Florida 32201

REYNOLDS, SMITH AND HILLS

ENGI:i::'~"':' ~'ON
environmental engineering, in<:.
Ofter diversified services in Pollution Abate·
ment, Resource Management and Environ·
mental Consultation.

Problem [valuation • Research and
Development • Planning • Reports •
Design • Supervision • Program

Management

R&D
CONSUL TING

THE BIO-VIROLOGICAL LABORATORIES
Write for information

2045 Spaltord Ave> West Palm Beach. Fla 33401

Dr G H Waddell. Dlrecto( Phone 305/686·0345

KAISER ENGINEERS
300 LAKESIDE DRIVE
OAKLAND CA 94604

CHICAGO PITTSBURGH

ENVIRONMENTAL CONTROL

ENVIRONMENTAL ENGINEERS
AND PLANNERS

DESIGN. RESEARCH. STUDIES

WATER & WASTEWATER
ANAL YT1CAl SERVICES

• PHYSICAL
• CHEMICAL
• BIOLOGICAL

All PARAMETERS

GEORGE T. PECKHAM
CONSULTING CHEMIST

HYDRO RESEARCH LABORATORIES
DIVISION

Vulcan Labor.torin, Int. ~ <§3 5ubsldla/V

401 AubulII Avtnll'. Pontile, Michil'n "'OU. J1J1J34-4741

Waste Abatement and Control

In-plant Surveys; Feasibility Studies
415 Oakhurst Drive, Clinton, Iowa 52732

Ph. (319) 242-5098

=:::~.r:~~~~~e:t?~~~~~~aclo;~~~~P~:~t~~~
Solid waste Sisposal-Electrlc utilities
Research - feaSibIlity & rale ~tudies

Syncu.e. N,Y. Dover Del C".rloUe N C

I!! O'BRIEN&GEREo ENGINEERS.ING

DUNN LABORATORIES, INC.
Chemists and Chemical Engineers

Chemical Analysis and Consultation
717 Edgehill Ave. N. W.

Atlanta, Ga. 30318
Tel. 404·873·6159

~
THE

e CHESTER
ENGINEERS

"Services to Public Works and to Industries with Emphasis on Environmental Compatibility"

~ METCALF & EDDY I ENGINEERS

Pollution Control Studies and Systems Design
Liquid Wastes • Solid Wastes • Air Pollution • Environmental Planning

Staller Building, Boslon, Mass. 02116 Palo Allo • Chicago

•
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professional consulting services directory

CIVil .. STRtJCTUIiAl (HCI"URS
LAND pt ...H'HltS .. SURVEYORS
P.O. 80X \78 (8IJ)·649·6Z11

NAPlES. fLORIDA ll911

DAMES & MOORE
Consulting Engineers in Applied Earth and Life Sciences

Air Pollution, Water Pollution
Solid and Liquid Waste Disposal

Environmental Studies for Nuclear Power Plants

Two Pennsylvania Plaza, New York, New York 10001
1§A1 SCIENCE
,~ ASSOCIATES, INC.

With Offices in Principal Cities Throughout the World

CATALYTIC, INC.
Consultants. Engineers. Constructors

£nyjronmental Systems Division
1528 Walnut Street. Philadelphia. Pa. 19102

..... 215-KI 5·1500 .....I11III

WASTE MGT. AND POLLUTION CONTROL
H. G. Swope .nd Associ.ln

C....".,i... 1•.,lu' S"'UII, Tr• .bIC!'-,Aoofiq.
Ff'caiiifl Sf.diu. IIUi..f,;" ..4 R.4iHtlin
W.alC!' Tr«.f.61I, ~rdfJr Tr.mi., ..d A.II,u.

P.O. Box 1254. Madison, Wis. 53701
Tol: (608) 238-9966; (414) 963-5361

©[g]rn~rn©
POLLUTION ABATEMENT AND
PROCESS SYSTEM ENGINEERS

FEASIBILITY STUDIES' TESTING
DESIGN' FABRICATION' CONSTRUCTION

,..
laboratory and

Process Development

Industrial Waste
Water Control

liquid and
Solid Incineration

Air Pollution Control

In-ptant Control and
Process Modifications

Desalination

pro(."ional con.lI11an', on
meteorological ;nrtrumentration to

government, educafion,
industry, and tile public

Selection of the proper equipment
depends on survey objectives,

techniques of analysis,
and funds available.

230 NASSAU STREET. BOX 230 N
PRINCETON, NEW JERSEY 08540

TELEPHONE: 609-924-4410

SOUTHERN TESTING
& RESEARCH LABS., INC.

Complete chemical and microbiological
services for pollution control.

Box 12001 I Box 350
Research Triangle Pk. N.C. 27709 Wilson, N.C. 27893

919-549-8681 919-231-4115

CHEMEC
PROCESS SYSTEMS INC.

505 ROUTE 303, TAPPAN. N.Y. 10983
(914)359-3008 •

.. itewad ~oratori~•• Inr.
820 Tulip Annue 0 Kno""iUe, Tennessee 37921

615-525-5811

o Complete Water Quality Analytical Servicee
o Pre~tlonal Environmental Studiel 0 Stream Pollution Surveya
St"illlisu iff T'Mt Mtlllls AJulJsis i",laJi,,& MtmItJ MIll "M, HtMJJ MtlMS

GEOLOGICAL SERVICE
Teshng &MOnitoring Laborato"es

Chemical • Atomic: Absorption • Infrared
Emission Sped 10 ChromatO{Jraphic • Microscopy

All Water Testing • Pollution • Quality
Corrosion Control • Geothermal • Waste Disposal

1539 W. 16th Street (213) 436 4254
Long Beach, CA 90813

~2:~~~' :E:~i~~OOFF HNTB
CONSULTING ENGINEERS

- Cicy .ad Regional Planning, Tr'DSponation Scudiu,
Urban Rene ...al

- Highw'yl, Bridges, Airporu, Public Transic, Parkins
_ Water Supply and Treat/Dent, Sew.ge ColleClion lad

Tre:ltmeot

180' Graod An.• Kaosu Ciry, Mo. 6~l08
OffiuJ ;" DlJu,. Prm&;P,,1 Cil;eJ

~
ENVIRONMENTAL
SYSTEMS CENTER

Box 360, Portsmouth. R.1.
02B11 14011 B418000

• Environmental Surveys,
Monitoring Instrumenta
tion • Impact Studies •
Site Selection & Hy
drology • Waste Water
Characterization • Bot
tom and Subbottom
Profiling. Bioassays &
Inventories· Resources
Management Studies.

RATES PER ISSUE
Six Twelve

UNIT Issues Issues

Your card may appear in every issue for
onc ycar, cvery issue for si:t months (con
secutive issues), or every other issue for
one year (alternate issues). Scud your
copy to

$26
so
70
SO
91
91

$27
S4
78
S'.

100
100

Joseph P. Stenza.

ENVIHONMENTAL
SCIENCE &

TECHNOLOGY
142 East Ave.•

Norwalk, Conn. 06851

or call him at 203-853-4488.

USE THE
CONSULTANTS'

DIRECTORY

1" X 1 col.
1"X2col.
1" X 3 col.
2" X 1 col.
2" X 2 col.
'I'"' X 1 col.

Chemical Analyses
For Environmental Studies

And Pollution Control

525 Ashland $r., North Adams. MA 0124]
TeJ. 413/663-6769

Spark Source Inorganic Mass Spect,omet,y
UIt,a-T,ace Analysis lor all Elements

From Matrix to PPB Level
Solids - Liquids - Contaminants

Isotopic Ratios - Rare Earths
ACCU-LABS RESEARCH, INC.

9170 W. 44th Ave., Wheat Ridge, Colo. 80033
(303) 423-2766

WATER ANALYSIS
Metals - Pesticides - T.O.C. - Etc.

Government approved procedures.
Phone or write for furlhu information.

GALBRAITH LABORATORIES,lnc., Box 4187
Knoxville, Tenn. 3792t, (615) 546-1335

WATER/
WASTEWATER

SPECIALISTS

CROBAUGH LABORATORIES
SINCE 1894

AIR AND WATER POLLUTION
Sampling - Measurements

Analysis - Consulting

COMPLETE LABORATORY SERVICE
Chemistry-Metallurgy-Spectroscopy

Particle Size Analysis-Atomic Absorption
Infrared-Chromatography-X-Ray Diffraction

216-881-7320
3800 Perkins Ave.

Cleveland, Ohio 44114

PRINCETON AQUA SCIENCE

• Environmental usessment studies
• Industrial/municipal waste sur\'eys
• Treatability studies
• Comp~te laboratory services

78' lerle" Av~. N~w Bruns.klll. N.'. 08901 (201) 646-3800

850 Environmental Science & Technology



CLASSIFIED SECTION • POSITIONS OPEN

ENVIRONMENTAL ENGINEERS
We have many posidon openings in U.S. for professionals
experienced in the design, applic;uion and/or sale of air,
water or waste pollution control equipment, chemicals
and systems. Client companies pay fees. Send resume
& salary history in confidence to Roger M. Holfman.

ESSEX PLACEMENT ASSOCIATES

IMPORTANT NonCE
Varioul state lawll aqainst diacrimination and
the Federal Civil Riqhts Act 01 1964 prohibit
discrimination in employment because of sex
unle•• baled on a bonafide occupatioDal
qualification. Help wanted and ,ituauoD8
wanted advertisemenb on thele paqe. ale for
readen' convenience and ale not to be cOn
drued a. inltrumenb leadinq to unlawful
di-eriminauon.

DESIGN ENGINEER
A well known consuJrjn.~ environmental en.~jnecrin~ firm
needs J. Senior Associate Engineer for the Sr. Louis Gtlitc.
P.E. re,t;istr.ation and capablcof beio.l: licensed in Missouri,
Tennessee ;Ifld Illinois, plus 8-12 yeaTs experience. Will
dcsi~n vOI.ricd size wastewater trC;ltlllcnt plants up to 10
MGD, mana,llc design tcams, wrire specs, develop standard
cost and design packages. Sal;l.ry $15,000.-S12,000.
Send resume in confidencc to Uox #972·3, Environmental
Science & Technology, Easton, POI.. 18042.

An Equal Opportunity Employer
1 North Main Ipswich, Mass. 01938

With Power Plant Design Experience
We're involved in major power generation projects. One of our main
concerns in this regard is minimum imposition on the environment.

Accordingly, we seek capable Engineers with appropriate background
(outlined below), 8-10 years experience in power plant design (nuclear
or fossil), technical writing and editing abilities, and P.E. license or
qualifications.

You will be involved with environmental impact statements, plant
location studies, plus consultation on applications for pollution per
mits, and interpretation of current regulations and design methods
to achieve compliance and secure Federal and State permits for
your respective areas.

WATER POLLUTION (Civil or Sanitary) Responsibilities will include
organization and supervision of preparation and presentation of appli
cations for Federal and State permits for water discharges, dredging,
water front construction, wells. sewage treatment and discharge. solid
waste disposal, blasting, road access, and building construction.

AIR POLLUTION (M.E. or Ch.E.) You will be responsible for securing
permits as regards to air and noise pollution, personnel and safety
standards and compliance, aviation obstruction, and other waste dis·
charges. Experience in safety engineering or analysis desirable but
not mandatory.
WASTE TREATMENT (Ch.E.) Your responsibilities will include treat
ment and discharge of sanitary sewage and industrial gas, liquid, and
solid wastes.
These positions offer unusual opportunities to grow professionally
while still permitting enough time to enjoy your families and the
pleasant, rustic environment of our Berks County, Pennsylvania
Headquarters. We provide excellent salaries to match the responsi
bilities we'll expect you to assume, plus comprehensive benefits and
advancement potential and relocation expenses. You can trust us
with your resumes. For prompt consideration, please send them in
cluding references and requirements to the personal attention of
Carl Mycoff.

f;i1bert .ssoclates, Inc
ENGINEERS AND CONSULTANTS

P,O. Box 1498X, Reading, Pennsylvania 19603
An Equal Opportunity Empfoyer

CLASSIFIED
ADVERTISING

RATES
Rate based on numbcr of insertions used within 12 months from date
of first insertion and not on the number of inches used. Space in classi
fied advertising cannot bc combined for frequency with ROP advertis
ing. Classified advertising accepted in inch multiples only.

ENVIRONMENTAL PROTECTION
COORDINATOR

Major natural gas transmission company is
seeking a qualified environmental specialist
for a challenging new position. Responsibili
ties include internal compliance reviews,
awareness of legislative developments, prep
aration of environmental impact studies, and
technical assistance to various management
and technical personnel. The successful can
didate will have an engineering degree, re
lated achievement record, and the ability to
communicate effectively at all levels. Ex
cellent career benefits. Please send r~sum~

to or contact J. A. Collard.

PANHANDLE EASTERN PIPE LINE CO.
P.O. Box 1348

Kansas City, Missouri 64141
An Equal Opportunity Employer

(Check Classified Advertising Department for rates if advertisement
is larger than 10".)

Unit
I inch

I·T
$48

3·T
$46

6·T
$45

12·T
$44

24·T
$42

GROWTH POSITIONS
ENVIRONMENTAL SYSTEMS

$12.00~$25.000

ENGINEERING-RESEARCH-MANAGEMENT
MARKETING-MANUFACTURING APPLICATION
Fees company paid. Include present salary, minimum sal·
ary requirement and location fiexibili{y with resume.
Environmemal Systems Div., Lon/:berry Employment S~rv·

icc, Inc., 650 Niles Bank Bid,::., Niles, Ohio 44446.

SHIPPING INSTRUCTIONS: Send all material to

Environmental Science & Technology
Classified Advertising Department
142 East Ave., Norwalk, Conn. 06851

ENVIRONMENTAL ENGINEER
Progrcssive cemcnt manufacturer offcrs chal
lenging opportunity 011 it.s corporate statT,
Southwcstlocation. Successful candidate must
hove several years experiencc in dcsi~ll, instal
lation and testing of particulate air pollution
control systt:llls. Send resume in confidcnce to:
nox 9i2-2. Environnwnlal Scil:nC(' & T(~ch

nology, ~aslon, Pa. 180·12
an equal op!lortunity employer



CLASSIFIED SECTION
INDEX TO ADVERTISERS IN THIS ISSUE

Oakite Products Ine 798; 849
Marsteller Inc.

O'Brien & Gere Engineers, Inc.. . 849
Oilwell Research, Inc.. . . . . . . . . . . . . .. 850

Aceu.Labs Research, Inc.. . . . . . . . . . .. 850
J. & W. AGRO/ECO Lab , . . . 848

Royle Emley Advertising
Andersen 2000 Inc................. 769

Advertising Specialist
Arro Labs. . . . . . . . . . . •. . . . .. 841

Panhandle Eastern Pipe Line Company 851
George T. Peckham................ 849
Philips Electronic Instruments. . . . . . . 841

J&M Condon Incorporated
Princeton Aqua Science.......... 850

Haymond Richards Incorporated
PRODUCTION ASSISTANT

Peggy Downey

PRODUCTION DIRECTOR
Joseph P. Stenza

ADVERTISING SALES MANAGER
Thomas N. J. Koerwer

SALES REPRESENTATIVES
Chicago 60601 . . • Eugene Eldridge, C.

Douglas Wallach, CENTCOM, LTD., 307
North l\-lichigan Avenue (Area Code 312)
641·0890

Los AnJ:cles 90045 . . . Clay S. Holden,
CENTCOM LTD., Airport Arcade Bldg.,
8820 S. Sepulveda Blvd.. Suite 215,
(Area Code 213) 776·0552

New York 10017 ... Anthony J. Giamanco,
CENTCOM, LTD., 60 E. 42nd Street,
(A'ea Code 212) 972·9660

Norwalk 0685 I . . . Anrhony ]. Giamanco,
CENTCOM; LTD., 142 East Avenue.
(Mea Code 203) 853-4488

Philadelphia 19034 ..• Anthony J. Giamanco
CENTCOM, LTD., 535 Pennsylvania
Avenuc, Fort 'Vashington, Pa., (Area
Code 215) 643·2586

San Francisco ... Clay S. Holden, CENT.
COM LTD., (Mea Code 213) 776·0552

United Stales Testing Company, Inc.. 848
J. R. Alison Company, Inc.

Radiation Management Corporation. . . . 848
Raytheon Company. . . . . . . . . . . . . . . . . 850

Provandie, Eastwood & Lombardi Inc.
Research Cottrell. . . . . . . . . . . . . . . . . .. 848

Michel-Cather, Inc.
Reynolds, Smith and Hills.. . . . . . . . .. 849

W. R. Hol1in~sworth and Associates
Ryckman/Edgerley ITomlinson &. Asso-

ciates, Inc.. . . . . . 848

Great Britain and Western Europe . . . Bray.
ton Nichols, The American Magazine
Group, 27 Maddox Street, Lodon, W. 1,
England, Te1ephone-499·0180

Japan ... Sumio Oka, International Media
Representatives, Ltd., 1, Shibe·Koto
hiracho, l\linatoku, Tokyo

Advertising management for the
American Chemical Society Publications

CENTCOM, LTD.

Edward P. Blanchard, President; Thomas N. J.
Koenver, Executive Vice President, 142 East
Avenue, Norwalk, Connecticut 06851 (Area
Code 203) 853-4488

York Research Corporation. . 848

\Voodward.Envicon, Inc....... 848

Vulcan Laboratories, Inc.. . . . . • . . . 849

Science Associates, Inc.... . 850
T. Shriver & Co., Inc.. . . . . . . . 772

Krie~el/Feldman/Stern, Inc.
Sierra Research Corp.. . . . . 848

B. P. Hyer Associates, Inc.
Southern Testing &. Research Labs.,

Inc.. . . . . . . . . . . . . . . . . . . . . . . . . . 850
Southwestern Laboratories..... 848

Boone Advertising, Inc.
Special Reports Inc................. 781
Spedro Chern Laboratories, Inc.. . . . .. 848
Spraying Systems Company......... 847

Tri-State Advertisin~ Company, Inc.
Stewart Laboratories, Inc........ 850
H. G. Swope and Associates. . . . . . 850

Technicon Corporation. 767
Mediad Incorporated

TRC-The Research Corporation of
New England. . . . . . . . . . . . . . . . .. 849

Tri-County Engineering, Inc.......... 850
TRW Civil Systems... 784

The Bowes Company

841

850

850

849

777

849
847

IFC

849
849
848

768

851

850
849

849

784

852

850
848
851

849

848
850

IBC

849

847
850
848

840

848

851

770

848
OBC

850

Metcalf & Eddy Engineers .
~line Safety Appliances Co.....•.....

Ketchum, MacLeod & Grove Inc.
The Mogul Corporation ....

Mills Hall \Valborn Inc.

LFE Corporation-Process Control Di-
vision .

Culver Advertising, Inc.
Longberry Employment Service Inc..

Fram Corporation/lndustrial Division ..
Advertising Incorporated

Ernest F. Fullam, Inc .

New York Testing Laboratories, Inc....
Samuel Rosaler AdvertisinJt

Nupro Company .
Falls Advertising Company

NUS Corporation 848;
Compton Jones Associates, Inc.

Galbraith Laboratories, Inc•......
Galson Technical Services Inc .
Gilbert Associates, Inc .

Bernard Hodes Advertisin~, Inc.
Gilbert Associates, Inc...

J. E. Mooro

Essex Placement Associates .

Kaiser Engineers .
Kern-Tech Laboratories, Inc..
KuWan Corporation .

William Jenkins Advertisin~

Calgon Corporation .
Ketchum. MacLeod &. Grove Inc.

Catalytic, Inc .
APCL&K Inc.

Chemec Process Systems Inc .
Advertising Design Associates

The Chester Engineers .
\Y. S. Hill Company

Clctm~I~~V~~: Inc..
Control Data Corporation, Research Di-

vision .
Crobaugh Laboratories .

Dames & Moore ............•...•...
Dunn Laboratories, Inc......••......

BIY, A Unit of Cenear] Signal Corp...
Horton, Church & Goff, Inc.

Bio-Virological Laboratories ..
Royce Emley Advertising

Brandt Associates, Inc .
Burgess Analytical Laboratory .
Burns and Roe, Inc .

Hach Chemical Co .
'Vesley Day and Company, Inc.

The Ben Holt Company .
Honeywell, [nc.-Industrial Division ..

N. \V. Ayer & Son, Inc.
Howard, Needles, Tammen & Bergendoff

NUS CORPORATION
# 4 Research Place

Rockville, Maryland 20850
An Equal Opportunity Employer

• MISCELLANEOUS

ENVIRONMENTAL
A well known consuJdng environmental engineering firm
needs an Associate for Sr. Louis Office with as or MS in
Civil, ~nirary, Chemical or Environmcnu.l Engineering
with P. E. license and fiH or more years experience to
ffillnllgc field survey opc:rations. sampling and mC:l.surcmcnt
programs for emission factors in livc locations for an ex
tended period of time, S..lary $14,000.-$18,000. Send
resume in confidence to Box 6972-4 Environmental $ci
ence & TcchnoJo,e;y, Easton, POI.I8Q42

An Equal Opportunity Employa

HYDROLOGISTS

B...mea Opportallity
ProfItable, financially responsible 84D.1tary mem
tenance chem'cal product manufacturer wlahe.
to purchase or merqe With knowledqeable and
profitable analyhcal and consultinq laboratone.
in au, water pollution and envnonmental prl>
tection held E..entual lIim-qou'q public All
mqumel will be held eonfi::lential BOX 972.1,
ENVIRONMENTAL SCIENCE & TECHNOLOGY,
EASTON, PA. 18042

• POSITIONS OPEN

Position involves hydrological
consulting support for power
plant site evaluation and de
velopment studies. Duties will
entail assessment of ground
water availability, surface run
off characteristics, flood con
ditions and water budgets for
lakes and reservoirs. Experi
ence in shore protection and
wave forces on off-shore
structures is highly desirable.
Analytical capability with
FORTRAN knowledge and
three years experience
required.

Please send resume to:
Nancy Root

Personnel Administrator

852 Emrironmental Science & Technology



ENVIRONMENTAL
SCIENCE & TECHNOLOGY

READER SERVICE
If you would like to receive any of
the material made available by ad
vertisers in this issue, circle the
numbers on one of the attached
cards corresponding to the number
shown beneath each advertisement.
The New Prod.uct and New Litera
ture Digests also have correspond
ing numbers for each item. This is
a free service provided by ES&T.
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a free service provided by ES&T.
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The Polypak System eliminates
waste of expensive dry polymers.
Exclusive polymer conditioning and
wetting device prevents partially
wetted, "fish eye" globs. Delivery on

skids saves assembly time. Find out
how Polypak can work for you. Write
or call BIF, a unit of General Signal,
326Harris Ave., Providence, R.1.
02901. Tel: 401-421-4301.

E3IP
A UNIT OF GENERAL SIGNAL

Circle HI. 2:3 II Relders' Senice Cntl



Cross-section diagram shows basic con
tiguration at Lucas Tire De'struction Fur
nace at the type soon to go into operation
to generate steam power at The Goodyear
Tire & Rubber Company plant in Jackson,
Mieh. First ot its kind in the U. S., the unit
will consume about 3,000 old tires a day.

The unit, to be built and installed
by Lucas American Recyclers, Inc.,
of South San Francisco, will burn
whole tires without any shredding to
a sterile, inert ash. Tires are fed by
conveyor to the outer edge of the
furnace's rotating hearth. From there
they travel in a spiral to the center
where the intense heat-up to 2400
degrees Fahrenheit-is sufficient to
oxidize even the wire bead.

VutroniK miniature indicating pro
portional controllers automatically
regulate furnace temperatures to
achieve optimum combustion con
ditions.

Completion date for the project,
first of its kind in the U. S., is sched
uled for late summer. Several Lucas
Tire Destruction Furnaces are being
operated successfully in England.

Honeywell
The Automation Company
INDUSTRIAL DIVISION, M 436.

FOAT WASHINGTON, PA. 19034

Control Instrumentation since 1860
Circle NI. 7 I. Readen' Serlin Card

Inspect our Pollution
Control Capabilities at
Atlanta Conference
At the Water Pollution Control Fed
eration Conference, to be held at the
Municipal Auditorium in Atlanta, Ga.,
October 8 - 12, you can get a good
feel for the overall water and wastes
control capabilities of Honeywell's
Industrial Division.

Visit booths 329-331-333. Among
the many products on display will be:
field-mountable analyzer-transmitters
for pH, ORP, conductivity and DO;
chlorinator; chemical feeder; residual
chlorine analyzer; and miniature, in
termediate-size and conventional
size instruments.

Improved Parts
Service for
Honeywell Customers
Industrial Division's new parts depot
at Indianapolis, Ind., is now ready
for business to serve needs of cus
tomers with 24-48 hour delivery of
parts, charts, thermocouples, wire,
and stock instruments. 20,000 square
feet of floor space provide storage
for approximately 12,000 items. The
depot is located in Park Fletcher in
dustrial Park within a short distance
of the Indianapolis airport and major
through highways.

The Indianapolis depot comple
ments Fort Washington as a central
ized source of spare parts for the U.S.

WATER
ANDWASTE
CONTROL

NIRS Old Tires Fuel New
Furnace
A new, smokeless, odorless Tire De
struction Furnace, controlled by
Honeywell instrumentation, will use
old tires as fuel to generate heat feed-.
ing a steam boiler for new tire pro
duction at The Goodyear Tire & Rub
ber Company plant in Jackson, Mich.

Model 54 water management analyzer in
struments measure pH and ORP values
in neutralizing and chrome reduction tanks
at McClellan Air Force Base industrial
waste treatment tacifity and transmit
signals to central control panel. Design at
Model 54 instruments suits them tor out
door application, with minimum mainte
nance attention.

the shop complex contains free and
emulsified oils, chrome and acid
bearing solutions, and heavy metal
"dragout" from plating operations.

Oils are separated, heavy metals
precipitated, chrome reduced, and
acids neutralized in the treatment
plant. The effluent from the facility is
further processed through aeration
tanks and a chlorine contact stage
before discharge into Magpie Creek
which leads into the Sacramento River.

System instrumentation - includ
ing the latest Class 54 Analyzer
Transmitters and VutroniK electric
recording and indicating controllers
- was furnished and installed by
Honeywell and started up with tech
nical assistance by Honeywell. The
facility. and control system was de
signed by the San Francisco consult
ing firm of Kennedy Engineers.

Air Base Waste
Controls Installed
McClellan Air Force Base (California)
recently started up its new industrial
waste treatment facility under cen
tral ized control by a Honeywell auto
mation system.

McClellan is a key base in the Air
Force Logistic Command network. A
"city" of more than 24,000 persons,
its large service and repair shops
provide worldwide day and night
logistic support for combat jets like
the F-111, F-100, and F-105. The 1.2
- 2.4 MGD flow of wastewater from"
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