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Pollution
control
may make
you richer

we can
show
you how

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

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

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

Nalco Chemical Con’ipény, 85 North Michigan Ave., Chicago, Ill. 60601
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To begin with, it’s instruments — analyzers to continu-
ously monitor pollutants like sulfur dioxide, nitric
oxide, nitrogen dioxide, oxidants, carbon monoxide,
total hydrocarbons — all in a trailer especially de-
signed for proper instrument installation.

But more than that—it’s people: Your operator backed
by Beckman specialists...sales engineers, service en-
gineers, and application engineers. For Beckman not
only furnishes quality instruments and sample hand-
ling systems that give dependable operation, desired
accuracy, and repeatability — they also furnish assist-
ance from experienced technical specialists, training
courses for your operating personnel, and instru-

ment maintenance by qualified field service engineers.

Only Beckman manufactures instruments to measure
all major gaseous pollutants. Whether you want a
single instrument or an entire air monitoring station
in a trailer, in a van, or at a permanent location —
contact your local Beckman Process Sales Engineer.
Or write for Data File AP-16-167.

[S1=Yel {11T=1al INSTRUMENTS, INC.

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION
FULLERTON, CALIFORNIA ¢ 92634

INTERNATIONAL SUBSIDIARIES:
GENEVA; MUNICH; GLENROTHES, SCOTLAND; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY
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Current Research

The formation of polysilicates as determined by coagulation
effects

Werner Stumm, Heinz Huper, and Robert L. Champlin 221

Polymeric silicates are powerful flocculants and exhibit
properties similar to those of organic anionic
polyelectrolytes; they are prepared by acidifying and
subsequently diluting sodium silicate solutions or soluble
silica glasses. Destabilization of AgBr sols has been

used to detect the formation of polysilicates and to evaluate
parameters that influence their activity. Because of strong
specific adsorption, anionic polysilicates do not only
destabilize postively charged colloids but, under suitable
conditions, also can flocculate sols of negative surface
potential.

The surface chemistry of active carbon: A discussion of
structure and surface functional groups

Vernon L. Snoeyink and Walter J. Weber, Jr. 228

Active carbon is an effective adsorbent for removal of
dissolved organic substances from waters and wastewaters.
The physico-chemical nature of the surface of carbon is an
important factor in the adsorption process and should be
considered in selection or preparation of carbons for specific
uses. Active carbon is a complex adsorbent, the properties
of which are dependent upon the raw material from which
the carbon is prepared, the temperature of activation, and the
types of oxidants and other additives employed in the
activation process. These variables all affect the formation
of the microcrystallite, the basic structural unit of active
carbon. It is these same variables that affect the chemical
nature of the microcrystallite surfaces and, thus, the
sorptive properties of the carbon and its interactions with
solutes in solution.

lon exchange pr for the r tion of acid mine
drainage waters
Frank Pollio and Robert Kunin 235

Acid mine drainage water is a serious water pollution problem
in many parts of the U.S. as well as throughout the world.

In Pennsylvania alone nearly 1.4 billion gallons of acid mine
waters are discharged daily. One solution to the problem is

to prevent such drainage water from reaching the streams,

a rather difficult task. Another is to treat the water and
reclaim it for industrial, agricultural, or domestic uses.

Using a treatment system based on the conventional gel
anion exchange resin, Amberlite IRA-68, the authors have
managed to process water at costs of between 25 and 50 cents
per 1000 gallons, although the cost depends on regenerant
cost|§t.yfeed water quality, and desired end product water
quality.

CONTENTS

Evaluation of various silica gels in the gas chromatographic
analysis of light hydrocarbons

T. A. Bellar and J. E. Sigsby, Jr. 242

Gas chromatography is an important tool in air pollution
studies and research for the analysis of complex hydrocarbon
mixtures. The authors had previously described a detector
and column system which could be used for precise,
quantitative analysis of most hydrocarbons while avoiding
interferences caused by other compounds. However, the silica
gel packing material for the column is no longer available.

So the authors have suggested alternatives. Commercially
available silica gels with an average pore diameter of around
150 A. can be used for the analysis of C, to C; paraffins, C,

to C; olefins, and acetylene. By modifying the 150 A. silica

gel with trace quantities of water or common polar liquid
phases the chromatogram can be extended to include all the
C, olefins with 100% resolution between butene-1 and
isobutylene.

Analysis of the oxidant in photooxidation reactions
I. R. Cohen, T. C. Purcell, and A. P. Altshuller 247

Because of their deleterious effects on plants and animals,
oxidants are routinely measured and reported as one of the
components in photochemical-type air pollution. However,
the usual procedure involves the manual or instrumental
measurement of these materials with solutions containing
potassium iodide, which reacts with oxidants at widely varying
rates. Thus, the usual quantitative figures for the presence

of oxidants may be misleading. To obtain more meaningful
data, the authors propose ferrous thiocyanate reagent for
total oxidant, neutral and catalyzed potassium iodide solutions
for differentiating between “‘slow’" and ‘‘fast’" oxidants,

and, under controlled conditions, a titanium reagent specific
for hydrogen peroxide.
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and quantitative data

Although endowed with a full pedigree of sophisti-
cated specifications, the Series 5750 Research Gas
Chromatograph does one thing best of all: it gives
the analyst reproducible qualitative and quantita-
tive data even with the most difficult samples.

A star witness to the validity of our claim is pre-
sented here in the form of two separate chromato-
grams of a vetiver oil sample. The two chromato-
grams are reproduced below precisely as they were
recorded on the original chart paper. To accomplish
this, the analyst made the first injection and re-
corded the results in the usual manner; then he re-
wound the recorder chart to the initial starting
point, offset the recorder pen baseline about !4
inch, made a duplicate injection and recorded the
results. Examine the two traces with as much
concentration as you will, and you will find that one
is the precise reproduction of the other, both
in retention times (qualitative) and in peak areas
(quantitative).

If instrument specifications impress you more
than chromatograms, the Series 5750 should still
command your attention because it incorporates
a longer list of state-of-the-art improvements than
can be found in any other chromatograph regardless
of price. Witness:

Detector capability—simultaneous installation and
operation of as many as three detectors, for speed
and convenience.

INSTRUMENT: F & M Model 5754
DETECTOR: Dual flame ionization

SAMPLE: Vetiver oil, duplicate 0.4
&1 injections

20M on 80-100M Diatoport $
TEMPERATURES: Injector—230°C
Detector—230°C
Column—70° to 275°C
programmed @ 6°/min
SENSITIVITY: Range 103 Atten 16

Ay

N

HEWLETT
PACKARD 7;;

COLUMN: 12’ x .093” ss; 20% Carbowax

Here’s proof Series 5750 GC’s
give you accurate qualitative

Flame ionization—ten times better linearity than
ever before reported, for best quantitative data.

Thermal conductivity—flow-through design with
heat exchanger and buffer zone, for best base line
stability.

Electron capture—new Ni* cell for operation up
to 355°C and a life expectancy of 5 years.

Electrometer—single or dual-channel with differ-
ential input capability on each channel.

Column oven—best temperature uniformity in the
industry: thermal gradients are less than +0.59,
isothermal, measured in air up to 400°C.

Injection port—advanced design eliminates dead
volume, minimizes thermal gradients and sample
backflash.

Flow controllers—five to 10 times more accurate,
for improved qualitative and quantitative data
during programmed operation.

Whether your interest is primarily in perform-
ance or specifications, get the full story by writing
for Data Sheet 5750-1. .. or call the chemical in-
strumentation sales representative at the nearest
H-P Sales Office. Prices start at $4,400.00 for a
dual-flame detector instrument with single-channel
electrometer and recorder.

Hewlett-Packard, F & M Scientific Division,
Route 41, Avondale, Pennsylvania 19311. In
Europe: F & M Scientific Europa N.V., Basisweg,
Amsterdam, Holland.

F&M SCIENTIFIC

DIVISION

A
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Ground-Water Resources

In what the U. S. Geological Survey describes as the first comprehensive
description of the nation’s single most productive ground water source,

V. T. Stringfield of the USGS’s Water Resources Division, notes that
orderly, scientific withdrawal of water is needed to preserve the Floridian
aquifer, the water-bearing limestone formation underlying 90,000

square miles of portions of South Carolina, Georgia, Florida, and Alabama.
The potential problems, says Mr. Stringfield, are local depletion,
contamination from encroachment of salt water, and indiscriminate disposal
of waste waters. The aquifer now supplies more than 2 billion gallons of
water daily; and it will be penetrated by hundreds of thousands of
additional wells in the next 10 to 20 years. The Floridian aquifer, as this
fresh-water portion of the U. S. ground water source is known, might even
be suitable for carefully controlled disposal of wastes in a saline water

zone at depths ranging from 2000 to 3500 feet. USGS is also constructing an
electrical analog model of the aquifer to provide a scientific basis for

future control measures.

In more immediate danger are the ground-water resources of eastern North
Carolina, in areas of large-scale phosphate mining. Artesian pressures
throughout the area are dropping because of intense pumping at the mine
sites. This removal of water from the ground supply has caused natural
percolation to reverse, so that in some places—especially in the estuary of
the Pamlico River upstream from the pit—brackish water from the river
will move into and contaminate the ground-water, says a consultant’s
report to the North Carolina Board of Water Resources.

Industrial Antipollution Program Support

The League of Women Voters has issued a statement strongly supporting
federal financial aid to speed private industry’s pollution abatement
programs. Though convinced that the costs of cleaning up polluted rivers and
streams are essentially the responsibility of the polluters, the league feels
that the “urgency of this special situation and the enormous sums of money
involved” require not only strict enforcement of antipollution laws, but also
limited allocation of federal funds on the basis of critical local needs.

Forms suggested for such aid include long-term, low-interest loans and
federal grants to support industrial research on new methods for halting
pollution. National League president, Mrs. Robert J. Stuart, who issued the
statement following consideration by the board of directors of hundreds of
reports submitted by local league groups, said that proposals for state
financial aid to industry are expected to be introduced in many state
legislatures this year. Meanwhile, an official Government report on the costs
and forms of potential federal aid is being prepared, the result of a joint
study by the Departments of Treasury and Interior under a provision of the
1966 Clean Waters Restoration Act. (For further details of the League of
Women Voters’ long history of interest and action in the field of water
pollution see page 261.)
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ESCALATE YOUR WAR

ON AIR POLL

START WITH A MODULAR

ON.

MONITORING SYSTEM BY BRISTOL.

The war on air pollution is just starting.
But this is a fight to the finish, and it's sure
to escalate.

When you start with a Bristol modular sys-
tem, it's easy and economical to expand for
future monitoring and surveillance needs
(without obsoleting the initial equipment).
Data involving air quality parameters can be
collected from an almost infinitely expand-
able number of remote monitoring stations
and transmitted fo a central recording
station. At central, data can be recorded,

printed as a log sheet, or can function as
direct input to a digital computer.

Equally important, the use of standard mod-
ules gives you lower cost, ready availability,
simpler maintenance, greater reliability —
when you install, when you operate, when
you escalate. Maintain peak combat effi-
ciency in your war on air pollution. Write for
complete information: The Bristol Company,
Waterbury, Connecticut 06720.

A PRODUCT OF AMERICAN CHAIN & CABLE

BRISTOL
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Cleaner Air Week Awards

The Air Pollution Control Association has granted certificates of award for
outstanding educational activities conducted during Cleaner Air Week in the
fall of 1966. APCA’s awards, which went to 30 U. S. cities, metropolitan
areas, state and county health departments, and three areas of Canada,
included Blue Ribbon Awards for special achievement to Birmingham, Ala.;
Boston; Connecticut State Department of Health, Hartford; Laurel and
Billings, Mont.; Muskegon, Mich.; New York City; Providence, R. I.;
Texas State Department of Health, Austin; and metropolitan Toronto.

More than 90 communities, metropolitan areas, and states participated in the
1966 program.

Water Resources Planning Grants

The Water Resources Council has granted $585,230 to 32 states in initial
planning grants under the Water Resources Planning Act of 1965.

Purpose of the grants is to encourage increased comprehensive planning by
the states in development of water and related land resources. This is

the second allocation of planning funds and makes a total of $704,190
awarded to 38 states. For fiscal 1967, 46 states have applied for portions of
the $1.7 million appropriated, the funds being allocated on the basis

of population, land area, per capita income, and the distribution of
allotments.

Interstate Air Pollution

A recommendation for a strong interstate agency to control air

pollution in the New York City-Northern New Jersey metropolitian area
came from a conference sponsored by HEW earlier this year. Agency
members would include the Federal Government, New York State, and New
Jersey, each of whom would have equal votes. Also included in the list of
recommendations generated during the two-week conference were proposals
to speed up the use of low-sulfur fuels in existing power plants—fuels could
contain no more than 1% sulfur after October 1, 1969. By that same date,
high-sulfur fuels for heating and for uses other than power plants would
have to be halted. Further, after July 1 of this year no new power generating
facilities or expansion of existing facilities would be allowed in the
metropolitian area unless there were an assured 20-year supply of low sulfur
fuel.

The conference participants also recommended that sulfur dioxide emissions
be limited to 2000 p.p.m. at existing plants and 500 p.p.m. from new sources.
And, finally, they recommended that because the Federal Government

and both states require exhaust controls on all new automobiles (starting in
1968) the states monitor atmospheric levels of carbon monoxide and advise
the Secretary of HEW of any apparent need for more stringent new

motor vehicle control standards. Meanwhile, each state was admonished to
encourage industries within their jurisdiction to control carbon monoxide
levels.
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Specific air pollutants:
their detection
and quantitation

Monitor AutoAnaIyzer@: the only automatic instrument that provides a profile
of air contamination through the specific wet chemical procedures of the USPHS

25, CN WS
Oxidants
NO +NO-

Ota] A1gehyO% .
Acrolei®

Consider these unique advantages of the AutoAnalyzer: ¥ Specific. Colorimetric analysis zeroes in
on one pollutant only at a time. Employs specific absorption and chemistry of USPHS Procedures.
B Flexible. Interchangeable modules permit the determination of all parameters on one system.
i@ Sensitive. Detects and quantitates down to parts per billion. i Automatic. Standardizes and cali-
brates itself. Unattended operation. & Mobile. Portable racks or trailer laboratory may be used at |
many sites. @ Graphic. Permanent record within minutes of sampling is evidence for both indus-
trial and governmental policing. There’s a much bigger story to tell. Write for the 12-page booklet
“Specific Air Pollutants...” TECHNICON CONTROLS, INC. * Ardsley, New York 10602 |
Circle No. 27 on Readers’ Service Card
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Water Pollution R&D Grants

Contracts and grants totaling approximately $20 million were awarded in
1966 by the Federal Water Pollution Control Administration. Included
among these, according to Secretary of the Interior Stewart L. Udall,

were the first ever made by the FWPCA to private industry and industrial
organizations. About half the total was spent in search of improved methods
for dealing with overflows from combined sewers, a problem of serious
consequence in a number of America’s largest cities. Thousands of miles of
these sewers, built before the danger of river and lake pollution was fully
recognized, are incapable of carrying both sewage and storm water following
heavy rains or snows with the result that diluted, untreated sewage escapes.
Cost of replacing combined sewers by separate sewers—a partial solution
since storm water runoff remains—could reach $20 to $30 billion.

Seeking a less costly alternative, Congress has authorized grants to cities
attempting other solutions. Nine cities were awarded a total of slightly more
than $8 million in 1966 to help finance such projects as construction of
large detention basins to hold combined sewer overflow prior to treatment
and installation of automated sewer regulator stations designed to provide
better control of combined flows. In addition, contracts totaling $1.6
million were let to 10 private companies to examine such possibilities as
building a sewer within a sewer or constructing submerged containers
capable of holding combined sewer waste until it could be pumped back to
water pollution control plants for treatment.

About $10 million went to support R&D on industrial waste disposal

and advanced waste treatment operations. Of this, 10 private companies and
organizations received a total of $2.6 million for waste disposal projects

that have potential industry-wide application. Fourteen cities and local
government districts were awarded grants totaling $7.5 million for advanced
waste treatment demonstration and research projects. In addition to the $20
million spent on these new research programs, FWPCA spent close to

$18 million in 1966 on its basic general research program, the goals of
which include reducing water pollution from mine acids, preventing
deterioration of water held in reservoirs, and purifying water for reuse.

Rewards of Reforestation

Reforestation brings cash returns, as well as conservation benefits,

says a recent TVA study. In the 1940’s, TVA reforested the 88-acre

Pine Tree Branch watershed in Tennessee, where erosion had been carrying
away an average of 24 tons of soil per acre annually. Rapid water

runoff after storms was contributing to local flooding. (This small watershed
is typical of thousands of acres of idle lands in north Mississippi,

west Tennessee, and west Kentucky.) Within 15 years after reforestation,
annual soil loss had dropped to 4% of the 1940 level, and storm water was
reaching the stream more gradually. Now, timber harvesting has begun.
TVA foresees a total return of $60,000 at the end of 45 years, when all the
timber has been harvested.
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GAS MIXING PUMP
Provides standard gas
concentrations for calibrating
instruments. 0.05% accuracy.

WET & DRY
GASFLOW METERS
Many ranges available.

Accuracy from 0.1%.

INFRARED
GAS ANALYZER
Rapid, accurate, with
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to 100% (by volume).
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bottle

ULTRAGAS 4
Batch or continuous CO, CHy,
CO, measurement. Includes
electronic circuitry.
Ranges: 0-100 ppm, 0-500 ppm.
Accurate to 1.0 ppm.
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ANALYZER CALIBRATION
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0.167 ppm accuracy.
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Desalination Plants and Grants

Plans are proceeding for a nuclear-fueled combination power-desalination
plant in Orange County, California. The plant would produce 150 million
gallons of distilled water a day (enough for 75,000 people) and 1800
megawatts of electric power (more than that produced by Hoover Dam).
The Metropolitan Water District of Southern California, which will operate
the plant, is putting up $126 million of the total capital costs of $444
million; $257 million will come from utility companies, $61 million from
the Government (plus $11 million in federal money for operating costs).
Power costs at the dual-purpose plant will be no greater than at a single
purpose nuclear power plant of the same size at the same location. Water
costs from the multistage flash evaporation units will probably be about

20 cents per 1000 gallons. The cost of Colorado River water now supplied
by the district is less than 10 cents per 1000 gallons. Construction will be in
stages, the first portion slated for operation in 1972, the last in 1977.

The Virgin Islands Water and Power Authority dual purpose plant will be
operating much earlier—by mid-1968. Baldwin-Lima-Hamilton Corp. will
build the $6.3 million plant, which will be capable of producing 2.5 million
gallons of water per day (multistage flash evaporator) and 15.5 megawatts of
power. The plant will triple St. Thomas Island’s fresh water resources.

Emphasizing the continuing interest in saline water conversion are the

44 contract awards totaling $3.1 million made in this subject area by the
Office of Saline Water. All told, OSW awarded 60 such contracts totalling
$3.7 million in the last six months of last year.

Washington, D.C., physician prescribes small charcoal-filled

bags to be held to the nose and mouth of allergic persons making

trips into the street-fume laden areas of downtown. . . Miami Beach’s

high clean air rating in a joint federal-state report on Florida air is denied
by P. W. Leach, director of Dade County (Miami) Health Department’s
Air Pollution Bureau. . .Dr. R. A. Bryson, University of Wisconsin
meteorologist, says that atmospheric dustiness may be responsible for the
down-turn in the trend of world temperatures. . . Proponents of the
“greenhouse effect” claim that the great quantities of carbon dioxide
released to the atmosphere through the burning of fossil fuels is
responsible for an increase in world temperatures. . . Citing evils of
pollution from diesel buses, civic groups in Seattle, Wash., seek to save the
remains of the city’s trackless trolley system. . .Claiming that a lower
demand for electricity from fossil fuel power plants will result in less air
pollution, Pittsburgh, Pa., officials announce plans to replace trolleys with
diesel buses. . .AFL-CIO Executive Council urges state and local groups to
push for strong state and local air and water pollution control programs. . .
The National Academy of Sciences and the National Academy of
Engineering have established an Environmental Studies Board to

act as a national focus for broad interdisciplinary efforts to reduce or
control pollution and other environmental problems.
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OUTLOOK

ELECTRIC VEHICLES
Revival of a 50-year old memory

The car of choice at the turn of the century,
the electric car could well be the town-car of choice by 1980

Pollution facts and forecasts

The PHS’s Division of Air Pollution estimates that the daily emissions
of the principal pollutants from motor vehicles for the entire nation
amount to some 225,000 tons (based on 90 million motor vehicles),
including 190,000 tons of carbon monoxide, 27,000 tons of hydro-
carbons, and 9000 tons of oxides of nitrogen. These figures are based
on estimates that 4.2 pounds of carbon monoxide, 0.55 pound of
hydrocarbons, and 0.2 pound of nitrogen oxides are emitted per

vehicle per day.

The American Automobile Association reports that in 1965 the num-
ber of passenger cars, including taxi cabs, was slightly more than 75
million and that these vehicles consumed 71 billion gallons of gasoline
during that year. Correspondingly, the estimated tonnage of pollu-

tants emitted by these vehicles was approximately 70 million tons.

The AAA estimates that by 1980 there will be 100 million passenger
cars, including taxi cabs, and that they will use about 100 billion
gallons of gasoline during that year. If vehicular pollution is not re-
duced, about 100 million tons of various pollutants will probably be

emitted into the atmosphere by passenger cars during 1980.

192 Environmental Science and Technology

The electric powered vehicle is very
much in the news today. What has led
to interest in the comeback of the electric
vehicle, which was common on American
roads at the turn of the century ?

One of the major incentives for the
development of electric powered ve-
hicles is the growing problem of air
pollution. As the population of the U.S.
expands, the per capita ownership of
cars rises, and proportionately more
people tend to live in cities than in
rural areas. These factors serve only
to complicate an already alarming
pollution picture. Automotive exhaust
fumes are the largest single contributor
to air pollution, and the most annoying
because the pollutants are injected into
the air at ground level.

Urban air pollution by automobiles
can be alleviated several ways: internal
combustion engine redesign, more ef-
fective exhaust controls, different and
novel methods of vehicular propulsion,
electrified rapid mass-transit systems—
and the development of effective electric
vehicles.

Recent interest

Recently, various groups have ex-
pressed interest in the development of
the electric vehicle. The Federal Power
Commission has just issued a report on
the development of electrically powered
vehicles at the request of the Senate’s
Committee on Commerce. A National
Electric Automobile Symposium was
held in San Jose, Calif., February 24-25.
In January the Technical Advisory
Board of the Department of Commerce



established a panel on electrically pow-
ered vehicles to undertake a thorough
study and then to report to the board
between October and December. And
on April 6, 7, and 8 a symposium,
Power Systems for Electric Vehicles, is
scheduled at Columbia University.

The electric vehicle can barely begin to
compare with the combustion-engine-
driven vehicle for long-range, high-
speed travel. But the fact is that 91.8%]
of all trips are for distances shorter than
20 miles, and these account for 48 % of
all mileage.

Stop-and-go driving, with its fre-
quent periods of deceleration and idling,
is a very inefficient way of using gaso-
line. Moreover, since release of hydro-
carbons is 10 times greater during de-
celeration than during acceleration,
release of pollutants into the air is
greatest during stop-and-go driving com-
mon to city travel. s

The electric vehicle could easily serve
as a short-distance, in-town, stop-and-
go vehicle for these short trips which
make up the bulk of American travel.

Advantages of the electric car

Electric cars are quiet, odorless, and
probably will be considerably more com-
pact than standard cars. Electric cars
do not use energy when the car is
stopped (except for accessories). The
electric motor has speed and torque
characteristics far superior to the com-
bustion engine for stop-and-go driving.

Dr. Howard A. Wilcox of General
Motors cites as potential advantages of
electric cars, “quiet operation, efficiency
not limited by heat engine cycle, freedom
from emissions, and use of low-cost
electricity generated by nuclear reactors
when fossil fuels become more scarce.”
Mr. Bradley Cozzens of the Los Angeles,
Calif. Department of Water and Power
adds, “The car does not require the
idling of the motor when it is parked for
delivery purposes, immediately starts
upon getting in and operating the con-
troller, and is a particularly quiet device
for travel in city streets, such as for
milk trucks on early morning deliveries.
Second, with the current rates for elec-

Bright future. Special electric lanes
on interstate highways, automatic con-
trol of electric cars for long-range trips
(perhaps while recharging the battery),
third rails for electric power pick-
up—these are only a few of the possible
future developments for electric cars.
In-town developments include parking
meters that recharge batteries, such
as this system by West Penn Power Co.

tricity and higher efficiency of rectifiers,
satisfactory operation for light delivery
trucks and short-haul passenger car
service could be obtained even with
lead-acid or Edison-type batteries. Cur-
rent electric energy costs of 1.4 to 2.0
cents per killowatt-hour would result
in energy costs of between 1.0 and 1.6
cents per mile for the electric car, which
is less than the fuel cost for gasoline-
engine driven vehicles, except for the
very minimum weight types.”

Another advantage of the electric car
is ease of maintenance. The internal
complexity of the internal combustion
engine, particularly with the need to
adjust engines for minimum emissions,
requires an ever-increasing amount of
attention. The electric car requires only
occasional filling of the batteries and
lubricating of chasis grease fittings. A
major overhaul amounts only to dress-
ing the commutator and replacing
brushes.

Mr. John A. Kirtland of FMC Corp.
makes the point that the only moving
parts of the electric engine are the re-
duction gears and rotors of the alter-
nator and motor. Electric braking re-
duces mechanical brake maintenance.
Automatic system controls prevent
self-damaging effects to power-train
components and extend engine life.
In addition, the modularization of the
various drive components allows quick
and easy removal and replacement when
any repair is required.

The electric car is versatile. With
drive-train components connected by
cables instead of drive shafts, drive
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less than 20 miles

More than 90% of car trips are for distances

-PereentofMaIMps

59.6%

B Per cent of vehicte miles

5t09 iles 20 to 49 miles

10 to 19 miles
Length of trips

Less than 5 miles

50 miles or more

Vintage truck. Still in use in Philadelphia after 50 years of service, this Curtis Pub-
lishing Co. electric truck costs about 25 cents per day to operate

Characteristics of automobile exhaust gas
change with type of driving

Exhaust Idle Deceleration Cruise
Flow (standard cubic feet
per minute) 6 6 35
Mulffler temperature (°F.) 500 500 700
Composition (volume %)
Nitrogen 70.4 70.4 73.2
Water 13.0 13.0 13.3
Carbon dioxide 9.5 9.5 12.5
Carbon monoxide 5.2 5.2 0.8
Hyarogen 1.7 1.7 0.2
Total 99.8 99.8 99.8
Hydrocarbons (p.p.m.) 750 4000 300
Nitrogen oxides (p.p.m.) 30 60 1500
104 Fnvi tal Sei and Tachnal,

Acceleration

60
900

71.0
13.2
10.2

4.2
1.2
99.8

400
3000

points and power sources can be located
at a variety of points in the vehicle, al-
lowing multiple-wheel drives, trailers
with power-driven wheels, and the like.
This flexibility provides smooth, ab-
solute, and precise control of the tractive
effort at all drive points, thereby pre-
venting slipping or running away of one
wheel with respect to any other.

Finally, and no small advantage, the
electric car is able to start in all types of
weather, and has quick pick-up.

Capabilities of the existing prototypes

Naturally, electric power companies
are encouraging research in electric
cars; and car manufacturers are trying
to capture the potential market. General
Motors used a 530-volt silver-zinc bat-
tery in its 1966 experimental car, Elec-
trovair II, and demonstrated a range of
about 75 miles, top speeds of 80 m.p.h.,
and an acceleration rate of 0 to 60
m.p.h. in 16 seconds. Operation of
the car compares favorably with the
Corvair, a gasoline-driven GM car.

West Penn Power designed and built
a new solid state speed control system
for its $2000 electric car, capable of
speeds of 50 m.p.h. and 50 miles between
charges.

Yardney Electric has been testing a
modified Renault Dauphin using four
aviation-type Silvercel batteries about
the size of conventional batteries and
weighing a total of 240 pounds. The
car reaches a top speed of 55 m.p.h.,
has a range of 77 miles, and accelerates
from 0 to 30 m.p.h. in § seconds.

A dyna-Panhard model car, con-
verted for electric operation in France
in 1954 (using a specially-designed silver-
zinc battery), achieved speeds of 50
m.p.h., a range of approximately 120
miles on one charge of the battery, and
an acceleration rate equal to that of a
gasoline engine car.

Sintered alkali batteries, hydrogen-
oxygen fuel cells, and other, exotic
power sources have been tested as
methods of electric vehicle propulsion,
some with promising initial results, but
extensive research is needed on all types
of cells before mass production of any
one is contemplated.

Disadvantages of electric cars

If an electric car were placed on the
market today, it would cost more than
the gas-propelled cars available now,
and would offer poorer performance
(considering range between refuelings,



Weight problem. The major draw-
back of available battery systems is
their size and weight. In GM’s Electrovair
II, the 1230-pound power train fills the
front end, the trunk, and part of the
space under the rear seat

rechargings, cruising speed, accelera-
tion, and convenience in operation).

Although the electric car would not
itself be polluting the air, it would draw
power from a central power-generating
plant that burns a fuel—probably coal
or fuel oil. This plant would contribute
sulfur oxides, nitrogen oxides, and car-
bon pollutants to the air.

Even nuclear reactors have their own
pollution problems, since radioactive
waste products are generated. The
fact is, however, that almost any power
system, considered in toto, presents
some sort of pollution problem.

Prototype cars shown so far have been
powered in most cases by extremely ex-
pensive silver-zinc cells where per-
formance was acceptable. The major
stumbling block to the early mass use
of an all-electric car is the present lack
of a sufficiently high-power, high-energy-
capacity storage or fuel battery at
reasonable cost.

The practical possibilities for vehicle
propulsion are reduced to these:

« Fuel cells operating on a storable
fuel and using air as a cathode de-
polarizer (oxidizer).

« Electrically regenerative fuel cells;
that is, devices fundamentally analogous
to a storage battery.

Electrovair Il Corvair
Weight 3400 Ibs. 2600 1bs.
Performance 0-60 m.p.h. 16 sec. 16 sec.
Top speed 80 m.p.h. 86 m.p.h.
Range 40-80 miles 250-300 miles
Power train weight 1230 Ibs. 610 Ibs.

« Metal-air hybrid cells.

« Rechargeable battery systems—
aqueous type (ambient temperatures).

« Rechargeable battery systems—
fused salt type (ambient temperature).

« High energy battery systems—non-
aqueous type (ambient temperature).

Power source limitations restrict electric car range
150
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Fuel cell—storable fuel systems

There are today no difficulties in
equipping a vehicle with hydrogen-
oxygen fuel cells, provided the size of
the vehicle is not a factor. The weight of
the tankage, however, is a serious prob-
lem for small, passenger-car type ve-
hicles. The alternative, very low tem-
perature storage, is prohibitively ex-
pensive and calls for boil-off of hydro-
gen even when fuel is not used. Further-
more, hydrogen fueling presents a
formidable safety problem.

The greatest hope for vehicle propul-
sion in this category appears to be in
the hydrocarbons. However, these cells
require large amounts of precious metal
catalysts, which are unstable (they tend
to poison the systems) and too scarce
for mass use.

Gaseous, rather than solid materials,
are the products of electrically regener-
ative fuel cells, which seem to have little
to offer as a power system for a vehicle.
It would require a heavy, separate loop
for handling oxygen in a closed system.
Polarization (with its consequent energy
penalties) is a constant problem with
electrically regenerative systems.

Among metal-air hybrid systems, the
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alkaline zinc-oxygen or air system so
far appears the most promising. Re-
chargeable types, however, have a short
cycle life due to dendritic electrocrystal-
lization of the zinc upon recharging.
There is considerable weight penalty
involved because of the need for air
cathodes. Rechargeable forms of the
metal-air hybrids probably cannot pro-
vide energy densities in excess of 80
watt-hours per pound.

The most well-known of the aqueous
battery group is the silver-zinc. This
battery cannot be sealed because a
small, spontaneous generation of hy-
drogen gas occurs on open circuit stand.
All designs for vehicles with such bat-
teries point to a distance range of only 40
to 60 miles. The one most serious objec-
tion to the silver-zinc battery, however,
is its cost. Individually priced in excess

R&D continues as industry
seeks the perfect battery

Zinc-air. Despite high weight require-
ments and a tendency to form dendrites,
hybrid cells probably deserve further in-
vestigation. The alkaline zinc-air sys-
tem manufactures energy from the
photochemical process of converting
zinc to zinc oxide (schematic, below,
prototype, right). Zinc is stored in the
form of metallic zinc plated on inert
backing sheets. Air, pumped through
porous nickel electrodes, provides the
necessary oxygen. Aqueous potassium
hydroxide is circulated through the
stack. The product, zinc oxide, is swept
away by the electrolyte and carried to a
zinc oxide separator where it is stored in
a relatively dry state.

of $12,000, even mass production can-
not bring the initial investment in this
battery within the range of most po-
tential electric car buyers.

Fused-salt battery systems will prob-
ably never offer a start-up time less than
30 minutes, which is totally unaccept-
able to the average consumer. Corrosion
problems handicap all molten salt sys-
tems. In addition, some of the fused-salt
systems (sodium-sulfur, for instance) are
potentially violently explosive.

Nonaqueous batteries based on lith-
ium offer substantially larger theoretical
energy densities than the usual aqueous
battery. Reasonably successful results
have been obtained from secondary
batteries of lithium-silver chloride;
lithium-copper chloride; and lithium-
nickel fluoride. The rechargeability

characteristics of these batteries have

——

Insulation—/_

{} Spent air out

Electrolyte reservoir
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not been fully ascertained yet; these are
relatively new concepts, still in the lab-
oratory stage. When mass-produced,
the lithium battery will probably not be
costly.

Acceptable top speeds and distance
ranges for an electric automobile require
energy density characteristics of 140
watt-hours per pound or more. With
the exception of the possible future
development of a practical and eco-
nomical hydrocarbon fuel cell, the
lithium battery operating on organic
electrolytes in the vicinity of room tem-
perature appears to offer the only
reasonable hope for meeting this basic
requirement. In the final analysis, the
energy-density factor must, and will,
be the deciding factor in the eventual
choice of the power source for an elec-
tric vehicle.

Chlorine inlet—!

Gas outlet
8 Lithium

Lithium
= chloride

Chlorine

Lithium
electrode

Chlorine
electrode

Lithium-chloride. Nonaqueous organic
electrolyte batteries, such as this re-
cently unveiled GMC cell, seem promising



Now, You Can Eliminate the Guesswork — Positively Identify

Particles with These 500 Color Photomicrographs

True-color photomicrographs of many nearly
impossible-to-identify particles, complete with
identification and dispersion staining tech-
niques, data, charts, bibliography, glossary and
cross-indexing. Compare, identify, with your
microscope.

Here is the visual reference tool pollution control

men Vi aiting for. Now,
THE PARTICLE ATLAS (In Full Color) [ttt

to determine exact pollution sources.

By Dr. Walter C. McCrone, Ronald G. Draftz, John Gustav Delly

Never before has a comprehensive work been done in
this field. THE PARTICLE ATLAS is a Complete Guide to
Microscopical Identification of Fine Particles, Dusts
and Contaminants.

500 photomicrographs in all their actual colors give
you most of the particles you'll find anywhere in the
United States, or the world. Printed so you can easily
compare them with the sample you want to identify.

ALL You Do is put the unknown particle under your
microscope, compare it with the indexed particles in
THE ATLAS. Suddenly, it’s no longer an unknown
particle. WITH THE PARTICLE ATLAS, THERE'S No
SucH THING As AN UNIDENTIFIED PARTICLE.

SHOWS EVERY CATEGORY OF POLLUTANT, such as . ..
auto exhausts . . . fertilizers . . . flyash . . . combustion products

. coal, coke . . . oil soot . .. rosin dust ... fur ... foods,
starches . . . industrial abrasives . . . seed cleanings . . . minerals

. natural textile fibers . . . synthetic fibers . . . wood fibers
. .. paint . .. biological . . . cement . . . chemical . . . foundry
dust . . . polymers . .. seed cleanings . . . and many others . . .

EVERYTHING You NEED for Pollutant identification is here—
THE PARTICLE ATLAS gives you staining techniques, charts, a
cross-index, complete identifying and reference data. Every pol-
lution control function should have one. Regular price $110 per
copy. ORDER ON APPROVAL Now at $95.

TAKE ADVANTAGE OF THIS PRE-PUBLICATION OFFER Now for
early delivery from the first printing in September. Use it for
15 days—then decide.

Small Investment Brings You BIG, PERMANENT VALUE—ACT NOW ON THIS
FREE EXAMINATION PRE-PUBLICATION OFFER—Mail the Order Card Today !

FOR IMMEDIATE SHIPMENT—

[0 CHEMICAL DETECTION OF GASEOUS POLLUTANTS
Please send my copy. Price $18.75

TECHNICAL WRITING, EDITING, GRAPHICS AND PUBLISHING
[] Price—to Members of the Society of Technical Writers and
Publishers, Inc. per Copy $6

[[] Price—to Non-members, per Copy $10

PRE-PUBLICATION OFFER
The Particle Atlas

[[] Yes, please reserve my copy of THE PARTICLE ATLAS for 15
days free examination and send it to me as soon as it is
printed. If I decide to keep THE PARTICLE ATLAS I will pay
only $95 (plus postage and handling). If I do not find it more
than lives up to my expectations I will return it without cost
or obligation.

SAVE $15

Name Title

Company

Street Address or P.O. Box

City State Zip

[ Bill me when you ship, plus small shipping charge
] Payment enclosed. You pay all shipping costs.



NEW HELP for all who
DETECT and Identify GASES

Guide
to
152

Gases

For the first time here is a one-volume field and reference book for
government and industrial chemists, air pollution control engineers, safety
engineers and industrial hygienists. This complete, abstracted bibliography
tells you more than 1,200 detection methods for 152 gases. Published
November, 1966. Second printing 1967.

Revised and edited by Walter Ruch of the University of Michigan,
this work combines the two-volume original project of the Los Alamos
project. Bound in long-lasting buckram, it will stand years of daily use.

Almost a necessity for any one involved with gases, it is a necessity
if you do gas detection or analysis.

CHEMICAL DETECTION OF GASEOUS POLLUTANTS, pro-

fessionally printed, arranges 152 gases by compound and chronology, Order yours now —
so it’s easy to use. ¢

e e . S S R G YO S S a—

It may well be the best $18.75 you invest this year.

TEAR HERE ¢

FIRST CLASS
Permit No. 1414
Ann Arbor, Mich.

BUSINESS REPLY MAIL

No postage stamp necessary if mailed in the United States

FIRST CLASS POSTAGE WILL BE PAID BY—

ANN ARBOR SCIENCE PUBLISHERS
Post Office Box 1425
Ann Arbor, Michigan 48106



Solid Wastes

OUTLOOK

Garbage, trash, scrap, waste. Call it what you will. Burn it, bury it.
Reuse it somehow. Get rid of it. No matter what you do with it, you can’t
forget it—and meanwhile it's costing you $2 to $3 billion annually

Each year U.S. citizens must col-
lect and dispose, in some fashion or
other, some 250 billion pounds of solid
waste per year—a little bit less than 1500
pounds per capita per year, a little bit
less than 4 pounds per capita per day.
And that doesn’t account for all the
solid waste that is disposed of each year.

Try to categorize it and the mind
boggles. Look at it and list it and the
head reels. Almost a billion pounds of
solid waste per day—and hardly anyone
cared, until lately. The mountain of
daily discards is steadily advancing on
the civilization that is creating it,
threatening to destroy the soil, foul the
air, and dirty the water.

Solid waste became a real problem
because of many years of public apathy.
Most Americans neither knew nor cared
what happened once their garbage was
picked up or dumped in the garbage dis-
poser. The federal and local govern-
ments shared in this apathy.

Old cars just die, they don’t fade
away. The slag heaps get bigger as if
intent on destroying the countryside
through their very bulk or the acid
waters from them. Disposal of agricul-
tural products becomes more of a prob-
lem as production rises to meet the
demands of a growing population. The
paper pollution problem, the cans, the
bottles, the plastic containers—and
on and on in a bewildering array and
at a fantastic pace. If the world is going
mad it seems destined to do so sur-
rounded by the artifacts of its civiliza-
tion.

But there are some signs of change.
Under the authority of the Solid Waste
Disposal Act of 1965 (ES&T, January,

Fly Ash. More than 20 million tons of fly ash accumulate each year at domestic
power plants. Currently the U.S. uses only 4%, of this material. But new uses, such
as making brick that contains 97%, coal ash and fly ash, offer an effective disposal
means and a useful and inexpensive end product for construction
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page 18), the U.S. is forging a national
program of research, demonstrations,
training, and planning, in the field of
solid waste disposal. The expenditures
authorized for the fiscal year 1967 total
$20 million ($14 million to HEW, $6
million to Interior). Now, a year and a
half after the act was passed, these funds
are being disbursed in the form of grants
and contracts. Prior to the passage of
the act, the Government’s annual ex-
penditure for solid wastes research was
about $250,000.

More evidence of continuing interest
in solid waste disposal: A test-demon-
stration project is under way in Mary-
land where abandoned strip mines will
be used for the disposal of solid wastes
(ES&T, January, page 11). And a co-
operative team of experts from Con-
solidated Edison (N. Y.) and New York
City’s departments of sanitation and
air pollution control is touring refuse
incineration-power generating facilities
in Munich, Stuttgart, Dusseldorf, Paris,
Rotterdam, and Amsterdam. The team
hopes to be able to make recommenda-
tions on how such technology might be
employed in the U.S. to dispose of solid
wastes in such fashion as to produce
steam that can be used to generate
power.

No technology advance

When he was chief of the Office of
Solid Wastes (PHS), Wesley E. Gilbert-
son, now director of environmental pol-
lution control for Pennsylvania, made
the following statement: ““Because of the
lack of research and development,
solid waste disposal methods common
throughout the U.S. today represent
little advancement beyond the tech-
nology of the garbage pail, the trash
can, the open dump, and the obsolete
incinerator. The technological void
which the national program was devised
to fill is truly great. We must be pre-
pared for a long-term effort to fill it.”

In his dual role as a regional vice
president of the National Society of
Professional Engineers and chairman
of the society’s pollution control com-
mittee, Mr. Gilbertson observed: “Al-
though specialized elements of engi-
neering are active in pollution abate-
ment, the engineering profession as a
whole unfortunately has not developed
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a positive posture with regard to con-
trol of environmental pollution.” At a
recent national NSPE meeting he read
a report that castigated the engineer-
ing profession for having too often
followed rather than led in the develop-
ment of public policy with regard to the
serious problem of control of environ-
mental pollution.

Society is aroused, the professionals
are responding, and the politicians are
providing the incentive and the means.

Auto scrap

Mrs. Lyndon B. Johnson’s beautifica-
tion program has highlighted one aspect
of the solid waste problem—the auto-
mobile graveyard. An estimated 6 mil-
lion cars annually enter the scrap heap.
At the White House Conference on
Natural Beauty in May of last year,
the Institute of Scrap Iron and Steel
summarized the problem this way:
“Old cars can’t be buried, they can’t
be economically dumped into the sea,
they can’t be screened out of existence.
They must be moved more quickly and
in greater numbers into the consumption
channel as scrap.”

Walter R. Hibbard, Jr., director of
the Interior Department’s Bureau of
Mines, adds a further thought: “Deal-
ing with the mounting piles of scrap
will demand the best skills of modern
extractive metallurgy.” Speaking last
month at the annual meeting of the
American Institute of Mining, Metal-
lurgical, and Petroleum Engineers in
Los Angeles, Dr. Hibbard noted that
“Extractive processes can and should
be developed for recovery of the metal
values that these scrap materials con-
tain. Above all, scrap heaps and other
secondary sources must be considered on
the same terms as conventional mines;
in fact, the mineral values such sources
contain often greatly exceed those of
a natural mineral deposit.”

BuMines has recently made a number
of moves regarding automobile scrap.
(Under the 1965 act, Interior deals with
solid wastes associated with the produc-
tion and use of minerals.) BuMines is
now building a demonstration plant
that will use automobile scrap—as well
as other low grade ferrous materials—
to convert a generally unused type
of iron ore into blast furnace feed. The

$4.5 million plant will be built be-
tween Nashwauk and Kewatin, Minn.,
where there are vast reserves of non-
magnetic taconite. Roasting a scrap-
ore mixture produces a magnetic iron
oxide that can then be concentrated
into blast furnace feed. The plant, sched-
uled to begin operation in 1968, will
use up to 15,000 tons of scrap in proc-
essing 150,000 tons of ore annually.

The presence of copper in auto scrap
is a major barrier to use of scrap in
steelmaking. BuMines recently awarded
a $45,000 contract to Ralph Stone and
Co., Inc., Engineers, to conduct two
related studies of the copper contamina-
tion problem. The first objective is
designed to determine relationships
between the location and attachment of
copper parts on automobiles and the
costs incurred by scrap dealers in proc-
essing the cars. The second objective
is to develop preliminary automobile-
component design data aimed at simplify-
ing the salvage of both copper and steel
from scrap.

Mining wastes

BuMines has awarded a contract to
the University of Wisconsin to find out
if products useful in steelmaking can
be obtained from large tonnages of
zinc mining and milling wastes. These
wastes are accumulating at the rate of
nearly 2000 tons a day in Wisconsin’s
Upper Mississippi Valley zinc district.
One possible useful product from these
wastes is burnt dolomitic lime, which can
be used as a flux in steelmaking. Other
possibilities: iron oxide sinter for blast
furnace feed and elemental sulfur. The
university will characterize the chemical
components of the waste materials,
evaluate processing steps, and study
potential markets in the Midwest. The
grant is for $27,399 to finance the first
year of a 2!/;-year research program.

This grant, and other related ones,
not only provide for R & D on immediate
problems, but each grant also assists
graduate students working for advanced
degrees in some aspect of the solid
waste disposal field.

Coal washery wastes

Under another BuMines contract,
Franklin Institute (Philadephia) will
study the possibility of using the dusts



Waste Not, Want Not

The refuse that goes to the nation’s incin-
erators is a potentially valuable source
of minerals, and BuMines has an active
R&D program to develop ways for
efficient recovery and utilization of these
materials. In pilot operations at Bu-
Mines’ College Park, Md., facility, in-
cinerator residue is sampled (upper left),
sent to special drying ovens (upper
right), then separated into various frac-
tions (lower left). Nonferrous metals
recovered from incinerator residues are
melted in a furnace in a special recovery
step (lower right)

generated in washing coal to improve
the properties of concrete, gypsum,
and other building materials. About 20
million tons of such dusts are produced
annually; about half is recovered and
sold, the remainder is discharged into
settling basins, where it poses a pollution
threat. Because the microscopic particles
of coal dust are needle-shaped, they
should effectively reinforce construction
materials. Also, because the dusts resist
moisture, they could help to make ce-
ment and other products more im-
pervious to water. The two-year con-
tract is for $62,793.

Mine dumps

The landslide that took 145-lives last
fall in Aberfan, Wales, renewed, con-
cern about the coal mine dumps in West
Virginia, Pennsylvania, and Kentucky.
These culm banks are a problem from
the standpoint of environmental blight,

danger of fire, acid drainage into streams,
and smoke and dust pollution of the air.
The Interior Department has had these
piles under surveillance for several
years. Now, under terms of the Solid
Waste Disposal Act, teams from In-
terior’s BuMines and Geological Survey
are intensifying efforts to find better
disposal methods, as well as possible
economic uses for the material in the
culm banks.

The Commonwealth of Kentucky re-
cently took action to halt the close-to-
200 culm pile fires now burning within
its boundaries. Under a $100,000 con-
tract, Melpar, Inc., will study ways of
extinguishing the fires, which start
spontaneously and discharge sulfur
dioxide into the atmosphere and create
other noxious effects. The fires are
fed by oxygen penetrating voids or fis-
sures in the residual coal and mine
tailings. Melpar plans to use grouting

techniques, drilling holes in the piles
and pumping in a liquid vermiculite
mixture to fill the voids and cut off the
supply of oxygen.

Fly ash

Burning coal creates still another
problem—what to do with fly ash, the
unburned mineral matter produced at
power plants and other coal-burning
installations. When it was discharged
from smokestacks, fly ash was an air
pollution problem. Now that it is
trapped by collectors inside the stack, it
is a solid waste disposal problem. As
much as 20 million tons of fly ash ac-
cumulate each year at domestic power
plants alone. Interior’s Hibbard re-
ferring to this material, said: “We are
throwing away a fortune every year, and
paying dearly for the privilege.” The
U.S. uses only 4% of the fly ash gen-
erated annually, whereas France uses
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Billions of pounds

Refuse production in the U.S. is rising rapidly
More than 300 billion pounds per year for the U.S. ...
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50% and Britain 40%. “Even the
ancient Romans recognized the value
of fly ash,” Hibbard said. “They went
out and gathered the ash from volcanoes
and used it to make brick.”

Fly ash offers important advantages
to construction firms and manufacturers
of building products. Concrete made
with the proper proportion of fly ash is
many times stronger than the ordinary
variety and is less likely to shrink or
crack when exposed to freezing and
thawing, Hibbard pointed out. In con-
crete block, it helps give a more uniform

texture and sharper corners. The ash
has the same beneficial effects on brick.

Fly ash could also be used to stabilize
the soil under highways; it is a good filler
for asphalt. It has possibilities for use as
an abrasive, a soil conditioner, and a
water clarifier in water treatment plants.
Fly ash is frequently available in large
quantities at relatively low cost near
many metropolitan areas. With all
these advantages, why are such small
amounts used? “Because,” says Hib-
bard, “the construction industry and
others have not been properly educated”;

««.And almost 5 pounds per capita per day
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a situation his department is now try-
ing to correct.

Interior is also trying to develop an
econapmically feasible system for simul-
taneously removing sulfur compounds
and fly ash from flue gases. BuMines
has granted $22,474 to Carnegie In-
stitute of Technology (Pittsburgh) to
finance the first year of a proposed
three-year development program to
help find such a system. Carnegie Tech
seeks to find a solid material that at-
tracts fly ash and absorbs sulfur com-
pounds at reasonable temperatures. To
accomplish this simultaneous removal,
Carnegie proposes to use a shaft filter,
a bed of slowly falling particles through
which the gas stream passes horizontally.
The absorbent material will have to be
inexpensive, or a regeneration scheme
will be needed. Also, Carnegie will
have to determine if the fly ash interferes
with sulfur removal.

The Army’s Corps of Engineers has
launched a nationwide program to
prevent industry from depositing solid
wastes into navigable channels. When
complete elimination is not feasible, the
Corps will try to have violators pay for
dredging costs. Its program will in-
clude a study to develop techniques and
criteria for determining the amount of
suspended solids contained in industrial
plant waste discharges. By law, the
Corps has no authority over liquid
wastes or the discharges from sanitary
sewers, storm sewers, and sewage
disposal plants, whether caused by
natural drainage or erosion.

Not too late

Although he was speaking about the
problem of urban solid wastes, Mr.
Gilbertson’s remarks provide a good
commentary on the solid waste problem
in general. ¢. . . If these trends which we
see and deplore are not to continue,
then one of the problems we will have
to learn to deal with is the problem
created by the mismanagement of urban
solid wastes. We have started this part
of our practical education perilously
late in the day, but not too late. I think
we as a nation have begun to appreciate
the full and growing significance of the
solid waste problem at a time when our
resources and energies are equal to the
challenge. But time and the stupendous
capacity we have to produce waste are
working against us. There is only one
best time to solve the solid waste
problem, and it is now.”



A Wild Fish Should Be Safe To Eat

The interaction of drinking water standards, stream water
quality standards, and food standards

M. B. Ettinger and Donald 1. Mount

Federal Water Pollution Control Administration, Cincinnati, Ohio

The promulgation of guidelines for
establishing water quality standards for
interstate waters by the Department of
the Interior in May of 1966, positively
affirmed that the use of waters for
propagation of fish must be a considera-
tion in any set of acceptable state water
quality criteria. In this article we will
discuss the implications of this require-
ment and show that it has a bearing on
drinking water standards, and, in turn,
that it is affected by food standards.
Further, we will develop from this re-
quirement maximum acceptable limits
for chlorinated hydrocarbon pesticides
in drinking water which are compatible
with stream water quality standards as
constrained by food quality needs.

We have assumed that it is the intent
of Interior to protect fish, shell fish, and
the food organisms which support the
higher forms. This intention also has
to mean that the fish or shell fish must
persist not only as a standing crop, but
that these biota must also qualify as an
edible food resource.

The fish population of fresh water is
wonderfully adapted to taking toxic
material in water and concentrating it in
body structure. At the top of the aquatic
food chain, a fish can accumulate radio-
activity many times greater than that in
the water it inhabits. A fish also has an
enormous capacity for direct concen-
tration of organic material from the
water it inhabits. Indeed, fishes concen-
trate certain organic toxicants, such as
endrin, DDT, and toxaphene, by
factors of up to 20,000. Although a

fish may be killed in water containing

minute concentrations of such lethal
agents, the fish is likely to show a high
pesticide concentration even before its
death removes it from the major food
chain of man. Further evidence that
concentration of lethal agents occurs in
the food chain of fish is that older pred-
ator fish have the greatest pesticide
concentration of all fish living in pol-
luted environments.

Water quality criteria for water
supporting wholesome fish

A wild fish available for capture
should also be a wild fish which is safe to
eat. It should not have a potentially
dangerous burden of radioactivity, toxic
metal, or insecticide. Given a choice be-
tween survival of an unwholesome wild
fish population and its disappearance,
one must reasonably decide that no
fish are probably better than toxic fish.

Fixing stream water quality standards
which preclude the development of fish
which are toxic is an attainable objective.
Fixing standards for water quality
which preclude the development of un-
palatable fish is a much more difficult
problem. Fish can concentrate many
types of organic material from the water
in the same way as chlorinated hydro-
carbon pesticides are concentrated—
and react to.such concentration in a
variety of patterns. Some materials con-
centrated by fish from the water in
which they live are materials that are
excreted, be it efficiently or inefficiently.
Thus, a fish put in clear water purges

OUTLOOK

M. B. Etﬁnge

D. 1. Mount

Morris B. Ettinger is a staff member,
Office of the Director of Research,
Federal Water Pollution Control Ad-
ministration, Cincinnati Water Research
Laboratory. A commissioned officer in
the Public Health Service for 25 years,
Mr. Ettinger has been awarded the PHS
Meritorious Service Medal for out-
standing achievements. He received his
B.S. in chemical engineering (1933) from
Washington University, and an M.S. in
Chemistry (1934) at the same university.
A Registered Professional Engineer of
Ohio, Mr. Ettinger is a member of ACS,
the Water Pollution Control Federation,
and a Diplomate of the American Society
of Sanitary Engineers.

Dr. Donald I. Mount is supervisor, Fish
Toxicology Laboratory, Newton, Ohio,
Federal Water Pollution Control Ad-
ministration. A graduate of Ohio State
University (1953), Dr. Mount received
his M.S. in icthyology (1957) and Ph.D.
in aquatic physiology (1960), also from
Ohio State University. He is a member of
the American Fisheries Society, Wildlife
Society, Ohio Academy of Science,
AAAS, Sigma Xi, and Phi Eta Sigma.

Volume 1, Number 3, March 1967 203



Animals react differently to
materials in their environment

Accumulation by animal —

itself of the foreign material previously
stored. Effective use of this quality is
involved in the well known practice in
the Ohio River Valley—fish-for-pay
lakes are stocked with fish taken from
areas where they have been fouled organ-
oleptically by materials in their habitat.

After a purge period in a different
environment, these previously undesir-
able fish frequently become more ac-
ceptable to a consumer. Provided the
fish are not toxic, there then appears
to be some value in encouraging sur-
vival of unpalatable fish. The sporting
value of fish is unimpaired and it pro-
vides the possibility of entertainment
to the sportsman, even though he may
be disgruntled to find that his catch has
an obscene flavor. However, since the
same materials which flavor a fish can
also flavor drinking water, rational
water quality objectives must seek to
minimize such pollutants.
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Dosage terminated

No dosage

Accordingly, the physiological refer-
ence point should be divided by 10,000,
the fish concentration factor. The re-
sultil}g number, then, is the maximum
concentration of the pesticide permis-
sible in surface water which is ex-
pected to contain a harvest crop of fish.
Application of this procedure to mini-
mum response levels of animal toxicity
prepared by W. J. Hayes (Advisory
Committee on Use of the Public Health
Service Drinking Water Standards—
1965) leads to the values of acceptable
pesticide concentrations shown in the
following table:

/ Inefficient excretion

/ Efficient excretion

Time —

We have based our discussion of
standards for toxic pesticides (chlor-
inated hydrocarbons) on two sets of
guidelines:

« Fish can concentrate a toxic chlor-
inated hydrocarbon pesticide by a
factor of as much as 10,000. (Presum-
ably, much higher concentrations will
sometimes be encountered where pre-
dation and food chain concentration are
factors.)

« The lowest dietary level of pesticide
which has been shown to have an
effect on mammals is the minimum level
acceptable in the habitat. However, this
value at first glance probably needs to be
hedged by a safety factor. But, since
fish rarely reach 109 of man’s dietary
intake, we deem it unnecessary to pro-
vide a safety factor in our calculations.
Instead, we rely upon the dietary com-
position to provide an acceptably small
risk situation.

Haye's
values for
lowest Our values
dieta for
level with  maximum
Chlorinated minimum reasonable
hydrocarbon effects
pestici on rats allowances
Comiony” Poions”
Endrin 1.0 0.1
Aldrin 2:5 0.25
Dieldrin 2.5 0.25
Lindane 50. 5.0
Toxaphene 25 2.8
Heptachlor 10. 1.0
Heptachlor
epoxide 10. 1.0
DDT 5. 0.5
Chlordane 2.5 0.25
Methoxychlor 200.0 20.00

a éHayes' minimum response levels
divided by 10,000.)

In addition to the requirement that
a captured fish shall not be toxic to
man, there should be the requirement
that the environment be suitable for
maintaining a standing crop of fish—
all of which demands fish survival,
reproduction, and normal growth.
Quality restrictions based on these
considerations do, indeed, need to be
considered for many of these 10 chlor-
inated hydrocarbons. Obviously, the
fish species which does not survive
or reproduce cannot present a toxicity
hazard to a human consumer. However,
it is not the purpose of this discussion
to suggest quality standards related to
fish production. Rather, we wish to
consider here only the problem of toxic
fish,

Drinking water standards and

stream water quality standards
Drinking water standards cannot per-

mit water plants to adulterate raw

water with material that is toxic to man

—or animals of interest to man. Ac-



cordingly, recommended standards for
drinking water quality should be set so
that they are not more tolerant than the
standards governing the quality of raw
water. This provision leads directly to
one group of restrictions for suitable
recommended drinking water standards
for chlorinated hydrocarbons, namely
those outlined in the accompanying
table. We must also point out that the
other water quality requirements might
lead to even more restrictive values than
those we have enumerated.

We do not mean to suggest that stand-
ards of drinking water quality such as
we have developed are at the threshold
of danger to the health of man in terms
of water intake. What we do suggest is
that a second set of standards (grounds
for rejection standards) be derived, based
on an entirely different set of considera-
tions. Such a set of standards is presently
being developed by a task force on
toxicology established by the current
“Advisory Committee on Use of the
Public Health Service Drinking Water
Standards Committee.”
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QUOTE. ..

WATER FOR THE FUTURE

Planning water supply for the future implies some foreknowledge or
forecast of future situations and water-supply needs. Some com-
mentators advocate that planners should look ahead at least 100
years. The tempo of change is such that it is not possible to foresee
the situation in 2067. It seems more important to do the planning
and development in shorter terms but in such a way as to leave maxi-
mum flexibility for the future. Is it too much to expect that our de-
scendants will have greater ability than we to cope with their problems?

Ideally, planning should enable us to bequeath to the next genera-
tion of people a world at least as good as the one we entered. Plan-
ning should not commit that generation to our own shortcomings....

...Three besetting sins tempt the planners and their advisers in a
world in which science and technology are major social forces, in
which size is a principal measure of importance, and in which the
landscape is only something to be altered.

*Faith in science and technology.

*Worship of bigness.

*Arrogance toward the landscape.

...Seemingly, no important new physical concept of proved value
in water management has risen in the last 600 years. The technology
of dam construction has improved, for example, but the product is
still just a dam. Purposes are unchanged: to alter nature’s plumbing
system in order to put water where someone wants it today, with only
superficial thought about where our descendants may want it to-
morrow.

...Human assumption that all nature exists exclusively for man'’s
benefit bespeaks a degree of intellectural arrogance that is matched
only by basic human ignorance of nature. This attitude is at the root
of most of our troubles with the landscape. While man, in his self-
imputed wisdom, works toward his own purposes, Nature reacts in
accord with natural law, and the landscape bears the scars. If water
shortage is a frame of mind, water planning for the future requires a
changed frame of mind, not only among the planners but also among
the water users....

...It seems essential that planners bring themselves up short and
seek some new perspective in planning. The Nation is not short of
water so long as 95% of its free-running supply runs off into the sea.
However, we are bound to have recurrent apparent water shortages so
long as 95% does run off....

...Planning for the future, therefore, should include much attention
to more efficient and more effective use and reuse of water. In many
cases this could eliminate or postpone the need for new or additional
supplies. For example, management of ground-water reservoirs, as
reservoirs, in distinction from their haphazard exploitation as wind-
fall sources of water, is yet in its infancy

DR. RAYMOND L. NACE

U.S. Geological Survey and Chairman of the
U.S. National Commiittee for the International
Hydrological Decade (1965-74) at the 35th
Annual Meeting of the California Municipal
Association, Sacramento, March 2, 1967
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John T. Middleton

Director, National Center for Air
Pollution Control, Washington, D.C.

A Fresh Opportunity for Industry

With a set of air pollution
standards, industry can
make a reasoned and
resolute response to the
problems of air pollution.
Without such standards,
industry is shackled to the
horns of a dilemma

VIRGINIAN PILOT

Double-barreled. Two major sources of air pollution at work simultaneously-
smokestacks of the industrial plant and exhaust pipes of the automobile
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rEe proposed Air Quality Act of

1967 is an unprecedented opportunity
for the business community to carry out
its responsibility for controlling the
growing problem of air pollution in
this country.

I do not believe I have to start out by
making a case for air pollution control.
I think we are all too familiar with air
pollution. And I think we are uncom-
fortably aware that in spite of the greatly
expanded efforts to cope with the
problem in the past few years, we are
not catching up. Air pollution is getting
worse, not better. We must come to
grips with the problem now.

This was the feeling that pervaded the
prepared papers and the open discus-
sions at the National Conference on Air
Pollution held in Washington this past
December. Attended by representatives
of business and labor, the scientific
disciplines, industrial and civic organiza-
tions, and all levels of government, the
conference thoroughly examined the
complex problem that air pollution
presents. Those who attended that con-
ference, I believe, will agree with me
that with all the diverse points of view,
there was consensus. There was a great
deal of discussion at the conference
about just what steps should be taken to
control air pollution, and who should
take them. But there was no disagree-
ment that whatever must be done should
be done now.

A few days before the National Con-
ference on Air Pollution here in Wash-
ington, a somewhat similar attitude
was expressed at a meeting in Houston,
Texas, by the president of the U.S.

Dr. Middleton presented this talk at a U.S.
Chamber of Commerce meeting in Wash-
ington, D.C., on February 28.

Chamber of Commerce and chairman
of the board of Humble Oil Refining
Co., Mr. M. A. Wright. Mr. Wright
said:

“We in business have only two alterna-
tives. Either we voluntarily implement
effective pollution abatement programs
—at all levels of business and industry—
or in the near future our actions in this
area will be spelled out by Congressional
legislation. Today, we still have the
freedom to make a reasoned and resolute
response to the problem; tomorrow
our actions may be tightly controlled by
government regulations. If our efforts
in this area are made mandatory, not
only will we be forced to take more
costly and less efficient action, but we
will also forfeit our claim to being a
responsible segment of society. To those
who say they cannot afford to take
effective antipollution measures, I can
only respond that they can’t afford not
to.”

Industry’s efforts

I am fully in sympathy with Mr.
Wright’s position on the need for in-
dustry to implement pollution abate-
ment programs, and I can understand
his fears for the future if industry fails
to do so. However, I cannot agree that
industry is today entirely free to make a
reasoned and resolute response to the
problem; and without that freedom I
do not think it realistic to expect
voluntary implementation of pollution
abatement programs.

Let us for a moment take a look at
what we have been asking of industry.
It is common knowledge that in spite of
the fact that the costs of the effects of air
pollution are several times as high as the
costs of adequate control, the operator
of a source of pollution often has less

FEATURE

than adequate motivation to control it.
Pollution controls ordinarily add to the
costs of manufacturing, and do not add
to the return on the product.

The operator, concerned about his
competitive position, and seeking to
minimize his costs and maximize this
returns, is often motivated not to control
pollution. And since under our present
laws a state or a city that sets up an
effective control program is more often
than not asking its industries to take on
a competitive disadvantage, the dis-
inclination in industry boardrooms to
control pollution is also felt in the
chambers of government where there is
understandable concern not only with
the air citizens breathe, but also with
the source of their employment.

Minimum national standards

If we accept this admittedly cursory
analysis of the built-in conflicts which
industry must resolve in this field it is
apparent to me that what emerges is a
clear need for air pollution standards
which can be applied universally and
equitably. Without such standards,
industry is not free to make a reasoned
and resolute response to the problem of
air pollution but is shackled to the
horns of a dilemma—it needs to main-
tain its place as a responsible segment of
society, as Mr. Wright suggests, but it
also needs to maintain its competitive
position in the market place.

Emission standards

For industry to support the establish-
ment of minimum national emission
standards may seem a novel idea to
some, but that is precisely the course
that is indicated if industry is to extricate
itself from this dilemma.
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These are but a few of the reasons
that I endorse the proposed Air Quality
Act of 1967 as an unprecedented op-
portunity.

Under one of the major provisions of
this act the Secretary of HEW would set
emission standards for those industries
which contribute substantially to the
problem of air pollution, and which with
reasonable efforts could substantially
reduce or prevent pollution. In recom-
mending this provision, President John-
son said:

... emission control levels should
be set for those industries that contribute
heavily to air pollution. Today, no such
levels exist. Industries do not know to
what extent they should control their
sources of pollution or what will be
required of them in the future. Strong
state and local standards—essential to
pollution control—cannot be effective
if neighboring states and cities do not
have strong standards of their own. Nor
can such local standards gain the sup-
port of industry and the public, unless
they know that plants in adjoining com-
munities must also meet standards at
least as strict. We need the means to
ensure comparable emission levels for a
given industrial source of pollution
throughout the country.”

What these national standards would
mean, in effect, is that those industries
which everyone now admits to be a
problem, wherever they are located,
would be subject to regulations which
would place them under the degree of
control that current technology readily
admits. 1 do not see how this can fail to
be of direct benefit to those whose
responsibility it is to control air pollu-
tion at the state and local levels of
government, and I cannot see how this
can fail to be of benefit to industry.

Control patchwork
The patchwork pattern of control, if a

patchwork can be called a pattern,
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which exists throughout the country
today must frankly cause many manag-
ers and owners of industry a severe
executive headache. A steel mill in one
community located right in the center of
town might still succeed in doing
business while it freely emits particulate
pollutants as if there were no technically
economically feasible means of control
available. Its competitor in a neighbor-
ing community might, because of the
enforcement of state or local law, be
forced to control these particulate
emissions to a very high degree.

There is little justice in the situation 1
have just described, either for the people
who breathe the pollutants in the first
community or for the industry which
controls the pollutants in the second
community. Yet, the problems of ob-
taining adequate legislation and of
obtaining the funds and the public sup-
port to control pollution in the first
community may be almost impossible
to attain for a great many reasons, some
of which I have discussed. Federal emis-
sion standards as proposed in President
Johnson’s legislation would by no means
clean up the country over night, but at
least it would put us on the road to
eliminating some of the gross inequities
with which all of us, I am sure, are all
too familiar.

Regional Air Quality Commissions

A second major provision of the pro-
posed Air Quality Control Act would
authorize the Secretary of HEW to
establish regional air quality com-
missions in areas where pollution from
one state endangers the health or welfare
of persons in another state.

The task of developing control pro-
grams which transcend the artificial
boundaries of our political divisions is
particularly complex where two or more
states are involved. Currently, under the
1963 Clean Air Act the only way an
interstate program can be brought into

being is through the development of an
interstate compact and its ratification,
both by the legislatures of the states
involved, and by Congress. In the three
years since the Clean Air Act was
adopted, only one such compact has
come to Congress.

The proposed legislation would allow
HEW to establish programs in interstate
areas that would ensure that the problem
could be dealt with on a political and
economic basis that conforms, rather
than conflicts, with the physical and
scientific configurations of the problem.

At first glance it might appear to
some that these two major provisions
of the President’s Air Quality Act of
1967 would diminish the role that states
and local governments would play in
the control of air pollution. If so, this
first glance would be deceptive, for the
fact is that under the President’s pro-
posed legislation the enforcement and
control responsibilities of states and
local governments would be greater,
more meaningful, and more useful than
they have ever been in the past.

Currently, the responsibility for set-
ting emission standards for stationary
sources of air pollution is assigned
entirely to state and local governments.
But, as I have pointed out, experience
has proved that most states and cities
will not take the initiative in requiring
control measures beyond those required
in other places; nor will industries sup-
port local or state control action which
may place them at a competitive dis-
advantage.

Under the proposed Air Quality Act
of 1967, the industrial emission stand-
ards set by the Secretary of HEW would
apply only in those states which did not
adopt standards that were equal to or
more rigorous than the standards set by
the secretary.

The same consideration applies to the
regional air quality commissions, which
would be established only in those inter-
state areas where states and local govern-



Our pursuit of an ever higher standard of living . ..

The major industrial contributors to air pollution in Each year these industries discharge to the at-
the U.S. are: mosphere

Inorganic chemical manufacturers Sulfur oxides, 9 million tons

Iron and steel mills Particulate matter, 6 million tons

Organic chemical manufacturers Hydrocarbons, 4 million tons

Petroleum refineries Carbon monoxide, 2 million tons

Pulp and paper mills Nitrogen oxides, 2 million tons

Smelters

Power plants add to air pollution, particularly the sulfurous
contaminants

Sulfur dioxide, 12 million tons
Nitrogen oxides, 3 million tons
Particulate matter, 3 million tons
Carbon monoxide, 1 million tons
Hydrocarbons, less than 1 million tons




eads to pollution of the air we breathe

k The fuel we use to heat and cool our dwellings and working*areas
releases :

Sulfur oxides, 3 million tons
: ide, 2 million tons
Hydrocarbons, 1 million tons
Nitrogen oxides, 1 million tons
Particulate matter, 1 million tons

Incinerating the mountain of refuse we generate each yedr
creates

Carbon monoxide, 1 million tons

_ Hydrocarbons, 1 million tons
Particulate matter, 1 million tons
Nitrogen oxides, less than 1 million tons
Sulfur oxides, less than 1 million tons -
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ments fail to adequately protect the
public health or welfare from interstate
air pollution. This provision of the pro-
posed Air Quality Act would place states
and local governments, in many places
for the first time, in a position from
which they could successfully attack the
problem they share in common.

Local involvement

Although all the details have not been
worked out, it is clear that a commission
established under the proposed legisla-
tion would not deprive states or local
governments of their control and en-
forcement responsibilities. The com-
mission might, indeed, establish guide-
lines or standards which the state and
local governments in the region would
not only be expected to contribute to,
but would be expected to conform to.
However, the only right such coor-
dinated action might violate is the right
of any governmental jurisdiction in the
region to fail completely to control air
pollution.

The commission would, on the other
hand, provide all the citizens and
industries in the region with the right to
control resources of pollution with
assurance that other jurisdictions and
industries in the same region would do
the same. The commission would put an
end to the feelings of futility which now
interfere with the control actions of both
industry and governments who find
that their efforts are in large measure
wasted because their neighbors, who
share the same regional air supply, fail
to make commensurate control efforts.

Local jurisdictions would still be
expected to qualify for grants assistance
to develop their control programs and
to carry out related enforcement and
control activities. States would still be
expected, as they are today, to develop
strong programs, provide backup for



the communities within their jurisdic-
tions, and to directly control sources of
pollution where local efforts have failed.
The formidable weight of responsibility
which federal air pollution legislation
has always left on the shoulders of state
and local officials would remain there.
The opportunity of successfully dis-
charging this responsibility would, how-
ever, be improved.

Every other provision of the proposed
new legislation will also help to improve
the climate for an effective attack on air
pollution problems. One such provision
would pave the way for state inspection
of motor vehicle pollution control equip-
ment installed to comply with federal
standards.

Fuel additives

Also proposed in the new legislation
is a requirement that fuel additives be
registered with the Secretary of HEW.
This proposal is intended not to impose
arbitrary restrictions on the use of such
materials, but rather to provide op-
portunities for preventing the develop-
ment of new pollution problems. This
nation can no longer afford to wait years
after the introduction of new materials
to evaluate their effects on the environ-
ment and human health., The registra-
tion requirement will make it possible
to evaluate fuel additives before their use
has become widespread.

The final provision of the proposed
Air Quality Act that I would like to
comment on, and one that also provides
a substantial new opportunity for the
business community, would authorize
federal financial support of public or
private development of new or improved
air pollution control methods. The
development of new processes is almost
always costly, time consuming, and
sometimes frustrating, since failures
occur more often than successes. In the

field of air pollution control these ob-
stacles are often seen as insurmountable,
since the incentive to overcome them,
namely increased profits, may be in-
significant or nonexistent.

Mutual goal

The proposed new provision in the
Air Quality Act would authorize HEW
not only to work more effectively with
trade associations and industry-wide
groups, but also to work with individual
industrial organizations. Under this
provision of the act, federal funds could
be used, for example, to construct a
process demonstration plant on private
property, operated by private manage-
ment. This provision, in my opinion, is
eminently reasonable. Developing a
process at one site on behalf of all seg-
ments of an industry is the most eco-
nomical way of achieving a mutual goal.

Our goal is a mutual one. As President
Johnson said:

“It is in private laboratories, and in
private boardrooms, that the crucial
decisions on new fuels, new control
technology, and new means of devel-
oping power and locomotion will be
made. We should support private efforts
now to expand the range of their alterna-
tives and make wiser choices possible.

“The Government’s relationship with
private industry in this field should not
be one merely of regulator and regu-
lated. Pollution affects the lungs and
eyes of worker, manager, owner, and
government servant alike. The air cannot
be divided into convenient shares. It
is indivisible—and either clear and
beneficial—or fouled and dangerous for
all of us. Out of personal interest, as out
of public duty, industry has a stake in
making the air fit to breathe, An en-
lightened government will not only
encourage private work toward that
goal, but join and assist where it can.”

Dr. John T. Middleton, director of the
National Center for Air Pollution Con-
trol, was professor and director of the
University of California Statewide Air
Pollution Research Center at the time of
his appointment to the newly created
National Center on January 1. He re-
ceived his B.S. from the University of
California in 1935 and his Ph.D. from
the University. of Missouri in 1940.
Dr. Middleton has served as chairman
and member of the California Motor
Vehicle Pollution control board since
1960 and on the Governor’s Interagency
Committee on Air Pollution and the
Executive Task Force on Waste Man-
agement. He has served as consultant to
many U.S. Government groups and to
several European and American govern-
ments. Dr. Middleton, among his many
other  professional  associations and
societies, lists the Air Pollution Control
Association, American Chemical Society,
American Association for the Advance-
ment of Science, Netherlands Plant
Pathology Society, and Sigma Xi.
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FEATURE

Lake Erie

DYING BUT NOT DEAD

According to the Cassandra inter-

preters of the score and plot, Lake Erie is
dying in a not-so-funny drawn-out comic
opera fashion. As the story goes, the
villain, a hydra-headed thing comprising
municipal sewage systems, ships and
weekend boaters, industrial plants, and
Mother Nature, is sadistically badgering
the victim and generating an emotional
storm amongst the onlookers and friends
of the family. On stage now: the press-
public-scientist monied-government mul-
tihero who, at least at this moment, be-
lieves he can pull off the old resurrec-
tion-of-the-Princess- of - the - Lake- trick.
And well he might; he has been very
exercised of late.

This month, for example, the Federal
Water Pollution Control Administration
convened a meeting of the continuing
Federal-state enforcement conference on
abating pollution in Lake Erie. In this,
the first session, bordering states of
Indiana, New York, Ohio, and Penn-
sylvania will present their programs for
controlling pollution in the Great Lakes.
Almost a year ago, Michigan submitted
its program, which was approved by
FWPCA.

Also this month, FWPCA-convened
meetings were held in Chicago to discuss
progress on efforts by Indiana, Illinois,
and the City of Chicago to reduce pollu-
tion in Lake Michigan and its tribu-
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Polluted tributaries and inshore waters, an open lake of

high quality water sitting atop a bottom seriously

fouled and getting worse—this describes the complex

situation in what was once the most productive of the

Great Lakes. But, as a paraphrase of Mark Twain

might go, “The reports of its death are greatly

exaggerated.” There still may be time for man to hold

back the dying process

taries. And coming this summer at the
University of Wisconsin is an inter-
national symposium that will focus at-
tention on the worldwide problem of the
aging of lakes and streams. At this June
meeting 36 scientists from the U.S.,
Canada, Japan, and several countries in
Europe will discuss the scientific aspects
of the aging of lakes, the social and
economic consequences of such aging,
and public policy in such matters.

From these conferences, from the
many that have already taken place,
from scientific studies and surveys com-
pleted, in progress, and planned, may
come effective programs to prevent, for
a time, the apparent geologically im-
minent death of Lake Erie with its sub-
sequent deleterious effects on the four
sister lakes and the surrounding land.

Natural aging of lakes

The key word in all these studies
is eutrophication—an aging process
brought about by an increasingly high
level of lake fertility and the consequent
rapid rate of growth of algae, fish and
other animal life, and rooted aquatic
plants—the natural and gradual aging
process that occurs in all lakes and
streams.

A lake begins as a body of cold, clear,
almost sterile water. Streams from its
drainage basin soon bring in silt, which

settles to the bottom, and nutrients,
which encourage the rapid growth of
plants and animals. As aquatic organ-
isms increase and organic deposits pile
up on the lake bottom, the lake gets
smaller and shallower. The water gets
warmer; plants take root in the bottom
and gradually take over more space.
The lake becomes a marsh, bog, and,
finally, dry land. It’s a natural phe-
nomenon. But man in both his enterprise
and naivete can alter the rate, which
means, usually, that he brings about a
rapid increase in the rate at which the
lake ages—eutrophication.

Consider, for a moment, a lake which
during the summer months has hundreds
of square miles of bottom waters that
are an aquatic desert. No fish and few
invertebrates live there, a condition that
has a dramatic and damaging impact on
the fish population of the entire lake.
Facing extinction in this lake are the
lake herring, the blue pike, and the lake
whitefish.

This is the picture of Lake Erie, a lake
that is dying, but not yet dead, a picture
painted by J. W. Moffett, J. F. Carr, of
the U. S. Bureau of Fisheries, Ann
Arbor, Mich., and L. L. Kempe, Uni-
versity of Michigan, Ann Arbor, at the
annual meeting of the American Insti-
tute of Chemical Engineers in Detroit
late last year.



Slowing the process

Lake Erie is young, geologically
speaking, and there is much man can do
to reduce the rate at which it is aging,
just as he can slow the rusting of steel
or the rotting of timbers. We are faced
not so much with a yes or no problem,
but rather with control of the rates of
some of nature’s own processes, Moffett
and his colleagues noted.

Young though it is, Lake Erie is in a
fairly advanced stage of eutrophication,
the natural and gradual aging process
all lakes undergo. Natural eutrophica-
tion is a slow process. But the record of
the lake for the past 50 years shows that
man’s activities can greatly accelerate
this process.

What has happened—and is happen-
ing—to Lake Erie is due to the expand-
ing population (now more than 10 mil-
lion) and industrial development in its
basin. This acceleration of the natural
eutrophication process is the basis to
understanding the problems of Lake
Erie.

The broad outlines and importance ot
the eutrophication process are generally
agreed upon, but the mechanics in a
body of water as large as Lake Erie are
poorly understood. A better under-
standing of these causal mechanisms
will not only lead to practices that slow
down eutrophication, but will also help
develop practical solutions to the lake’s
overall water quality problem.

Two categories

The water quality problems of Lake
Erie can be placed in two categories:
« Tributaries and certain inshore areas.

* Open waters.

The most obvious degradation of
water quality in Lake Erie has taken
place in the tributaries and certain in-
shore areas. Swimming and water
skiing have been curtailed because of
high bacterial counts and dead plants,
fish, and debris on the beaches. Some
species of fish have died out; the flesh of
others now have an undesirable taste.

These conditions are directly caused
by water pollution, which arises from
two principal sources—the Detroit
River which empties into the lake, and
the industrial and urban development
around the lake itself. Waters from the
river contain large quantities of sewage
organics, bacteria, phenols, iron, oil,
ammonia, chlorides, nitrogen com-
pounds, phosphates, and suspended
solids.

St. Lawrence River

THE GREAT LAKES AND POLLUTION

The five Great Lakes are the greatest
reservoir of fresh water in the world.
Together they cover 95,200 square miles
and contain 5457 cubic miles of water.
In the southern part of the basin, from
Milwaukee to Quebec, is a string of
cities approaching the size and com-
plexity of a megalopolis. In the minds
of some economists, the industry and
population of the Great Lakes region
will become the fastest growing in the
U.S. The reason: a seemingly inex-
haustible supply of water. This forecast
is restrained by the threat of pollution.
Only in Lake Erie has pollution reached
a serious stage, but three of the re-
maining lakes show the effects of pollu-
tion. Each exhibits its own pollution
pattern, depending on both man and
nature. Total dissolved solids are a good
indication of this pollution:

Lake Superior (the largest fresh water
lake in the world) sits up on the Ca-
nadian shield with very few people
around it. The total dissolved solids
have been practically constant since
observations began.

Lake Huron, bordered by a com-
paratively small population, so far
shows only minor pollution effects. The
modest increase in its dissolved solids
is explained by the fact that it receives
about 309 of its inflow from Lake
Michigan, which is more heavily
polluted.

Lake Michigan is heavily polluted at
the southern end, the main discharges
coming from the large industrial con-
centration. (The area’s major city,

Chicago, contributes little to lake pol-
lution; it discharges its sewage into the
Mississippi River system.) Aside from
the southern end, the water of Lake
Michigan is still of fairly good quality.

Lake Ontario receives a considerable
discharge of waste, but the situation is
not yet as serious as in Lake Erie. Lake
Ontario has a much larger volume of
water and so does a better job of dilut-
ing the pollutants. (The mean depth of
Ontario is 283 feet, of Erie 58 feet.) Lake
Ontario’s pollution is a combination of
what it receives from Lake Erie and
from the cities along its shore. The
greatest increases have been in chloride
and sulfate, both of which are con-
spicuous in domestic and industrial
wastes.

Dissolved solids in Great Lakes’
water keeps rising overall
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Thermal effects. During the summer
months, thermal stratification occurs—

the upper water layer to a depth of

52 feet is effectively separated from
the lower water. During this period,
the bottom layer becomes almost
anaerobic and interesting chemical
changes occur in this water layer as
various materials begin to appear in
appreciable concentration. When fall
comes, the layering situation disap-
pears and the waters take on a
relative uniformity in the lake profile

Industries along the lake discharge
similar waste materials. Aggravating the
lake’s pollution problem is shallow-
ness—Erie’s volume of water isn’t big
enough to dilute the pollutants effec-
tively. Many of the industrial pollu-
tants, particularly phenols and am-
monia, are poisonous to fish and other
animals.

The long range prospects for improv-
ing water quality in localized tributary
and inshore areas are good, largely be-
cause of the water quality standards
program now under way. The open
waters of Lake Erie, on the other hand,
pose different problems. Most of these
waters are presently adequate for many
human needs—municipal and water
supplies and most industrial uses.
For example, if the water quality is
not adequate, it can still be made so
by relatively simple and inexpensive
treatment measures.

To understand what has happened
and what may happen in the open lake
in terms of water quality, one must turn
to the fish and aquatic organisms, say
Moffett, Carr, and Kempe. Some water
quality factors such as color and bac-
terial count, are important to human
and industrial users but unimportant to
fish and aquatic organisms. But in gen-
eral, the effects of subtle, sometimes
intermittent, changes in water quality are
felt first by fish and aquatic organisms.

Lake Erie is a case in point. In the
mid-1950’s scientists at the Interior
Department’s Bureau of Comgmercial
Fisheries warned that major adverse
changes were taking place in the total
Lake Erie environment. These early
warnings went largely unheeded.

Thermal stratification

One of the main changes has been in
temperature, according to Moffett and
his coworkers. The mean annual tem-
perature of Lake Erie from 1926 to 1960,
has increased by 2° F. This increase
follows a general warming trend in the
climate of the region. The temperature
increase has accentuated thermal strati-
fication, a condition that has always
existed in deeper areas of the lake.

In August, for example, water tem-
perature can be 72° F. at the surface and
to a depth of about 50 feet. At 50 feet
there is a marked temperature decrease
to about 60° F., that occurs within
only a few feet. In some areas, the tem-
perature can change 13° F. in a one-
foot change of depth.

Thermal stratification leads to the
effective isolation of the bottom water
from the top layer. Cut off from the air
by the absence of convective mixing, the
bottom water soon becomes depleted of
dissolved oxygen. When the oxygen is
consumed, it is not replenished until
the thermal gradient disappears in the
fall. Water which can hold 10 or 11
p.p.m. of dissolved oxygen contains less
than 1 p.p.m. over hundreds of square
miles.

This summer oxygen depletion is of
overriding importance in its effect on
aquatic life. When it occurs, it brings
on major ecological changes. Bot-
tom organisms and fish associated with
that area have to clear out or die, ac-
cording to Moffett, Carr, and Kempe.

Survival of the fish is threatened
at other stages, too, since the eggs
of all Lake Erie fish, except the fish-
water drum sink to the bottom, where
the eggs hatch and the young live for a
while after hatching. Food sources
change, too—mayfly nymphs, once a
prime fish food on Lake Erie, have de-
creased drastically, for example.

The reasons for this oxygen depletion
are not clear. In the usual sequence,
nutrients enter the lake from natural
runoff and municipal and industrial
waste sources. These nutrients serve as
food for algae which subsequently die,
sink to the bottom, and decay; large
quantities of oxygen are consumed in
the decay process.

Nutrients in the water

The oxygen depletion cannot be fully
explained by direct transference of
nutrient inputs into plankton-caused
biological oxygen demand. If the fallout
of plankton cells were the primary
source of oxygen demand, the problem
could be solved by reducing the input of
nutrients. Reducing the amount of phos-
phates would be particularly important,
since they are considered the prime
stimulation to the growth of aquatic
plants and plankton.

Reducing the nutrients poses tech-
nological problems. Many of the sources
of suspended solids are uncontrolled—
agricultural runoff, silt from cleared
subdivisions, and residues from secon-
dary sewage treatment plants, for ex-
ample. Recently proposed water quality

Chemical content of Lake Erie waters continues upward climb
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standards may have some effect in alle-
viating this nutrient charging.

However, really effective control could
only result from complete exclusion
of nutrients from surface waters. At
present even the best sewage treatment
processes remove only part of the
carbonaceous biological oxygen de-
mand; they do essentially nothing to re-
move such enriching nutrients as nitrates
and phosphates.

Complete exclusion

Complete exclusion of even treated
sewage and industrial wastes from sur-
face waters is desirable, note Moffett
and his coworkers. This exclusion can
be accomplished by waste-water re-
generation, permitting its reuse for
industrial and domestic water supplies.
Reuse is the logical way to protect
fresh water lakes and streams from
damaging effects of accelerated eutro-
phication caused by sewage and in-
dustrial wastes.

Present knowledge indicates the oxy-
gen-demanding materials in the bottom
sediments come from a variety of
sources—not just plankton fallout—and
have been accumulating in the sediment
for many years. The problem appears
tied to a complex set of relationships
associated with the bottom sediments,
including chemical as well as biological
oxygen demand, Moffett, Carr, and
Kempe observed.

When the thermocline is established
during the summer months, some very
interesting, though baffling, chemical
phenomena occur. In the anaerobic
conditions (less than 0.5 mg./l.) beneath
the thermocline, soluble forms of phos-

phorus occur in the water system at a
level of 150 micrograms per liter, am-
monia at 242 micrograms per liter,
manganese at 424 micrograms per liter,
and iron at 549 micrograms per liter.
Above the thermocline, where dissolved
oxygen is close to 8.3 mg./l., these sub-
stances occur at concentrations of be-
tween 9 to 25 micrograms per liter.

When the temperature gradient dis-
appears, the high concentration of ma-
terials in the lower region also disap-
pears. One thing that happens is that
these materials become reoxygenated
and precipitate. Another thing that
happens is the rapid uptake of these
materials by biological systems that
use these materials very rapidly, of-
ten leading to a familiar phenomenon,
the plankton bloom, Moffett and his
colleagues observe.

Dissolved solids

Another of the long-term changes
taking place in Lake Erie is in the quan-
tity of dissolved solids in the system.
The concentration increased gradually
until about 1910, after which the rate
of change accelerated. In the past 50
years the following changes have oc-
curred: calcium, up 8 p.p.m.; chloride,
up 16 p.p.m.; sodium and potassium,
each up 5 p.p.m.; and sulfate, up 11
p.p.m. The differences are not realisti-
cally attributable to improved analy-
tical techniques—Lake Superior has
maintained a stable concentration since
the observations first began, Moffett,
Carr, and Kempe said.

These elements at these concentra-
tions do not directly affect fish or aquatic
organisms. Still, they are, in themselves,

Average Lake Erie temperature climbed 2° F. in 30 years
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a good index of pollution—they
suggest the buildup of other substances
for which good long-range data are not
,available, observed Moffett, Carr, and
Kempe. Very little is known, for ex-
ample, of the possible accumulation of
toxic substances such as pesticides,
detergents, and heavy metals in the
waters, sediments, fish, and fish food
supplies. Nor is much else known about
the buildup of nitrogen and phosphorus,
except that they are, indeed, building up
in the lake.

Biological changes

Lake Erie has been the most fertile
and productive of all the Great Lakes.
During the past 150 years, more than 15
fish species have contributed to the
annual commercial fish harvest. Com-
bined U.S. and Canadian fish harvests
from Lake Erie have fluctuated little in
the past 50 years, averaging about 50
million pounds annually. This produc-
tion—most of it from the open lake—
equals the combined production of the
remaining four Great Lakes, according
to a recent report on commercial fisheries
resources of the Lake Erie basin by the
Bureau of Commercial Fisheries.

(Fish harvest increased markedly be-
tween 1951-60 largely because of the
wide use of the efficient gill nets.)

The chemical and physical changes in
Lake Erie in recent years have brought
dramatic changes in fishing produc-
tion—not in pounds, but in composition
and value, the report states. (The sea
lamprey has not been an important
problem in Lake Erie, because few of
the tributaries offer suitable spawning
conditions for the lamprey.) Species once
highly prized have virtually disappeared
from the catch—the whitefish, cisco,
blue pike, sauger, sturgeon, and northern
pike. The first four are in imminent
danger of biological, as well as commer-
cial, extinction.

Walleye and yellow perch now are the
major remaining species of higher and
medium value. But stocks of these
species are starting to decline and show
signs of difficulty in perpetuating them-
selves. The less valuable species such as
sheepshead, white bass, carp, suckers,
smelt, and bullhead are still abundant
and in some cases are increasing. Alto-
gether, these changes in species composi-
tion have reduced the value of the catch
by about $6 million annually, according
to the Bureau of Commercial Fisheries’
report.
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Focus of research

Pollution abatement efforts currently
under way promise direct and immediate
benefit, particularly in the tributaries
and inshore waters of the Lake Erie
basin. But much more is needed. Ac-
cording to the “Report on Commercial
Fisheries Resources of the Lake Erie
Basin” research to save the open waters
must focus on two areas:

* Development of specific water
quality needed for fish.

» Determination of the specific
causes of oxygen depletion.

Such a program should start with con-
tinuous measurement and evaluation of
basic environmental features of the lake.
The report contends that the program
should extend to the tributaries, to
the sources of domestic and industrial
pollution, and to the physical and chem-
ical processes within the lakes which
concentrate, add, or remove material.
Such information would provide the
background needed to interpret and pre-
dict fluctuations and trends in fish dis-
tribution and abundance.

More knowledge is needed on the
requirements of bottom organisms,
which are consumed by almost all fish
at some stage of their lives, the report
points out. The scarcity of certain
species may significantly affect the
growth and survival of fish. Bottom
organisms are also useful indicators
of subtle physicochemical changes in
water quality.

Bottom sediments hold the key to the
long-range improvement of water in the
Lake Erie ecosystem. According to the
report, a sound plan for research on bot-
tom sediments should involve:

« Measuring the rate of sedimentation.

* Determining the amount of oxygen
needed to oxidize the new sediment.

« Identifying the components of the
new sediment.

« Calculating the total oxygen to
stabilize the sediment and the oxygen
deficit in Lake Erie.

An integral part of these studies
would be the role of bacteria as the
causative agent in producing chemical
changes in both the overlying water and
in the sediment. The transformation of
organic matter in the Lake Erie basin
must be studied, as must the rates at
which it is synthesizing and decompos-
ing, and the microorganisms and mech-
anisms involved in the decomposition;
and the nature of the resulting products
must be determined, the report says.
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More research is needed on bacteria
as key organisms in the cycling of oxy-
gen, nitrogen, phosphorus, iron, and
¢arbon through the ecosystem. Related
to the studies of the chemical cycles is a
study of the chemical composition of
the sediment and water with respect to
their suitability (as a medium) for sup-
porting the growth of bacteria. The chem-
ical constituents which are of primary
importance to bacterial growth are in-
organic nitrogen sources (nitrate, ni-
trite, and ammonia), organic nitrogen,
phosphorus (dissolved and combined),
carbohydrates, and amino acids.

And, lastly, the report points out,
plankton productivity should be deter-
mined, since plankton organisms are the
most important primary converters of
basic energy and nutrients in the deep
waters of the lake.

Eutrophication

Lake Erie’s rapid eutrophication is
by no means unique. The classic ex-
ample is the lower basin of Lake Zurich
in Switzerland. The large amounts of
human pollution it receives have moved
the basin from youth to old age in less
than a century. Lake Washington at
Seattle is aging rapidly, as are the
Yahara Lake chain in Wisconsin and
Fure Lake in Denmark.

Moffett, Carr, and Kempe summed it
up pretty well in the following manner:
The biological productivity of a lake
depends upon the presence in the water
of substances essential to life. It is, how-
ever, important to recognize that all of
the biological species have a maximum as
well as a minimum requirement on the
concentration of substances in the water.
Once these maximums are exceeded,
they are just as limiting to a species
as if the substances were not there at all.

It has always been the history of in-
creasing pollution, Moffett and his col-
leagues note, that fish are gone from
further consideration long before man
needs to do much about his water supply
as far as its quality is concerned for his
own drinking purposes. What these
studies about the changes in the Lake
Erie ecosystem mean is that it is high
time for us to improve our technology
so that the situation does not get to the
point where we have to worry about
water quality from a health standpoint
or from limitations on its use in indus-
try. The people around the Great Lakes
must do something about arresting these
unfortunate trends.
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Formation of Polysilicates as Determined by Coagulation Effects

Werner Stumm, Heinz Hiiper, and Robert L. Champlin

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

m The solubility characteristics of amorphous silica are de-
scribed by its solubility equilibrium with orthosilicic acid
and monomeric and simple multimeric silicates. Polymeric
silicates can be prepared by bringing sodium silicate solu-
tions or soluble silica glasses temporarily into the pH-con-
centration range of oversaturation with respect to amorphous
silica. The formation of polysilicates is detected by their ef-
fect on the stability of Al,O; and AgBr sols. The coagulation
method can be used to evaluate the various parameters that
influence the surface chemical activity of polysilicates. Poly-
silicates at very small concentrations [Sir < 10~4M] can coagu-
late colloidal dispersions of positive surface potential. At
higher concentrations of polymeric silica these dispersions
become restabilized as negative sols, apparently because of
specific adsorption of the anionic polysilicates onto the sol
particles. The interaction caused by specific adsorption may
outweigh electrostatic repulsion. Under certain conditions
anionic polysilicates can flocculate AgBr sols of negative
surface potential. Thus, suitably prepared polymeric silicates
exhibit properties similar to those of organic polyelectrolytic
flocculants.

Polysilicates are adsorbed at solid-solution interfaces
and find application as coagulants and coagulation
aids. Thirty years ago Baylis (1937) and Graf and Schworm
(1937) proposed sodium silicate modified by acidification
(“activated silica”) as a coagulant aid. Despite an extensive
literature on polymerization and aggregation properties of
acidified sodium silicate solutions (Iler, 1955; Bechtold, 1955;
Stober, 1957; Baumann, 1959; Debye and Nauman, 1961), lit-
tle interpretative explanation for the mode of preparation and
the mode of action of polysilicates in coagulation has been
given. It is the objective of this paper to delineate conditions
under which polysilicates are formed and to provide a simple
method for evaluating the coagulative properties of poly-
silicates.

Polysilicates as Polynuclear Hydroxo Complexes

The colloid-chemical properties of polysilicates are similar
to those of hydrolyzed metal ions. Multivalent metal ions
and metalloids (Si, B, Ge) have a tendency to coordinate with
hydroxo and oxo ligands to form multinuclear species,
Me,(OH),*2. The polyanions of Si, B, and Ge, as well as the
hydrolysis systems of AI(III), Fe(IIl), and Cr(III) and the
multinuclear anions of Cr(VI), Me(VI), and V(V) are rep-
resentative examples (Sillen, 1959). In solutions that are
oversaturated with respect to the usually insoluble hydroxide
or hydrous oxide, a sequence of progressive condensation and
hydroxylation usually leads to multimeric soluble intermedi-

ates, and to colloidal hydroxo or oxo polymers. Ultimately
insoluble polymeric complexes of indefinite size are formed.
These latter are usually referred to as the insoluble metal or
metalloid hydroxides (or amorphous hydrous oxides) (Stumm,
1967).

Coagulation by multivalent metal ions, as practiced in
water treatment, is brought about by metal ion hydrolysis
species and not by the free multivalent metal ions (Mattson,
1928; Stumm and Morgan, 1962; Fuerstenau et al., 1965;
Matijevic and Janauer, 1966). Kinetic intermediates in the
transition from mononuclear species to precipitates are
efficient coagulants. Matijevic and collaborators have shown
that multinuclear hydroxo complexes are strongly sorbed on
colloidal dispersions and are able to reverse the charge of
and restabilize lyophobic colloids.

It is shown here that thermodynamically unstable poly-
silicates are formed under conditions of oversaturation with
respect to amorphous silica and that these polynuclear hy-
droxo species can be readily detected by coagulation. As shown
by Lagerstrom (1959) and Ingri (1959), the mononuclear
orthosilicic acid, Si(OH);, and its conjugate bases, SIO(OH);~
and SiOy(OH),, are in equilibrium with multinuclear species
containing a low number (three or four) of Si atoms. The
results of these equilibrium studies together with information
on the solubility of amorphous silica permit the delineation
of the concentration-pH domains for mononuclear silicates,
multinuclear stable silicates, and unstable polysilicates
(Figure 1).

Solubility of Amorphous SiO» and Mononuclear Wall

Up to pH values of approximately 9, the solubility of
amorphous SiO: is constant. It has been reported by various
investigators (Alexander et al., 1954; Baumann, 1955;
Krauskopf, 1956; Stoeber, 1967) to be 100 to 150 mg. of
SiO, per liter (1.67 to 2.5 X 10-3M) at 25° C., the soluble
species being in the form of Si(OH),. This information, to-
gether with Lagerstrom’s (1959) data on silicate equilibria
(Table I), permits computation of the solubility of amorphous
SiO; for the entire pH range and the relative concentration of
the species that are in equilibrium with amorphous SiO:.
Within neutral and slightly alkaline pH ranges, only Si(OH)s
occurs. Under alkaline conditions, the solubility of SiO.
becomes enhanced because of the formation of monomeric
and multimeric silicates. Although there is some uncertainty
concerning the exact nature of the multimeric species, the
experimental data of Lagerstrom (1959) and Ingri (1959)
leave no doubt on the existence of multinuclear species.
Even if multinuclear species other than Si;O(OH)s* were
present, the solubility characteristics of SiO, would not be
changed markedly. Amorphous silica is metastable in com-
parison to quartz. The rate of crystallization of quartz is so
slow in the low temperature range that the solubility of
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amorphous silica represents the upper limit of dissolved
aqueous silica (Siever, 1957).

Also indicated in Figure 1 is the “mononuclear” wall—
i.e., the concentration of total silica that must be exceeded to
encounter multi- or polynuclear species in the solution. The
mononuclear wall follows the line characterizing [Si(OH).]
up to a pH of approximately 9; the concentration of mono-
nuclear Si then increases with increasing pH. The line has
been calculated using the data in Table I for the condition
100 [Si](muttimericy = [Si] i. Distribution diagrams for
the various silicate species in the alkaline pH range are given
in Figure 2 for three Sir concentrations. The tendency to
form multinuclear species increases with [Siz].

Three domains in the concentration-pH diagram are of
importance: (1) the insolubility domain—i.e., the range where
amorphous SiO, precipitates—(2) the multimeric domain
where silicon polyanions are stable; and (3) the monomeric
domain where mononuclear Si species [Si(OH);, SiO(OH);~,
and SiO,(OH),~?] prevail thermodynamically.

Natural waters are in the monomeric range, the dissolved
silica being predominantly (below pH 9) present as silicic
acid. Commercially available concentrated silicate solutions
are in the multimeric domain. In this range silicate glass
(produced in the soda ash fusion process) or silicate powders
within appropriate ratios of SiO, to alkali dissolve when
brought into contact with water.

Solutions that are oversaturated with respect to amorphous
silica are unstable and a precipitate will eventually be formed.
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Figure 2. Distribution of Si species as a function of pH

0. Si(OH)4
—1. SiO(OH); !
—2. SiOy(OH), 2

Extent of hydroxo complexation depends on pH. At given pH, tendency
to form multinuclear species increases with increasing [Sir]. Shaded
boundary indicates pH at which solution becomes oversaturated with
respect to amorphous SiO.. At a pH value lower than this boundary,
polymerization of silicic acid occurs and ultimately amorphous SiO; is
formed

The precipitation of amorphous silica apparently proceeds
in a series of steps:

Mono- or oligonuclear silica species will condense by
formation of Si-O-Si bonds to polysilicates (polymeriza-
tion). Further polymerization accompanied by crosslinking
reactions and aggregations (by van der Waal forces) leads to
negatively charged silica *“‘sols.” Further aggregation may
eventually lead to the formation of gels.

This polymerization, aggregation, and gelation reaction
can be stopped and slowly reversed if the solution is brought
outside the insolubility range. Dilute polymeric silicates may
be prepared by bringing soluble silicates into the insolubility
range—for example, by acidifying a sodium silicate solution
of appropriate concentration. In the insolubility domain,
silicates polymerize; subsequent dilution gives solutions con-
taining polysilicates or colloidal SiO, aggregates which, de-



pending on the detailed history or preparation, remain
“active” as coagulants for long periods of time (hours to
weeks).

Average Number of Hydroxides Bound per SiO:. The con-
cept that silicate solutions become unstable and polymerize
whenever their concentration-pH range is within the insolu-
bility range has been suggested by Alexander (1953), Baumann
(1959), and Lagerstrom (1959). It makes it easier to under-
stand and generalize many observations and provides a
unifying guideline for the preparation of polysilicates and for
their practical application. Some of these generalizations can
be better appreciated if an additional parameter is introduced
that was helpful in characterizing silicate solutions and in
defining the boundary between the stable multimeric domain
and the unstable insolubility (polymerization) range. This
parameter is the ligand number 7, sometimes also called the
formation function; it measures the average number of moles
of OH bound nor- per mole of SiO,, nsio,. # = non/
ngio,. 7 can be calculated from the electroneutrality condi-
tion—i.e., from the difference of total added base (such
as NaOH) and the equilibrium OH~ and H* concentration.
For example, in any mixture of SiO, and NaOH, the electro-
neutrality condition is given by

[Na*] 4 [H*] — [OH"] = [SiO(OH);7] +
2 [SiOx(OH),~?] + 2 [SisO(OH)s~% (1)
The right-hand side of Equation 1 represents the number of

OH~ ions bound in excess of Si(OH),. Thus 7 can be cal-
culated:

[Na*] | [H] — [OH] _ ou- -

[Siz] [Siz] [Siz]

As shown by Lagerstrom, 7 is related to the molar ratio of
SiO; to Na,O, R. Because of almost equal formula weights of
SiO, and Na,O, the ratio in grams is practically the same.
The first term in Equation 2 can be replaced by 2/R, and
since the second term is usually negligible, we have

=

= 2[R 3

The function 7, or the ratio R, is a convenient parameter
because neither varies with the dilution for a given silicate
solution. With the help of the equilibrium constants given in
Table I and using Equations 2 to 4, /i and R have been com-
puted for the boundaries between the insolubility range and
the soluble multimeric domain and between the latter and the
mononuclear solubility range (insert, Figure 1). All commer-
cial soluble silicate solutions (water glass), in the soluble
multimeric domain, in accord with the boundary given in
this figure, have R values smaller than 4. Typical commerical
products have ratios between 2.2 and 3.5. One product with
R = 3.75 is available. On the more alkaline side (larger 7,
smaller R) solutions of sodium orthosilicate (NaSiOs,
R = 0.5, i = 4) and sodium metasilicate (Na,SiO3, R = 1,
n = 2) contain at all concentrations exclusively mononuclear
species. Nauman and Debye (1951), using light scattering,
calculated molecular weights of about 70 (indicative of mono-
mers) for silicate solutions with R° < 1, while multinuclear
species having molecular weights of a few hundred were
found in the range 1 < R < 3.75. The insert in Figure 1 also
illustrates that the dilution of silicate solutions with R values
between about 2.75 and 3.75 (7 = 0.53 to 0.73) leads to un-

stable polymeric species, while mononuclear silica solutions
are obtained by dilution of solutions with R < 2 (i > 1).

Materials and Methods

Particles of aluminum oxide with a diameter between 0.01
and 0.04 micron and a surface area of approximately 60
sq. meters per gram were obtained from Particle Information
Service, Los Altos, Calif. Ludox (E. I. du Pont de Nemours
& Co.) was used as amorphous silica with particle diameters
of approximately 15 mu (Ludox LS) and 7 mu (Ludox SM),
respectively. Electrophoretic measurements were made using
a Briggs cell.

Polysilicic acid solutions were prepared by neutralizing
sodium silicate solutions (usually sodium metasilicate, Nag-
Si03.9H,0) with nitric acid or by passing through a Dowex
50W-X8 cation exchange resin in the H*-form. Where buf-
fering was necessary, small quantities of HCO;~ (<10~M)
and CO, were added. A sketch with some figures indicates
the history of preparation of the polysilicic acid solution—
for example, in Figure 4, curve 1 was obtained by neutralizing
a5 X 10~2M sodium metasilicate solution to pH 6 and keeping
it at this pH for 30 minutes (polymerization time, #, = 30
minutes) before quenching by diluting it to 10~%M. Poly-
meric solutions can be stabilized for periods of up to 2 weeks
by acidifying them to pH 2.5 (curve 4, Figure 4).

The flocculation of silver bromide in statu nascendi was
carried out as follows: An appropriate volume of the poly-
silicic acid solution (usually 10-3M) was mixed with 10 ml. of
a2 X 10~2M AgNO; solution and diluted with distilled water
to 50 ml. Then 50 ml. of a 10-3M KBr solution were added to
the Ag* solution. Such solutions contain 2 X 10~°M Agt
and 5 X 10~*M Br—and contain, in the absence of polysilicate,
positively charged AgBr sols. AgBr sols with an incipiently
negative surface potential were prepared by adding a solution
containing AgNO; and polysilicic acid to a solution of KBr,
the final solution containing 5 X 10~4M Ag+and 2 X 10—°M
Br-. Blanks were run with solutions containing equivalent
concentrations of AgNO; but no KBr, in order to ascertain
that within the pH and concentration range investigated no
precipitation between Ag+ and silicate or polysilicate occurs.

Turbidity was estimated by measuring the scattering in-
tensity (the ratio of the light scattered at 90° to the light
transmitted) with a Brice-Phoenix light-scattering photom-
eter using a wavelength of 546 mu and square cells with a
light path of 2.5 cm. In the experiments with Al,O; the extent
of flocculation was estimated by measuring the turbidity of
the supernatant after a 1-hour settling period. With the
AgBr sols, however, the turbidity of the suspension was
measured. Correspondingly, in these experiments coagulation
is accompanied by an increase in the intensity of the scattered
light. Scattering intensity was measured 60 minutes after
mixing of the solutions. To investigate effect of surface area
of the sol upon the destabilization curve, concentration of
Al,0; and, correspondingly, the surface area was varied with-
in a 10-fold range.

All experiments were carried out under thermostatic con-
ditions at 25° C.

Coagulation and Restabilization

The effect of silicates on the stability of a colloidal AL,O;
dispersion is illustrated in Figure 3. Monomeric orthosilicic
acid, prepared by acidifying (with HNO;) dilute sodium

Volume 1, Number 3, March 1967 223



metasilicate solutions ([Sir] < 10~27M), does not influence the
stability of the positively charged Al,O; sol and does not af-
fect the electrophoretic mobility of the Al,O; particles (curve 2).
On the other hand, dilute polysilicic acid solutions, prepared by
first acidifying and subsequently diluting 2 X 10~2M sodium
metasilicate solutions, can coagulate colloidal ALO; dis-
persions (curve 1). Destabilization is observed at silica con-
centrations of [Siy] = 10~%M (0.06 mg. of SiO: per liter). At
higher silica concentrations ([Sir] > 10~*¢M) the Al;O; sols
become redispersed. Figure 3 shows that destabilization is
accompanied by a decrease in electrophoretic mobility—i.e.,
a reduction of the effective surface potential. At [Siz] ~10~*14
M this potential is reduced to zero; at higher concentrations
the charge on the ALO; is reversed and the Al,O; dispersion
becomes restabilized as a negative sol. Destabilization and
restabilization of the sol are caused by specific adsorption of
the anionic polysilicates on the Al,O; particles. That the
change in colloid stability is due to adsorbed polymeric silica
is also evident from the linear relationship observed between
the concentration of polysilicate necessary for optimum
destabilization—i. e., [Siz] at theminim um of the coagulation
curve—and the aluminum oxide concentration, or more
precisely the surface area concentration (insert, Figure 3).

Destabilization of AgBr Sols. Coagulation effects of poly-
silicates on positively charged silver bromide sols in statu
nascendi are shown in Figures 4 to 6. Again, polysilicates at
very dilute concentration destabilize and at slightly higher
concentrations restabilize these sols, while orthosilicic acid
does not affect their stability (Figure 4).

The results depicted in Figure 4 are representative of a

large number of experimental runs. In all cases, coagulation
of positive AgBr sols was observed only if the silica solution
was introduced into the pH-concentration range of the in-
solubility domain. Simpfe dilution of a low ratio sodium
silicate (R < 2) results in a coagulation-inactive solution of
orthosilicic acid. Solutions prepared by diluting high ratio
silicates (R > 2) are active and contain polysilicic acid. Ob-
viously, coagulation of silver halogenide sols is a convenient
and very sensitive method of determining whether silicate
solutions contain multinuclear or mononuclear silica species.
Furthermore, the coagulation method can be used to evaluate
operationally the various parameters that influence the activity
of polysilicates. The coagulative properties of polysilicates
prepared by neutralizing solutions of sodium metasilicate
do not depend upon the neutralizing agent: No difference was
observed in the activity of polysilicates if neutralization was
made with a mineral acid or with the aid of an ion exchanger.
However, solutions prepared by neutralizing high ratio
silicates (R 3.3) substantially increased the scattering
intensity at the coagulation maximum without changing the
silica concentration necessary to produce the coagulation
(Figure 4b).

Effect of pH and Neutral Electrolytes. The activity of poly-
silicates in destabilizing AgBr sols is influenced by pH and by
the presence of neutral electrolytes. Upon addition of NaNO;
(10~2M) and Na,SO, (10—*M), the scattering intensity at the
coagulation maximum increases and the silica concentration
necessary to produce coagulation decreases (Figure 5).
The salt concentrations used are below those required to
coagulate AgBr sols in the absence of polysilicates. Figure 6¢

T T T
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Figure 3. Coagulation and restabilization of Al:O; with
polysilicate (pH = 5)
: Turbidity (scattering intensity) of supernatant after 1-hour
a settling and electrophoretic mobility as a function of [Siz]
o 1. Polysilicate 2. Orthosilicic acid. Orthosilicic acid
% Si(OH); at concentrations comparable to polysilicic acid has
[ no effect on surface potential and stability of Al;O; suspen-
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Figure 4. Coagulation and restabil-
ization of positively charged AgBr
sols by polysilicate

a. Polysilicates prepared by neutraliz-
ing with HNO; (1 and 3) or with ion
exchange (2) solutions of sodium
metasilicate. 5. Commercially available
multimeric silicate with a SiO,/Na,O
ratio of R = 3.2 neutralized with HNO;

SCATTERING INTENSITY

SCATTERING INTENSITY

illustrates the effect of pH upon scattering intensity and
optimum coagulation concentration.

Polymerization pH and Polymerization Time. Additional
pertinent variables affecting the coagulating behavior of poly-
silicates are the polymerization pH (pH to which sodium sili-
cate solution was neutralized); polymerization concentration,
Cp; polymerization time, #,; and age of dilute polysilicate
solution, #4. In accord with observations made by many others
(Iler, 1955; Bechtold, 1955; Baumann, 1959) the rate of
polymerization to “active” polysilicates is strongly pH-
dependent and is influenced by Cp. It is very fast in neutral
and slightly alkaline solutions and extremely slow at low pH
values (pH 2 to 3).

In the neutral and slightly alkaline pH region solutions with
107'M > Cp > 10~2M polymerize so fast that their coagula-
tion activity toward AgBr sols after dilution remains un-
changed after a polymerization time of 30 minutes (Figure
6b). In the acid pH range, polymerization is so slow that the
coagulative properties of incipiently polymerized solutions
remain unchanged for days if after polymerization the pH
is adjusted to 2.5. This slow polymerization at low pH can
be used conveniently to stabilize polysilicic acid solutions
for periods of up to 2 weeks.

Aging of Dilute Polysilicate Solutions. Dilute polysilicate
solutions ([Sir] > 10~27) are undersaturated with respect to
amorphous silica (mononuclear domain) and will depoly-
merize to orthosilicic acid; 10~3M solutions (pH 5 to 6)
maintain the coagulation behavior characteristics of poly-
silicates for long periods (Figure 6a). After aging for ap-
proximately 20 days, however, a destabilization of AgBr sols
can no longer be observed; apparently after this period de-
polymerization to Si(OH), has become complete.

Polysilicic Acid and Colloidal Silica. The experimental re-
sults described here do not permit a clear distinction as to
whether our solutions contain polymerized silicic acids of high
molecular weight and colloidal dimension or discrete particles
of amorphous SiO, of colloidal size. Figure 7, however,
shows that our polysilicate solutions are able to destabilize

pH=5.5

102M NaNO3

SCATTERING INTENSITY
!

-6 -5 o4
10 10 o 1

Figure 5. Coagulation of positive AgBr sols in presence of poly-
silicate and counter ions

Polysilicate prepared as in curve 1 of Figure 3
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Figure 6. Variables affecting the activity of polysilicates

a.pH = 55,1, = 30 min. b.pH = 5.5, ta > 60 min. For 1a and 2a,
10-'M and 5 X 10~2M sodium metasilicate neutralized with ion
exchanger, respectively. For 1 and 2, 5 X 10~2M and 2.10~'M sodium
metasilicate neutralized with HNO3, respectively. c. Polysilicates
prepared as given by curve 1, Figure 3

AgBr sols at Sir concentrations much lower than solutions of
discrete particles of SiO, of 150 and 70 A., respectively.
Interaction of Polysilicic Acid with Negatively Charged Silver
Bromide. Figure 8 gives;a floccuiation curve describing the
destabilization of negatively charged AgBr sol in statu nascendi
by anionic polysilicate solutions. The scattering intensity
maximum observed is indicative of destabilization of the AgBr
sol. The addition of polysilicate does not affect the zeta
potential of the AgBr sols (Figure 8), Destabilization of nega-
tively charged AgBr is only observed in solutions of pH < 6.

Discussion

The coagulation method can be used to investigate the
polymerization of silicic acid and to evaluate the conditions
under which polysilicates are formed. The results reported
confirm that silicate solutions undergo polymerization if
they are introduced into the (Sir)-pH domain of oversatura-
tion with respect to amorphous silica. Polymerization can be
quenched and slowly reversed if the solutions are brought
outside the insolubility range by dilution or pH adjustment.

Specific Adsorption. With positively charged Al:0; and
AgBr sols, the change in colloid stability appears to be caused
primarily by specific adsorption of polysilicates from dilute
solutions onto the colloidal particles. This adsorptionleadsto a
reversal of charge and a restabilization of the sols. Destabliza-
tion is dependent upon the sol concentration or more spe-
cifically on the surface area of the dispersed phase. The insert
in Figure 3 illustrates that [Sir] necessary for coagulation in-
creases linearly with the concentration of surface in the dis-
persion. Such a linear dependence on surface area is not in
disagreement with that predicted by a Langmuir adsorption
model. A similar linear dependence has been observed for the
coagulation of silica by hydrolyzed Fe(III) (O’Melia and
Stumm, 1967). Optimum destabilization is observed at a
given fractional coverage of the colloid particle surface with
polysilicate. When most of the polysilicate added to the
solution is adsorbed ([Siz] = [Siaas]), the Langmuir equation
reduces to

[Siz] = T'nS6 4

Figure 7. Comparison of polysilicate with discrete
amorphous SiO; particles
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Polysilicates prepared as in curve 1 of Figure 3
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Figure 8. Flocculation of negative AgBr sols by anionic polysilicate
Polysilicates prepared as in curve 1, Figure 3

where Ty, S, and 0 are the sorption capacity (moles of Si
per square meter), the surface area of the sol in the dis-
persion (square meters per liter), and the fraction of surface
covered, respectively. Thus, under these conditions, [Sir]
required to produce a given surface coverage and in turn to
destabilize the dispersion is directly proportional to the con-
centration of surface in the dispersion.

Adsorption and Double Layer Interaction. The energy of
adsorption of polysilicates onto the sol particles cannot be
neglected in considering the total energy of the double layer
interaction. Very little is known about the short range chem-
ical interaction forces involved in lowering the effective surface
potential by adsorption of polymers. Naumann and Dresher
(1966), in experiments on coagulation of chrysotile asbestos
suspensions, have recently shown a definite correlation be-
tween critical coagulation concentration and ion volume of
the coagulants. The destabilization characteristics of poly-
silicates are comparable to those observed with solutions of
polynuclear hydroxo metal species and polyelectrolytes.
These solutions, too, will restabilize sols at sufficiently high
concentrations because of adsorption of the destabilizer
species onto the colloidal particles.

That the energy of interaction due to sorption may out-
weigh purely electrostatic effects is evident from the ob-
servation (Figure 8) that AgBr sols of negative surface
potential can be flocculated by anionic polysilicates. In such
aggregates particles are bridged together by polymeric sili-
cates. A similar mechanism has been postulated for the
flocculation of negative sols by anionic polyelectrolytes
(Ruehrwein and Ward, 1952; La Mer and Healy, 1963).
Nevertheless, effects due to electrostatic interaction are also
recognizable: The flocculation between polysilicates and
negatively charged AgBr particles is enhanced by decreasing
the pH of the solution or by adding multivalent cations, thus
decreasing the electrostatic repulsive forces. Similarly,
destabilization of positively charged AgBr by polymeric

silicates is aided by adding counter ions and by raising the
pH (Figures 5 and 6). With increasing counter ion concentra-
tion and charge, less polysilicate is necessary to produce
coagulation.

Conclusions

It is not within the scope of this study to draw con-
clusions as to the type of polymers, the structural arrange-
ment, or the size or molecular weight of the polysilicates.
Many observations, including preliminary molecular weight
determinations, not reported here, suggest that the poly-
silicates used in this investigation are of rather high molec-
ular weight (104 to 10° g), but it remains uncertain whether
the solutions contain soluble, internally hydrated, polymeric
silicic acids of colloidal dimensions or discrete particles of
colloidal size. Obviously, however, the polysilicates are more
active in destabilizing sols than the commercially available
dense colloidal silica particles (Figure 6). While the “activity”
of polymerized silicic acid as a coagulant depends on the
detailed history of its preparation, our observations show that
polymeric species performing in a uniform manner can be
reproduced and that the coagulation method is well suited
to determine some of the pertinent operational surface chemi-
cal characteristics of the preparations. The solubility of
amorphous silica represents the upper limit of dissolved
stable aqueous silica.
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The Surface Chemistry of Active Carbon

A Discussion of Structure and Surface Functional Groups

Vernon L. Snoeyink and Walter J. Weber, Jr.

Department of Civil Engineering, The University of Michigan, Ann Arbor, Mich.

m Active carbon is an effective adsorbent for removal of
dissolved organic substances from waters and wastewaters.
The physicochemical nature of the surface of carbon is an
important factor in the adsorption process, and should be
considered in selection or preparation of carbons for specific
applications. The principal objective of the present discussion
is the review of current information on this subject and de-
velopment of an elementary conceptual model for description
of the active carbon surface. The purpose of this model is to
delineate some of the more significant factors to be considered
in interpretation of sorption phenomena associated with
active carbon, and to provide a basis for further research in
this area. Considerations of importance in this model are
parameters which influence both the structure and the sur-
face chemistry of the active carbon. There is strong indication
of the need for continuing research on the definition of the
nature of surface functional groups, and on the particular
conditions of preparation which will produce an active carbon
best suited for a specific application.

E xacting demands are being made upon existing water re-
sources to meet the requirements of a highly industri-
alized society. These demands can be expected to mount
in the future, for continuing population expansion and tech-
nological development lead naturally to both more extensive
and more intensive use of available supplies of water, and
ultimately to the pollution and degradation of the quality of
these waters. Much of the water currently available to a large
segment of society has been subjected to previous use. In-
deed, multiple reuse of water is not uncommon today;
planned and deliberate reuse is expected to be an even more
significant factor in water resources management in the
years ahead. Evidently, as reuse practice increases, more
stringent requirements will be placed on the treatment of
waters and wastewaters, and more effective removal of per-
sistent materials, which might otherwise build up to intoler-
able concentrations during several reuse cycles, will be re-
quired.

Adsorption on active carbon has emerged as a particularly
attractive method for removal of perdurable organic pol-
lutants from waters and wastewaters. Although active carbon
has been widely employed for the past three or four decades
for removal of taste- and odor-producing materials from water
supplies, its use in this application has been largely occasional

228 Envir I Sci and Technology

and for the most part quite inefficient. While it has been
possible to tolerate such inefficiencies in an application in-
volving relatively low concentrations of pollutants, extensive
treatment of wastewater for direct reuse will require that this
process be developed to a high degree of effectiveness and
efficiency for obvious technological and economic reasons.

In order that engineers responsible for the design of active
carbon facilities for water or waste treatment be in position to
articulate specifications for maximum efficiency of use in par-
ticular situations, they must have at their disposal precise
information about the nature and behavior of active carbon
and about the adsorption process. Much recent research has
centered on the development of such information for this
purpose (Johnson et al., 1964; Joyce and Sukenik, 1964;
Weber, 1966; Weber and Morris, 1963 and 1964), but there
is yet more to be learned and set forth regarding the prop-
erties and surface chemistry of active carbon and about
factors which affect its behavior as an adsorbent. Active
carbon is effective for removal of organic substances of rel-
atively low solubility in water primarily because it provides a
large interfacial area at which such substances may ac-
cumulate. However, any interpretation of the adsorptive
behavior of active carbon based solely on the extensiveness
of the surface of this material is obviously incomplete, for
equal weights of two carbons prepared from different raw
materials and/or by different methods may possess the same
total surface area yet function differently as adsorbents.
Part of such differences in adsorptive behavior can be ex-
plained in terms of relative pore size distributions, but part
must also be attributed to differences between the respective
surface properties of the carbons. The surface of any active
carbon is comprised in part of residual electron- and ion-
exchange functional groups, connected by electron-con-
ducting bond systems (Garten and Weiss, 1957b). The nature
of these functional groups is determined to a large extent
by the method of activation as well as by the type of raw
material from which the carbon is prepared. With the existence
of electron- and ion-exchange groups at the surface of carbon,
it is reasonable to expect that electrolytes in solution may
interact with the carbon to influence its behavior as an ad-
sorbent. Indeed, such interactions could markedly affect the
over-all adsorption process under certain conditions, pos-
sibly effecting changes in the process which may be put to
good advantage to achieve higher efficiency or enhanced
effectiveness of removal of pollutants. Weber and Morris
(1964), for example, have shown that the hydrogen ion ac-
tivity of a solution affects both rate and capacity for adsorp-



tion of negatively charged species of sulfonated alkylbenzene
from aqueous solution by carbon. These authors have inter-
preted their results as indicating that decreasing pH leads to
an increasing association of the positively charged hydrated
proton with negatively charged functional groups on the
active carbon surface, thus neutralizing electrostatic repulsive
forces to allow the charged organic species more easily to
migrate through the pore spaces and be adsorbed at inner
surface sites. Garten and Weiss (1957b) have interpreted
changes in hydrogen ion activity observed upon addition of
active carbon to acidic or basic solutions in terms of an in-
teraction between the acid or base and a basic or acidic
heterocyclic surface structure, respectively. This interaction
is currently being studied in detail in the authors’ laboratories
to determine more precisely its effect on the sorptive proper-
ties of active carbon,

Other inorganic species also seem to be important in their
effects on the manner in which active carbon functions in
aqueous solution as a sorbent for organic substances. Joyce
and Sukenik (1964) have observed a 507 increase in ash
content (from 6 to 9%, and from 12 to 18%) to be accom-
panied by a 507 decrease in the capacity of an active carbon
after 10 cycles of sorption from a solution of the calcium
salt of a sulfonated alkylbenzene followed by thermal re-
generation. Because the ash was soluble in acid solution, but
insoluble in near neutral solution, these authors suggest
that acid treatment in conjunction with thermal regeneration
may prove feasible as a means for restoring active carbon to
near original capacity. Before such treatment is effected
however, one should know how the acid may affect the active
carbon surface, and, therfore, how it may influence the adsorp-
tion process.

Various chemical oxidizing agents can also interact with
active carbon in aqueous solution to increase the amount of
chemisorbed oxygen at the carbon surface (Puri ez al., 1961).
Once more, however, the effect of the presence of this oxygen
on the sorptive properties of active carbon has not yet been
sufficiently defined.

Apparently, then, much more information is needed re-
garding the nature of interactions which occur between the
various functional surface groups of active carbon and elec-
trolytes in aqueous solution, with particular reference to
the effects of such interactions on the sorptive properties of
the carbon. The present discussion has as its objective the
examination of such information as is currently available
concerning the structure and nature of active carbon, and the
presentation of a relatively unified concept or model for
description of the surface chemistry of this material. This
model, hopefully, will provide a reasonable basis for further
research directed to the delineation of the surface properties
of carbon significant in its applications for water and waste-
water treatment.

Preparation of Active Carbon

The term active carbon actually implies a rather broad
family of substances, with individual species being charac-
terized by sorptive and catalftic properties rather than by
definite structure or specific chemical composition (Hassler,
1963). Particular properties may be imparted to an active
carbon either by starting with different raw materials or by
utilizing different preparative procedures.

Substances from which active carbons are manufactured are
carbonaceous in nature, usually carbohydrates; wood, coal,
sugar, nut shells, and vegetable matter are examples of typical
raw materials. Differences in active carbons may obtain as a
result of the particular characteristics of the starting material,
but many of the differences commonly ascribed to dissimilar
starting materials may be due in fact to noncarbonaceous
impurities. In addition, preparative conditions may be varied
and selected additives employed to produce a particular
active carbon of desired structure and surface properties.

The production of active carbon involves first the formation
of a char from the raw material. The starting material is heated
—usually in the absence of air—to a temperature sufficient to
effect drying and to drive off volatile fractions. Carbonization
is then accomplished by elevating the temperature, producing a
carbonaceous char (Johnson et al., 1964; Hassler, 1963).
In this process the temperature is increased slowly to allow
time for each step to be completed before the next begins.
The entire process is usually carried out below 600° C., al-
though exceptions do exist. Additives such as calcium chlo-
ride, magnesium chloride, zinc chloride, or any one of a
number of similar materials may be used to catalyze the proc-
ess and to impart certain characteristic properties to the fin-
ished product (Hassler, 1963).

The char developed in the carbonization process has rela-
tively little internal surface area, and because a large surface is
required for most adsorption applications, the char is gener-
ally “activated” by treatment with oxidizing gases under
carefully controlled conditions. The oxidizing gases—
commonly carbon dioxide, steam, and air—attack the more
readily oxidizable portions of the char, resulting in the de-
velopment of a porous structure and an extensive internal
surface. The temperature of activation is a critical factor in
the process, as will be discussed in more detail shortly.
Treatment of the char with reagents such as chlorine, dolo-
mite sulfates, and several other substances to develop special
properties in the finished product and to catalyze the action of
the oxidizing gas is often effected prior to the activation proc-
ess (Hassler, 1963). According to Johnson et al. (1964),
carbonization and activation can sometimes be carried out in
one step, rather than as separate operations. The total surface
area of a carbon, by far the greatest percentage of which is
internal, can be as great as 2,500 square meters per gram after
activation.

Structure and Structural Development

The molecular and crystalline structure of active carbon is
an important determinant of the types of functional groups
which can exist on the surface and is, therefore, an important
consideration in any discussion of the surface chemistry of
this material. Although there is little direct information
available on the structure of active carbon, much can be
derived from existing data on the structure of carbon black.
Very little chemical difference exists between these two sub-
stances, and the only apparent physical difference is that the
carbon black has much less internal surface area (Garten and
Weiss, 19575).

As a basis for discussion of the active carbon structure, it
is appropriate to consider first the structure of ideal graphite
in that it is closely approximated in the basic structural unit
of both active carbon and carbon black (Wolff, 1959; Heck-
man, 1964 ; Walker, 1962).
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The structure of ideal graphite is given in Figure 1. Accord-
ing to Walker (1962), this structure is composed of a system of
infinite layers of fused hexagons. Within each layer the carbon-
carbon bond distance is 1.415 A. indicating one-third double
bond character. Three of the carbon’s four electrons are en-
gaged in forming regular covalent bonds with neighboring
atoms and are localized, while the fourth resonates between
several valence-bond structures, giving each carbon-carbon
bond a one-third double bond character. Relatively weak van
der Waals forces act between the parallel layers to hold the
distance of separation to approximately 3.35 A. The carbon
layers form an a-b-a-b-a-b stacking sequence in which one-
half of the carbon atoms in any one plane lie above the center
of the hexagons in the layer immediately below it. The carbon
atoms are directly superimposed in alternate layers. X-ray
diffraction spectra obtained for most natural graphites indi-
cate that this structural configuration is in fact predominant
(Walker, 1962).

During the carbonization of the raw material in the prepa-
ration of active carbon, small aromatic nuclei, interpreted
from x-ray spectrographs as microcrystallites consisting of
fused hexagonal rings of carbon atoms having a structure
similar to that of graphite, are formed (Wolff, 1959; Heckman,
1964). The diameter of the planes making up the microcrystal-
lite has been estimated as 20 to 50 A. (Wolff, 1959). The height
of stacking is also in the range of 20 to 50 A., indicating that
each microcrystallite consists of 5 to 15 layers of aromatic
planes.

Although the structure of the microcrystallite is similar to
that of graphite, it differs in many ways. During the formation
of the microcrystallite, impurities should be expelled from its
interior. However, Walker (1962) states that interior vacancies
exist in the microcrystallite and that their formation depends
on the method of preparation. Possibly these vacancies con-
tain some of the impurities; the presence of impurities may,
in fact, influence the formation of such a vacancy. In addition,
the ringed structures at the edges of the planes making up the
microcrystallite are often heterocyclic owing to the nature of
either the starting material or of the preparation process used
(Garten and Weiss, 1957b). Heterocyclic groups would tend to
affect both the distance of separation of adjacent planes and
the sorptive properties of the carbon. Also, orientation be-
tween adjacent planes in the microcrystallite varies from that
found in ideal graphitic structure to that of complete random
orientation found in turbostratic carbons (Walker, 1962). The
definite a-b-a-b-a-b stacking order, therefore, does not exist in
most active carbons. Functional groups terminating the micro-
crystallite planes interconnect the microcrystallites, and are at
least partially responsible for the turbostratic character in that
they prevent orientation of the planes with respect to each
other. Because of its special properties and the many differ-
ences between it and graphite, Garten and Weiss (19575)
have chosen to compare active carbon with a complex or-
ganic polymer rather than with a graphitic type particle.

The structure of the char particle is developed further by
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Figure 1. The arrangement of carbon atoms in the graphite crystal
(Walker, 1962)

treatment with oxidizing gases at high temperature during the
activation process. Dubinin et al. (1964), noticed two stages
of oxidation in the activation of carbonized sucrose. First,
macropores were formed by the burnout of the most reactive
material, consisting principally of hydrocarbon radicals
attached to the edge carbons of the microcrystallite. Second,
micropores were formed mainly by the burnout of micro-
crystallite planes. The diameter of the micropore is generally
on the order of 4 to 10 A., while the macropore diameter is
usually much larger (Wolff, 1958). The majority of internal
surface area is contributed by the walls of the micropore.
Snow et al. (1959), reported that higher ash content causes
faster pore development during activation. Inorganic matter
appears to cause stress localizations on the surface of the
microcrystallite at which points oxidation is initiated much
more easily. Once a plane is attacked by an oxidizing gas,
oxidation of that plane continues in preference to another
area until a stable structure is developed (Wolff, 1959).

Carbonization and activation temperatures are significant
considerations in the structural development of active carbons.
Riley (Garten and Weiss, 1955) has demonstrated that the
size of the microcrystallites of carbons prepared from carbo-
hydrates increases with increasing temperature of carboniza-
tion. In addition, the mechanical strength and electrical con-
ductivity of a carbon increase when prepared at temperatures
above 700° C. The temperature at which activation is
effected is important also because carbonization continues
during this process via the mechanisms of actual removal,
cracking, or cyclization of functional groups present at the
edges of the microcrystallite (Wolff, 1959).

Chemical Nature of the Active Carbon Surface

If we proceed on the basis of the structure outlined above,
and neglect for the moment the effects of noncarbonaceous
impurities, two major types of surfaces can be postulated for
active carbon: the planar surfaces of the microcrystallites
and the edges of the carbon planes making up the sides of the
microcrystallite,

The planar surfaces are probably relatively uniform in



nature. No attached functional groups should be present
because the electrons of the carbon atoms are involved in
covalent bonding with neighboring carbon atoms. Because
oxidation occurs much more readily at the edge of the carbon
plane than on the surface of the plane (Hennig, 1962), few
vacancies owing to oxidation during the activation process
are expected in the surface plane. The majority of the sorptive
processes occurring on this surface would be due then to the
relatively weak van der Waals forces, although electrons are
available for 7-bonding if the sorbate is capable of entering
into such a bond (Gasser and Kipling, 1960). Because most of
the surface area of a carbon particle is found in the micropores,
and because micropores are formed by the ‘eating out”
of microcrystallite planes (Wolff, 1959), the larger percentage
of the total surface area is probably of the planar surface type.

The sides of the microcrystallites are more heterogeneous
than the planar surfaces, and are characterized by various
types of functional groups and vacancies owing to the action
of oxidizing gases. Corners or raised positions on the surface
have the greatest tendency to participate in the electron-
sharing reactions which characterize chemisorption (Zettle-
moyer, 1959). Sorption in depressions is probably physical
in nature, but the bonds formed in this case should be much
stronger than the bonds formed in physical sorption on the
planar surface of the microcrystallite.

Although surfaces of the preceding types can be expected for
a very pure active carbon, many carbons have large per-
centages of oxygen, hydrogen, and inorganic ash. The concept
of the type of surface available for sorption must be modified
somewhat when such substances are present. The presence of
hydrogen on the surface of active carbon, for example, lends
quite definite properties to that surface. Certain sorption
reactions are known to be more or less specific for surfaces
comprised of hydrogen sites. Kipling and Shooter (1966)
reported that iodine vapor adsorption on Spheron 6 can be
interpreted in terms of adsorption, on that part of the surface
covered with hydrogen sites, to the exclusion of those portions
of the surface covered with oxygen-containing functional
groups. Hydrogen presumably exists either in the form of
terminal groups on the fused aromatic planes of the micro-
crystallite or as part of the hydrocarbon functional groups
attached to these planes (Wolff, 1959). Wolff (1958) reported
that hydrogen is present in amounts ranging from eight to
19 times that of oxygen, on a molar basis, for carbons con-
taining 0.94 to 2.25%, oxygen by weight.

Inorganic matter is present in most commercial active
carbons to a very significant extent, and its presence has many
noticeable effects (Hassler, 1963; Wolff, 1958). The total
amount present consists of inorganic constituents originally
present in the starting material and various inorganic salts
added to catalyze the carbonizatien and activation processes
or to impart special sorptive properties such as selectivity
to the active carbon. The fact that strong acid will remove
almost all of the ash content of active carbon suggests that
the inorganic matter exists primarily on the microcrystallite

surfaces (Wolff, 1958; Blackburn and Kipling, 1955). The
special properties which the inorganic salts develop possibly
are due to their effect on the active carbon surface and to their
interactions with the sorbate or other solution constituents.
Sorption on a surface covered with tightly held inorganic
species would very likely differ in nature from sorption on an
active carbon surface free of such species. Pore structure
would also be affected differently by different types of salts
used to catalyze the activation process. Possible interactions
between the inorganic salts on the active carbon surface and
the sorbate or other solution constituents include complex
formation, ion-pair formation, precipitation reactions, and
oxidation-reduction reactions. Basic studies of the sorptive
properties of active carbon should include a careful study of
the effect of the active carbon’s inorganic constituents.

Electron spin resonance studies of active carbon have sug-
gested free radical structures or structures with unpaired
electrons in the microcrystallite (Harker et al., 1961). Accord-
ing to Ingram (1959), large numbers of unpaired electrons
are trapped during the carbonization period owing to bond
breakage at the edges of the planar structures. These electrons
are resonance stabilized. Studies by Harker et al. (1961)
indicated that oxygen interacts with these electrons to form
oxygen complexes on the surface. The only means by which
this oxygen can be removed is as oxides of carbon by degassing
at high temperature.

Oxygen, one of the major noncarbon constituents of active
carbon, constitutes 2 to 25% by weight of this material, the
exact amount present depending upon the temperature and
method of activation (Wolff, 1959). The temperature of
activation ranges from 400° to 1200° C., and the oxygen
content decreases with increasing temperature of activation
(Garten and Weiss, 1957a). Heating carbon at a temperature
of 1000° to 1200° C. in a high vacuum removes nearly all
of the oxygen from the carbon surface, usually as oxides of
carbon. For this reason oxygen is thought to exist in structures
on the surface of the microcrystallite or between carbon planes
near the surface of the microcrystallite (Garten and Weiss,
1955).

The presence of oxygen complexes on the surface of the
carbon affects the sorptive properties of this material in that
they tend to increase the polarity of the surface (Barrer, 1966).
In aqueous solution, therefore, a stronger solvent-active
carbon bond must be broken before sorption of the sorbate
can occur if oxygen complexes exist at the carbon surface.
Excluding any specific oxygen complex-sorbate interaction,
increased polarity decreases the quantity of nonpolar sorbate
removed from solution by the carbon. For a polar sorbate,
the oxygen complex—sorbate interaction usually is stronger,
compensating, at least in part, for the added energy required to
desorb water. Kipling (1957) discovered that oxygen on the
surface of carbon affects the specificity of sorption from an
organic, binary liquid solution. As indicated previously,
Kipling and Shooter (1966) reported that iodine apparently
does not adsorb on that portion of the active carbon surface
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covered with oxygen sites, but does adsorb on the part of the
surface covered with hydrogen sites. These authors also
indicate that the normally strong lateral interactions of ad-
sorbed iodine molecules appear to be lessened in the presence
of the oxygen, thus preventing attainment of the extent of
uptake realized in the absence of surface oxygen. An additional
consideration is that sorbates which have a natural tendency
to combine with oxygen probably sorb more easily on oxy-
genated surfaces than they do on nonoxygenated surfaces.

Oxygen can be added to an active carbon in one or more of
three principal ways. If the starting material contains oxygen,
this may become incorporated into the microcrystallite sur-
face structure during the manufacture of the carbon (Garten
and Weiss, 1955). If the starting material is a carbohydrate,
for example, heating will cause condensation and cyclization
of the carbohydrate with the inclusion of an oxygen atom in
the ringed structure as an ether oxygen. As a second possi-
bility, oxygen can be sorbed on active carbon at room tem-
perature. Part of the oxygen added in this manner can be
evacuated at room temperature—this phenomenon being
known as “the reversible effect”—while another part re-
quires evacuation at temperatures in excess of 1000° C.
(Harker et al., 1961). The latter phenomenon, which has
been studied by electron spin resonance methods, is known
as “the surface oxide effect.” Thirdly, oxygen can be chemi-
sorbed on the surface of the active carbon during treatment
with oxidizing agents. As previously indicated, the principal
oxidizing gases in the activation process are air, steam, and
carbon dioxide. These three gases form oxygen complexes
at the surface of the carbon which can be removed—as carbon
monoxide, carbon dioxide, and water vapor—only by de-
gassing at very high temperatures (Hassler, 1963; Puri ez al.,
1958). Treatment of active carbon with chemical oxidizing
agents in aqueous solution also leads to the chemisorption of
oxygen on the surface of the carbon (Puri ef al., 1958, 1960,
and 1961).

Characterization of Oxygen Surface Structures

Because of their numbers and their probable effects on the
sorption process, oxygen complexes on the surface of carbon
merit careful consideration. An excellent review of this topic
has been given by Boehm (1966); anyone contemplating fur-
ther work in this area should consult this review.

One of the principal methods for study of the nature of
oxygen structures on carbon has been by simple acidimetric-
alkalimetric titrations, and major interest has focused on the
very important variable of temperature of activation (Boehm,
1966; Garten and Weiss, 19575). Garten and Weiss (1957b)
have provided an excellent review on the findings of such
research, and these may be summarized briefly as follows:

Carbon activated at 400° C. (L-carbon) will sorb base but
not acid from aqueous solution while carbon activated at
800° to 1000° C. (H-carbon) will sorb acid but not base.

Carbon activated at intermediate temperatures will sorb
both acid and base.

Capacities for both acid and base are usually in the milli-
equivalent per gram range, but this value depends on the
substances added to the carbon during the activation process.

Similar to ion exchange resins with basic and acidic func-
tional groups, respectively, H-carbons produce a basic pH
in solution, while L-carbons yield an acidic solution pH
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(Garten and Weiss, 1957b). Since no acid or base can be ex-
tracted from the solution after contact with the carbon, the
conclusion is made that surface structures are responsible for
this phenomenon. Electgokinetic studies have indicated that
H-carbons exhibit a positive surface potential, as opposed to
a negative surface potential for L-carbons. However, unless
care is taken to cool H-carbons in an inert atmosphere after
activation, formation of structures which change the potential
from positive to negative does occur. The presence of inor-
ganic constituents at the surface may also affect the potential
to the point of reversing its sign from that which might be
expected on the basis of the activation temperature.

A negative potential for L-carbons is consistent with the
presence of surface acids, while the existence of a positive
potential for H-carbons requires further consideration.
Garten and Weiss (1957a and 1957b), using various tech-
niques for the study of L-carbons, have concluded that sur-
face acids responsible for the sorption of alkali from aqueous
solution consist of at least three fundamental types: phenol;
n-lactone; and f-lactone—the type present in fluorescein
and phthalein dyestuffs (Garten er al., 1957). The relative
proportions of these three groups vary with the method of
preparation of the active carbon.

In determining the total number of acid groups present on
L-carbons by alkalimetric titrations, Garten er a/. (1957) noted
that the titration curves closely resembled the type obtained for
weak acids and were comparable with that for titration of a
phenolic functional group ion exchange resin. These observa-
tions point to the possibility of phenolic surface structures,
as illustrated in Figure 2. By way of additional evidence, a
certain proportion of the acidic groups have been methylated
with diazomethane, but the methoxyl group thus introduced
resists hydrolysis when treated with boiling dilute acid.
This behavior is characteristic of the phenolic structure
(Garten et al., 1957; Boehm, 1966). Conversely, a portion of
the total number of acidic groups have resisted methylation
with diazomethane, while supplementary infrared spectros-
copy studies have produced data consistent with the postula-
tion that these groups are of the n-lactone type given in Figure
3, with an absorption band at 1710 cm.~*

A third fraction of the acidic groups on L-carbons was
methylated with diazomethane, but with the methoxyl group
thus formed being hydrolyzable in dilute boiling acid (Garten
et al., 1957). Carbon compounds which have phenolic groups
in association with lactone groups, as in fluorescein or phtha-
lein dyestuffs, act similarly. Figure 4 gives illustration of the
structure of such lactones, called f-lactones, as well as some
of the reactions of this group (Garten et al., 1957). The in-
frared data referred to previously have also revealed an ab-
sorption peak at 1750 cm.~!, consistent with the presence of
f-lactones.

While simple alkalimetric titration has been used rather
extensively for measurement of the total number of acid
groups present on carbon, some questions have been raised
as to the quantitativeness of this procedure. For example,
Studebaker (1963), using sodium aminoethoxide in ethylene
diamine as a titrant and comparing his results with those ob-
tained by NaOH-titration of active carbon in aqueous solu-
tion, has discovered that alkalimetric titration determines only
about 6897 of the total acidity as measured by the amino-
ethoxide titration.

Quinone groups are also known to be present on the surface



Figure 2. A phenolic surface structure (Garten and Weiss, 19575)

Figure 3. A n-lactone surface structure (Garten and Weiss, 1957b)

of active carbon (Garten and Weiss, 19576 and 1961 ; Stude-
baker, 1961). An H-carbon cooled in nitrogen gas after
activation does not sorb base, but reduction of the H-carbon
with sodium borohydride develops base sorbing properties
(Garten and Weiss, 1961; Studebaker, 1961). This observa-
tion can be explained in terms of quinone reduction to hydro-
quinone. Hallum and Drushel (1958) also found polarographic
evidence for quinones. Reduced quinones, or hydroquinones,
might be expected to behave as phenols when treated with
diazomethane and thus would be included in the phenolic
fraction given by the method of analysis used by Garten and
Weiss.

Although a carbon activated at a temperature of 800° to
1000° C. will sorb acid, evacuation at the temperature of
activation followed by cooling in an inert atmosphere will
so affect the carbon that it will not sorb acid from a deaerated
solution until oxygen is admitted (Garten and Weiss, 1957q).
Indeed, an exponential relationship exists between the acid
sorbed and oxygen partial pressure for the range of 0 to 20
mm. of Hg. Kolthoff (1932) discovered that hydrogen per-
oxide is released by carbon to a solution from which acid is
adsorbed (Garten and Weiss, 1961). Garten and Weiss (1957a),
on the basis of this phenomevgon, propose the presence of
chromene (benzpyran) groups on the H-carbon surface.
As illustrated in Figure 5, this structure contains an activated
>CH; or >CHR group which can react with a strong acid
and oxygen (Wawzonek, 1950). There is much difficulty

%COO -Me \%COO Na*

H,N
Dllute\ 22 /IIGOH

Acld

0 P2 \ .0
y COOH

Figure 4. Some reactions of fluorescein-type lactones (Garten et

al., 1957)
\
0
V% R
% c®
OR — 2.
o + Hy0p

/

9]

H R

Figure 5. The chromene-acid reaction (Garten and Weiss, 19574)

0
\ @cne ‘°”
+ HCI
/

Figure 6. Hydrolysis of the carbonium ion (Garten and Weiss,
19574)
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in establishing the stoichiometry of this reaction, however, be-
cause active carbon also catalyzes the breakdown of the hydro-
gen peroxide (Garten and Weiss, 1957a).

The carbonium ion formed by acid reaction with the chro-
mene group, as shown in Figure 5, will hydrolyze readily in
water to form the chromenol group illustrated in Figure 6,
a weakly basic group having a dissociation constant of 10-11
(Sondheimer, 1953). The fact that the carbonium ion tends to
associate so strongly with a negative ion could account for the
fact that sorbed acid is very difficult to wash from carbon
(Garten and Weiss, 1957a).

In addition to the evidence for chemisorption and the
chromene groups, there is also strong evidence that some phys-
ical sorption of acid takes place. Garten and Weiss (19575)
have shown that a portion of the sorbed acid on an acid-
saturated carbon can be displaced by strongly adsorbed
organic molecules. The assumption is made that the physically
sorbed acid can be displaced and the chemisorbed acid can
not. By this means, an approximation can be made of the
number of chromene groups present on the carbon surface.
The relative proportion of the quantity of acid physically
sorbed to that chemically sorbed again depends on the method
of preparation, especially the length of time the carbon is
activated.

Discussion

An attempt was made to describe an elementary conceptual
model for explanation of some surface properties of active car-
bon. In the development of this model, it has been necessary to
examine the basic structural unit of active carbon, the micro-
crystallite, and those factors which affect its formation during
the manufacturing process. Production variables such as raw
material, temperatures of carbonization and activation,
additives used for catalysis of carbonization and activation
or for the development of specific sorptive properties all seem
important in establishing the course of formation of the micro-
crystallite, and thus the active carbon surface.

Pore surfaces of active carbon appear to consist principally
of either the planar or the edge surfaces of the microcrystallite.
The planar surfaces are relatively homogeneous, but the edge
surfaces are heterogeneous, quite probably covered with
oxygen- and hydrogen-containing functional groups. Some
of the oxygen complexes appear to be highly reactive with
certain inorganic species in aqueous solution, particularly
acids and bases. This interaction can be especially significant
for active carbons having appreciable quantities of surface
oxygen, since it probably results in changes in the nature of the
pore surface.

Ash content, which is appreciable for most commerical
carbons, might also be expected to affect markedly the nature
of the active carbon surface if the inorganic species are dis-
tributed over the internal surface of the pores. If the ash is
localized in specific vacancies rather than distributed over the
pore interior, however, the sorptive properties are likely to
be affected very little.

The purpose of this initial model is to set forth some of the
more significant interfacial factors and mechanisms to be
considered in interpretation of sorption phenomena associated
with active carbon in aqueous solutions and to provide a basis
for further research aimed at more thorough delineation of
sorption processes.
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Ton Exchange Processes for the Reclamation of Acid Mine Drainage Waters

Frank Pollio and Robert Kunin
Rohm and Haas Co., Philadelphia, Pa.

B A 3000-p.p.m. (as CaCO;) synthetic acid mine drainage
water (AMD) may be processed to yield a water of quality
suitable for industrial, agricultural, and domestic purposes.
A basic process, possessing considerable flexibility, has been
developed, which our laboratory studies show to be practical.
It is based on the use of the conventional gel anion exchange
resin, Amberlite IRA-68, which, used in a column operation,
functions in the bicarbonate cycle. The effluent water is
aerated and subsequently clarified to give useful water, whose
quality may be further improved through lime softening prior
to clarification. In the clarification step, improved clarifica-
tion and sedimentation rates may be obtained using an anionic
polyelectrolyte such as Primafloc A-10.

I he discharge of acid mine drainage (AMD) waters

from coal mines has received considerable attention
within recent years. The seriousness of the problem is re-
flected by numerous laws being enacted on federal, state, and
municipal levels. Under the current Pennsylvania Clean
Streams Laws, after January 1, 1967, discharge of AMD
waters into streams or other waterways is limited to waters
that have an iron content below 7 p.p.m. and a pH between 6
and 9. It is estimated that at least 809 of all the mine water
effluents in Pennsylvania must be subjected to some sort of
treatment before discharge to meet state requirements. The
mine water drainage problem is nothing new; it has existed
ever since coal mining operations were first begun several
centuries ago. The AMD waters present a serious pollution
problem which has been increasing because of the existence
of an ever larger number of mines, operational and abandoned
in the coal mining regions. In effect, the problem is not limited
to the United States. Besides Ohio, West Virginia, and Penn-
sylvania, Western Europe (Wales, the Rubhr, etc.) is plagued
with a similar problem. If one were to add to the list the coal
mining regions located in the Eastern European countries,
the world-wide seriousness of the pollution problem that exists
would be greatly magnified. In the Pennsylvania area alone,
close to 1.4 billion gallons of acid mine waters are discharged
daily.

The extent to which AMD waters become a source of pollu-
tion is variable. Though it is difficult to define a typical mine
water, one feature common to practically every mine water is
its sulfate content. Both acidic and alkaline mine drainage
waters occur, though acid waters predominate and cause the
greatest inconveniences. The presence of sulfate in AMD
waters arises principally from the oxidation of inorganic
sulfur-containing substances found in the seams of the mines;

pyrite (FeS,) is one of the principal constituents. When the
pyrites come into contact with water in the presence of air the
following reaction takes place:

FeS; + H:0 + 3!/, O, — FeSO; + H,SO,

Upon being discharged into streams, further oxidation un-
avoidably occurs:

2 FBSO4 + HzSO4 + l/2 02 — Fe;(SO.);, + HzO

The ferric sulfate so produced hydrolyzes readily (pH 3) to
give:

Fex(SO4); + 6 H/O — 2 Fe(OH); | + 3 HeSO,4

The ferric hydroxide from the hydrolysis reaction is in-
soluble and is deposited along banks and beds of streams.
The sulfuric acid from the hydrolysis reaction then becomes
the main source of pollution. It reduces the natural alkalinity
of streams and may damage aquatic animal and vegetable life.
The pH of the waters is also decreased and there usually is an
accompanying increase in the total water hardness. Conse-
quently, water treatment costs are increased if these waters
are processed for domestic or industrial use.

The concentration and types of ions found in AMD waters
depend on the geological composition of the coal seam.
Among other factors, volume and residence time of the waters
in the mines, the original ionic composition of the waters
before entering the mines, and flow rate become important
variables influencing the compositional character of the
waters. Besides ferrous ions, originating from the pyrites,
AMD waters usually abound in Cat?, Mg*?, and Al*3.
Also found in lesser quantities are manganese and silicate
ions. The free mineral acidity of “acid”” mine waters, contrary
to general belief, is very low, if any acid is present. The acidity
values usually reported in reference to a particular AMD
water are in actuality a measure of the acidity contributed
to the waters by the total dissolved ionic species and not solely
of the dissolved free acids.

Methods for Treating AMD Waters

Numerous methods and approaches have been suggested,
and some practiced. Recognizing the active role of oxygen
(oxidation) in polluting the mine waters, the technique of
sealing off abandoned mines (mine sealing), so as to exclude
oxygen from the mines, has been practiced with varying de-
grees of success. Though oxidation is retarded and minimized
in many instances, the technique has not generally been effec-
tive, especially where the coal seam is above drainage level.
Methods that probably have received the greatest attention
in recent years are based on the chemical neutralization of the
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AMD waters themselves. Neutralization techniques, in
general, leave much to be desired. Besides the cost aspect,
the processed waters are suitable for neither industrial nor
domestic use. Neither the sulfate nor the calcium content of
the AMD water is reduced to any significant degree. Actually,
in most cases, if lime is employed, the calcium content in-
creases because of the solubility of CaSO;. Most neutraliza-
tion processes only reduce the acidity, iron, and heavy metal
content of the mine water, making it acceptable for dis-
charge into streams, thus satisfying state requirements.

Since iron in acid mine water contributes heavily to pollu-
tion, several investigators have been concerned principally
with the removal of iron rather than total or partial deioniza-
tion of the acid mine waters. Simpson and Rozelle (1965)
briefly discussed methods of removing iron from solution:
precipitation (neutralization), electrolysis, aeration-filtration,
and ultrasonic methods. They also investigated the use of
ozone on both synthetic solutions and actual AMD waters.
A combination ozone-activated carbon process is currently
in use for removing iron and manganese from Rhine river
water (Schenk, 1962). Treatment with ozone oxidizes iron(II)
to (I1I) and manganese to permanganate. A layer of activated
carbon is then used to filter out the hydrous iron(III) oxide
and reduce the permanganate to dihydroxymanganese(1V)
oxide, which may also be filtered out. The iron and manganese
oxides can then be backwashed from the activated carbon
into a settling basin. Lowell er al. (1965) have also taken the
neutralization approach, suggesting the use of coal, fly ash,
red dog, preparation plant refuse, waste products from the
lime-consuming industries, and limestone for this purpose.
Two United States patents (Magill, 1941; Rodman, 1933),
which were issued in the middle thirties and early forties,
make claim to the use of materials comprising coal and car-
bonaceous coke alone or in conjunction with inorganic chem-
icals for treatment of waters to render them potable. Using
these coal materials, Lowell ef al. found that the pH of acid
mine waters could be increased and the acidity and iron con-
tent decreased. However, the response of different coals varied
widely and sulfur was not removed from the aqueous system
despite changes in pH, acidity, or iron content. Other methods
such as flash distillation and electrodialysis have been sug-
gested, but the practicability and economics of such processes
are highly questionable.

Ion Exchange Process

The use of weak base resins such as Amberlite IRA-68,
operated conventionally in the free base cycle, is not a prac-
tical system for processing an AMD water, since hydrous
metal oxide is unavoidably precipitated in the resin beds dur-
ing the anion exchange neutralization. On the other hand, the
use of the weak base resin operated in the bicarbonate cycle
circumvents this problem. In the process, advantage is taken
of the fact that the metal sulfates, which usually represent
almost the entire soluble anion content of typical AMD
waters, are readily converted to the soluble bicarbonates,
with subsequent deposition of a significant portion of the
metallic ions as the insoluble hydrous oxides by the ion ex-
change of the AMD waters with Amberlite IRA-68 operated
in the bicarbonate cycle. The following conversion occurs:

M.(SO,). + 2 RHCO; = R:SO; + M(HCOy).
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where

R = Amberlite IRA-68
M = Fe*? Al*3, Mnt? Cat?, Mgt? etc.

Upon aeration of the effluent waters, carbon dioxide is ex-
pelled, precipitating iron, aluminum, and manganese as the
insoluble hydrous oxides. A certain portion of the calcium
and magnesium is also coprecipitated or occluded with the
hydrous oxides as CaCO; and Mg(OH).. Ferrous and any
other easily oxidizable ions present in solution are also oxi-
dized, while the bulk of the calcium and magnesium remains
solubilized as the bicarbonates. In essence, what remains
after aeration is a bicarbonate water (pH 8.0 to 8.2) contain-
ing calcium and magnesium hardness. Should further deioniza-
tion be required, a cold lime-softening treatment at this point
is rather effective. Lime treatment of the aeration waters
results essentially in the following reaction:

Ca(HCO;), 4+ Ca(OH), — 2 CaCO; + 2 H,O
Mg(HCOj), + 2 Ca(OH), — Mg(OH), + 2 CaCO; + 2 H,O

After lime treatment, a complete deionization will not be
achieved, since CaCO; and Mg(OH), both have limited solu-
bilities in water. After aeration or after lime treatment,
should this step be made an integral part of the process,
clarification of the waters is facilitated through the use of an
anionic polyelectrolyte. The over-all process is diagramatically
represented in Figure 1.

As in other AMD reclamation processes, the problem of
sludge disposal is always present. The goal then is to obtain
as low a volume of sludge and as great a recovery of water as
possible. It has been demonstrated, at least on a laboratory
scale, that the volume of sludge produced by the proposed ion
exchange process is substantially less than obtained during
the lime-neutralization treatment of an identical synthetic
AMD water. As a result, even though the ion exchange process
does not completely eliminate the sludge problem, it does go a
long way toward reducing the disposal problem. Since a
smaller amount of sludge is produced, less lagooning area
will be necessitated, should lagooning be a preferred disposal
practice. Should the sludge be combined with coal refuse, the
coal refuse requirements will be considerably reduced, as
would be the abandoned mine space required for disposal
by this alternative means.

Experimental

Amberlite IRA-68 (Rohm and Haas Co.) is the anion ex-
change resin of choice in the process, since it may be effi-

Table I. Synthetic AMD Water
pH 3.1
Sp. resist., ohm cm. 310
Cat?, p.p.m. as CaCO; 964
Mg*t2, p.p.m. as CaCO; 480
Fet?, p.p.m. as CaCO; 895
Al*2, p.p.m. as CaCO; 556
Mn*2, p.p.m. as CaCO; 91
Free mineral acidity, p.p.m. as CaCO; 118
SO42, p.p.m. as CaCO;, 3104
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ciently converted to the bicarbonate form using a carbonated
water. It is a weak polyamine anion exchange resin. The par-
ticular resin employed in our studies had a volume exchange
capacity of 1.63 meq. per ml.

As the working solution in the process studies, a synthetic
AMD water was prepared which was considered to be fairly
representative of typical AMD waters commonly encountered
in the field. In Table I are listed the compositional features of
the water, pH, and specific resistance.

Stability of the water was excellent for as long as 3 to 4
weeks if the water was initially prepared to contain some free
mineral acidity. No detectable change in pH, specific resist-
ance, or total dissolved solids was apparent over this period.
A water prepared without any significant free mineral acidity
(pH 3.6), on the other hand, showed considerable instability
after only a few days, then became discolored (yellow-brown)
and considerable finely dispersed turbidity particles were
evident.

Apparatus

Since use of pressurized carbonated water allows a greater
solubilization and effective utilization of carbon dioxide
during the carbonation step of the alkalization operation, a
pressurized ion exchange unit was used to convert Amberlite
IRA-68 to the bicarbonate form and alkalize the acid mine
drainage waters. The pressurized alkalization unit is schemati-
cally diagrammed in Figure 2. The configuration of the equip-
ment allows either conventional or upflow operation of the
ion exchange column during the exhaustion cycle and for
either internal (carbonation) or external (NH,OH) regenera-
tion. The column was approximately 36 inches long and had an
internal diameter of 1 inch. It was adapted with two stainless
steel fine wire mesh screens at both ends. To minimize ob-
struction of the screen openings and loss of resin, the resin
bed consisted of a +40-mesh (U.S. Standard sieve) resin cut
of Amberlite IRA-68. Using a 200-ml. resin bed volume,
enough head room was available in the column to allow for at
least a 1009 expansion of the bed during the upflow exhaus-
tion operation. When the resin needed to be regenerated with
NH,OH, the column could be isolated from the rest of the sys-
tem by manipulating the appropriate valves. Two plugs at the
end of the column were removed and the ammonia regenera-
tion could then be performed by gravity. To convert the resin
to the bicarbonate form, 2-liter quantities of water were intro-
duced into the autoclave, saturated with CO. gas at 75-p.s.i.
pressure, and then passed (downflow) through the pressurized
column using a 50-p.s.i. CO, head pressure. Once regenerated,
the AMD water could be introduced into the autoclave and
in turn passed upflow through the column under a 50-p.s.i.
CO, head pressure.

Analysis

The unit operations of the over-all process were followed by
pH, specific resistance, alkalinity, or a combination of these.
Specific resistance and alkalinity measurements were particu-
larly useful in checking the effectiveness of the treatments at
various stages of the process. Specific resistance measurements
gave an approximate measurement (+£10%) of the total
dissolved solids still remaining in the processed waters. A plot
of specific resistance vs. total dissolved solids (as CaCOs)
(Figure 3) was prepared by making appropriate dilutions of
the synthetic AMD water with deionized water and then
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measuring the specific resistance of the diluted samples.
Alkalinity measurements gave a means of following the extent
of the SO;~2 — HCO; ! conversion during the alkalization
step.

Total cations remaining in the final processed waters were
obtained by an ion exchange procedure by passing a water
sample through a small column containing Amberlite IR-120
(H), a sulfonic cation exchange resin. After the effluent water
from the column had been collected, the acidity generated was
titrated to the methyl orange end point with standard NaOH
and the titration value in turn related to the metal sulfate
(and carbonate) content of the original sample. A second
sample of the processed water was titrated with acid (M.O.
end point) to obtain the metal bicarbonate alkalinity. The
total cations in the processed water were equal to the summa-
tion of these two values. Total hardness and total calcium
were determined by the standard EDTA titration. Total
magnesium was obtained from the difference between the
two values and consequently magnesium values reported may
not be fully reliable. Iron, aluminum, and manganese were
measured using specific spectrophotometric  procedures.
Though sulfates were not determined per se, the maximum
level present in a particular water could be estimated, being
no greater than the total cations determined by the ion ex-
change technique using Amberlite IR-120 (H).

Process Studies

In the initial phase of the study, Amberlite IRA-68 was
used to convert the metal sulfates of the synthetic AMD water
to the soluble bicarbonates, using the pressurized unit de-
scribed. Prior to treatment of the AMD water, the Amberlite
IRA-68 (free base form) was converted to the bicarbonate
form using an excess volume [(in our laboratory studies, 30
bed volumes (BV)] of D.I. (deionized) water, previously satur-
ated with CO, at 75 p.s.i. After conversion of the resin to the
bicarbonate form, alkalization (SOs~2 — HCO;~! conversion)
of the AMD water was carried out upflow at a flow rate of
2 gallons per cu. foot per minute. The upflow operation mini-
mized the deposition of precipitates that could have formed
had some of the resin sites still have been in the free base form
after the carbonation step. The effluent waters emerging from
the ion exchange column were collected and aerated vigor-
ously for 1 hour or less—that is, until the pH of the slurries
rose above 8 and remained essentially constant with continued
aeration. The red-brown liquid slurries that resulted were
clarified at this point or processed further by subjecting them
to a lime-softening treatment.

In Table II are listed alkalinity data obtained during the
exhaustion cycle and other pertinent information pertaining
to a typical run. The fact that the level of alkalinity formed
during the run was less than the influent concentration
does not mean that the conversion was incomplete; however,
as the effluents were collected some decomposition of the
ferrous bicarbonate occurred [Fe(HCO;), — 2 CO, +
Fe(OH)], resulting in a loss of alkalinity.

Three composite samples of the fractions collected from the
Amberlite IRA-68 column were prepared. Fraction 1 was a
composite of the first 28 bed volumes, Fraction 2 the first
32 BV, and Fraction 3 all 36 BV collected. These samples
were then further processed (aeration, lime softening, and
clarification-sedimentation). The samples were aerated for 75
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minutes, and then limed for 1 hour at room temperature, using
a quantity of lime corresponding to the residual M.O. alkalin-
ity present in samples of the clarified waters after the aeration
operations. Evaluation data were obtained for the aerated and
lime-softened slurries after clarifying each with the aid of a
few parts per million of Primafloc A-10. The data are reported
in Table III.

The effect of using different levels of lime during lime soft-
ening of the aerated slurries was investigated. The complete-
ness of the liming operation was determined when quantities

Table II. Alkalization of AMD Water with Amberlite

IRA-68 (HCO; ™)

200 ml.
18 inches

Resin bed volume.
Bed height.

CO. driving pressure.
Exhaustion flow rate.
gal./cu. ft./min.

M.O. Alkalinity,

50 p.s.i.

Bed Volumes

Collected P.P.M. as CaCO;

14 1350

5-8 2250

9-12 2230
13-16 2230
17-20 2280
21-24 2290
25-28 2290
29-32 1100
33-36 0

@ Contains approximately 1!/» BV of sweetening-off carbonated water

from column and lines.

Table III. Evaluation Data for Processed AMD Waters
28-BV 32-BV 36-BV
After aeration Composite Composite Composite
pH 8.45 8.30 8.0
Sp. resist., ohm cm. 1320 1260 880
M.O. alkalinity, p.p.m.
as CaCO; 420 420 300
SO,~2, p.p.m. as CaCO; 0 <630
Cat*?, p.p.m. as CaCO; 390 420 680
Mg*2, p.p.m. as CaCO;, 50 40 40
After lime softening
pH 8.80 8.65 8.20
Sp. resist., ohm cm. 3600 2000 1160
M.O. alkalinity, p.p.m.
as CaCO; 180 170 70
SO42, p.p.m. as CaCO; 0 <125 <375
Cat?, p.p.m. as CaCO; 160 290 470
Mg*2, p.p.m. as CaCO; 5 10 10

Table IV. Processed Amberlite IRA-68 (HCO;) Waters as a
Function of Lime-Softening Level

Lime used, % of residual alk.

after aeration 25 50 100
pH 8.00 8.10 8.20
Sp. resist., ohm cm. 850 960 1160
M.O. alk., p.p.m. as CaCO; 280 190 70
M.O. alk. removed, % 18 44 80




Table V. Primafloc A-10 Flocculation Tests

Remarks

Aerated Composite, 36 BV
Aerated Solids, 2600 P.P.M.

Primafloc A-10 Rate,* Lb. of Primafloc A-10/
Dosage, P.P.M. Lb./Ton 1000 Gal.

0.5 0.38 0.0042

1.0 0.77 0.0083

3.0 2.31 0.0249

3.5 2.69 0.0290

4.0 3.08 0.0332

4.5 3.46 0.0374

Small flocs, slight haze

Fair flocs and settling, sl. haze
Good flocs and settling, clearer
Very good flocs and settling; clear
Optimum, excellent floc and clarity
Excellent floc and clarity

Lime-Softened Composite, 36 BV
(Lime Used Equivalent to 25% of Measured Alkalinity after Aeration)
Limed Solids, 2850 P.P.M.

0.5 0.351 0.0042
1.0 0.702 0.0083
1.5 1.053 0.0125
2.0 1.404 0.0166
3.0 2.106 0.0230
4.0 2.808 0.0332

Some fine flocs, sl. haze, good settling
Large flocs, sl. haze, good settling

Very good flocs, clear, very good settling
Optimum, excellent clarity and settling
Excellent clarity and settling

Excellent clarity and settling

Lime-Softened Composite, 36 BV
(Lime Used Equivalent to 50 % of Measured Alkalinity after Aeration)
Limed Solids = 3020 P.P.M.

Good flocs, sl. haze, good settling

Very good flocs, sl. haze, very good settling
Optimum, excellent clarity and settling
Excellent clarity and settling

Lime-Softened Composite, 36 BV
(Lime Used Equivalent to 1009 of Measured Alkalinity after Aeration)
Limed Solids, 3290 P.P.M.

0.5 0.331 0.0042
1.0 0.662 0.0083
1.5 0.993 0.0125
2.0 1.324 0.0166
0.5 0.304 0.0042
1.0 0.608 0.0083
2.0 1.216 0.0166
@ Pounds of flocculant per ton of solids

Very good flocs, sl. haze, very good settling
Optimum, excellent clarity and settling
Excellent clarity and settling

of lime corresponding to 25 and 50 %] of the residual alkalinity
were used (Table IV). Prior to the lime-softening treatments,
a clarified portion of the aerated slurry exhibited a pH of 8.0, a
specific resistance of 880 ohm cm., and a M.O. alkalinity value
of 340 p.p.m. as CaCO;.

An almost linear relationship exists for the amount of
alkalinity removed vs. the level of lime employed when lime is
used in quantities below the stoichiometric (100%) residual
alkalinity value during the lime-softening operations.

Clarification-Sedimentation

During the clarification of the slurries that result from either
the aeration or lime-softening step, clarification and sedimen-
tation rates are significantly improved when an anionic poly-
electrolyte is employed. Primafloc A-10 (Rohm and Haas
Co.) was found to be a most effective flocculant for this pur-
pose. In Table V, flocculation data obtained during treatment
of the 36-BV composite of Amberlite IRA-68 (HCO;) proc-
essed AMD water (Table IIT) are summarized, with data for
flocculation tests performed on the aerated slurries with and
without lime softening. In the case of the lime-softened slur-
ries, flocculation tests were conducted on the slurries pre-
viously lime-softened with quantities of lime equivalent to
25, 50, and 1009 of the M.O. alkalinity originally present in
the aerated slurries (Table IV). The polyelectrolyte dosages
are the levels of flocculant used per total volume of slurry.

During the tests, Primafloc A-10 was used as a 0.1 active
(sodium salt) solution in all cases.

Larger optimum dosage levels of Primafloc A-10 are re-
quired for the aerated slurries than the limed slurries (Table V).
This is to be expected, since the effectiveness of Primafloc
A-10, and of most other anionic polyelectrolytes, improves
with increased suspended solids content and pH.

Since the existence of a sludge disposal problem is recog-
nized in the case of direct lime neutralizat'on methods for
the processing of AMD waters, the amount of sludge resulting
during a typical ion exchange resin process run was measured,
primarily to ascertain whether the ion exchange resin process
offers any improvement over the direct I'me neutralization
techniques by producing a smaller amount of sludge. Accord-
ingly, 100-ml. volumes of Amberlite IRA-68-treated waters,
aerated and lime-softened at various levels with I'me, were
treated with Primafloc A-10 and allowed to settle in graduated
cylinders. For comparison, additional AMD water was treated
by the direct lime neutralization method at pH 6.6, 7.3, and
8.2 with subsequent aeration. The aerated slurries (100-ml.
volumes) were in turn treated with Nalco 670, a nonionic
flocculant especially effective as a settling aid for direct lime-
treated AMD waters, and allowed to settle likewise in gradu-
ated cyclinders.

In Table VI, the time required for 509 of the sludge to
settle is recorded along with the per cent volume of sludge
that settled out after a 24-hour period.
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Table VI. IER and Lime Neutralization Processes

Sedimentation Comparative Data

Final
Time, Hr., Sludge Volume,
Process 509 Settling Vol. %
1ER

No lime <0.30 4.5
50% lime <0.30 5.5
100 % lime <0.30 6.0

Lime neutralization
pH = 6.6 =~1.00 23.5
pH =7.3 =~1.00 24.0
pH = 8.2 =~1.00 26.0

Though some increase in sludge volume resulted with the
use of Primafloc A-10 (IER process), the sludge volume ob-
tained was still significantly less than found through direct
lime neutralization. In fact, a few laboratory scale continuous
runs have demonstrated that if the aerated waters from the ion
exchange process are transferred to a settling tank and only the
overflow waters flocculated using Primafloc A-10, the volume
of sludge that results (settling tank and flocculation tank) is
essentially equal to the sludge volume obtained had no floc-
culant been employed (approximately 3 %).

Regeneration

The Amberlite IRA-68 resin, previously exhausted during
the treatment of 36 BV of AMD water, was subsequently
regenerated. To convert the resin back to the free base form,
a quantity of 1N NH,OH solution was used which cor-
responded to a 50% excess of the resin exchange capacity
utilized during the SO,~2 — HCO;~! exchange. To obtain
an accurate measurement of the capacity realized during the
treatment of the AMD water, the total regeneration effluent
consisting essentially of NH,OH and (NH,),SO, was collected.
By passing an aliquot sample through a small column of
Amberlite IR-120(H) the amount of H.SO, generated was
determined by titration and related directly to the SO4~2
content displaced from the Amberlite IRA-68 during the
ammonia regeneration.

After converting the resin to the bicarbonate form, a
second alkalization cycle was performed to ascertain whether
or not the resin had been fully regenerated. In Table VII,
the data obtained for the two alkalization runs are compared.
The column capacities reported were measured experimentally
using the ion exchange technique described.

Though lime may not be used directly to regenerate the
sulfate-exhausted Amberlite IRA-68 due to CaSO, formation,
it may be used to recover ammonia from spent regenerant
solution. The recovered ammonia, containing from 1.0 to
1.5 grams of soluble CaSO; per liter, may be reconstituted and
used effectively for additional regenerations. In Table VIII
are reported alkalization data for both fresh resin and resin
regenerated with lime-recovered ammonia.

Chemical Characteristics of Processed Water

The processed water obtained from several additional
treatments of the AMD water contained from 150 to 600
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Table VII. Comparative Data on Alkalization of AMD Water
Using Amberlite IRA-68 (HCO;™)
7 Alkalization Cycle
Bed Volumes 1 2
Collected Alkalinity, P.P.M. as CaCO;
14 1350 1490
5-8 2250 2290
9-12 2230 2270
13-16 2230 2330
17-20 2280 2280
21-24 2290 2280
25-28 2290 2280
29-32 1100 1390
33-36 0 0
Column capacity, 33.9 33.0
kgr./cu. ft.o

Evaluation of Processed H.O (after Aeration, Lime Softening,
Clarification) (32-BV Composite)

pH 8.65 8.20
Sp. resist., ohm cm, 2000 1650
M.O. alk., p.p.m. as

CaCoO; 170 200
SO4~2, p.p.m. as

CaCO; <125 <130
Cat?, p.p.m. as CaCO; 290 420
Mg*2, p.p.m. as CaCO;, 10 20
Total hardness, p.p.m.

as CaCO;, 300 440

e Kilograins per cu. foot.

Table VIII. Comparative Data on Alkalization of AMD
Water Using Amberlite IRA-68 (HCO;~) Regenerated with
Fresh and Reconstituted Lime-Recovered NH,OH

Alkalization Cycle

Bed Volumes Regenerated
Collected Fresh Resin Resin
Alkalinity, P.P.M. as CaCO;

14 1700 1800
5-8 2200 2350
9-12 2280 2280
13-16 2250 2290
17-20 2290 2280
21-24 2280 2310
25-28 2300 2270
29-32 1380 1420
33-36 0 0

Table IX. Evaluation of Selected Processed Water Samples
for Metallic Ions

P.P.M.
Sample Treatment Al Fe Mn
1 Amberlite IRA-68 (HCO;7) 0.2 0.12 <0.05

treated; aerated, no lime
2 Amberlite IRA-68 (HCO;7) 0.5 <0.1
treated; aerated, limed

<0.05




p.p.m. of dissolved solids (as CaCOj;) in the case of waters
clarified after aeration or after further processing (lime
softening). In all cases, the predominant ions remaining
solubilized in the processed waters were calcium, bicarbonate,
and carbonate. Magnesium ions were present at a much lower
concentration than calcium ions. When the alkalization treat-
ment was not 1009 complete, the processed waters contained
varying quantities of sulfate ions. Processed waters character-
ized by pH values greater than 8.5 (due to excess lime during
lime softening) also exhibited small levels of soluble calcium
hydroxide. Essentially no iron, aluminum, or manganese
was present, based on the analysis of a selected series of pro-
cessed water samples. Values were well below 1 p.p.m. in the
case of all three ions. Analytical data pertinent to typical
samples have been tabulated in Table IX.

The samples in Table IX refer to the 36-BV composite of
AMD water previously treated with Amberlite IRA-68
(HCOy") (Table I1I). When the 28- and 32-BV composites of
the same run were analyzed, aluminum was absent; the iron
was less than 0.01 p.p.m. and the manganese less than 0.05
p.p.m.

Cost Estimate

The operating costs of the AMD water purification process
based on the use of Amberlite IRA-68 have been calculated
for plant sizes of 100,000 and 1,000,000 gallons per day.

For calculation purposes, it was assumed that the AMD
had a 3000-p.p.m. SO;~2 (as CaCO;) content and that a 34-
kgr. (as CaCOj) per cu. foot capacity would be realized during
alkalization. For the lime-softening operation, cost calcula-
tions, with regard to consumption of lime, were based on the
assumption that approximately 15% (400 to 500 p.p.m.) of
the influent SO, content would still be solubilized as alka-
linity in the aerated slurries after aeration and an equivalent
amount of lime corresponding to the residual solubilized
alkalinity would be used during lime softening.

In Table X, the costs calculated for each of the individual
phases of the operation are listed, including grand total cost
values for both the 100,000 and 1,000,000 gallons per day
installations.

Since the cost of the chemicals used greatly influences the
operational costs, any chemical cost reduction due to avail-
ability or other factors will considerably improve the eco-
nomics of the operation. For example, if CO, could be gene-
rated from the burning of coal at the actual operational site, the
pricefof CO, could be as low as $20 per ton. Another important
factor is the total anion content of the AMD water. With

Table X. Cost Estimate for AMD Water
Reclamation Process

$ Cost/1000 Gal.

100,000 gal./day 1,000,000 gal./day
Alkalization 0.285 0.246
Carbonation” 0.149 0.134
Degasification 0.009 0.003
Lime softening” 0.032 0.032
Clarification? 07014 0.014
Grand total 0.489 0.429

 Includes CO: make-up.
b Chemicals only, does not include equipment.

increased anion content, the length of the alkalization cycle
will diminish and therefore more regeneration cycles will be
needed per day, increasing daily processing costs. For eco-
nomic reasons, therefore, the present AMD ion exchange proc-
ess, based on the use of Amberlite IRA-68, should be limited
to AMD waters characterized by anion contents below 4000
p.p.m. as CaCO;.

Discussion

Since some precipitation may occur during alkalization
it has been necessary to operate in an unconventional upflow
manner during the ion exchange step. Amberlite IRA-68
has performed remarkably well under these conditions during
numerous laboratory runs. No noticeable pressure drop nor
deposition of precipitates into the resin bed has been ex-
perienced. In addition, essentially theoretical utilization of the
resin exchange capacity (33 to 34 kgr. per cu. foot) has been
achieved in each instance.

The total cost to process an average AMD water has been
calculated to be well within the range of 25 to 50 cents per
1000 gallons, the actual cost depending primarily on regener-
ant costs, the quality of processed water desired, and the
anion content of the AMD waters.

Disposal of the waste regenerant from the ion exchange
unit might present a BOD problem unless the regenerant,
consisting primarily of ammonium sulfate, can be used as a
fertilizer or put to some other use. Recent experimentation
has demonstrated that one way of circumventing the problem
would be to treat the waste regenerant with lime, forming a
CaSO0, precipitate and NH,OH. The precipitate would then
be combined with the process sludge and the NH,OH solu-
tion re-used during subsequent regenerations.

The process possesses much flexibility and a water of prac-
tically any desired quality may be obtained, something that
direct lime neutralization methods have not achieved. For
example, at a relatively insignificant increase in cost, the
processed waters may be completely deionized by further
subjecting them to a dealkalization treatment. Amberlite IRC-
84, a weak cation exchange resin, is particularly useful for
this purpose. In essence, this places the process in a unique
position in the spectrum of mine effluent treatment systems
now available to the coal mining communities.
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m The separations of light hydrocarbons obtained with
columns packed with the following Davison silica gels:
Types No. 08, 15, 35, 58, 62, 81, 113, and 950 are described.
Experimentally, these silica gels were classified in two groups:
high activity silica gels with average pore diameter around
25 A., and medium activity silica gels with average pore
diameter around 150 A. Light-hydrocarbon chromatograms
characteristic of the two groups are shown. The effects of
various polar liquid phases and water upon the silica gels of
150-A. pore diameter are discussed in detail. A system is
described that can be used for analyzing C, to C; paraffins,
C, to C, olefins, and acetylene in automotive emissions and
in ambient air. Some of the advantages of using solid adsor- A
bents for such analysis are also discussed. - i
Figure 1. Comparison of silica gels

ETHILENE

NEUTANE

PROPANE
1S08UTAN
ROPILENE
JSOTENTMNE
NCPENTANE

B3
ACETILEN

v

Gas chromatography is an important tool in air pollution

studies and research for the analysis of complex hy- g{f&ﬁ‘{ | }
drocarbon mixtures. With the proper selection of a detector 116" 60-60MESH __/L_,_/

. i . PORE WIDTH 25-21 A°

and column, a precise, quantitative analysis of most hydro- i

carbons can be made with no interferences owing to other TYPE 08 e

N
compounds (Altshuller, 1963). In earlier papers, the authors - ,// \\ /\
reported a gas chromatographic method for the analysis of PORE WIDTH224*
light hydrocarbons present in auto exhaust (Bellar ez al., _— b -
1962) and ambient air (Altshuller and Bellar, 1963). The SILICAGEL \
method required a column packed with a medium activity IR m

silica gel (Burrell Co.). This silica gel is no longer available. o

Chromatograms obtained with silica gels procured from other gl | [
chromatographic supply sources did not duplicate the sepa- 116" 40-60 MESH /
PORE WIDTH 22,0 |J

rations obtained with the Burrell medium activity silica gel.
The separations are shown in Figure 1.
The advantages of the Burrell medium activity silica gel Figure 2. Chromatograms of the narrow pore width
for analysis of light hydrocarbons are demonstrated. Accord- Davison silica gels
ing to Kiselev et al. (1964), the differences between the two
chromatograms may be attributed mainly to the dissimilar
pore diameters of the two silica gels. Comparison of the chro-
matograms with similar chromatograms reported by Kiselev
et al. (1964) indicates that the average pore diameter of the
commercially available silica gel is between 20 and 30 A.
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Figure 3. Chromatograms of the large pore width
Davison silica gels

whereas that of the Burrell medium activity silica gel is be-
tween 100 and 150 A.

Several types of silica gels were provided by the W. R.
Grace & Co., Davison Chemical Division, for experimental
purposes. The physical properties of these silica gels (Davison
Technical Bulletin No. 303) are listed in Table I. Columns
were prepared from each of these silica gels, and they were
operated under conditions similar to those used for the Burrell
medium activity silica gel column with a helivm flow rate of
40 cc. per minute at a temperature of 22° C. The resulting
chromatograms are shown in Figures 2 and 3. Figure 2 rep-
resents the chromatogram obtained with silica gel with average
pore diameter of 22 to 30 A. These chromatograms closely
resemble those obtained with silica gel commonly sold for use
in gas chromatography. Figure 3 shows the chromatograms
obtained with silica gels with average pore diameters ranging
from 48 to 150 A. The chromatograms for 150-A. silica gel
closely resemble those obtained with the Burrell medium
activity silica gel.

A wide variety of hydrocarbon analyses can be worked out
with proper selection of silica gel pore size. One can also
take advantage of the rapid increase in adsorptive effects of
the silica gel as a function of the increasing molecular weight
of the hydrocarbons.

For example in the 150-A. silica gel chromatogram an
excellent analysis of C, to C; paraffins ethylene, propylene,
and acetylene is shown. C, olefins eluting past n-pentane are

FRESHLY PACKED ‘ ”

#58 SILICA GEL S

35-60 MESH
s

ABOVE COLUMN
FLUSHED 48 HOURS
WITH DRY CARRIER GAS

i

Figure 4. Effect of the loss of volatile matter

Table I. Physical Properties of the Davison Silica Gels Tested

Grade No. 08 15 35
Particle size Tyler sieve 12-28 35-60 12-42
Bulk density, 1b./cu. ft. 44.0 42.0 44.0
Total volatile 9 at 1750° F. 55 6.5 6.5
Surface area, sq. m./g. 750 800 832
Pore volume, cc./g. 0.40 0.43

Pore diameter, A. 22 22 22

58 62 81 113* 950
35-60 60-200 50-200 Thru 60-200
250
24.0 25.0 36.0 31.0 46.0
4.5 6-8 12.0 12.0 6.5
300 340 600 550 700
1.15 1.15 0.70 0.75 0.40
150 150 48 52 25-30

a Grade No. 113 silica gel is an impure product containing over 12% alumina (silica gels were supplied by the W. R. Grace Co., Davison

Chemical Division).
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Figure 6. Effect of water in carrier gas upon Type 58 silica gel
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Figure 7. Diffusion cell

doublets with the various isomeric Cs paraffins. The utility of
such complex peaks for quantitative work is doubtful.
Column length and silica gel pore diameter can be selected
so that the rapid increase in adsorptive effects occurs around
normal pentane. Compounds eluting after normal pentane
have large half width at their elution time and would be barely
detectable because of the dilution effect of the carrier gas.
This effect makes backflushing unnecessary and thus increases
the number of analyses possible in a given period of time.

When the large pore diameter silica gel columns were
conditioned with helium at room temperature, the retention
times and retention orders for the various compounds varied
(Figure 4). Generally, after 24 hours, a reproducible retention
order is established. The retention times remain fairly constant
except for acetylene, which slowly migrates toward the iso-
butane peak. Because of these variations it is impractical to
compare relative retention volume values among the various
silica gel columns.

Effect of Absorbed Water

The variation of retention times and orders is attributed to
the loss in volatile matter that has been absorbed by the
silica gel during manufacturing and column packing. Physical
properties of the silica gels (Table I) indicated that the per-
centage of volatile matter driven off at 1750° F. varies between
5.5 and 12 %, depending upon grade of silica gel. If the volatile
matter is mostly water, anhydrous carrier gas passing through
the column would desorb the water until equilibrium between
the gaseous and solid phases is approached. This assumption
has been experimentally confirmed by two methods. First,
the relative humidity of the column exit gas was monitored
for 24 hours with an electronic hygrometer (Figure 5). The
humidity of the exit carrier gas drops off rapidly with time
until the humidity approaches the detection limit of the hy-
grometer. This change in humidity parallels the changes in
retention times throughout the first 24 hours of a column’s
life. The second method was to contaminate the carrier gas
with a trace amount of water, either by passing the carrier
gas through a tube filled with various salt crystals containing
water of hydration or by means of a water diffusion cell
operated at various temperatures. Varying the percentage:



of water in the carrier gas gave corresponding variations in
retention times and orders (Figure 6).

The use of salt crystals with water of hydration effectively
maintained constant relative retention volumes. The main
disadvantage is that the crystals must be changed weekly
because of their limited water capacity. The water diffusion
cell, Figure 7, is now used to maintain constant humidity in the
carrier gas. If the various cell parameters are held constant,
the relative retention volumes do not change. The water level
in the cell is independent of the diffusion rate and needs to
be checked only about once every three months to ensure the
presence of water. A gas chromatograph operating under the
conditions shown in Table II is now used for routine analysis
of automotive emissions and for direct sampling of ambient
air.

Effect of Absorbed Liquid Phases

Type 58 silica gel was coated with 18 various common liquid
phases in an attempt to replace the water in the silica gel
pores with a less volatile substance. Figure 8 shows the general
effect of the liquid phases tested. The nonpolar liquid phases
do not appreciably affect the resulting chromatogram,

Table II.

Operating Parameters of Gas Chromatograph for

Light Hydrocarbon Analysis

Carrier gas
Inlet pressure
Flow rate
Column

Packing material

Column temperature

Diffusion cell temperature

Diffusion cell orifice
diameter

Diffusion cell orifice
length

Detector

Hydrogen flow rate
Air flow rate
Sample sizes used

Helium

15 psi.g.

36.4 cc./min.

12-foot 0.105-inch I.D. Type 304
stainless steel

Type 58 silica gel 35 to 60 mesh

22°C.

22°C.

0.118 inch

2.0 inches

Flame ionization Barber Col-
man 0.08-inch diameter jet
nozzle

37 cc./min.

42 cc./min.

/4, 1.0, 5.0 cc.
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Figure 8. Effect of polar and nonpolar liquids on Type 58 silica gel
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Figure 9. Effect of various amounts of polar liquids on
Type 58 silica gel

whereas polar liquids affect the silica gel much the same as
water. Figure 9 shows the effect of various amounts of di-
benzyl ether applied to Type 58 silica gel. With trace amounts
of liquid coating, separations are similar to those obtained with
a water diffusion cell. At higher concentrations, the polar
liquid greatly reduces some of the absorptive effects of the
silica gel and causes elution of hydrocarbon compounds in
order of their molecular weights. Identification of the peaks
thus becomes much simpler. The column packed with 25
grams of Type 58 silica gel modified wth 2 cc. of dibenzyl ether
provides a complete butene-1-isobutylene separation, one
that is extremely difficult to achieve in gas-liquid chroma-
tography without the help of chemisorptive additives.

Liquid-modified silica gel columns are being tested for
possible use in routine analysis of light hydrocarbons. In
this application, the amount of polar liquid is extremely
critical, and exact column duplications are difficult to attain.
This difficulty may be due to variations in the particle size
make up in the silica gel containers, the settling out of fines,
and the variation of silica gel activity in different production
lots. Experimentally, as the average particle size is reduced,
appreciably more of the polar liquid phase is required to
achieve similar separations.

Multiple auto exhaust samples have been analyzed con-
tinuously over 8-hour periods with no adverse effects other
than increased base line drift. Continuous 24-hour sampling
could adversely affect the column because of an additive
effect of the strongly adsorbed polar constitvents from the
sample.

Water was introduced into the carrier gas with a water
diffusion cell to test the effect of water upon the liquid-modi-
fied silica gel. As might be expected, the water caused a shift
in the relative retention volume values. When the diffusion

246 Envir tal Sci and Technology

cell was removed from the system, the values were restored,
an indication that the water did not displace the liquid phase.

Application

The C, to C; alkanes, acetylene, and benzene represent
most of the nonreactive hydrocarbons in photochemical
reactions of hydrocarbon and oxides of nitrogen. A gas
chromatograph can detect all of these hydrocarbons in a
moderately polluted atmosphere (Altshuller and Bellar, 1963).
If the values obtained with a gas chromatograph were used
in conjunction with those collected by a total hydrocarbon
analyzer, one could estimate the total number of reactive
species present in a polluted atmosphere. The subtractive
methods now used with the total hydrocarbon analyzer are
not efficient at ambient air levels. Another use for the system
described is an automatic analysis for ethylene in investiga-
tions of plant damage. This analysis could be accomplished
easily since the ethylene peak is completely resolved from
adjacent peaks and is easily detected in the fractional parts per
million range.

Perhaps the most significant advantage of gas-solid chro-
matography over gas-liquid chromatography is the complete
absence of the background signal caused by substrate bleed.
With electrometer settings above 101! amp., the signal can
be electronically eliminated if all of the operating parameters
remain constant. Electrometer settings below 10~!! amp. are
generally required when individual components in the samples
are in the fractional parts per million range or below. Liquid
phases and liquid-modified alumina columns commonly used
for light hydrocarbon analysis have very high vapor pressure
even at reduced temperatures. With electrometer settings in
the range 10~1! and 1012 amp. the substrate bleed from these
columns produces a badly fluctuating base line with random
noise. Electrometer settings around 10-'4 amp. have been
reported (Prescott and Wise, 1965) for gas-solid systems.
Of course, such a system would require scrupulously cleaned
carrier gas, hydrogen, and air in addition to well conditioned
columns and plumbing. Electrometer settings in the 10-4
amp. range would produce a system from 100 to 1000 times
more sensitive (on a mole per second detected basis) than a
conventional gas-liquid system. Such sensitivities would be
valuable for detection and monitoring of air pollution.
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Analysis of the Oxidant in Photooxidation Reactions
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® A number of methods for determining the identity and
concentration of the oxidants produced photochemically in
model systems are applied to atmospheric sampling. The
Griess-Ilosvay and neutral potassium iodide reagents are
evaluated. A novel molybdate-catalyzed potassium iodide
reagent and a modification of the ferrous thiocyanate method
are presented. The titanium (IV)-hydrogen peroxide complex
as a tool in peroxide analysis has high specificity but rela-
tively low sensitivity. The recently published Hauser and
Bradley ozone determination is not absolutely specific for
ozone. The selectivity and sensitivity of the Mast micro-
coulometer and the Mark IV ultraviolet photometer are in-
cluded. The effects of the following variables are considered:
spectral characteristics of the reagent blends and the colored
species in question; temperature; order of addition, color
stability, and rate of color formation; reagent concentrations;
hydrogen ion concentration (pH); and various determinate
errors. Calibration curves, molar absorptivities, and inter-
ferences are presented in detail.

O xidants are routinely reported as one of the components
in photochemical-type air pollution. Phytotoxicant-
type plant damage is ascribed to the action of ozone or
other compounds with peroxidic linkage. These oxidants are
normally measured either manually or instrumentally by use
of solutions containing potassium iodide. However, oxidants
react with these potassium iodide solutions at widely varying
rates; hence the numbers indicating the quantity of total
““oxidant” in a given sample may be misleading.

Possible oxidant products may include ozone, hydrogen
peroxide, acyl peroxides, alkyl hydroperoxides, peracids,
peroxyacyl nitrates, and nitrogen oxides. Some of these react
very quickly with neutral potassium iodide solution and thus
would probably be detected by the Mast instrument. Others
react at a moderate rate, and still others may react with the rea-
gent for many hours before completion of color development.

This paper evaluates a number of oxidant measurements
and shows how they may be used effectively to help differenti-
ate among the various types of atmogpheric pollutants.

Experimental

Reagents. Highest quality reagent-grade chemicals were
used.

Titanium-Sulfuric Acid Solution. This reagent is similar to
that cited by Pobiner (1961), with some modification. A mixture
of 4.6 grams of basic titanium sulfate (TiOSO;) and 20 grams
of ammonium sulfate was heated carefully in a beaker con-
taining 100 ml. of concentrated sulfuric acid until practically all
the solids had dissolved. The solution was then cooled, poured
into 350 ml. of distilled water with stirring, and diluted volu-
metrically to 500 ml. Turbidity may be removed from the
solution by suction filtration through very fine sintered glass.

Modified Griess-Ilosvay Reagent (Saltzman, 1954). Five
grams of sulfanilic acid was dissolved in an aqueous solution
containing 140 ml. of glacial acetic acid and 20 ml. of 0.1
N-(1-naphthyl)ethylenediamine dihydrochloride. The re-
sultant mixture was then diluted to 1 liter with distilled water.

Ferrous Thiocyanate Reagent. One-tenth gram of ferrous
ammonium sulfate and 1.0 ml. of 6N sulfuric acid were added
to 200 ml. of water. In a separate container, 50 grams of am-
monium thiocyanate was dissolved in water and diluted to
100 ml. This reagent was stored in a dark place to retard
decomposition.

Titanium~8-Quinolinol Reagent (Cohen and Purcell, 1967).
A novel method incorporates a 0.1 %, 8-quinolinol in chloro-
form reagent, a 5% sodium acetate buffer, and a titanium
solution consisting of a 1 to 50 dilution of the titanium sul-
fate reagent described earlier.

Potassium Iodide Reagent (Brode, 1901; Kolthoff, 1951;
Savage, 1951; Saltzman and Gilbert, 1959). The neutral
buffered reagent consisted of 13.61 grams of potassium di-
hydrogen phosphate, 14.20 grams of anhydrous dibasic
sodium phosphate (0.1M), and 10.0 grams of potassium
iodide, diluted to 1 liter with distilled water.

The ammonium molybdate solution was prepared by
diluting 2.8 ml. of concentrated sulfuric acid and 0.124
gram of ammonium molybdate to 100 ml. with water. These
solutions were kept in separate containers.

The concentration of oxidant was sampled with the neutral
potassium iodide solution. The effect of the molybdate cata-
lyst was observed by adding 0.5 ml. (or 1.0 ml.) of it to 5 ml.
(or 10 ml.) of KI reagent after sampling.

1,2-Di-(4-pyridyl)ethylene (DPE) (Hauser and Bradley,
1966). The method of Hauser and Bradley is a specific spectro-
photometric determination of atmospheric concentrations
of ozone. The reagent used for the selective ozonolysis is a
0.5% solution of DPE in glacial acetic acid.

Chemicals. Ozone was prepared by metering ultrapure
tank air through a generator consisting of several 4-watt
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mercury vapor lamps. Peroxyacetyl nitrate (PAN) was ob-
tained from the University of California Air Pollution Lab-
oratories. Peroxypropionyl nitrate (PPN) was prepared by
the photooxidation of low concentrations of 1-butene in the
presence of nitrogen dioxide (Stephens ef al., 1965). Hydrogen
peroxide and nitrogen dioxide were obtained from commercial
sources. Ethyl hydroperoxide and n-butyl hydroperoxide
were synthesized by literature procedures (Minkoff, 1954;
Mosher and Wurster, 1956; Williams and Mosher, 1954).

Results and Discussion

Potassium Iodide Reagents. Only a few micrograms of
active oxygen were required for KI colorimetry. In each case,
the oxidant was transferred by pipet (for liquid-phase samples)
or sampled by means of a fritted bubbler (for vapor-phase
analysis) into 10 ml. of neutral potassiumiodide. The flow rates
were restricted to 0.5 to 1 liter per minute.

When the catalyzed KI technique was desirable, the am-
monium molybdate solution (I ml.) was mixed with the
neutral KI reagent (10 ml.) immediately after sampling. The
iodine complex liberated by the oxidant was measured
spectrophotometrically at 352 mg.

With neutral KI, peracid and ozone give rise to an im-
mediate absorbance maximum. Peroxide compounds are
responsible for a much slower liberation of iodine. With
molybdate-catalyzed KI, hydrogen peroxide exhibits an
instantaneous absorption maximum. The alkyl and acyl
peroxides, however, exhibit very slow color development.

The molar absorptivities of the various oxidants are listed
in Table I, under the appropriate reagents. Whenever a par-
ticular oxidant-reagent combination gives rise to a slowly
developed color, the molar absorptivity is derived from the
maximum absorbance reading. The wide range of these
absorptivity values is interesting and further investigation
to elucidate the mechanism of the colorimetric reactions
involved would be valuable.

Mark IV Ozone Photometer. The ultraviolet channel for
the Mark IV atmosphere analyzer (Beckman Instruments,
Inc.) measures ozone directly by absorption spectroscopy.
The source lamp contains mercury vapor, which emits 807
of its energy at the strong 2536.5-A. line. The sample cell in-
cludes three mirrors so arranged that the ultraviolet beam
passes the length of the cell eight times before going to
the sample phototube. This arrangement provides an absorp-
tion path length of 21 feet.

The normal rate of flow of samples through the instrument
is 12 cubic feet per hour. The instrument is repeatedly flushed
and actually zeroed with a flow of purified tank air.

Ozone is determined quantitatively (in the range of 0 to 3
p.p.m.) in the presence of hydrocarbon interferences by
observing the decrease in the indicator meter reading after
inserting into the sampling system the scrubber column con-
taining finely crushed natural rubber. The indicator reading
after allowance for mercury vapor and ozone is attributable
to acetone, benzene, toluene, xylene, and the like.
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Figure 1 is a plot of photometer meter readings vs. Mast
recorder readings for various vapor concentrations of ozone
in air. Unlike the calibration curve in the Mark IV manual,
the response is not quite linear in the 0- to 3-p.p.m. range.

Mast Ozone Meter. The Mast “ozone-meter” employs
microcoulometry to measure the total oxidant in the atmos-
phere (Wartburg ef al., 1964). This instrument is particularly
sensitive to the reaction of ozone with potassium iodide—
potassium bromide reagent. The iodine formed by the oxida-
tion reaction is continuously reduced by an externally applied
potential of about 0.25 volt. The current required is a measure
of the oxidizing capacity of the sample. If ozone is the only
oxidant present, this current is a linear function of the ozone
concentration and the flow rate of sample through the cell.
Calibration of the Mast instrument with various concentra-
tions of ozone stored in conditioned bags fabricated of fluor-
inated ethylene-propylene copolymer (FEP Teflon, Du Pont),
indicated that the scale provided on the ammeter gave low
readings. A plot of Mast recorder readings against parts per
million of ozone (as determined by manual neutral KI meas-

urements) demonstrates that the ratio of KI to Mast values
is 1.4 to 1.5 over the 0- to 2-p.p.m. range. In the 2- to 4-p.p.m.
range, this ratio increases to 1.8 (Figure 2).

Todometric Titration of Peroxy Compounds. The purity of
aqueous stock solutions of hydrogen peroxide and the organic
peroxides was determined by titration iodometry (Kolthoff
and Sandell, 1955; Riccuiti er al., 1955). Approximately 1
gram of commercial hydrogen peroxide solution (about 30 %
by weight) was placed in a stoppered vial and accurately
weighed on an analytical balance. The sample was then
transferred to a 500-ml. volumetric flask and diluted to the
mark with distilled water (solution A). Although hydrogen
peroxide solutions are unstable over long periods of time,
small amounts of acetanilide or urea can serve as preser-
vatives.

The analytical procedure consisted of pipetting a 10-ml. al-
iquot into a glass-stoppered Erlenmeyer flask, and adding 2 ml.
of 6N sulfuric acid, 1.5 grams of potassium iodide, 2 ml. of a
solution containing 0.124 gram of ammonium molybdate plus
2.8 ml. of concentrated sulfuric acid per 100 ml. of water, and
25 ml. of water. This mixture was titrated, by use of a micro-
buret and starch indicator, with sodium thiosulfate solution
(~0.1N), which itself was analyzed with primary standard
potassium iodate solution.

The commercial hydrogen peroxide solution was found
to be of 30.7% purity (specific gravity 1.108). Solution A
was therefore equivalent to 612 ug. of H,O. per ml.and was
further diluted volumetrically 1 to 10 and 1 to 50 to prepare
solutions for calibrating the colorimetric reagents.

Equimolar concentrations of peracetic acid, ethyl hydro-
peroxide, acetyl peroxide, n-butyl hydroperoxide, and tert-
butyl hydroperoxide were similarly prepared and analyzed
by titration with standard thiosulfate solution. The weighed
sample in each case was transferred to a glass-stoppered

Table I. Molar Absorptivities

KI

Neutral Catalyzed
Ozone 24,200% 27,800
Peracetic acid 26,200 28,800
H:0. 24,000 27,000
Acetyl peroxide 24,000 32,600
Ethyl hydroperoxide 20,200 22,600
n-Butyl hydroperoxide 43,300 47,700
tert-Butyl hydroperoxide _—
NO, 2,400 _—
PAN z ———
PPN

Fe(NH,):(SO.), .
(NH.SCN) DPE NO, Equiv.
28,700 26,000 38,200°
55,300 =
33,500 770 2,900(1)
[3,000] 4,400(v)

Ti(IV) [8-0Q]

19,300
43,800
67,400
57,300
5,000
9,200
(est.)

730

31,400

@ Hendricks and Larsen (1966).
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250-ml. iodine flask; then the potassium iodide, sulfuric acid,
and ammonium molybdate catalyst were added and the flask
was flushed quickly with nitrogen. After sufficient time for the
peroxide compounds to react completely, water was added and
the liberated triiodide complex was titrated.

Reaction of Titanium Reagent with Peroxides. A solution
containing 1 gram, weighed to the nearest 0.1 mg. of standard-
ized hydrogen peroxide in 500 ml. of distilled water was di-
luted 1 to 10 with water, and aliquots were pipetted into 10-ml.
volumetric flasks: 0 (blank), 0.5, 1, 2, and 3 ml. To each were
added 1 ml. of titanium reagent and 2.5 ml. of 1 to 1 sulfuric
acid. The solutions in the flasks were heated in a water bath
at 60° C. for 10 minutes. After cooling and diluting to volume,
the spectrum of each was scanned against that of the blank
with a Cary Model 14. The absorption maximum is about
407 my for the titanium-peroxysulfate complex.

Volume parts per million concentrations of hydrogen
peroxide were prepared by injecting microliter quantities of
liquid “30%” H:0, into a metered stream of dry air while
filling a Teflon FEP bag to a predetermined volume. Contents
of the bag were analyzed by sampling a measured quantity of
the vapor mixture through a fritted bubbler containing 10 ml.
of titanium sulfate reagent. The resulting absorbance at 407
my is a measure of the hydrogen peroxide concentration in the
bag. For the more dilute mixtures, 10-cm. absorption cells
were used to achieve the necessary increase in sensitivity.
Analyses of various hydroperoxides with the titanium com-
plex are reported in the literature (Pobiner, 1961 ; Wolfe, 1962).
The hydroperoxide is converted quantitatively by acid hy-
drolysis to hydrogen peroxide, which is determined as the
peroxy-titanium complex. Although Satterfield and Bonnel
(1955) originally reported that the absorptivity of zert-butyl
hydroperoxide was 0.002 times that of hydrogen peroxide,
the 10 minutes of heat resulted in equivalent molar extinction
coefficients. Even without the hydrolysis step, the fers-
butyl hydroperoxide and titanium reagent gave increasing
absorbance readings upon standing at room temperature.

Equimolar dilutions of ethyl and n-butyl hydroperoxide did
not respond to the titanium reagent. This result can be related
to differences in the decomposition products of primary hy-
droperoxides from those of secondary and tertiary hydro-
peroxides (Mosher and Wurster, 1955). The zert-butyl hy-
droperoxide probably decomposes by alkyl-oxygen cleavage;
the n-alkyl hydroperoxides undergo cleavage at the O—O
bond (Hoare and Pearson, 1964).

Another method for determining microgram quantities of
hydrogen peroxide was recently developed in our laboratories.
The analytical procedure uses the colored complex obtained
upon extraction of titanium-H,O, mixtures with 8-quinolinol
in chloroform. The method is very specific; Figure 3 shows
that its sensitivity is at least 4 times greater than that of the
titanous sulfate method. An additional advantage in the
procedure is that the colored species is soluble in a relatively
volatile organic solvent. With evaporation techniques, the
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sensitivity of the method could be increased 10-fold by use of
microcells for the absorbance measurements.

Response of Ferrous Thiocyanate Reagent to Oxidants.
Attempts at using the Egerton thiocyanate method (Egerton
et al., 1954) and the Todd (1955) modification did not achieve
the desired sensitivity level for peroxides. The short shelf life
of the mixed reagent and the instability of the color develop-
ment upon treatment with peroxides also suggested the pos-
sibility of further modification.

A vapor dilution of peroxide in air was bubbled through the
mixed ferrous thiocyanate reagent and the absorbance was
read at 480 mu vs. that of the blank reagent. When more
ammonium thiocyanate solution, equivalent in concentration
to that already present in the reagent, was added to both the
sample and the blank, the absorbance doubled. After much
experimentation, it was decided to keep the two reagent com-
ponents separate until after sampling into the ferrous am-
monium sulfate solution. Then the color development step
was effected with a 2-ml. aliquot of a 50 7 (weight by volume)
aqueous solution of ammonium thiocyanate.

A sample of ozone in air (3.36 p.p.m. as measured by
neutral potassium iodide) was bubbled through ferrous
ammonium sulfate solution, and 2 ml. of ammonium thiocy-
anate was added to both the sample and the blank. The cal-
culated molar extinction coefficient was 28,700. The molar
extinction coefficients, en, for hydrogen peroxide, ethyl
hydroperoxide, peracetic acid, fert-butyl hydroperoxide, and
n-butyl hydroperoxide were 33,500, 43,800, 55,300, 57,300,
and 67,400, respectively. Plots of concentration of peroxide
(micrograms of O, per milliliter) vs. absorbance indicated
Beer’s law correlation for each oxidant studied (Figure 4).

In the search for a specific colorimetric method for ozone,
difficulties were encountered with the nitrogen dioxide equiv-
alent method of Saltzman in environments where the
nitrogen dioxide concentration was somewhat higher than
the ozone concentration. Small changes in NO; levels could
be misinterpreted as ozone responses; moreover, PAN com-
pounds give a positive interference to the colorimetry.

Even the Hauser DPE reagent was not specific enough for
some of our uses. Figure 5 shows that a positive interference
arises from hydrogen peroxide. A 159 average molar re-
sponse was observed in liquid-phase studies; a 30 9 response
was found by sampling vapor mixtures.

Application of Methods to Model Systems. Attempts to
evaluate the reactivity of photochemical smog by use of
existing data on the rate of formation or yield of oxidant
may be misleading. The term “‘oxidant” is very comprehensive,
including ozone, nitrogen oxides, various peroxy compounds,
and free radicals. Because of the differences in response of
the various so-called “standard” methods to the menagerie of
oxidants, it is extremely difficult to relate reported values to
photochemical reactivities (Altshuller, 1965).

Claims of specificity for determination of ozone, peroxide,
and nitrogen oxides require some scrutiny. The more specific
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methods, such as infrared and ultraviolet measurements or
the hydrogen peroxide-titanium colorimetric determination,
are not nearly as sensitive as the less discriminating redox
colorimetry. For example, the rubber-cracking technique has
long been thought absolutely specific for ozone analysis.
Yet, infrared evidence given by Schuck and Doyle (1959)
indicates that the irradiated ethylene-NO, system produces
higher ozone concentrations than the other olefin-NO,
systems studied. On the other hand, rubber-cracking data
on these same systems show the ethylene-NO, mixture as one
of the poorest ozone producers (Haagen-Smit and Fox, 1956).
Furthermore, plant damage due to ozone is undetectable for
the ethylene-NO, mixtures, while other olefin-nitrogen oxide
mixtures produce a phytotoxicant (Altshuller et al., 1967;
Heck, 1964).

In explanation of these results, recent work in our lab-
oratories has shown that the irradiation of several simple
model systems gives evidence of three or more distinct oxi-
dants. Photolysis of formaldehyde in air leads to the pro-
duction of hydrogen peroxide as determined by the titanium
sulfate and catalyzed potassium iodide methods. Irradiations
of ethylene-nitrogen oxide mixtures indicate that the oxidant
is probably ozone, plus hydrogen peroxide and a slow-reacting
oxidant such as an organic hydroperoxide. Irradiation of
propionaldehyde-air and acetaldehyde-air mixtures reveals
the presence of ethyl hydroperoxide and methyl hydroper-
oxide, respectively. In this work, gas chromatography can
be misleading, especially when one finds that hydroperoxides
can catalytically or thermally decompose to the corresponding
aldehyde and/or alcohol (Altshuller ef al., 1966), both of which
are likely secondary products of aldehyde photolysis.

Bufalini and Altshuller (1965) reported no slow oxidant
formation with the 1-hexene-ozone system. Conversely,
Saltzman and Gilbert (1959), in their investigation of the
ozone-hexene reaction, found an oxidant which liberated
iodine slowly from KI reagent.

Application to Atmospheric Sampling. The ferrous ammon-
ium sulfate-ammonium thiocyanate colorimetric method for
oxidant determination offers an excellent tool for field or
monitoring station work. The oxidation potential for the
ferrous-ferric system is more negative (—0.78 volt) than that
for iodide (—0.59 volt) and therefore air oxidation interferes
with it much less (Wolfe, 1962). The volatility problem found
with the I,-KI; oxidant method is also absent. When 100
liters of tank air were sampled through the ferrous am-
monium sulfate reagent, the subsequent color development
step showed negligible absorbance.

The ozone photometer, with its high-flow-rate requirement,
also applies well to atmospheric air sampling. Its fast response
time, ease of handling, low interference level, and high speci-
ficity could make it a useful tool for correlating total oxidant
data with atmospheric ozone concentrations. The instru-
ment is portable and extremely rugged. The only drawbacks
are cost and availability.
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Table II.  Analytical Tools for Oxidant Determination

KI
Cata-
Neutral lyzed MGse

Ozone A A D(10%)
Peracetic acid A A

H,0, B A g u
Acetyl peroxide B B e —
Ethyl hydroperoxide B B _
n-Butyl hydroperoxide B B e ——
tert-Butyl hydroperoxide B B

NO;, D10%) D A
PAN D D D
PPN D D D

A = immediate stable color.

B = slow color development.

= color development after A w H*.

= positive interference.

= good response; see calibration chart.
= no response (or negligible).

Modified Griess-Ilosvay reagent (Saltzman, 1954).

Zmgo

°

Fe(NH,).-
NO:  (SOy): uv
Equiv. (NH,SCN) Ti(IV) Mast Photometer DPE

A A N E E A
N A N - N N
N A A D N D
N B N N N -
N A N - N -
N A N - N D
N A C - = D
“t B N D(10%) D(3%) N
D B N N N N

DB B - D N -

Conclusions

The molar extinction coefficient of the ozone-ferrous
thiocyanate color development is second only to that of the
nitrogen dioxide equivalent method (Table I). The molar
absorptivity of a particular oxidant is always higher with
catalyzed KI than with neutral KI. Ferrous thiocyanate, with
its over-all superior sensitivity to oxidant, along with its lack
of specificity, would be a good choice for total oxidant
measurements. The titanium methods have high specificity
but relatively low sensitivity. The Hauser DPE reagent is not
absolutely specific for ozone when the oxidant mixture con-
tains hydrogen peroxide in the parts per million concentration
range. Preliminary investigations with n- and tert-butyl
hydroperoxides indicated a similar interference with the DPE
reagent.

Table II demonstrates use of the combination of reagents
and instrumental methods to determine and distinguish
among the various oxidant materials. It indicates that the
ultraviolet photometer is specific for ozone. The nitrogen
dioxide equivalent method, while rather specific, is inter-
fered with by NO, and PAN compounds. Acetyl peroxide,
NO,, and PAN compounds produce slow color development
with ferrous thiocyanate reagent, each at its own specific
rate. Neutral KI shows immediate response with ozone and
peracetic acid and slow color development with other per-
oxides. Molybdate-catalyzed KI gives immediate response
with H,O, along with O; and peracid. Titanium reagent is
specific for hydrogen peroxide and for any peroxide that can
liberate H,O: via acid hydrolysis.
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Density Cell for Fluids or Slurries

Model CL-10TY series Dynatrol density
cell utilizes a new design principle for
the measurement or control of density
or specific gravity. A positive active
electrical output signal varies in re-
sponse to the density or specific gravity
of the process media, whether a liquid
or a slurry. The density cell is not
sensitive to changes in ambient tem-
perature, viscosity, pressure, or flow
velocity. The cell is corrosion-resistant
and pressure-rated for 1000 p.s.i.g.
Automation Products, Inc. 61

Slurry Pump

A new 2-inch, self-priming slurry pump
is capable of handling 1'/,-inch spherical
solids and can operate at suction lifts to
25 feet. A quick-twist “L” screw pro-
vides access to the suction inlet check
valve and impeller eye, while four hand-
operated knobs allow removal of the
cover plate for complete pump inspec-
tion and servicing; neither of these
actions requires tools. As part of the
standard design, the pump has a re-
movable wearplate and removable volute
to assure inexpensive factory perfor-
mance restoration. ITT Marlow. 62

Filtration Process for Emulsions

A new filtration process eliminates the
need to replace emulsions used as lubri-
cant-coolants in rolling aluminum and
magnesium. The process involves addi-
tion of two chemicals and filtration
through diatomaceous earth, permitting
indefinite reuse of oil-in-water emul-
sions. During a three-year field test of
the process, the emulsion required only
periodic replenishment to cover normal
losses. Other advantages include a lower
yearly emulsion expense, a reduction in
labor costs for cleaning mills and tanks,
a higher production rate brought about
by less equipment down-time and rhiore
consistent performance. Maintenance
is effected with simple, readily available
laboratory apparatus. Dow Chemical
Co. 63

NEW PRODUCTS

DIGEST

First nationwide, all-industry metrology service established

Maintenance, repair, and calibration services are now available for
users of electronic test instruments. The service, which is available
from Honeywell, Inc., has a three-fold objective: calibration of
measurement standards, repair and maintenance of electrical and
electronic test instruments, and providing other instrument manu-
facturers with factory-authorized warranty service. Here, a metrol-
ogist uses a special magnet, calibrated by the National Bureau of
Standards, to determine field intensities of other magnetic devices
used by government and industry for a variety of applications. 65

Acid Analyzer

A continuous analyzer for direct meas-
urement of the concentration of hydro-
chloric, sulfuric, or nitric acid in a proc-
ess stream or bath utilizes an ampero-
metric-type measuring cell which has
been field proven in other analytical
systems. Measurement and control over
a wide range of acid concentrations,
temperatures, and sample compositions
is possible with this enclosed free-
standing floor cubicle of all fiberglass
construction. A 12-inch circular chart

recorder or 5!/sinch indicator is in-
cluded for local indication of acid con-
centration and either pneumatic or
electronic transmission to central con-
trol facilities is available, or local pneu-
matic control may be included in the
analyzer housing for complete local
control of acid concentrations. The
system is normally supplied complete
with sample pump and filters. Package
systems as well as individually-designed
systems are available. Fischer & Porter
Co. 64
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High-Efficiency Dust Collector

A high efficiency dust collector featuring
a top air entry and a high rate of air
flow (12.2 c.f.m.) per square foot of
cloth has proved especially useful as a
reclamation device for plastic resins,
retrieving large and small particles from
the air in the same ratio that they are
fed into the collector inlet. Field tests
have shown operating efficiencies of
99.8%, removal of particles as small as
20 my, flow rates of about 10 c.f.m. per
square foot of cloth, and small pressure
differentials in the range of 0.5 to 1.5
inches water gage. Hydromation Engi-
neering Co. 66

Methane Monitoring System

A methane monitoring system featuring
a practically indestructible remote (up
to 100 feet) inlet probe and miniaturized
circuitry that operates from a 4-volt
power source (a.c., d.c., or battery) has
been certified by the Bureau of Mines
for use in gassy coal mines. The system,
M-S-A Methane Monitoring System
Model 1V, utilizes a very small, cata-
lyzed ceramic bead supported on a coiled

Frap

filament, allowing operation at half the
temperature required by conventional
platinum filaments. The device uses
very little power, has an exceptionally
long life, and almost no zero drift. A
series of signal lights warns of dangerous
methane concentrations. Also available:
relays to shut down the coal-cutting
machine when methane concentration
exceeds 2 7, a meter showing concentra-
tions from 0 to 4%, and multiple inlet
probes. Mine Safety Appliance Co. 67

Personnel Radiation Monitor

A personnel radiation monitor gives a
distinctive chirp when beta or gamma
radiation is present. The 4-ounce unit
operates on ordinary 9-volt carbon
batteries. It uses standard parts and,
when necessary, is readily repaired.
Electro-Neutronics, Inc. 68
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MF-1 Stainless Steel for
Culvert Applications

Comparison tests on culverts of carbon
steel, galvanized steel, aluminum, and
stainless steel types MF-1, 201, and 363
revealed that in severely corrosive or
abrasive environments, newly developed
MF-1 provides the best combination of
functional resistance, structural integrity,
long service lift, and economy. Extrap-
olation of the results of corrosion on
MEF-1 samples gives an expected product
life of more than 100 years. A low-
priced grade of stainless steel origi-
nally developed for automotive mufflers,
MF-1 is now used in water tanks,
transformer cases, cargo containers, and
agricultural equipment. Allegheny Lud-
lum Steel Corp. 69

Teflon Gas Sampling Pump

The Komhyr Teflon gas sampling pump
transfers chemically active gases without
contaminating or destroying them be-
cause gas-contacting parts, which are
Teflon reinforced with 159 glass fiber,
require no lubrication. Pumping speed is
approximately 200 ml./min.; pressure or
suction equivalent to a 3-inch column
of mercury is developed under normal
operating conditions; and the pump per-
forms satisfactorily at atmospheric pres-
sures from sea level to 2 millibars. The
pump is suitable for battery operation
(current drain is only 250 milliamperes).
Science Pump Corp. 70

Oxygen Demand Index Colorimeter

Colorimetric determination of waste
strength takes only 35 minutes using
thi¢ direct-reading, a.c.-operated color-
imeter precalibrated for ODI calcula-
tion. Following dichromate-sulfuric acid
oxidation in a boiling water bath for 20
minutes, the reduction of yellow chro-
mate ion to green chromic ion is meas-
ured colorimetrically. All necessary ap-
paratus and reagents are included. Mul-
tiple determinations may be conducted
simultaneously. Hach Chemical Co. 71

Temperature Gage for Aerospace Use

An aerospace-quality Bourdon-Helix
temperature gage, Model G-3531, is
based on the pressure-temperature
characteristics of two-phase (liquid/gas)
systems. As the temperature of the re-
mote probe changes, the change in
vapor tension of the fluid sealed in the
probe is transmitted to a Bourdon-
Helix indicator which shows the tempera-
ture in degrees Fahrenheit. Accurate
within 459 of full scale from —20° to
+200° F., the unit is highly resistant to
extremes of shock, vibration, and over-
temperature. Glassco Instrument Co. 72

Strip Chart Recorders

Series G-1000 S-inch strip chart re-
corders are available in two models—
the G-1010 multiple span unit for
general laboratory work, and the G-1110
single span unit for OEM applications.
Special versions equipped with filter
networks for gas chromatography, spec-
trometry, radiation detection, and so

on are available. Sensitivity of the re-
corder is 0.1 of the 5-inch span;
accuracy is 0.25% or better; and pen
response is 0.35 second, full scale.
Four chart speeds (eight speeds available
upon request) are provided. Solid state
design and electronically-regulated ref-
erence circuits afford reliable operation
for long periods. Varian Associates. 73



Dual DO Output/Temperature
Recorder

A portable dual-purpose instrument for
recording output of a DO electrode and/
or temperature has been developed for
dissolved oxygen applications. DO/
TEMP Model 192 is a weatherproof
recorder which provides a permanent
independent record of both parameters
on a single strip-chart. Adjustable

from 15 to 300 microamperes (by
means of a potentiometer), the DO
channel accommodates most galvanic
DO electrodes and can be accurately
reset without actual calibration. The
temperature channel has a range of 0°
to 40° C. A battery powered regulated
d.c. motor maintains chart speed ac-
curacy of = 0.5%. Rustrak Instrument
Co. 74

Sludge Conditioner

ST-260 sludge conditioner conditions
sewage sludges in preparation for vac-
uum filtration, aids in concentration or
air flotation of sewage sludges, and in-
creases removal of suspended solids in
both primary settling tanks and final
2fluent clarifiers. The flake-like, cationic
polyelectrolyte is readily prepared in
solutions for laboratory or plant use,
and is noncorrosive to ferrous metals.
Calgon Corp. 75

Potentiated Silylating Agent

A chemical reagent for preparing vola-
tile and thermally stable derivatives of
many high-boiling or thermally un-
stable compounds such as amino acids,
amides, organic acids, phenols (even
highly hindered), other hydroxyl or
polyhydroxyl compounds such as gly-
cols, sugars, and other carbohydrates;, is
available. Called Tri-Sil/BSA, the re-
agent is offered in 1 ml. glass ampules
or 25 ml. elastomer capped serum vials.
Pierce Chemical Co. 76

Filter System for Corrosive Solutions

A noncontaminating filter system has
been developed for all corrosive or
abrasive solutions, including electroless
nickel and copper to 200° F. Con-
structed of polyvinyldichloride, the
pump has no bearings, no seals, and
no wearing parts, and is virtually main-
tenance-free. Open pumping capacity is
300 g.p.h. and pressure developed at
zero flow is 11 p.s.i. Sethco Manu-
facturing Corp. 7

Dew-Point Tester

A new gas dew-point tester allows opera-
tion at actual flowing pressure, eliminat-
ing the necessity of reducing gas pres-
sure to atmospheric pressure. Model
A2 is rated at 3000 p.s.i. working pres-
sure, and Model B at 1000 p.s.i. working
pressure. Safe observation into the pres-
sure chamber is provided by a mirror.
The testers are specifically designed
for field use, but are equally convenient
in the laboratory. Chandler Engineering
Co. 78

Totalizing Flowmeter for Gas

A totalizing gas service flowmeter that
also gives instantaneous flow rate is a
unique blend of rotameter and 5-digit
totalizer. Designed for use with any non-
corrosive gas, Brooks totalizing flow-
meter is available in 65 mm. and 150
mm. scale lengths and flow ranges up to
20 liters per minute. Maximum tempera-
ture rating is 150° F.; maximum pres-
sure is 100 p.s.i at 70° F.; and minimum
pressure is 30 p.s.i. at 70° F. Reproduc-
ibility is +0.5%; of instantaneous read-
ing. Brooks Instrument Division. 79

Sublimer for Special Compounds

The Nester/Faust McCarter sublimer
is designed for rapid sublimation
of high-boiling or heat-sensitive com-
pounds at normal pressures. Con-
structed of heat-resistant borosilicate
glass with a greaseless O-ring joint and
a lapped vacuum stopcock, the sublimer
is ideal for high-vacuum operation.
The pure sublimate forms inside the

e

inverted conical condenser. After con-
densation, the large O-ring opening
permits easy removal of the bottom
outside shell and the smooth inside
taper permits fast recovery of the
purified crystals. Available in 10-,
50-, and 100-gram capacities, the sub-
limer comes supplied with a ball joint
adapter and vacuum hose connection.
Nester/Faust Mfg. Corp. 80

Rotary Drum Screen for
Water Intake

A low-cost rotary drum screen for
water intake for plant cooling or emer-
gency generating systems supplies 1000
to 3000 gallons of screened water per
minute. Debris that collects on the
screen is removed on the down-stream
side by four spray nozzles. All operating
parts are above the water line for easy
installation, operation, and mainte-
nance. Rex Chainbelt, Inc. 81

Water Treatment Kit

A water treatment kit designed for use
with private water systems contains
complete instructions as well as all neces-
sary tubing, strainers, and fittings, for
reducing undesirable odors, minerals,
disease-causing bacteria, and color in
well water. After treatment by laundry
bleach supplied through a solution
feeder, the water is filtered through a
paper or carbon element contained in a
Cycolac case in the storage tank dis-
charge line. Mec-O-Matic, Inc. 82
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Deposit Inhibitor

CL-77 deposit inhibitor retards the
formation of carbonate deposits of
calcium and iron, and the sulfate scales
of calcium, barium, and strontium.
Designed for use in heat exchangers,
condensers, pumps, tanks, transmission
pipe lines, and other nonpotable water
applications involving high temperatures
or long retention periods, the liquid
remains stable to 400° F. Calgon Corp.

83

High-Speed Flexible Coupling

Series 61 flexible couplings for high-
speed, high-torque applications are de-
signed for maximum strength and flexi-
bility for installations that demand low
weight at ultra-high speeds. The new
couplings feature hubs and center
members of heat-treated alloy steel.
They have no backlash or free end
float. They accommodate angular and
parallel misalignment, need no lubrica-
tion, have no wearing parts, and main-
tain close balance for life. Rex Chain-
belt, Inc. 84

Industrial Fabric for Filters

A new fabric is composed of a mat of
ultra-thin stainless steel fibers fully im-
pregnated with Teflon resin and com-
bined with glass filament reinforcement.
Known as Fibermet, the fabric is used
for smog control and manufacturing
operations requiring demisters and phase
separators. It can withstand tempera-

tures in excess of 500° F. and is corro-
sion resistant, yet possesses much higher
permeability than conventional materials
performing similar functions (typical air
flow: 60 c.f.m. at 0.3-inch water column
per square foot). The fabric has a nomi-
nal thickness of 1/8-inch, and tensile
strength of 115 pounds per inch of
width. Pallflex Products Corp. 85

Ultrasonic Cleaners

A line of separate, matching ultrasonic
cleaning tanks and solid state generators
designed for precision cleaning of metals,
ceramics, glass, and plastics, is available.
The tanks have capacities ranging from
1 to 30 gallons with matching, 22 kHz,
all solid state, radio-interference-free
generators rated from 100 to 4000 watts
average output power. High efficiency
electrostrictive transducers are perma-
nently attached across the bottom of
the stainless-steel tanks. Acoustica As-
sociates, Inc. 86

Spectroscopy Laboratory

A complete spectroscopy laboratory
consisting of infrared and ultraviolet
spectrophotometers with built-in labora-
tory recorder is available in a single,
compact unit. The system permits spec-
troscopic analyses in both the 205 to
770 mu and 2.5 to 14.5 mu wavelength
ranges. A single switch permits record-
ing-i.r. to recording-u.v. capability.
Beckman Instruments, Inc. 87

WE SOLVE

AR

PULLUT

99% removal of corrosive fumes and noxious gases
is possible with a Heil fume scrubber. Used in chemi-
cal and fertilizer plants . . . in paper and steel mills,
Heil scrubbers are corrosion-proof inside and out.
Made of solid plastic, Model 730 is 1/3 the

weight of steel, 1/10 the weight of e
ceramic . . . may be easily mounted on a
roof. We also design and build corrosion-
proof fans, ducts, hoods, tanks and
stacks for your complete system.

Ask for FREE LITERATURE

s &

HEIL PROCESS EQUIPMENT CORPORATION

12870 Elmwooa Ave. e Cleveland, Ohio 44111 o (216) 252-4141

Circle No. 11 on Readers’ Service Card
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... techniques for measuring particulate con-
tamination levels of fluids from which all particles
larger than 0.45 micron are retained on the
surface of a Millipore filter where they can readily
be analyzed. Write for a copy of Manual ADM-30,
“Detection and Analysis of Particulate Contami-
nation”. 44 pages. Available free of charge from
Millipore Corporation, Bedford, Massachusetts
01730.

Millipore

Circle No. 16 on Readers’ Service Card



Laboratory apparatus catalog. An 81-
page catalog describes in detail a line
of glass fiber fume hoods, latoratory
blowers, glove Ltoxes, tissue culture
hoods, carts, Kjeldahl apparatus, fat
extractors, and crude fiber apparatus.
Included are engineering data on design
and construction, full-page illustrations,
and listings of accessories. Labconco
Corp. 88

Waste treatment system. A bulletin is
available on a waste treatment system
using the Air-Aqua controlled aeration
concept. The system can be used for
treating domestic or industrial waste,
providing primary settling, secondary
treatment, sludge disposal, and effluent
polishing. Hinde Engineering Co. 89

Waterproof rubber surfaces. A 24-page
color brochure illustrates the use of
waterproof rubber surfaces through
extensive use of photographs and draw-
ings. Of particular use to architects
and specification writers, it covers use
of rubber liners in antipollution systems,
canals, lagoons, pits, foundations, and
reservoirs. Uniroyal, Inc. 920

Chromatographic columns. A 6-page
bulletin discusses choosing the proper
gas chromatographic column for a
particular application. The illustrated
bulletin covers partition liquids, solid
absorbents, mesh sizes, fittings, and
solid supports. Also included are speci-
fications and prices for many of the more
than 200 partition and adsorption col-
umns available for immediate delivery.
Custom-made columns are also listed.
Beckman Instruments, Inc. 91

Flow adaptor for gel filtration columns.
A product bulletin illustrates and de-
scribes a flow adaptor for quick con-
version of a laboratory column from a
descending to an ascending system. For
ascending chromatography with porous
gels, the adaptor minimizes compression
of the gel bed and allows for fine control
of the flow rate. The adaptor can also
be used with automatic recycling chro-
matography. Pharmacia Fine Chemicals,
Inc. 92

NEW LITERATURE

Trash rack rakes. A bulletin gives in-
formation on trash rack rakes for use in
water intakes for public utilities, munici-
palities, power stations, water treatment
plants, and industrial plants where
protection from heavy debris is needed.
Simply designed units operated by one
man, they can be installed in most
existing intake structures. The new rakes
are positive cleaning, have hydraulic
control, and provide for self-dumping
into an internally mounted debris hop-
per. They are available for light, medium,
or heavy duty service in fixed, manually
propelled, or self-propelled models.
Rex Chainbelt, Inc. 93

Sintered metal filters. Four bulletins (10
pages) describe a line of fiber metal
filter products with filtration ratings
from 0.1 to 200 microns. The bulletins
give design and performance data for a
wide selection of filter media, fabricated
elements, and complete filter units.
The products are made of a controlled
porosity material formed by sintering
aggregates of carefully sized metal fi-
bers. In filtration operations, this ma-
terial has substantial advantages in
flow rate, contaminant holding capacity,
and strength, compared with other
forms of porous metal. The bulletins list
uses where high temperatures and pres-
sures are involved, including applica-
tions in the chemical, nuclear, petro-
chemical, aircraft, pharmaceutical, and
food industries. Huyck Metals Co. 94

Metal corrosion. A 102-page booklet
describes how sodium chromate and
sodium bichromate can prevent cor-
rosion of all common metals in contact
with aqueous solutions. With the aid of
graphs, tables, and technical data, the
booklet tells how chromate corrosion
treatment can be low in cost, effective
over a wide range of pH, temperatures,
and concentrations of dissolved salts,
and suitable for both open and closed
systems. In open systems, chromates are
said to be compatible with chlorination
and most algicides; they are not affected
by microorganisms in the system. Al-
lied Chemical Corp. 95

DIGEST

Filters for air and gases. A 4-page
bulletin gives data on a line of filters
that removes oil, water, and solid con-
taminants from air and gases and that
can be used either independently or in
conjunction with air-gas dryers. The
bulletin describes Reverse Ultipor 2
prefilters used upstream of air/gas dryers
and Epocel afterfilters used downstream
of adsorbent dryers. Illustrated with
photographs and charts, the bulletin
includes information on removal ratings,
absolute cut-off ratings, flow rates, and
pressure drops. A complete guide for
selecting and ordering filters and hous-
ings is included. Pall Trinity Micro
Corp. 96

Field testing with ozone. A 5-page bro-
chure is available on field evaluation
of the use of ozone in water and waste
treatment. The brochure discusses the
advantages of continuous on-site tests
compared with batch tests in the lab-
oratory. It covers testing procedures,
equipment required, and analyses to be
made. Welsbach Corp. 97

Contamination control system. Bac-
terial contamination of machine coolants
can be controlled without special down
time. A machine cleaner is added directly
to the contaminated coolant, which is
then recirculated while the machine re-
mains in production. S. C. Johnson &
Son, Inc. 98

Air and water literature index. The first
monthly issue of Subject Index to
Current Literature on Air and Water
Conservation has been published. The
index covers basic research in air and
water pollution control methods; spe-
cific pollutants and their sources; con-
trol methods mainly related to the oil
industry, but including other industries;
measurement, sampling, and analysis;
effects of pollution on human health,
plants, animals, and materials; and
legislative and regulatory aspects of
pollution control. Each issue will include
references to journal articles, reprints,
reports, abstracts, and meeting papers.
American Petroleum Institute. 99
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Pollution Abatement Is More Than Waste Treatment

River Pollution 3: Control. Louis Klein.
Xv -+ 484 pages. Butterworths, Inc.,
Washington, D.C. 20014. 1966. $20,
hard cover. Edward J. Cleary is execu-
tive director and chief engineer of the
Ohio River Valley Water Sanitation
Commission, Cincinnati, Ohio 45202

By Edward J. Cleary

Several years ago an acquaintance who
sought to familiarize himself in depth
with the science and technology of
water-pollution control asked me to
suggest some appropriate books. I

named three, among them Aspects of

River Pollution, by Louis Klein. This
British treatise, initially published in
1956, not only is distinguished by its
comprehensive assembly and appraisal
of knowledge on the subject, but by the
facility of its author in communicating
ideas. It has now been revised to in-
corporate changes that have taken place
during the past decade.

Although Dr. Klein’s views stem pri-
marily from British experience and
practice, the author’s perceptiveness of
developments in the U.S., as well as
elsewhere in the world, contributes a
universality to his treatment of the sub-
ject matter.

What was originally a 621-page single
volume of 15 chapters is now offered as
a three-volume edition. This review is
concerned with the third volume, titled
“River Pollution-3: Control.” Its 484
pages are an expanded version of four
chapters from the original and one
additional chapter dealing with pollution
of tidal and coastal waters.

Incidentally, the other two volumes in
the series, which were published earlier
and are not dealt with here, are titled,
River Pollution—1: Chemical Analysis
and River Pollution-2: Causes and
Effects.

Quite appropriately, the book opens
with a discussion on the methodology
of detection and measurement of pollu-
tion. Describing all aspects of physical,

260 Envir I Sci and Technology

chemical, bacteriological, and biological
testing, not the least virtue of these
discussions is the accompanying evalua-
tion by the author (himself a chemist) of
the merits and limitations of various
diagnostic procedures. The instrumenta-
tion of river-quality monitoring is
dealt with rather sparsely; but this
comment reflects a personal prejudice—
because of my preoccupation with this
new technique—rather than a criticism
of the author. Of special interest, in
view of increasing attention to problems
of estuarial pollution, is an assessment of
considerations relating to the making of
such surveys and measurements.

This is but the prelude, however, to an
entire chapter devoted to studies on the
degradation and cleansing of tidal and
coastal waters, which Dr. Klein modestly
asserts to be simply an introduction to
the subject. In so saying, he focuses
attention on the findings that have
emanated from years of investigations
conducted on the Thames Estuary by
the British Water Pollution Research
Laboratory (summarized in Technical
Paper No. 11, published in 1964 by Her
Majesty’s Stationery Office).

Theory and technology of abatement
of pollution by means of sewage and
industrial-waste  treatment comprise
about a third of the book. Practitioners
in the field must applaud this section as
providing a remarkably useful compen-
dium of available processes and their
performance characteristics. Perusal of
these pages would be revelatory to those
who have only recently “discovered”
the pollution problem and have been
disclaiming that anything new has been
developed in treatment technology over
the past 50 years.

What also is made apparent is that
there is more to the treatment of wastes
than the abatement of pollution. Sal-
vage of by-products from so-called
waste waters has long claimed attention
in Europe, as is documented by ref-
erences to the practice of land disposal
of sewage for enhancement of crop

production as early as 1543 from a
community sewer in Biinzlau, Silesia,
to the proposal advanced in 1961 for
the use of sludge-digestion gas (methane)
in the operation of a fuel cell for the
production of electricity. Potentialities
for recovering soluble fertilizing con-
stituents in sewage effluents (notably
nitrogen compounds and phosphate
salts) through algae harvesting practices,
or by the controlled growth and com-
positing of water hyacinth plants, are
among the many matters touched
upon.

Standards

For those pondering the question of
river standards and regulations for
their implementation—and at present
that embraces just about everybody in
the United States including representa-
tives of historical land-mark associa-
tions and anti-poverty leagues—a
persual of Chapter 5 will be illuminating.
Here are detailed experiences over a
half century in England in the endeavor
to come to grips with this matter. Ample
support will be found for the view that
the promulgation of appropriate stand-
ards is a formidable exercise, to say
nothing of the task of administrating
them.

The final chapter offers a nicely rea-
soned summary of the present situation
and future prospects with respect to
management of river quality. Pointing
out that the discerning reader may well
wonder why, since the passage of so
much legislation in Britain, river pollu-
tion still goes on, Dr. Klein observes
that laws are only preliminary stages
toward control and offer little guarantee
that pollution will cease. And he is not
at all impressed with the application of
penalties, saying that even in Russia
some textile factories have preferred
paying annual fines for polluting streams
rather than finance the construction of
waste treatment facilities; this is the
argument advanced in this country to
current proposals that the imposition of



“effluent charges” will provide in-
centive to industries to abate pollution.

Better look

Commenting on what he terms the
“rather unbalanced and extravagant
statements made in some quarters about
the pollution of British rivers, Dr.
Klein cites data compiled by the Minis-
try of Housing and Local Government
regarding the conditions of nontidal
streams in England and Wales. From
this it is revealed that 739 of the total
river mileage can be regarded as rela-
tively unpolluted (less than 3.0 p.p.m.
of B.0.D.), and 15% is of doubtful
quality (3 to 12 p.p.m. of B.O.D.).
The remaining 12 %, of mileage—mostly
in the highly industrialized stretches of
rivers—is classified as polluted or grossly
polluted. What should be surprising, he
says, is that this figure is not much
higher!

His final conclusion is this: Much
will be accomplished as a result of
intensified efforts to alleviate the pollu-
tion of streams, but the most that can
be expected with a large number of
grossly polluted rivers flowing through
highly industrialized areas is a marked
reduction in the pollution. In brief, says
Dr. Klein, “... pollution, like disease
and many of the social evils and in-
tractable problems of this age—crime,
teenage delinquency, litter, drug addic-
tion, road accidents—may eventually
be brought under better control but is
unlikely to be completely eliminated.
And it must be emphasized that river
purification is bound to involve heavy
financial expenditure. Any major im-
provements in the condition of our rivers
can only be brought about gradually;
they will have to be paid for in the long
run by the general public out of taxa-
tion...”

No Lysistrata-like Threats, Just Facts

The Big Water Fight. General Editor,
Suvia P. Whittemore, for The League
of Women Voters. ix + 246 pages. The
Stephen Greene Press, Brattleboro, Vt.
05301. 1966. $6.95, hard cover.

Two complementary points of view
dominate this very readable, well-
documented, carefully prepared dis-
cussion of the League of Women Voters’
separate and joint activities with all
other interested groups in assuring
adequate supplies of acceptable water
throughout the U.S. On the one side,
the League book notes: “Pollution is a
natural process; no surface or ground
water is pure H,O. But man is a great
polluter, and modern man is the greatest
polluter of all. His multiple and varied
pollutants are entering the U.S. rivers,
lakes, and ground water, increasingly
limiting the water’s usefulness.”

On the other side, the League says:
“Decisions concerning water resources

are made within a complicated political
process, through interaction among
many groups: experts in and out of
government, elected officials, political
parties, private lobbies, and citizen
groups. This process of interaction
goes on in every level of government.
It also travels up and down along the
many lines of communication between
local, state, and federal levels. The
citizen who is willing to jump into this
maze of criss-crossing influences will
find plenty of opportunities to use his
political pressure effectively. It must
never be forgotten that water is a politi-
cal problem.”

No Jennies-come-lately to the con-
servation scene, the League of Women
Voters have been surveying the many
problems, recommending solutions,
pushing for legislation, and informing
the citizenry, the business community,
and the politicians about water matters

for more than a decade. The League
very early recognized that water is a
national problem, requiring the best
efforts of all levels of government at a
time when the exercise of federal power
in the field of pollution abatement was
recognized by only a very few.

Historically, water pollution was
considered a matter of local or state
concern. The concept of federal re-
sponsibility in the water pollution field
became evident in 1948 when the Water
Pollution Control Act was passed, only
to receive a serious setback in 1960
when then President Eisenhower vetoed
an amendment to a federal pollution
control bill because he believed that pol-
luted water is a uniquely local blight
and that the states should have respon-
sibility for its control.

It was not until July 1961, that the
national responsibility for water pollu-
tion control was formally recognized
with President Kennedy’s signing an
amendment to the 1948 act, adding
authority for federal action on intra-
state streams and navigable waters.
(For a summary of pollution control
legislation in the U.S., see ES&T, Janu-
ary, page 18.)

Although the League as a whole
chose water resources as a major study
for subject and action a bit more than a
decade ago, state and local Leagues
had already been investigating and act-
ing upon such problems as local sewers
and water supply, state programs for
pollution control, and coordination of
state water agencies or state con-
struction programs. It was from these
widely varied operations of the local
League groups, that the League came to
recognize the national aspects of water
as a resource.

This book makes the reader con-
sciously aware of the national aspects
of the water problem by detailing many
case histories developed by the local
League groups. The book, generally,
is organized along major headings in
which the problems are stated and dis-
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cussed and then followed by a succession
of fascinating and pertinent case
histories.

The most detailed of these case his-
tories is the one which appears as
Chapter 6, “On the Edge of a Big
City,” a reproduction of a basin study
by 14 Leagues of the Sudbury-Assabet-
Concord River Basin adjacent to Boston.
This chapter and the one following it
reveal the great depth and attention
to detail that characterizes many of the
League’s activities—both in the matter
of water resources and in many of the
others it chooses to pursue.

There is no doubt that the League
members have done their homework
well. Their approach is well-informed,
dedicated, realistic, and effective. They
have managed to get the active par-
ticipation of all interested groups in
working together to evolve an adequate
and operable program. The information
presented in Chapters 6 and 7—as well
as in the other case histories—reveals
the careful planning, diligence, and re-
markable foresight of the League.

Potato-sugarbeet controversy

Typical of the many case histories
that dot the book with telling effect
is the potato-sugarbeet controversy in
Maine just a few years ago. At that time
Maine was in the throes of classifying
its lakes, rivers, and streams on the
basis of receiving-water standards.
Under this concept, discharge of wastes
—even raw sewage—into a stream is
permitted, provided the quality of the
stream is maintained within certain
limits.

Although the classification had been
reasonably accomplished, there were
many niggling problems to be solved.
One involved lowering a stream classi-
fication to accommodate a proposed
sugarbeet refinery.

For years, Maine has been dependent
on the potato crop. Therefore, the
state fathers were delighted when they
obtained from the U.S. Department of
Agriculture a hard-to-get sugarbeet
allotment, with a proviso that a refinery
be built by 1966.

After long debate in the state council
chambers, state officials proposed to
put the sugarbeet processing plant next
to an already established potato proc-
essing plant. The potato plant owner
encouraged the presence of the new
neighbor and offered the use of his
treatment plant until adequate facilities
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could be installed. But there was the
conundrum: The potato plant proc-
essor was not adequately treating his
effluent; and the material from the new
plant would make the discharge into the
stream even more contaminated. But
what to do? The plant had to be built
in a certain time or else the sugarbeet
allotment would be removed. The water
classification system was about to be
tampered with. The plant operator
had only made token improvements in
his treatment facilities, which were
grossly inadequate even for the plant’s
own wastes, and could never handle
anything new.

The League book sums up the situa-
tion in this way: “So the potato plant
and the sugarbeet plant are tied to-
gether in a confused picture at the
moment. Will the Attorney General
issue an injunction? Will in-plant proc-
esses be tried as long as the [current]
classification is being met? Will the
citizens downstream ban together in
effective protest? Is anyone willing to
oppose the potato plant owner, who,
after all, is providing 10!/, months’
employment each year for several
hundred people who formerly had only a
few months each year of seasonal em-
ployment? Will both the potato plant
and the sugarbeet plant eventually
put their houses in order so that the
[stream] can again become [the higher
classification stream]? These are the
knotty questions, involving economics,
political decisions, and value judgments.
All across the nation similar questions
will have to be met, face on.”

Paying the price

And this, says the League, is the nut
of the problem. How fast the country
moves toward upgrading its lakes,
streams, and coastal waters, and in
what way it chooses to pay the costs,
will continue to be a lively and complex
challenge to the nation. Treating water
as a reusable resource involves river
basin planning, notes the League. And
it means investigating area needs and
determining how best to satisfy these
needs to speed the development of water
resources and related land resources.
Basic planning involves irrigation, flood
control, navigation, hydroelectric power,
municipal and industrial water supply,
pollution control, recreation, and con-
servation of natural areas, fish, and
wildlife.

In its enlightened approach to the

water-resources program, the League
observes that the choices are seldom
black or white. Indeed, there may be a
choite among two or more solutions,
equally feasible from an engineering
point of view and offering quite different
lines of future development. Making
these choices is a political problem which
the voter should understand and weigh
carefully, because the direction in which
he exerts his support and the way he
casts his vote will have far-reaching
economic, political, and social rami-
fications. By turning his back he can-
not stop the decision-making process.

Citizen participation

The question is whether these im-
portant decisions will be made with or
without the benefit of his—the citizen’s
—point of view. When the League
says: “When Americans were fewer, the
cities and industrial plants were smaller
and farther apart, our stream and river
systems could carry off the waste mate-
rials and still provide satisfactory water
for people downstream. The great
capacity of flowing water to clean itself
may be smple; but it made it simple,
natural, and reasonable for people to
use streams and rivers to dispose of
domestic and industrial waste. The
situation is no longer tolerable, or even
feasible, for water pollution is not so
much a water problem as it is a people
problem,” the League carefully docu-
ments its case. No Lysistrata-like
threats, just facts.

New Staff Member Appointed

Nancy M. Campbell
has joined the staff
of ES&T as an edi-
torial assistant. Mrs.
Campbell will de-
vote her efforts to
the writing and edit-
ing of material for
- the staff-generated
portions of ES&T.
and will assist in layout and productlon
through liaison with the art and produc-
tion departments. Mrs. Campbell comes to
ES&T from John I. Thompson & Co.
(Washington, D.C.) where she worked since
1964 as writer-editor in such fields as
electrochemistry, biology, physics, mathe-
matics, and medicine. A student at Mount
Saint Agnes College (Baltimore) in their
science and mathematics curriculum from
1959-63, she transferred to the University
of Maryland to complete her degree in
English and history, studying there from
1964-66. Among her work experiences Mrs.
Campbell also includes a tour of duty as a
medical laboratory technician at Easton

(Maryland) Memorial Hospital.



April 6-8
Columbia University, HEW,
Polytechnic Institute of Brooklyn

Power Systems for Electric Vehicles

Ferris Booth Hall, Columbia University,
New York, N.Y.

Aimed at covering the broad aspects of
technical and social problems related to
developmentand use of electric vehicles,
papers will be directed specifically to such
things as system energy needs, impact
on urban areas, and new concepts and
technologies for fuel cells and batteries.

April 9-14

American Chemical Society

153rd National Meeting
Miami Beach, Fla.

In addition to the many papers at the
153rd National Meeting that will touch on
matters of interest to those involved in
environmental studies, there are two
special symposiums dealing exclusively
with such matters.

Symposium on Trace Inorganics in Water.

Invited papers only. Divided into three
major sessions, the symposium will in-
clude fundamentals, applied, and ana-
lytical considerations involved in the
study and understanding of trace in-
organics in water.

Symposium on Water Chemistry (Joint
with Division of Chemical Education)
Invited papers only. The theme of this
symposium is the role of chemists in the
study of natural waters, water and waste-
water treatment, and water pollution con-
trol. Areas of water chemistry included in
the symposium are analytical methods,
municipal and industrial water treatment,
water pollution control, ground water,
lakes, rivers, and marine waters.

Three additional Division of Water, Air,
and Waste Chemistry programs also bear
on problems of environmental research
and development:

Scientific Information Resources for the
Water Researcher (Joint with Division
of Chemical Literature)

General Papers, Water

General Papers, Air

April 10-12
Institute of Environmental Sciences

1967 Technical Meeting and Equipment
Exposition
Shoreham Hotel, Washington, D.C.

The meeting is divided into a technical
section and a tutorial section. The tech-
nical section will include sessions on
environmental management and equip-
ment, simulation instrumentation, space,
earth, and marine environment, and the
specialty areas of dynamics, electro-
magnetic interference, and thermo-
environment associated with high speed
flight. The tutorial section will be directed
to marine and space environments and
instrumentation techniques.

April 17-19
Technical Association of the
Pulp and Paper Industry
TAPPI 4th Water Conference
Eenjamin Franklin Hotel, Philadelphia,
a.

Covering such subjects as water reuse,
water supply and treatment, and sludge
disposal, the TAPPI meeting will also be
the occasion for discussions of a recently
completed survey of costs for effluent dis-
posal in the pulp and paper industry, as
well as a new (second) report on the
TAPP| water division reuse question-
naire.

April 24-26
American Medical Association

National Congress on Environmental
Health Management
Americana Hotel, New York, N.Y.

The congress will explore concepts,
functions, and responsibilities involved in
the development of integrated research
programs and the full utilization and
coordination of professional, administra-
tive, and technological resources on en-
vironmental problems and requirements.

May 1-5

American Industrial Hygiene
Association, American Conference of
Governmental Hygienists

American Industrial Hygiene
Conference-1967

Pick-Congress Hotel, Chicago, Il

In addition to a wide-ranging program on
matters pertaining specifically to health,
the conference plans sessions on air
pollution, atmospheric diffusion, sulfur
dioxide, abatement, noise effects and
controls, radiation hazards and controls,
stack design, and building re-entry of
fumes.

May 2-5
New York Academy of Sciences
Biological Effects of Pesticides
Waldorf-Astoria Hotel, New York, N.Y.
The conference is directed especially to
members of the scientific community
who are in a position to contribute to the
further sophistication of research on
health and related aspects of pesticides.
Conference participants will include
world authorities on toxicology, metabo-
lism, mode of action, and epidemiological
effects of pesticides.

MEETING
GUIDE

May 15-17
U.S. Atomic Energy Commission,
Ecological Society of America,
University of Michigan
Second National Symposium
on Radioecology
Horace H. Rackham Lecture Hall,
University of Michigan, Ann Arbor,
Mich.
Subtitled Nuclear Energy in Man's
Environment: Past, Present, and Future
Problems, the symposium is designed to
acquaint ecologists with the problems
arising from the release of radiation to
the environment—and how such prob-
lems have been treated in the past, so
that future radiation hazards may be
dealt with adequately.

May 15-18
American Association for
Contamination Control
Sixth Annual Technical Meeting
and Exhibit

Sheraton-Park Hotel, Washington, D.C.
Contamination control problems and
solutions that are typical of hospital
operating rooms, pharmaceutical and
biological laboratories, and industrial
and aerospace clean rooms will be dis-
cussed.

June 1-2
Vanderbilt University School of
Engineering
Sanitary and Water Resources
Engineering Conference

Noel Hotel, Nashville, Tenn.
In addition to sessions on water resources
engineering, design and operation of
treatment processes for municipal and
industrial wastes, and hydraulic and
hydrologic aspects of waste water col-
lection and disposal systems, a special
session will be devoted to atmospheric
pollution and control.

June 4-9
American Water Works Association
87th Annual Conference

Atlantic City, N.J.
Sessions on water resources will focus on
federal and state action to develop pro-
grams to ensure an adequate water sup-
ply for the nation. Included will be a
program on the Grand Canal Project to
divert seven Canadian rivers into the
Great Lakes and the Long Island Dam
Project to dam both ends of Long Island
Sound to make it into a fresh-water
reservoir.
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MEETING GUIDE continued

June 11-16
Air Pollution Control Association

60th Annual Meeting
Sheraton-Cleveland Hotel, Cleveland,
Ohio
Technical sessions will be directed at
such things as air pollution and the pro-
fessional chemist, long-lived pollutants,
experimental exposures, personnel and
training, air quality control, equipment,
solid wastes, meteorology, and odor.

June 11-16
National Research Council
(Division of Biology and Agriculture)

International Symposium on
Eutrophication
University of Wisconsin, Madison, Wis.

The symposium will review the status of
world  knowledge of the problems of
eutrophication, the aging of lakes and
streams brought about by natural or
man-induced forces. Invited papers will
be presented by 36 international special-
ists in the fields of botany, chemistry,
limnology, zoology, hydrology, and sani-
tary and agricultural engineering. The
meeting will serve as a forum for an
exchange of views on the problems and
will include discussions of public policy
and the broad social and economic
consequences of eutrophication. At the
conclusion of the meeting an executive
session will be convened to prepare
recommendations for action.

June 12-16; 26-30
Manhattan College, Federal Water
Pollution Control Administration

Twelfth Summer Institute in Water
Pollution Control
Manhattan College, New York (Bronx),
N.Y.

The institute is divided into three courses:
Stream and estuarine analysis, June 12-
16; Physical and chemical waste treat-
ment, June 12-16: and Biological waste
treatment, June 26-30. Fee for each
course is $150, but stipends and travel
allowances are. available for qualifying
U.S. citizens. Write: Donald J. O’Connor,
Civil Engineering Department, Man-
hattan College, New York, N.Y. 10471.

June 15-16

U.S. Departments of Agriculture and
Housing and Urban Development
Soil, Water, and Suburbia

Jefferson Auditorium, Department of

Agriculture, Washington, D.C.
In a conference called on the general
subject of land and water management in
suburbia, the two sponsoring groups will
join with land developers, investors,
planners, architects, engineers, scien-
tists, and county and municipal leaders to
seek solutions to problems created by
suburban land development. Specifically,
the conference will cover all major phases
of soil and water management in con-
nection with land development, provide
practical information for planners and
developers, determine needs for addi-
tional research, and improve communi-
cation with developers and others con-
cerned with rural-fringe areas.
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if you have an
industrial waste
pollution
problem

has the answer!

Many industrial com-
panies find that the injection of
wastes into a disposal well has pro-
vided a permanent, low-cost solution
to their problem. This is known as
“deep-well” waste disposal. IDCI
combines the 25 years of drilling ex-
perience of Lohmann-Johnson Drill-
ing with the geological and engineer-
ing know-how of Mitchell and Stan-
onis, Inc. into an organization capable
of providing:

O Geological feasibility studies
for injection in your plant
area

O Studies to determine the
necessary pre-injection sur-
face treatment of your ma-
teria

O Engineering design and con-
tract installation of the en-
tire surface and subsurface
systems

O Continued supervision of
the operation and mainten-
ance of the fluid injection
system

For more information, write (on your Com-
pany letterhead, please) to International
Disposal Contractors, Inc., 355 Permanent
Savings Bldg., Evansville, Indiana, 47708.
Or phone (812) 425-1349.

sl
[ o |

INTERNATIONAL DISPOSAL CONTRACTORS, INC.

Subsurface Industrial Waste Disposal Systems
Suite 355 Permanent Savings Bldg.
Evansville, Indiana 47708
BRANCH OFFICES
1306 Clark Bldg, 881 High Street
Pittsburgh, Pa. 15222 Worthington, Ohio

740 Elueden House
Calgary, Alberta, Canada
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Varian’s new

G-1000 recorders:
If you want the same

high performance as
our G-2000, but need
a 5-inch strip chart...

...they’re for you.

Our new 5-inch Series G-1000 recorders are smaller
(and cost less, naturally) than our recently intro-
duced 10-inch Series G-2000, but that's about the
only difference. When it comes to performance and
specs, you can hardly tell them apart.

For one thing, a G-1000 is just as easy to operate.
You have one-step chart loading, positive 180°
paper drive, and a chart-speed changer with 4
standard speeds (8 optional). Span change is fast
and simple, too.

There are several useful options, such as event
markers, alarm controls, and integrator. As we said,
the specs are about the same: 0.1% sensitivity,

0.25% (or better) accuracy, and 0.35-second pen
response.

Take your pick: a new 5-inch G-1000, or a single
or dual channel 10-inch G-2000 recorder. Our sales
manager, Tom McKerlie, can help you make a
choice if you write to 611 Hansen Way, Palo Alto,
California 94303.

varian
recorder division

palo alto / california / 94303
zug / switzerland « sydney / australia

See our newest recorders at IEEE, Booths 2C25-2C29.
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us

[ electrical precipitators
[ centrifugal collectors
[J wet scrubbers

[ catalytic incinerators
[ thermal incinerators
[ fabric filters

[J adsorption systems
[ dust level indicators

You'll find that from UO

WITH OTHER MANUFACTURERS OF
AIR POLLUTION CONTROL EQUIPMENT

.

[] source testing
[ heat exchangers

[] stack gas and emission analysis
(both particulates and gases)

[ product and energy recovery studies

[ design, fabrication, field start-up

[ trouble-shooting

[ planning and equipment modernization services

P you get the best, most efficient and economical job . . .

with complete air correction service, as well. Check us out today. UOP Air Correction Div.,

Universal Oil Products

Company, Greenwich, Connecticut 06830. The company

where environmental engineering is important.
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