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Now look for more than EPA diaio

Look for the name.

Today, all good air monitoring
instrumentation carries an EPA desig-
nation—otherwise, who'd buy it?

But that leaves you with a
problem. How do you choose the best
from among the good? How do you
choose the analyzer that’s best for your
particular CO, OZONE, NO2 and SO2
monitoring need? We say, look for the
name. If it's Beckman, you know the
tradition and reputation behind it.
You know you're getting the best. Take
these four EPA-designated models...

Model Y33 Fluorescent Ambient
SO2 Analyzer Utilizing the fluores-
cent measuring technique, the
Beckman 953 requires none of the sup-
port gases and reagents typically
associated with SO2 analyzers using
flame photometry or coulometric
methodologies. As a result, the 953
offers outstanding performance at
lower operating costs, with easy ser-
viceability. Features include: fast
response, low operating noise,
interference-free measurement,
temperature controlled case, optional

Beckman.

digital readout, BCD output. Beckman
direct sales and service.

A NO NOL \NO

wnalyzer The Beckman 952A provides
analysis and continuous analog
voltage outputs for all three para-
meters—NO, NOx and NO2—using
the chemiluminescent method of
analysis. Features include: self con-
tained system employing ambient air
for ozone generation, interference-
free measurement, unlimited life
converter, selectable outputs for
recorders, computers or telemetry,
bench or rack mounting.

Model Y30\ Ozone Analyvzer
Operating on the chemiluminescent
principle, the Model 950A provides
a wide selection of full scale ranges
for ambient air monitoring with high
precision and accuracy. Features
include: non-hazardous mixture of
CO2 and ethylene, chemical filter for
interference-free zero calibration,
automatic safety shutoff valve for
reactent gas, selectable outputs for
recorders, computers or telemetry,

CIRCLE 25 ON READER SERVICE CARD

and uses bench or rack mounting.

Model 866 Ambient CO Moni-
toring System The completely self-
contained Model 866 consists of:
NDIR Analyzer, Pump/Sample
Handling Module, Flow and Refer-
ence Panel. Automatic Zero/Span
Standardizer. Features inlcude: long-
term unattended operation, better
than 50,000:1 H20 discrimination,
automatic zero and Span corrections.
field-proven NDIR analyzer. no zero
gas cylinders, high energy sources to
improve sensitivity.

For more information on these
instruments or on any air quality
monitoring requirement you may
have, contact Process Instruments
Division, Beckman Instruments, Inc..
2500 N. Harbor Boulevard, Fullerton,
CA 92634.

Why settle for good when you can
get the best?

BECKMAN



H.P: “Bill, this is the sensitive area they x'd on our plan.”
Arrowsmith: “Right Hank. ERT plans to study this in the first phase.”

Arrowsmith trusts ERT for total environmental services, including plant site
evaluation, transportation corridor routing and analysis, and water
resource planning. Our complete range of ecological services has been
crucial to the timely winning of dozens of permits for new power stations,
chemical plants, mines and mills. For a free package of informative service
bulletins from the nation’s largest full service environmental consulting
firm, write or call B.M.Miller,ERT, 696 Virginia Rd., Concord, MA 01742,
(617) 369-8910, Ext. 316.

ERT

ENVIRONMENTAL RESEARCH & TECHNOLOGY, INC.
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Purnendu K. Dasgupta, Kenneth D.
Reiszner, and Philip W. West*

A light-weight device can be con-
structed and used to determine per-
sonal or area exposure to chlorine.
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.l'(aren R. Darnall, and James N. Pitts,
r.*
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NO,-air mixtures confirm that tem-
perature has a significant effect on
photochemical smog formation.
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Studies on the solubilization of trace
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plant stack when given only informa-
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with SO,/0, mixtures.
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pounds in heavily populated and in-
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Applicability of pyrolysis/gas-liquid
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effluent. Richard A. Symuleski and
David M. Wetzel*

PGLC results were used with a
computer program to quantitatively
differentiate between wet bacterial
cells at the species level.
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Silicon and aluminum in urban aerosols
for characterization of atmospheric soil
particles in the Nagoya area. Satoshi
Kadowaki

Size distribution results suggest that
more than 90% of the mass of Si and
Al in the air originates from soils.

1134
Trihalomethane yields as a function of
precursor molecular weight. Jerald L.
Schnoor*, James L. Nitzschke, Rick
D. Lucas, and John N. Veenstra

Gel permeation chromatography
was used to determine the apparent
molecular weight range of THM pre-
cursor compounds in the lowa River.
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Water distribution system, a new
source of mutagens in drinking waters.
David J. Schwartz, Jitendra Saxena*,
and Frederick C. Kopfler

Data show that two classes of mu-
tagens may be introduced in drinking
waters during transport from treat-
ment site to the consumers.
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We can lead you through.

Monitoring, Modeling, PSD If your requirements include spe-
Review, BACT Review — are cial studies such as environmental
these the things that are confusing assessment, emission inventories,
you? If so, we’ll guide you in getting special testing, development of
the pre-construction permit, and emission factors, guidance on con-
in meeting all the complicated trol technology — the whole sphere
requirements — and then we'll of environmental activities — we're
stand by you with proof that you've prepared to help you.
met them. We even offer a training course to

We're in a unique position to help help you understand the Clean Air
you. We not only took part in writing Act and its amendments.
the quality assurance guidelines, we For full information contact
do quality assurance for monitoring R. Yelin, Environmental Monitoring
throughout the U.S. for EPA. We & Services Center, Environmental
manufacture and install air monitor- & Energy Systems Division,
ing systems large or small. We Rockwell International, 2421 West
understand the special problems Hillcrest Drive, Newbury Park, CA
industry is facing. 91320, or phone (805) 498-6771.

We have available all of the

If you need special models, we can In terna tional

develop them.

approved EPA models, along with
the skill and expertise to use them. Rockwell

...where science gets down to business
CIRCLE 8 ON READER SERVICE CARD
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GUEST EDITORIAL

Needed: research support

The time has come for the federal government,
particularly the U.S. Environmental Protection
Agency, to establish an effective program for the
support of basic environmental research.

| am aware that in this era of Proposition 13ism one
is ill advised to promote any new programs, but a
partial reallocation of resources is needed at the very
minimum. If my observations are accurate, EPA and
other agencies are spending precious little of their vast
budgets on fundamental environmental research, and
| contend that the result is waste . . . waste because
protocols are established before analytical schemes or
models are appropriately tested; waste because criteria
arc promulgated without adequate scientific bases;
waste due to research done too hastily; waste because
attractive alternative methods have to be shunted aside
because of the sanctity of work plans and report
deadlines.

Of course, | am not blind to the fact that many of
EPA’s policies are the result of Congressional dictates.
Nor am [ proposing that EPA assume the responsi-
bility for the support of all basic research related to
cnvironmental phenomena. Clearly, NSF, USGS, and
other agencies also have a responsibility in this area.
Equally clear, however, is the need for these agencies
to coordinate their programs and, more to the point,
for Congress to recognize the need for a well-coordi-
nated fundamental program in environmental re-
search.

Indced, many hoped that EPA had recognized this
nced when the center of excellence program was an-
nounced. While this program certainly has merit, what
is needed more is broad-based support for the scientific
community in areas that have long-term promise—
and in some cases, no apparent promise at all—for the
solution of environmental questions. In a broader
sense, what is needed is for the Congress to recognize
that research—basic research—is fundamental to the
health of our economic system as well as for the
preservation of man’s natural habitat.

Research properly planned and executed is a good
investment of public money. Let us hope that Congress
and EPA will continue to evaluate its importance and
place basic research at a higher priority position in the
federal budget.

Dr. William H. Glaze is Professor of
Chemistry at North Texas State Univer-
sity in Denton, Tex., and former Director
of the Institute of Applied Sciences.
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Martek makes it easier . . .
for data acquisition . . .

Martek offers numerous rugged, easy-to-use data acquisition and retrieval systems for
use with air and water quality monitors, process control systems, and meteorological,
geophysical, and laboratory instruments. Among the more advanced systems: the Model
DMP, a microprocessor-based data acquisition system designed specifically for the
collection of air quality and meteorological data.

or water quality measurement . . .

Name your parameter: temperature, conductivity, salinity or temperature-corrected
conductivity, depth, dissolved oxygen, pH, specific ions, or turbidity. You can measure
it easier in fresh or sea water to depths of 300 meters, with a Martek Mark Series
In Situ Water Quality Monitor.

°* MARTEK INSTRUMENTS,INC.
17302 DAIMLER ST. P.0. BOX 16437 o IRVINE, CA 92713 « PHONE (714) 540-4435 o TELEX 692 317
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LETTERS

Health hazards

Dear Sir: 1 found the article by
Professor Jacobs on “Analyzing En-
vironmental Health  Hazards”
(ES&T, May 1979, p 526) to be ex-
cellent. It effectively identifies some
major concepts which should be thor-
oughly grasped by policy makers at the
legislative and regulatory levels.

Unfortunately, it is difficult to
quantify the costs involved. There are
the lack of information (scientific,
economic, and social), differences in
interpretation of existing data, and,
even more complex, different percep-
tions of acceptable risks in the face of
uncertainties.

FIGURE 1

Relationships between victims’
health costs, polluters’
abatement costs, and the level
of environmental hazard

100

Costs
(dollars)

Level of
environmental hazard

In particular, there is one point
which should be clarified with regard
to Figure 1, redrawn here. Abatement
costs are typically exponential, not
linear, although major technology
changes will make the costs of abate-
ment discontinuous functions. Note
that the abatement costs are asymp-
totic to the ordinate.

Again it is refreshing to read an ar-
ticle which approaches environmental
decisions on a more rational basis.

John A. Roth
Professor, Chemical &
Environmental Engr.
Vanderbilt University
Nashville, Tenn. 37235

Un.qLE. “.lm'.ﬂs- m”
traning in.
analytical techniques.

Finnigan Institute offers unique
training services to the analytical
community in the areas of:

AA spectroscopy
Chromatography
Mass spectrometry

The Finnigan Institute formula
includes:

at least 50% lab experience for
each participant, affording
substantial “hands-on” learning
time with analytical equipment.
No more than 2 to 3 trainees are
assigned to each instrument.

a staff of scientists who remain
current in their specialties
through participation in
contract activities research.
additional instruction by
outside experts who are
currently involved in practical
applications of their analytical
specialties

= experience with only the latest
instrumentation, which is
regularly updated.

Course offerings range from initial
training for the novice to advanced
and specialized programs for the
senior scientist.

This program can prove to be cost-
effective to sponsoring institutions
by freeing their own laboratory staffs
and instruments from time-  ~
consuming in-house training tasks.

For complete information write or
call: Ann Woolley

®
finnigan
Q
Imstitwie
1750 CHESTERDALE ROAD
CINCINNATI, OHIO 45246
(513)772-5500 TLX 214726
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A Special Regulator For GC

The Matheson 3104 regulator is a
high purity, two-stage regulator with
a stainless steel diaphragm. Two-
stage design provides even regulation
regardless of cylinder pressure
changes. Stainless steel diaphragm
minimizes inboard leakage of air or
water from the atmosphere, and does
not outgas impurities into carrier or
fuel gas systems. Five minute helium
leak rate is < 2 x 10" ccs. Excel-
lent for applications involving trace
components. Circle Reader Service
No. 27

GAS-MISERT

A device which allows one or more
GCs to be set on standby during non-
working hours. The flow of carrier
gas is reduced with the flick of a
switch without upsetting the equilib-
rium conditions of your instrument.
Then normal operating conditions are
resumed the same way.

GAS-MISER, for the GC laboratory
Saves expensive time and carrier gas.
Pays for itself in less than a year.
Circle Reader Service No. 30

High Purity Carrier Gases

Matheson makes carrier gases avail-
able in a variety of purity classifica-
tions — choose the specifications that
most nearly meet your requirements.
Routine analyses can be performed
using Helium, High Purity, 99.995%.
For more critical applications, you
may choose Ultra High Purity
99.999% and Matheson Purity
99.9999%. For other applications,
Argon, Hydrogen, and Nitrogen are
all available in a variety of purities.
Circle Reader Service No. 28

Zero Gases

For the carrier gas, fuel gas, and
oxidizer gas—all required for flame
ionization and flame photometric gas
chromatography-Matheson offers Ar,
He, H,, N,, 40% H,/60% N,, and
40% H,/60% He Zero Gases each
having a total hydrocarbon content
of less than 0.5 ppm (as CH,). Air,
Zero Gas is available with hydro-
carbon content < 2.0 ppm. Circle
Reader Service No. 31

Calibration Standards

When the level (TLV) of a toxic vapor
is to be monitored the instrument
must be accurate — for the physical
well-being of those who may be
exposed.

The only way to do this is to calibrate
the instrument with an analyzed
standard. Matheson pioneered such
standards, accuracy traceable to NBS,
if available, or to Matheson Primary
standards. Calibration standards are
readily available for: benzene, vinyl
chloride, acrylonitrile, carbon mon-
oxide. . . virtually any vapor forming
material. Circle Reader Service No. 29

Gas Leak Detector

Simple to operate. Detects helium
and other gases with great sensitivity.
Enables you to check your entire GC
system without the mess usually
associated wtih leak detection solu-
tions.

The smallest imaginable leak in your
GC system can invalidate your re-
sults completely — especially if
you're working with trace concen-
trations.

We recommend that one be handy in
every instrument lab. Circle Reader
Service No. 32

Ghroma-
(ography

Gases — carrier gases, calibration gases,
or fuel gases are key to good GC tech-
niques. Matheson has equipment to help
you improve this gas system and you
should use it.

The wrong regulator or porous tubing
can permit diffusion into the gas stream
and influence results.

But some equipment will help in other
ways like saving money or zeroing in on
a defective connection.

Further, todays detectors are so sensitive
that a welding grade of helium is counter
productive.

To find out how you might improve the
efficiency of your GC system, ask for
our free wall chart describing methods
that can be used with common and un-
common detectors in use today. Contact
us for your copy.

atheson

Lyndhurst, NJ 07071

East Rutherford, NJ 07073
Morrow, Georgia 30260
Bridgeport, NJ 08014
Gloucester, Massachusetts 01930
Joilet, lllinois 60434

Dayton, Ohio 45424

La Porte, Texas 77571
Cucamonga, Califorma 91730

Circle Reader Service No. 33

Newark, California 94560

Dorsey, Maryland 21227

Gonzales, Loursianna 70737

Whithy, Ontano, Canada L1N 5R9
Edmonton, Alberta, Canada T58 4K6
8 2431 Oevel, Belgum

6056 Heusenstamm, West Germany
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INTERNATIONAL

About 50% of energy needs supplied
by solar is Romania’s goal. Scien-
tists believe that the country could
then save about 8 million tpy of
fuel. In fact, solar is in use alrecady
to heat baths at the Black Sea re-
sort of Saturn, for 1200 guests at 3
hotels; this is believed to be the
largest such project in eastern Eu-
rope. It works 5 mo/y, and saves
about 70% of fuel.costs. Solar is
also slated for agriculture, and var-
ious industries such as textile, food
processing, and forest products.
And the Energy Research Institute
(Bucharest) is designing a solar
electric plant. A “solar map” of the
country is also in preparation.

WASHINGTON

President Carter’s second environ-
mental message calls for a 10-y
program on acid rain, which results
when atmospheric pollutants from
the burning of fossil fuel are depos-
ited by rain. Lead agencies in the
acid rain program are the Depart-
ment of Agriculture and the

EPA; the program will have an in-
teragency committee with repre-
sentatives from another seven
agencies. It is divided into five
parts—monitoring, calibrated
water sheds, a basic research pro-
gram, interrelated long-range
transport, and economics. Acid
rain turns out to be the second
presidential initiative in an environ-
mental area; a first was former
president Nixon’s initiation of the
RAPS program (ES&T, June
1978, p 644).

EPA’s fiscal 1980 appropriation is
$4.6 billion, of which $3.4 billion is
designated for the sewage treat-
ment construction grants program,
and $1.2 billion for the operating
budget. The agency’s R&D budget
was slashed by $6 million to about
$234 million, but it is still 6.7%
greater than fiscal 1979. Reduc-
tions in the agency’s anticipatory
research program and its toxic sub-

Losd

CURRENTS

stances health and ecological ef-
fects research program were almost
balanced by increases in its Great
Lakes and integrated pest manage-
ment research programs.

EPA is considering using the con-
struction grant funds to cover
projects other than water-pollution
control. These so-called multiple-
purpose projects could be designed
to combine wastewater treatment
with solid waste management—
including hazardous waste dis-
posal—or energy production, for
instance. An agency position paper,
“Strategies for Funding of Multi-
ple-Purpose Projects,” dated June
1979, enumerates the options but
makes no recommendations.
ES&T will discuss the options in
an Outlook in an upcoming issue.

Rep. Bob Eckhardt

A sobering CEQ report on atmo-
spheric CO;, buildup may put a halt
toor at least reduce the speed of
passage of the spate of bills con-
cerning the development of syn-
thetic fuels now wending their way
through Congress. Four environ-
mental scientists, in their report to
the Council on Environmental
Quality, wrote that increased use of
fossil fuels, and especially synfuels,
will increase atmospheric carbon
dioxide, leading to an increase in
the earth’s surface temperature;
this warming could in turn lead to
shifts in climatic zones and dis-
placement of agriculture. The
warming trend will “probably be -
conspicuous within the next twenty

Volume 13, Number 9, September 1979

years.”” Rep. Bob Eckhardt (D,
Tex.) called the synfuels program
*‘a direct assault on the free enter-
prise system,” that would add to
the rate of inflation and reduce in-
dustrial productivity.

The EPA’s current tally of poten-
tially dangerous hazardous waste
sites has reached 151 with the ad-
dition of another 60 newly discov-
ered sites across the nation. Ac-
cording to deputy administrator
Barbara Blum, the agency’s “high-
est priority” is the cleanup of haz-
ardous waste dump sites that
threaten public health. To this end,
the EPA has established an
agency-wide hazardous waste en-
forcement and emergency response
system to respond to emergencies.
However, the agency is still “un-
certain” of its ability to meet the
court-mandated deadline (Decem-
ber 31 for Sections 3001-3004, and
October 31 for Sections 3005~
3006) for issuing the hazardous
waste regulations called for under
the Resource Conservation and Re-
covery Act.

The Dept. of Energy concludes that
alcohol fuels can help the U.S.
stretch its petroleum supplies
through the 1980’s. This rather be-
lated conclusion can be found in
“Report of the Alcohol Fuels Poli-
cy Review,” DOE/PE-0012, pre-
pared under the direction of the as-
sistant secretary for policy and
evaluation, Al Alm.

Pesticide matters. EPA has tempo-
rarily halted the remaining uses of
DBCP, citing new evidence of po-
tential health hazards to consum-
ers, farm workers, and pesticide ap-
plicators. The U.S. producers of di-
bromochloropropane have, how-
ever, requested a hearing contest-
ing the suspension order; during the
hearing period, DBCP use will be
permitted. The agency will permit
growers of wheat, apples, and some
cotton to continue to use the pesti-
cide endrin. Restrictions, however,
have been mandated; these include
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protective clothing and precautions
on product labels. And, finally, the
EPA is considering a public hear-
ing on the nonsuspended use of the
herbicides 2,4,5-T and Silvex.

STATES

Georgia becomes the first state to
withdraw from the federally funded
coastal zone management program.
In giving up the funds, about

$500 000 annually, the state cited
“frustration” and “continuous ha-
rassment” as reasons for this volun-
tary action. Georgia plans to man-
age its coastal resources through
existing state programs, relying
solely on the state revenues for
funding. Georgia has been in the
federal program 5 y, and has re-
ceived more than $2 million in
grants and $1.2 million in loans.

N.Y. DEC'’s Flacke

“New Yorkers will be footing the
bill to clean up Ohio’s dirty air,”
Environmental Conservation Com-
missioner Robert F. Flacke said
concerning EPA’s decision to relax
clean air standards for two Cleve-
land power plants. The Dept. of
Environmental Conservation has
determined that much of the state’s
sulfate and fine particle pollution
originates from combustion of fuels
in the Ohio area. Flacke said that
these contaminants have contrib-
uted to the acid rain problem in the
Adirondacks. In a letter to EPA
administrator Douglas Costle,
Flacke called for a reevaluation of
airshed boundaries “to make sure
all states live up to the same clean
air goals.”

Portland, Oreg., is drafting compre-
hensive energy conservation rules,
perhaps the most comprehensive in
the U.S. According to the New
York Times, proposed legislation
calls for mandatory “weatheriza-
tion” within S y of all privately
owned buildings; energy audits for
all homes and businesses; a special
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gasoline tax to finance traffic-flow
improvements; and new zoning reg-
ulations to assure each home “solar
rights,” that is, access to solar ex-
posure. Energy analysts claim that
Portland’s plan could save residents
30% of their current energy use by
1995, even if cheaper hydropower
was not available to the city.

An environmental toxicology
training program has been set up at
Dartmouth Medical School, Hano-
ver, N.H. The program, which
began July 1, is funded by a Na-
tional Institute of Environmental
Health Sciences grant for

$329 959. Four persons began pre-
doctoral studies in the program,
and a fifth person will soon begin
postdoctoral work. The interdisci-
plinary program involves the medi-
cal school’s departments of Phar-
macology and Toxicology, Anato-
my, Cytology, and Pathology, and
Dartmouth College’s Environmen-
tal Studies Program.

After a rather shaky development
period, Baltimore’s pyrolysis solid
waste plant is now “working, and
i’s working well,” Mayor William
D. Schaefer says. The city made
modifications to the plant aban-
doned by Monsanto Co. in Febru-
ary 1977, and serious air pollution
problems are said to be corrected.
Baltimore plans to operate the
plant daily, six days a week. Six
hundred tons of solid waste is fed
into the plant dzily, and the hot
gases from the pyrolyzed refuse are
used to produce 1.4 million Ib of
stcam daily. The steam is pur-
chased by the Baltimore Gas &
Electric Co.

PCB watch. North Carolina was
told by the EPA that it could not
treat in place the 210 mi of PCB-
contaminated highway. The state
wanted to treat the highways with
activated charcoal, but with the
EPA denial it will now look for
storage sites in each of the 14
counties in which PCBs were
dumped. The cost of removing the
PCBs from the highways to the
dump sites is estimated at $2 mil-
lion, plus the cost of storage. Penn-
sylvania’s Dept. of Environmental
Resources reports that fish in the
Shenango River are not contami-
nated with high levels of PCBs, al-
though sediment samples from the
river taken below the outfalls of a
Westinghouse Electric plant at
Sharon contain relatively high lev-
cls of the chemical.

MONITORING

Sludge blankets can be watched by
means of an advance in photometric
measurement technology. What is
used is the MEX; offered by Eur-
Control USA Inc. (Decatur, Ga.).
It measures solids concentration or
turbidity as a function of optical
characteristics, and uses a dip or
sensing probe. The probe is unaf-
fected by up to 90% obscuration,
and is placed directly into the line,
tank, or reservoir to be measured.
When solids reach a turbidity level
of 1000 ppm, a visual alarm is acti-
vated. Presently, the device is in
use at Hoechst Chemical Co.

TECHNOLOGY

Improvement of rectangular filter
performance for distributing waste-
water is brought about by use of
the Coanda effect, which is also the
basis for fluid amplifiers. The Co-
anda effect involves the tendency of
a fluid to cling to an adjacent sur-
face, until moved away from that
surface by some other force. For a
rectangular filter, the result is im-
proved, more efficient wastewater
flow over the filter, in an enhanced
trajectory, according to Paul Hyde
of Neptune Microfloc, Inc. Flow
assumes a “doughnut” pattern,
rather than the normal “umbrella”
pattern. The Coanda effect has
been used to make modules, for
other applications, that can per-
form certain computer logic func-
tions.

Ammonia can be removed from
wastewater and recovered for fertil-
izer making because of a new treat-
ment process invented at Bethle-
hem Steel. The ammonia is dis-
tilled through two 90-ft stills, and
is processed through associated
equipment. It is taken from weak
ammonia liquor (WAL), a bypro-
duct of coke gas. The old method of
countercurrent distillation of am-
monia was kept, but a new design
cut still size, steam needed, as well
as steam pressure, and downtime.
Fouling no longer occurs. Phenol,
remaining in the liquor after am-
monia removal, is easily biotreated,
and converted to carbon dioxide
and water.

Essentially passive solar energy will
save 70% of energy costs in a new 2
million ft2 office/service complex
that the Tennessee Valley Authori-
ty (TVA) is building in Chattanoo-
ga, Tenn. It will use solar light,



If you’re not happy with your po//ution

sampling or monitoring filter media
maybe you should shop elsewhere.

Here, for instance.

Whatman offers filter media for air and water pollution
sampling and monitoring that are the most widely used in
the world.

For very good reasons.

There’s an even level of dependable high quality com-
pletely across the wide range of these media.

Whatman quality.

And this quality is a part of every pollution filter medium:
pure, borosilicate Glass Microfibre circles, sheets, rolls —

— e—
-
v v

binder free; the matchless EPM 1000 Glass Microfibre
sheets for high volume air sampling; famous Whatman filter
papers such as No. 41 and No. 1, probably the most widely
used filter paper in the world; extraction thimbles . ..

Nearly everything you need in filter media for sampling
and monitoring, except the pollutants. From Whatman.

Whatman products for pollution sampling and monitoring
are available from your lab supply dealer. Or write:
Whatman Inc. ® 9 Bridewell Place. Clifton, N.J. 07014;
tel: 201-777-4825.

m Whatman

CIRCLE 21 ON READER SERVICE CARD
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groundwater cooling, computer-
controlled waste heat, and chemi-
cal dehumidification principles.
The complex will house more than
3000 employees. In corridors, sun-
light will substitute for artificial
lighting, for example. Waste heat
will be supplemented by heat
pumps. With an average tempera-
ture of 59 °F, the groundwater is
an effective coolant. Building shap-
ing will also maximize solar use
and energy savings.

A “biomass energy machine” can
produce energy equal to 432-1088
gph of diesel fuel, net after ma-
chine diesel consumption. Devel-
oped by Georgia-Pacific (Portland,
Oreg.), it is presently usable in flat
terrain, though other models, for
more rugged land, should be devel-
oped in the future. The “fuel”
would be otherwise useless brush
that needs to be suppressed, any-
how, if pine trees for paper are to
have more nutrients, water, and
light. Nicknamed “Jaws 3,” the
machine chips brush to render it
suitable for combustion. The brush
would be harvested from each acre
every 3y.

Scrub SO; from high-sulfur coal,
and get marketable sulfur. That is
the purpose of the aqueous carbon-
ate scrubber process developed by
Rockwell International, and being
tested out by Niagara Mohawk
Power Corp., and others, in New
York, through the nonprofit Em-
pire State Electric Energy Re-
search Corp. (ESEERCO). Not
only would sulfur be extracted, but
no significant waste disposal mea-
sures should be required. The con-
cept will be demonstrated on a 25-
y-old 100-MW unit at the Huntley
Steam Station, along the Niagara
River, at Tonawanda, N.Y.

Superheating methane and carbon
dioxide (CO,) might convert solar
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Undergroundﬁaquifer

energy into usable electric power,
according to the U.S. Naval Re-
search Laboratory. A solar furnace
heats to 1700 °F, so the gases form
steam, as well as latent heat that
can be stored. Another approach,
developed at Clemson University,
uses solar energy to produce hydro-
gen and a halogen from a hydro-
halide, and could eventually recov-
er the energy by recombination of
the hydrogen and the halogen. The
Clemson approach also uses cheap-
er, easier to make silicon cells, each
the size of a “BB” pellet.

A new “tokamak” is helping scien-
tists enhance fusion reactor devel-
opment. It is located at Argonne
National Laboratory (Ill.), and is
one of the world’s smallest—about
4.5 ft from one side of the “dough-
nut” to the other. Various experi-
ments in extending “tokamak” life
and enhancing plasma production
will be performed.

INDUSTRY

“We need to retain and expand our
environmental achievements while
we seek energy alternatives.” That
is what the Environmental Industry
Council (EIC, Washington, D.C.)
heard from Rep. Joseph Fisher (D,
Va.). He told the EIC to remain
ready to make the necessary equip-
ment, and to be on guard against
attempts to weaken the various en-
vironmental laws and regulations
presently in force, or to come. He
said the EIC might profit from an
energy trust fund, some of whose
dollars may go to purchase anti-
pollution equipment.

EPA’s funding policy is “misguid-
ed” when it comes to alternatives to
conventional gravity sewer systems,
and creates numerous delays. It
would also increase costs, accord-
ing to a report that Energy and En-

vironmental Analysis, Inc. (Wash-
ington, D.C.) prepared for the Na-
tional Utility Contractors Associa-
tion, Inc. (NUCA). The report for
NUCA says that for communities
of over 1500, gravity sewers and
centralized treatment are more
cost-effective than any on-site sys-
tems. For smaller populations, sep-
tic tank/soil absorption systems are
more cost-effective, but must be
properly sited. The report also said
that alternatives were useful *“for
only 1.1-3.3% of the population.”

The “Superfund” for old chemical
dump sites—what should it ad-
dress? Only *‘orphan” dump sites,
the Chemical Manufacturers Asso-
ciation (CMA, Washington, D.C.)
suggests. Such funding should be
furnished through the regular fed-
eral budget process, and not by a
tax on a single (chemical) industry,
the CMA says. Also, states should
participate in funding, and estab-
lish problem site priorities. More-
over, the CMA recommends that
the fund be used for emergencies
based on these priorities, and that
wrongful dumpers should be made
to contribute to the fund, with lia-
bility based on comparative respon-
sibility.

R-C’s Walker

The largest contract for fabric fil-
ters ever awarded for a single boil-
er, valued at about $15 million,
went to Research-Cottrell, Inc.
(R-C, Bound Brook, N.J.), for de-
sign, materials, and construction.
Alan Walker, R-C’s vice president
and general manager for the Utility
Division, explained that a special
acid-resistant polymer finish will
protect the nearly 13 000 bags
from fiber abrasion and wear. The
system will be supplied, on a
flange-to-flange basis, for a
550-MW boiler at Houston
Lighting & Power Co.’s Parish
Station, Unit No. 8, and will have a
reverse-air cleaning system. Walk-
er predicted a 1982 completion,
and 1983 start up.



MIRAN-80 Computing
Gas Analyzer.

The MIRAN-80 Gas Analyzer
brings new speed, accuracy and
ease to the quantitative analysis of
gas mixtures. Most gases can
accurately be measured at
concentrations less than 1 ppm.

Analysis time —with a
permanent printout of results —
takes less than two minutes. You
getresults in ppm or percent for
amixture of up to 10 separate
component gases.

One keystroke is all thatis
needed to performa typical
analysis. The computerized
MIRAN-80 automatically performs
allthe necessary mathematical
steps. The analyzer can be
programmed for conversion from
one gas study to another.

MIRAN-80. It brings new speed
to multi-component gas analysis
inthe lab or in the field, whether
your application is TLV monitoring,
toxicity studies, or pure research.

See itin operation today.

Now: two-minute
lab or field analysis
of gas mixtures.

5-component gas mixture

Ref. Wavelength Absorb
—Sample No. 1 Absorb.

Sample No. 2 Absorb.
—Sample No. 3 Absorb
—Sample No. 4 Absorb.
—Sample No. 5 Absorb.
Readout of Concentration

Sample No. 1

Sample No. 2
—Sample No. 3
—Sample No. 4

Sample No. 5§

The MIRAN-80 Gas Analyzer provides a
permanent printout in ppm or percenton
concentrations of up to 10 component gases

Foxboro Analytical

A Division of The Foxboro Company

Wilks Infrared Center
P.O. Box 449

S. Norwalk, CT 06856
(203) 853-1616
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Hazardous wastes-
can they be reused?

A division of SCA Chemical Waste Services, Inc.,
says “yes,” and has several approaches to
accomplishing this recycling objective

“One company’s waste is another
company’s resource.” How often have
you heard that said as an analogy to
Aesop’s, “One man’s meat is another
man’s poison”? However, there may
be some truth to the first quotation, if
one takes into account the fact that the
waste must usually be processed in
certain ways, before it can be trans-
formed into a resource. Such trans-
formation is especially necessary if the
original waste is hazardous.

Until now, most hazardous and
other waste disposal was done ac-
cording to the “out of sight, out of
mind” method. Wastes were tossed
into the ocean, abandoned on land,
injected into deep wells, or buried in
landfills. However, various environ-
mental laws, especially the Resource
Conservation and Recovery Act of
1976 (RCRA), would effectively ban
or at least place severe restrictions on
these older, time-honored methods of
waste disposal. Clearly, other ap-
proaches are needed.

Groups of wastes

One approach involves a new phil-
osophical view that all incoming waste
streams could be regarded as raw
materials that contain recoverable
resources. This view has been reduced
to actual practice by SCA Chemical
Services Co., a Division of SCA Ser-
vices, Inc. (Boston, Mass.), with a
unique waste-to-waste processing and
recovery facility located in Newark,
N.J., and capable of handling up to
500 000 gpd. Incoming waste streams
are classified as major chemical and
physical functional groups, based on
certain unique operations, such as:

« organically contained aqueous
waste

e acid recovery
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Reaction,

o fuel reclamation and formula-
tion

« acid/base and redox neutraliza-
tion

o hazardous waste detoxification.

To be sure, these process classifi-
cations are interrelated, as S. K. Lee,
Director of Research and Engineering
at SCA, pointed out. That is because
sccondary or waste products of one
process can often become useful in
another process. Also, Lee explains,
cach class has a “discrete treatment
process of its own.” However, these
treatment processes can be flexible.

Products

The aim of SCA’s approach to
waste treatment is to help chemical
companics solve waste problems in an
cconomical manner, and to obtain
uscful chemical products or fuels, or at
least harmless residues, simulta-

SCA'’s Lee demonstrates waste detoxification

ncously. Products generated at SCA’s
Newark recovery facility generally
consist of:

o recovered, marketable, or reus-
able organics, acids, alkalies, and
fuels

o chemical detoxified, and treated
aqueous process effluent

o dewatered sludges and inactive
concentrated solid residues.

Recovered products can be stored in
a tank farm, on-site. The tank farm
would meet all applicable regulations.
However, SCA’s Lee believes that
many of these reclaimed materials will,
in fact, prove to be highly marketable,
so that “‘actual on-site storage needs
will be minimal.”

Treated aqueous effluent is passed
through automatic sampling/moni-
toring stations. Then it is discharged
according to permit terms, to the Pas-
saic Valley Sewer System. In addition,
sludge and solid residue are prefixed



for disposal at a “scientifically” se-
cured landfill that SCA operates.
“Scientifically secured” means that all
waste in the fill is chemically classified
and catalogued according to operating
permits. If the waste is ever needed as
a resource, it can thus be retrieved at
some future time.

Suppose that an industrial client
inquires about disposal of a specific
waste material arising from a given
manufacturing process. SCA obtains
all pertinent information, as well as
waste samples. The samples undergo
physical and chemical analysis at
Newark. Then, treatment or recovery
processes can be devised. A specific
system is put into operation, as well as
a transportation schedule. If, however,
the contents of the waste transported
to SCA are at variance with those
found in the original chemical analysis,
the client is so informed, and the
change is resolved.

An alternative treatment or recov-
ery mode is set up through a complete

must be neutralized or detoxified, what
can be recovered, and how to go about
these tasks. Afterwards, necessary
process modifications are made, in
order to achieve waste treatment or
beneficiation goals. But before this is
done, a stringent technical/economic
analysis, with a pilot facility, is per-
formed.

Monitoring

At SCA’s Newark facility, waste
materials and products are contin-
uously monitored by means of up-to-
date analytical instrumentation. Sys-
tematic sampling begins when the
waste is transported from the client’s
plant, and ends when it has been
transformed into a marketable product
that is sold, or an innocuous substance
that has been properly treated for
disposal. The idea, SCA says, is to as-
sure the customer that the problem of
hazardous (or nonhazardous) waste
disposal is solved, as soon as thc waste
leaves the customer’s plant. That be-

cause in New Jersey, for instance, the
producer of a waste is responsible for
its ultimate disposal, and RCRA will
make a hazardous waste generator
answerable not only for proper dis-
posal, but even for safe transporta-
tion.

A common denominator

Probably other companies will enter
the hazardous waste treatment/
beneficiation field. For example, Rol-
lins Environmental Services (Wil-
mington, Del.) has applied for EPA
clearance to incinerate at high tem-
perature, thus rendering harmless
PCB-containing sludges, at a facility
in Southern New Jersey (ES&T, July
1979, p 780). No doubt, others will
follow, handling different wastes by a
variety of methods. Most likely, how-
ever, the common denominator is this:
that private enterprise is embarking on
new paths to find imaginative, yet re-
liable ways to comply with forthcom-
ing RCRA regulations concerning

systems analysis to determine what

comes especially important now, be-

hazardous wastes. JJ

Hazardous waste detoxification

Treating hazardous wastes

Wastes vary; therefore, the treatment operation cannot be
standardized. But, depending upon what the wastes are, chem-
ical, catalytic, complexing, and oxidation-reduction techniques
are available. Optimum approaches are determined after care-
ful systems analyses.

If any pollutant gases are generated through a waste treat-
ment process, such gases are removed by “scrubbing” and
absorption. The “scrubbed” waste is discharged after final
treatment. Here is a representative detoxification process.

Complexing
agent

Oxidizing
agent

Reducing

Gas vented to atmosphere

Water

Storage

Waste in tank

Dewatering unit

Sludge
ifi Final effluent
Residue to Clarified water to sewer and monitoring
disposal station No. 1

(e

Organics
Water

Waste water
effluent
to final

treatment

Organic phase storage
(for fuel use)

Phase
separator

Clarified water
to sewer
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A warming of
solar energy

A first 1-MW plant, mini OTEC,
is operating off Hawaii

Ocean thermal energy conversion
(OTEC), the process of using the
warm surface water of the tropical
ocean and the cool water from a half-
mile below to produce energy, is
making progress. Much has been
achieved, it was learned at the recent
6th annual OTEC meecting (Wash-
ington, D.C.), since the 5th last year in
Miami. Achievements to date are in
the areas of component testing, bio-
fouling testing, and heat exchanger
cevaluation.

Sponsored in large part by industry,
the mini OTEC-1 is an attempt to put
the process on a sound technical base.
This first ocean-based plant was
commissioned off Hawaii on May 29,
1979. Test data from this platform are
cxpected by May 1980. So, within the
next year, OTEC will be demon-
strated. Within the next one to one and
onc-half years it is expected that a
major upward shift in gears will occur
in this solar technology area.

Hurdles

There are, however, several con-
cerns. The OTEC credibility problem
has been facing us for years. First,
some people, for example, become
uncertain that the 40 °F temperature
difference will run the heat engine.
During their schooling, engincers
lcarned that the larger the temperature
difference the more work one can get
out of a system.

A sccond problem centers on the
product from the OTEC plant. OTEC
cither produces electricity or an elec-
tric energy intensive product such as
aluminum or ammonia. Electricity is
not a dominant concern facing the
U.S. today; now the problem is a liquid
fuels problem. While it is true that the
national growth for electricity has
slowed, it seems certain that OTEC is
going to be used in certain areas over
the next 15-20 years.

Electricity can be produced by dif-
ferent ways today—burning coal, oil,
and natural gas. In order for OTEC to
enter this field as an alternative energy
source, it is necessary to find the mar-
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free.

ket for this solar energy option.

One plan to get OTEC on line is
slowly emerging, at least in concept.
Island dependencies, not only of the
U.S. but of other global neighbors, rely
totally on imported energy—home fuel
oil, car gasoline, jet fuel, and boat re-
sidual oil. All of the island economies
are dependent on imported fuel. In
terms of this scenario, the visibility of
the OTEC will be enhanced by making
U.S. island economies independent of
imported oil. Then, OTEC might be
used as a springboard for entry in the
U.S.in the 1990's,

Another concern is engineering
choices. OTEC is proven technology:;
it’s all cconomics, as reported earlicr
(ES&T, July 1977, p 651). What

makes the design choices so difficult is
that by now there are six different
materials for the heat exchangers,
cight different heat exchanger designs,
six or seven different pipes, and six
platforms that have been advanced for
the design of the system. These choices
present some  1500-1800 different
types of OTEC's that can be built.

OTEC goes global

The ocean gradient is a renewable,
international resource in search of fi-
nancial support. A prevailing mood
from the Law of the Sea Conference is
to extend a nation’s jurisdiction to the
200-mi limit. For these reasons, France
and Japan are interested in OTEC and
are making progress on their own.

K. Kamogawa of the Tokyo Shi-
baura Electric Co. (Kawasaki) said
that the Japanese started their OTEC
activity in 1970. For obvious reasons,
including small land mass, an adequate
thermal gradient area, and a large
water resource to the 200-mi limit,
Japan started their activity. Kamo-
gawa mentioned that they were using
titanium heat exchangers.

P. Marchand said that France is
interested in OTEC because it looks
attractive, it's a French idea from
D’Arsonval in 1881, and within its
200-mi zone France has a number of
islands that are fuel dependent. The
government agency, CNEXO (Paris),
is in charge of the French program.

An industrial OTEC group got
started in 1978. Terming it EURO-
CEAN, B. Lachmann said that this
project is hcadquartered in Monaco
and represents the interest of nine
companies including four in Sweden,
two in Italy, and one in Holland. EU-
ROCEAN is planning a 10-MW
(megawatt) plant; another EURO-
CEAN activity is a combination of
OTEC with aquaculture; here, a
number of countries are interested in
the concept. SSM

Breakthrough. On 8/2 this OTEC unit produced electricity offshore
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The PURASIV®HR System

The PURASIV HR System exclusively marketed in
the U.S. and Canada by Union Carbide Corporation*
represents advanced, second generation technology
for the removal and recovery of hydrocarbon vapors
from air by activated carbon adsorption. It is a con-
tinuous fluidized bed adsorption system operating
with separate sections for the adsorption and desorp-
tion steps.

The key to the PURASIV HR System is the unique
adsorbent employed—a spherical, beaded activated
carbon that possesses two physical characteristics
essential for continuous fluidized bed operation:

o Uniform spherical shape that provides a homo-
geneous fluidized bed in the adsorption section and
remains free-flowing in the dense bed desorption
section of the process.

¢ Resistance to attrition for long service life and
trouble-free operation.

The spherical beads of activated carbon are
produced by a proprietary process developed by
Kureha Chemical of Japan. Molten petroleum pitch is
shaped into spherical particles and subsequently car-
bonized and activated under closely controlled condi-
tions to yield activated carbon beads suitable for
vapor phase adsorption.

Figure 1 is a photograph of the beaded activated
carbon along with a sample of 4 x 6 mesh conventional
pelletized activated carbon.

*PURASIV is a trademark of Union Carbide Corporation which
markets the PURASIV HR System under an exclusive license
from Kureha Chemical, Japan.

Activated Carbon Adsorption

The basic technology employing carbon adsorption
for solvent recovery was pioneered by Union Carbide
in the 1930’s. The basic technique is a two-stage, fixed
bed operation in which the adsorbent beds alternate
between adsorption and desorption cycles. Solvent
laden air is passed through a freshly regenerated
static bed until the adsorbent loading reaches a pre-
determined level or until solvent breakthrough
occurs. The feed air is then switched to a second bed
while the first bed undergoes regeneration. Low
pressure steam passing through the loaded adsorbent
serves the dual purpose of raising the bed tempera-
ture and reducing the partial pressure of the adsorbed
hydrocarbons, allowing them to be released in vapor
form.

Although the advantages of continuous operation

Figure 1—Beaded activated carbon (top) and con-
ventional pelletized activated carbon.

were well known, conventional forms of activated

carbon previously available were subject to severe

attrition losses under the conditions required for

fluidized bed operation. With the development of the

spherical beaded adsorbent used in the PURASIV HR

System, the following operating advantages have

been realized: _

¢ Countercurrent flow of solvent laden air through
the fluidized adsorbent assures maximum utilization
of adsorption capacity.

¢ High superficial velocity achieved in the fluidized
bed overcomes problems of poor gas distribution
often encountered in the fixed bed process. Uniform
gas distribution eliminates localized hot spots and
the bed fires that have plagued fixed bed units
handling highly reactive solvents, such as ketones.



Continuous Solvent Removal/Recovery

As shown by the PURASIV HR System reactor
drawing (Figure 2), solvent removal from effluent air
and its subsequent recovery in the desorption section
is a relatively simple, straightforward operation.
Solvent laden air is introduced into the bottom of the
adsorption section and passes upward countercurrent
to the fluidized activated carbon in a series of
patented trays. Adsorbent on each tray is totally fluid-
ized, flowing downward from tray to tray by overflow-
ing a weir/downcomer arrangement.

As it leaves the bottom tray of the adsorption
section, the activated carbon is no longer fluidized and
flows as a dense bed through the desorption section of
the column. The adsorbent first passes through the
tube side of a shell-and-tube heat exchanger where
indirect heating by steam or other suitable heat trans-
fer media raises it to the desorption temperature. The
steam used for indirect heating is condensed and
returned uncontaminated as condensate return to the
boiler.

Solvent is then desorbed from the activated carbon
by the introduction of direct contact steam. This
steam (stripping gas) is introduced at the bottom of
the heat exchanger and flows countercurrent to the
adsorbent in the tubes. The direct contact steam
(stripping gas) reduces the partial pressure of the
hydrocarbons and sweeps them from the bed in vapor
form.

The stripping steam, together with the desorbed
solvent, is removed from the column and the mixture
is condensed for separation and recovery of the
solvent. The activated carbon leaving the bottom of
the desorption section flows to an air lift where it is
air-conveyed to the top tray of the adsorption section.
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GAS LIFT
LINE
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DESORPTION
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STEAM FOR
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PURASIV HR PROCESS UNIT

RECOVERED
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SOLVENT FLOW

Figure 2—PURASIV® HR Flow Diagram
Steam Stripping



Solvent Stripping Modification

The basic PURASIV HR System described above is
used for removal and recovery of chlorinated hydro-
carbons and other water insoluble hydrocarbons. It is
designated as Type S to denote that steam is utilized
for the stripping gas.

For operations where steam stripping is not desir-
able, an optional flow scheme—Type N, shown in
Figure 3—is designed to use nitrogen as the stripping
gas. In this version of the PURASIV HR System, the
adsorption section is unchanged. However, a second-
ary adsorber must be added ahead of the desorption
section in order to properly condition the recycle
nitrogen stream. This is necessary because the nitro-
gen vented from the solvent separator is saturated
with hydrocarbons. Direct recycle of this saturated
nitrogen would increase the concentration of un-
desorbed hydrocarbons. This would, in turn, increase

FEED
BLOWER

RAW GAS —@

MAKE UP
NITROGEN

effluent concentrations when the adsorbent is
returned to the top adsorption tray.

The nitrogen stripping technique affords unique
advantages when removing and recovering water
soluble hydrocarbons. The process introduces no
water contamination of the recovered solvents,
except for the moisture present in the solvent laden
air. Provided the relative humidity of the incoming air
is less than 60%, solvents recovered by the Type N
System will, in most cases, contain less than 5% water
by weight.

The Type N System also offers the advantage of
reducing operating costs by using recycled nitrogen
as the stripping gas instead of using steam on a once-
through basis. Capital cost of the N version is some-
what higher, because the secondary adsorber is
required for conditioning the recycled nitrogen.

=
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Figure 3—PURASIV® HR Flow Diagram
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Proven Process Applications

There are now over forty commerecial plants in oper-
ation in Japan. A partial list of these commercial

installations is shown in Table 1. Adaptability of the installations in the U.S.

PURASIV HR System is indicated by the types of sol-

vents, range of flow rates, and influent/effluent con- cial units.

TABLE 1 « COMMERCIAL EXPERIENCE

centrations achieved in actual applications. Table 2
presents similar data on the first three commercial

Table 3 presents operating data for three commer-

1) CLOTH WASHING 700 CHLORINATED SOLVENT 3,500 100

2) DEGREASING 1,000 CHLORINATED SOLVENT 3,500 50
3) CHEM. PLANT 1,800 CHLORINATED SOLVENT 3,560 100
4) CHEM. PLANT 400 CHLORINATED SOLVENT 5,000 10
5) CHEM. PLANT 400 CHLORINATED SOLVENT 500 10
6) FILM COATING 8,500 AROMATIC SOLVENT 2,680 80
7) SURFACE COATING 4,200 THINNER 100 -
8) DEGREASING 700 CHLORINATED SOLVENT 1,000 50
9) DEGREASING 900 CHLORINATED SOLVENT 1,500 50
10) DEGREASING 900 CHLORINATED SOLVENT 1,500 50
11) DEGREASING 1,000 CHLORINATED SOLVENT 3,500 50
12) DRY CLEANING 200 CHLORINATED SOLVENT 10,000 50
13) PRINTING 6,000 AROMATIC SOLVENT 1,800 50
14) PRINTING 1,400 MIXTURE 1,450 50
15) DEGREASING 1,400 CHLORINATED SOLVENT 600 50
16) DEGREASING 2,100 CHLORINATED SOLVENT 600 50
17) DEGREASING 1,400 MIXTURE 390 40
18) ADHESIVE 29,000 AROMATIC SOLVENT 2,710 50
19) CHEM. PLANT 1,000 ALCOHOL 1,200 50
20) AUTOMOTIVE 140,000 ODOR REMOVAL 20 4
21) NYLON PLANT 8,400 CYCLOHEXANE 2,100 100
22) LAMINATOR 4,200 TOLUENE ETHYLACETATE, HEXANE 2,000 50
23) DEGREASING 11,750 CHLORINATED SOLVENT 1,500 50
TABLE 2 « COMMERCIAL PURASIV®HR SYSTEMS INSTALLED IN U.S.
Air Flow, Inlet Conc., Effluent Conc., Start-Up
Applicati cfm Solvent ppm ppm Date
Gravure Printing 78,000 Toluene 1,500 <50 1979
Automotive Top
Coat Spray 6,000 Mixture 500 <50 1979
Photographic
Film Coating 6,000 Ketone 8,000 <80 1979




TABLE 3 ¢« COMMERCIAL SYSTEMS OPERATING IN JAPAN

Unit | Unit il Unit Il
Air Flow, scfm 6,000 8,000 29,000
Solvent Type Toluene Toluene Toluene
Influent Conc., ppm 1,800 1,700 2,700
Effluent Conc., ppm 80 30 50
Solvent Recovered, Ibs/hr 200 225 1,200
Electrical Usage, kw 20 22 120
Steam Usage, Ibs/hr 200 220 1,800
Nitrogen Usage, scfh 13 17 -

This 8,000 scfm unit at a film processing plant has
been recovering about 225 Ibs/hr of toluene since 1975.
Foundation is 20’ x 20', height Is about 35°".

The unit pictured at right has been in operation since
1976, handling 6,000 scfm of exhaust air from a
gravure printing operation and recovering about 200
Ibs/hr of toluene and xylene. The unit is installed on a
15’ x 15’ foundation and is about 30’ high.




Advantages of PURASIV®HR System

Continuous Solvent Removal and Recovery

¢ Lower energy requirements—PURASIV HR Pro-
cess requires only about 25 to 30 percent of the total
energy required for a conventional fixed bed
process.

¢ Improved quality of recovered solvent—use of nitro-
gen stripping gas can substantially reduce, or com-
pletely eliminate, the capital and operating costs
associated with refining of solvents for reuse.

e Wide range of solvent boiling points—PURASIV
HR System can be operated at high desorption tem-
peratures because of the indirect heating step and is
adaptable to higher boiling solvents.
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The 6,000 scfm unit pictured at right is recovering a
mixture of solvents from an automotive top coat spray-
ing operation. The unit was installed in early 1979.
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e Mechanically simple—PURASIV HR System
requires no moving parts other than the incoming
gas blower, desorption gas blower and adsorbent air
lift blower. Cycling valves, control circuitry and
instrumentation required for the fixed bed system
are eliminated, resulting in:
ee High on-stream factors.
ee Greatly reduced maintenance costs.

e Compact size—PURASIV HR System unit requires
relatively little land space, thus permitting advan-
tageous location of solvent recovery equipment con-
venient to solvent storage or source of solvent
emissions, reducing costs of ductwork for solvent
laden air, and minimizing utility requirements.

An adhesive tape manufacturing plant has employed this
29,000 scfm unit since 1976, recovering about 1,200 Ibs/hr of
toluene. The unit is installed on a 30’ x 30’ foundation and
is about 50’ high.




PURASIV°HR FOR YOUR
PRESENT AND FUTURE NEEDS

The PURASIV Hydrocarbon Recovery System is an
innovation in activated carbon adsorption which is
geared to help you cope with rapidly escalating hydro-
carbon prices. Costs for petroleum derivatives have
already risen to the point where recovery makes
sound economic sense. The PURASIV HR System
provides additional incentives by recovering hydro-
carbons without high energy consumption and by
producing high quality recovered solvents which, in

UNION

¥\ ] ENVIRONMENTAL SYSTEMS  REGION OFFICES

Pictured left is the 70,000 scfm
PURASIV HR System recovering
2,000 Ibs./hour of gravure publication
printing solvents. The system is
installed in the United States and
went on stream in 1979.

many cases, can be directly recycled to replace expen-
sive virgin materials. The PURASIV HR system is
designed to minimize operating and maintenance
costs and provide a substantial return on your invest-
ment.

Let Union Carbide explain how PURASIV HR can
meet your solvent recovery needs. Call or write for
further information at the sales offices listed below.

UNION CARBIDE CORPORATION ¢ LINDE DIVISION
270 PARK AVENUE ¢ NEW YORK, NEW YORK 10017 TEL: 212-551-2345

EASTERN WESTERN CENTRAL

Old Saw Mill River Road One California 120 S. Riverside Plaza
Tarrytown, New York 10591 San Francisco, Calif. 94111 Chicago, lllinois 60606
Tel: 914-345-5350 Tel:415-765-1430 Tel: 312-454-2044

F-4317

Litho in U.S.A.



Happy birthday, WES!

On its 50th anniversary, the Army Waterways
Experiment Station has a number of
environmental missions to carry out. Here are some.

On June 23, 1979, the U.S. Army
Engincer Waterways Experiment
Station (WES) celebrated its 50th
anniversary. Since its founding, the
WES, located at Vicksburg, Miss., has
grown to cover 685 acres. It now has
1400 employces, and a budget, this
fiscal year, of $60 million. An in-
creasing proportion of this budget is
going toward projects related to envi-
ronmental concerns.

Stabilizing sludges

Several of the tasks now under the
purview of the WES Environmental
Laboratory involve the cffects of toxic
materials released from hazardous
wastes on local soils, and in water.
Some of the ongoing hazardous waste
disposal projects are sponsored by the
EPA’s Municipal Environmental Re-
search Laboratory (Cincinnati, Ohio),
and are directly related to regulations
promulgated under the Resource
Conservation and Recovery Act of
1976 (RCRA), and the Army’s own
pollution abatement program.

Norman Francingues, chief of the
Water Supply and Waste Treatment
Group of WES, told ES& T that one
major study underway in his group is
aimed at seeing if certain dangerous
industrial sludges can be treated to
render them insoluble and inert. The
group is evaluating commercially
marketed treatment processes for so-
lidifying and chemically stabilizing
industrial wastes. Treatment processes
applicable to wastes such as those from
electroplating, chlorine production,
calcium fluoride, and flue gas cleaning
sludges are included in this program.
Scveral reports detailing results, and
indicating applications of these tech-
niques, are in preparation.

Another significant phase of re-
search in Francingues’ charge relates
to the disposal or destruction of haz-
ardous organic wastes. Efforts con-
cerning organics are primarily part of
the Army’s mission, and not directly
related to the EPA projects. The Army
disposal operations are an outgrowth
of programs related to pollution con-
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trol at arsenals, and the destruction of
obsolete or overaged weapons. For
such “in-house” Army efforts, the
group works with the U.S. Army Toxic
and Hazardous Materials Agency,
located at Aberdeen Proving Ground,
Md.

Field investigations

Francingues and his group have
conducted a number of field investi-
gations to determine the pollution po-
tential of different types of wastes in
various geologic settings. However,
access to some sites was difficult to
obtain, and, in most cases, was re-
stricted to a single visit, in order to take
samples. Nevertheless, reports detail-
ing site surveys have been prepared for
municipal landfills, and for flue gas
desulfurization sludge disposal sites.
Also, a complete report addressing
disposal sites containing treated in-
dustrial wastes is in preparation.

With respect to approved industrial
waste disposal sites, Francingues pre-
dicted that these would be more diffi-

1041



Find, identify, measure, count and record
pollutants with Zeiss.

For all microscope techniques illus-
trated below and for many others
used in pollution analysis Zeiss has
the instrument you need.

Fully automatic camera micro-
scopes. Photomicroscope Il with
automatic flash and data recording
system for 35 mm photomicrography;
Ultraphot Illb for both fully automatic
photomicrography and photomacrog-
raphy, 35 mmand 4x5"” formats.

Inverted camera microscope ICM
405. Fully automatic, inverted camera
microscope for transmitted and re-
flected light with integrated 35 mm
and 4x5" cameras. Ultra-stable.

Standard and WL microscopes.
Exceptional versatility and Zeiss quality
optics at competitive prices,

Universal microscope. The most
universal microscope for routine and
research applications. The automatic
attachment camera MC 63 takes
35 mm or 4x5" (including Polaroid"),
and provides highly resolved, excep-
tionally bright images.

Stereo and dissecting micro-
scopes. High resolution, flat field, long
working distances.

Specimen-saving transmission
electron microscope EM 109. New
high-performance (344A) EM,
instantly ready for use. Three unique
innovations: outside-the-vacuum
camera system, specimen-saving
focusing system, ultra-clean vacuum
system.

Nationwide Service.

The great name in optics

West Germany

CIRCLE 15 ON READER SERVICE CARD

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018 (212) 730-4400. Branches: Atlanta. Boston. Chicago. Houston. Los Angeles
San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive, Don Mills, Ontario, M3B 2S6. Or call (416) 449-4660

4: Fly ash. C of slightly
. polarizers and reflected light 35x.

' Photos 1, 2, 3,4, and 6 by John G. Delly, Senior

5: Fly ash. Nomarski Differential Interference
Contrast 620x.

McCrone

6: Di residue. Fi 90x.

Cornell L

Photo 5 by Dr. Robert F. Smith, Director of Biomedical Communications, New York State College of y



cult to establish, if regulations under
RCRA, as presently proposed, are fi-
nalized. ES& T asked about possibili-
ties of retrofitting unsatisfactory sites,
so that they may comply with RCRA
requirements. WES research geologist
Phil Malone answered, “How, for in-
stance, would you install a 10-ft thick
impermeable clay liner under an ex-
isting, operating landfill?” He and

Norman Francingues
evaluating hazardous waste methods

Francingues discussed the idea that
impermeable, solidified sludge might
be used in place of a clay liner under a
waste landfill. However, they con-
cluded that a great deal more testing
and development would be needed
before this approach could be consid-
ered as being proven.

Bioavailability of toxics

The Dredged Material Research
Program (DMRP, ES&T, April 1976,
p 327) was successfully completed in
March 1978. Work is now being di-
rected toward applying lessons learned
from the DMRP, and formulating
dredged material disposal guidelines
that are technically sound. Also, in the
future, these guidelines under the
Clean Water Act of 1977 may be in-
fluenced by provisions of the Toxic
Substances Control Act (TSCA) and
RCRA, as well, WES scientist Rich-
ard Peddicord told ES&T.

Richard Peddicord
a bioavailability study

Simulation. A miniature wetland

With respect to toxic and hazardous
pollutants in estuarine, marine, and
wetlands areas, the focus of concern
may be shifting from mere chemical
presence to actual bioavailability,
Peddicord said. However, it might be,
he noted, that the environmental ef-
fects of such pollutants present could
be mitigated by sorption on sediments,
or reactions with naturally occurring
materials, for example.

Peddicord explained that data in-
dicate that contaminants dissolved in
interstitial water, or otherwise loosely
associated with sediment particles,
may be elutriated. They can then be
measured in samples of elutriating
water by appropriate analytical
methods.

Such contaminants may, in some
cases, be bioavailable, and could then,
conceivably, accumulate in the food
chain. Bioassays could determine
whether that is or is not occurring. On
the other hand, if a contaminant be-
comes tightly bound to or incorporated
in the sediment, it may not be elut-
riated, and, thus, would not be bio-
available.

What is a wetland?

As mentioned earlier, the DMRP
has been completed. Yet, in a way,
dredged material research of some
kind must continue, since the Army
Corps of Engineers retains responsi-
bility for dredged materials, wetlands,
and the like. “The National Environ-
mental Policy Act and the Clean
Water Act require continued input
from the Corps in these areas,” Bo
Smith of WES’ Environmental Re-
sources Division reminded ES&T.

But just what is a wetland? Answers
to this question have been fiercely de-
bated. However, Smith quoted the

Corps’ definition, which is: “Areas
saturated or inundated by ground or
surface water, at a frequency and du-
ration sufficient to support, and, that
under normal circumstances, do sup-
port a prevalence of vegetation typi-
cally adapted for life in saturated soil
conditions.”

Smith also explained that despite
various amendments, as set forth in the
Clean Water Act of 1977, the dis-
charge of dredged or fill materials on
wetlands remains under the jurisdic-
tional responsibility of the Corps.
Presently, WES is cooperating with
researchers to aid in the technical
definition of jurisdictional boundaries.
Smith noted that the rationale of
*“404” jurisdiction of wetlands remains
valid, among other reasons, because
such lands “are an important part of
the hydrologic cycle.”

Many activities

Environmental activities, many and
varied though they may be, are only a
part of WES’ mission. Other work
there includes research in hydraulics,
soils, mobility, blast effects, and con-
struction materials. For example, scale
models of various dam or lock struc-
tures, and their surrounding waters,
along the Mississippi River or its
principal tributaries, are made, in
order to determine optimum configu-
ration. In another area of the station,
explosive effects on structures are
evaluated.

So, in many ways, WES is a unique
installation for military and civil
works, including environmental stud-
ics. A visit there is definitely worth-
while. ES&T extends to WES con-
gratulations on the occasion of its 50th
anniversary, and best wishes for the
next half-century. JJ
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Pulse the precipitator . . .

... With a recently developed system to enhance its
efficiency to collect high resistivity fly ash

Research-Cottrell  (Somerville,
N.J.) and High Voltage Engineering
Corp. (Burlington, Mass.) have an-
nounced a major improvement in
clectrostatic precipitator technology.
They spent nearly $2.3 million over a
S-year period to develop what they call
a pulse “‘energization” system. They
claim that it “enhances the perfor-
mance of precipitators under a wide
range of operating conditions,” and is
cost competitive with baghouses.

The concept is not new. Research-

Cottrell has worked on pulse energiz-
ing systems since the late 1940’s, as has
its major competitors. Until now,
however, the hardware needed to
translate theory into practice was too
primitive. With the development of a
rcliable all-electronic pulse system, a
full-scale prototype, and then com-
mercial units, could be placed in op-
cration.

At a June 20th press briefing, Re-
scarch-Cottrell’s president Dennis
Carlton-Jones said: “We look to pulse

energization as a means of increasing
the precipitator share of the particulate
control market for new equipment.
Additionally, we see the development
of an immediate short-term retrofit
market due to the system’s ability to
significantly improve the performance
of existing precipitators handling
particulate emissions from low and
medium sulfur coals.”

At the same briefing, the company
also announced the receipt of its first
order, for $5.6 million, from an un-

Electrostatic precipitator

with pulse energizing system

Drivers

Damper
resistors
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Power
supply
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named southeastern electric utility to
retrofit and upgrade two existing pre-
cipitators to 99.3% efficiency. (The
pulser systems alone cost $2.3 mil-
lion.)

How it works

The reason existing units can be
retrofitted is that the pulse energizing
system—a pulse power supply, a driver
unit consisting of charging and cou-
pling capacitors, an electronic switch,
air-cooled driver and coupling resis-
tors, and controls—is merely coupled
to the existing precipitator energizing
system with no mechanical changes
made to the precipitator itself. The
added system superimposes high-fre-
quency pulses of short duration on the
normal negative 60-cycle energizing
voltage wave form.

The addition of high-frequency
pulses to the normal base wave form
results in higher instantaneous peak
electrical fields, more effective particle
charging and, therefore, more effec-
tive particle collection. The pulse en-
ergizing system increases the so-called
enhancement factor—the ratio of
pulsed to unpulsed effective migration
(or particle collection) velocities. As
the enhancement factor increases, the
size of the precipitator required to do
a given job decreases.

Until the pulse energizing system
was developed, SO; conditioning was
the only logical alternative to condi-
tioning high-resistivity ashes produced
from low-sulfur coal. Fortunately, the
enhancement factor appears to share

a direct relationship with ash resistiv-
ity: as ash resistivity increases so does
the enhancement factor.

Thus, a precipitator requiring a
specific collecting area (SCA) of 600
could be sized at 300 SCA with a pulse
energizing system that had an en-
hancement factor of 2. Enhancement

R-C’s Dennis Carlton-Jones
a means of increasing market share

factors in this range (1.22-2.09) were
achieved at one of Research-Cottrell’s
testing facilities, a 35-MW coal-fired
boiler at the Perry K. Station of Indi-
anapolis Power & Light Co., which
provides steam to downtown India-
napolis, Ind.

At this installation, coal with sulfur
content varying from 0.6-1.2% was
burned; ash resistivity ranged from 5
X 10'0t0 5 X 10'! ohm-cm, and en-
hancement factors of 1.22-2.09 were
achieved. Stack opacity was reduced
by 50% during one burn.

This performance was achieved with
a simple and, according to Research-
Cottrell, reliable pulser system that
utilizes a gas submerged pulse gap at
relatively low-pulse-repetition rates.
And according to Research-Cottrell,
this is not a “minor hardware im-
provement,” but one which makes all
precipitators more reliable and cost-
effective.

Implications

The Electric Power Research In-
stitute (EPRI), a utility-sponsored
organization, is taking a “wait-and-
see” attitude until independent tests
corroborate Research-Cottrell’s find-
ings. EPRI and Research-Cottrell are
now negotiating a joint testing/eval-
uation program, which may take place
early next year at that unnamed
southeastern utility.

EPRI’s Walter Piulle, project
manager, air quality control for fossil
fuel power systems, told ES&T that
should the independent evaluation
confirm Research-Cottrell’s claims,
the pulser system would indeed be “a
major contribution to the improvement
of electrostatic precipitators.”

Indeed it would. The pulse energiz-
ing system would then release the yoke
that binds precipitator performance to
fuel composition and operating tem-
peratures, parameters that determine
ash resistivity. Furthermore, because
the system increases collection effi-
ciency, the size of precipitators can be
reduced, with obvious savings in capi-
tal and operating expenses. LRE

Sets of air facts

Attendees at the APCA (Air Pollution Control Association)
meeting hear the clarion call for resolution of data sets

Why, O why O, did it ever leave
Ohio? After an absence of 29 years,
APCA held its 72nd annual meeting in
Cincinnati. Today, Steubenville, Ohio,
once one of the dirtiest cities in the
U.S., has reportedly reduced its levels
of particulate matter 55% and of sulfur
dioxide 33%. Further, legislation is
being prepared to introduce a trans-
portation 1&M (inspection and
maintenance) program in the state.

What’s more, there is a new nuclear
plant going in at Moscow, Ohio.
Sen. Gary Hart, chairman of the
National Commission on Air Quality,
said, in his speech at the meeting,
“Everybody wants clean air, but people
disagree sharply over almost every
single policy issue.” He explained that
people disagree on policy questions
largely because they do not agree on
the facts in debate. For example, he
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noted that there is no consensus on
such basic questions as:

o What levels of pollution endanger
public health?

o Does technology exist to cut
emissions a certain amount?

« How does pollution control affect
the economy?

The problem is not a lack of infor-
mation. Indeed, it often seems that
every group has its own complete set of
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facts. The problem is the conflict
among all the “facts” in the debate.

Growth issue

In his keynote address, R. W. Bald-
win, president of the Gulf Oil Refining
and Marketing Company, said that
growth and clean air are what this
meeting is all about. Baldwin said,
“Some aspects of air pollution control
are getting in the way of growth, and
in very real terms, this country is dying

“as a result of that.”

He reminded the attendees that the
expressed intent of the Congress in
passing the Clean Air Act of 1970 was,
“To protect and enhance the quality of
the nation’s air resources so as to pro-
mote the public health and welfare and
the productivity of its population.” In
his view, it is necessary to note that cost
is one of the ways in which one mea-
sures productivity. He noted that
during the 1950-73 period, U.S. pro-
ductivity grew at an average annual
rate of 2.7%. Since 1973, that rate of
growth has fallen by one-half. “Last
year it hit an abysmal 0.4%,” Baldwin
said.

He said that studies have shown that
in 1975 alone, environmental control
costs reduced our potential growth in
output from existing capital and labor
by more than 11%. “Within the last
decade, more than 30 refinery projects
have been announced at various loca-
tions on the East Coast,” Baldwin said.
“Primarily because of environmental
concerns, none has been built. There
has not been a new refinery brought
on-stream on the East Coast since
1956.

“Regulations have been developed
by the EPA and DOE which could
delay start-up of new construction by
close to five years,” Baldwin contin-
ued. “We are already seeing the be-
ginning of project cancellations be-
cause certain areas are so locked-up by
regulations. Dow Chemical, for in-
stance, has decided to build a major
petrochemical plant in Saudi Arabia,
since—after two years and $40 mil-
lion—permission to build a similar
facility in Northern California was
denied . . . even though the local pol-
lution control authorities conceded
that the company’s initial plans called
for just about the cleanest plant of its
type.

*“I think the fundamental challenge
to economic growth emerges from the
act itself and, therefore, correction is
a Congressional responsibility. One
cannot imagine the House and the
Senate setting out to consciously harm
the American economy. These things
are done as a by-product of single-
purpose legislation which fails to take
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into account the impact of other na-
tional aims and goals,” Baldwin said.

In conclusion, he noted that he
would recommend that the APCA
prepare some appropriate recom-
mendations to the National Commis-
sion on Air Quality on the effects of the
Act on industry.

Gathering data

As Chairman of the National
Commission on Air Quality, Sen. Hart
noted that one of the prime efforts of
the Commission is to resolve some of
the conflicting facts and arguments
about air quality. Having adopted its
official study plan on June 22, the
Friday before the APCA meeting, the
Commission aims to give to the Con-
gress and to the public fair, balanced,
and accurate information on air pol-
lution and our efforts to control it. Its
first report is due next August.

Keynoter Baldwin

concerned with effects of
the Act on industry

4

Commission’s Sen. Hart
resolving conflicting facts
about air quality

A case in point is the recent contro-
versy over new standards for power
plants (ES&T, February 1979, p 172).
“Some environmentalists argued for
95% pollution reduction, saying ‘wet
scrubbers’ have been proven to remove
that much pollution,” the senator says.
“Some coal companies argued for a
35% standard, saying that it is impos-
sible to do better with proven technol-

ogy. Different groups of people push
very different policies, presenting very
different representations of the facts,”
Sen. Hart explains.

For John Q. Public, of course, bil-

lions of dollars and billions of tons of

pollution are at stake. Indeed, the de-
sire for better information was a major
reason that Congress created a special
commission.

The Commission will have served a
major purpose if it does nothing more
than compile and evaluate informa-
tion, according to Sen. Hart. Also it
can help in another way. That is to
suggest to the Congress how to im-
prove air quality with less regulatory
burden and frustration.

Prognosis

The public continues to support
better air quality but is rebelling
against inefficient government regu-
lation. Everywhere Sen. Hart goes he
says he meets people frustrated with
government regulations. It’s true that
the clean air program is the single most
expensive regulatory program. CEQ
says this nation will spend over $213
billion between 1977 and 1986 meeting
clean air standards. But the Clean Air
Act has made a major difference, ac-
cording to the senator. “Over 90% of
our factories are complying with air
pollution standards,” Sen. Hart says.
“Pollution from individual cars has
been reduced substantially. Still, these
changes have just kept pollution from
getting worse, rather than leading to
actual improvements.”

How far have we come on this road
to clean air? EPA’s measurements
confirm how little progress we have
made. The senator said, “Four of the
five major regulated pollutants have
been reduced. But only one of the na-
tion’s 102 largest cities has healthy air.
A new study shows visibility has de-
clined 10-40% across the nation.”

At the bottom line, a major chal-
lenge during the next Congressional
review of the Clean Air Act will be to
satisfy both of these popular demands:
clean air and less burdensome regula-
tions.

Another challenge is finding out
how best to increase production of coal
and other domestic energy resources
while preserving air quality. For ex-
ample, the Commission will study how
the new provisions to protect clean air
regions affect power plant siting and
construction. So far, Sen. Hart said,
“EPA has approved 74 new permits for
coal-fired plants in clean air regions,
while rejecting only two. This early
record strongly suggests the law does
not inhibit energy production.”

SSM



ANOTHER FIRST FROM SIERRA —

A choice of
Automatic or Manual
Dichotomous Samplers

Model 245
- =~ NEWAUTOMATIC
DICHOTOMOUS SAMPLER
b
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ISIERER

Sierra’s field-proven Model 244 is
recognized and accepted as today'’s leading
particulate sampling instrument.

Model 244
DICHOTOMOUS SAMPLER

The #1 preferred method
forinhalable Particulate

L ORI TCO TN EAETS VY

Now, Sierra Instruments introduces the new Model 245 Au-
tomatic Dichotomous Sampler. Based on EPA designs, the
new 245 has automated filter changing, providing unat-
tended operation for weeks or months. Its versatile digital
programmer precisely controls sampling and filter indexing
and handles AC power failure up to ten days. The 245 pro-
vides automatic indexing if filter over-loading occurs and
gives a hard-copy record of both sampling time and flow
rate. The Model 245 design is light in weight and two-

modular allowing complete portability for field use.

Developed by EPA, Sierra’s Model 244 samples inhalable
particulates smaller than 15 microns and by means of the
virtual impaction principle, further fractionates the sample
into “fine” respirable particulates smaller than 2.5 microns
and “coarse” particles between 2.5 and 15 microns. The
two fractions are collected uniformly on 37mm teflon filters
—ideal for gravimeteric or x-ray fluorescence analysis.
Hundreds of Sierra 244's are now operating reliably in the
field. Pioneered, engineered, and manufactured by Sierra
Instruments, Inc.

PO. BOX 909, CARMEL VALLEY, CA. 93924/ (408) 659-3177
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o HIGH SPEED PUMP e REPRESENTATIVE e
saMbLEs » nepeaTabLE sanmie voLomes 1Rugged, Reliable
¢ LARGE ID sample lines « LONG TUBING LIFE

¢ ADJUSTABLE LENGTH pre and post sample purge

o QUARTZ CRYSTAL controlled timer » FLOW wastew t r
PROPORTIONAL s MULTIPLEXER  DIGITAL 3

READOUT indicating time remaining to next sample
¢ AUTOMATIC SHUT-DOWN with completed
sampling ® 5% DAY BATTERY OPERATION

¢ SLIDE-OUT ELECTRONICS CHASSIS and plug-in
circuit boards ¢« COMBINATION COMPOSITE/24
BOTTLE UNITS e 3-SIDED WRAP AROUND ICE
COMPARTMENT e WATERTIGHT, HIGH-IMPACT
ABS SAMPLER CASE e SEALED ELECTRONICS
ENCLOSURE e SEALED SWITCHES e GASKETED
CLEAR SWITCH COVER e ALL STAINLESS
HARDWARE ¢ PORTABLE OR STATIONARY
refrigerated models ¢ NUMEROUS OPTIONS

AND ACCESSORIES.

S/IGMA MOTOR

... Simply Superior
275 Elizabeth St. Middleport, N.Y. 14105 « (716) 735-3616

CIRCLE 12 ON READER SERVICE CARD

Atmospheric Scientist &
Environmental Systems Engineer

Argonne National Laboratory will offer stimulating challenges to scientists with records of
accomplishment in the areas listed below. Selected candidates can also expect fully commensurate

compensation package and solid potential for professional recognition and career growth.

Atmospheric Scientist

Provide an increasing level of management support in
the development of innovative methodologies — with
Argonne. Involvement will span air quality analysis of
near, intermediate, and far term energy supply and
demand projections; comparative analysis of alterna-
tive energy technologies; data base development; and
evaluation of federal air quality policies and legislation.

Position requires PhD or equivalent and at least 5
years of technical experience in the characterization of
atmospheric residuals — preferably related to. energy
production facilities. Other essentials include a knowl-
edge of atmospheric dispersion models and their appli-
cation . . . regulatory requirements for existing and
new point sources . . . and socioeconomic issues affect-
ing the energy planning process. Write Box 7701.

Environmental Systems Engineer

Assume a lead technical role and substantial manage-
ment responsibilities with Argonne. Technical involve-
ment will span comparative policy assessments and
the development of new data bases and innovative
analysis tools. Special program areas include energy
and air pollution tradeoffs, air quality impacts of new
technologies/controls and federal regulations, and
potential impacts of alternative energy technologies.

Position requires MS or PhD in ME, ChE, CE, Environ-
mental Engineering, Physics or Chemistry and pro-
gressively more responsible management experience
in programs emphasizing air quality. Excellent commu-
nication skills and the proven ability to direct the work
of professional personnel and maintain effective rela-
tionships with program sponsors also essential. Back-
ground in air quality aspects of toxic substances would
be a definite asset. Write Box 7710.

Send resume and salary history to: Mr. Walter McFall,

(appropriate box #) Argonne National Laboratory, 9700

So. Cass Avenue, Argonne, IL 60439.

An Equal Opportunity Employer, m/f
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PSD regulations: the final round?

Sanford E. Gaines
ERT, Concord, MA

A little over a year ago, the EPA
published final regulations for pre-
construction review of major new or
modified sources under the prevention
of significant deterioration (PSD)
provisions of the 1977 Clean Air Act
Amendments (Fed. Regist., 43,26380,
June 19, 1978). Industrial groups and
environmentalists promptly petitioned
for judicial review; briefs were pre-
pared and the case argued on an ex-
pedited schedule.

In June, the Federal Court of Ap-
peals for the District of Columbia
Circuit announced its preliminary
decision in which it invalidates or
questions many of EPA’s regulations
(Alabama Power Co. vs. Costle, June
18, 1979). Thus, yet another period of
open debate and administrative deci-
sion making lies ahead, and persons
working with the PSD program face
continued uncertainty about what the
law requires.

In the ensuing months, be alert both
for changes in the operation of the
PSD program and for opportunities to
participate in revising the regs.

Key provisions affected

Among the plethora of issues the
PSD litigation raised, several of gen-
eral significance merit mention. Only
*“major” sources are subject to pre-
construction review, and the Act de-
fines “major” sources in terms of their
*potential to emit” certain amounts of
pollutants.

The court held that the potential to
emit should be calculated after ac-
counting for the effect of the air pol-
lution controls incorporated in the
plant design. Since EPA’s rules had
ignored the effect of these controls, this

will substantially reduce the number
of smaller sources needing permits. In
the case of a modification to an exist-
ing facility, the court adopted a strict
reading that a modification causing
any net increase in emissions must be
reviewed.

The rigor of this requirement is
softened by another part of the opinion
stating that any reductions in emis-
sions at other points in the source may
be offset against the emissions from
the modification in determining the net
increase in emissions. If there is no net
increase, no PSD review is needed.

Although the court’s decision re-
duces the number of sources subject to
PSD review, it significantly broadens
the scope of that review. In repeated
statements, the court declared that the
PSD review should embrace the
emissions of any amount of any pol-
lutant regulated by the Clean Air Act.
This includes hazardous air pollutants
(e.g., benzene) and pollutants that may
be regulated in one or another new
source performance standard (e.g.,
total reduced sulfur), as well as the
criteria pollutants.

Two corollaries follow:

o Pre-application ambient air
quality monitoring should be per-
formed for all pollutants.

o The applicant must define best
available technology (BACT) for all
pollutants.

On other issues of general signifi-
cance, the court approved EPA’s
modeling guidelines, its rules on ad-
justments for tall stacks, and its in-
terpretation of PSD increments as
absolute ceilings. The court remanded
EPA’s definition of “source” but ad-
vised EPA that the new definition
could legitimately include “common
sense industrial groupings.” The court
also remanded the rules for applying
the PSD program to surface mines and
other sources of fugitive dust, but
supported EPA’s fundamental au-
thority to regulate such sources.

EPA has the next move

The constitutional limits on the au-
thority of the judiciary compelled the
court to remand the invalidated por-
tions of the regulations to EPA to re-
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consider in the light of the court’s
opinion. Where the court’s opinion is
specific EPA has little choice, but
many of the holdings will require new
exercises of agency discretion.

Pre-application monitoring re-
quirements are one example. The court
says the Act requires monitoring of all
pollutants, but EPA may find that
there is no method for monitoring
some pollutants, or that the amount of
emissions from some plants is so small
that monitoring is meaningless.

To sort out all these issues will take
time. Some of them, like monitoring,
present new policy choices calling for
complex technical and policy judg-
ments. Once EPA has formulated
policy proposals internally, the im-
portant but time-consuming procedure
of published proposal, hearings, com-
ments, and final rule making ensues. It
will be late this year or early 1980 at
least before EPA will adopt final reg-
ulations in response to the court’s de-
cision.

Problems of transition

At EPA’s request, the court stayed
the effect of its preliminarydecision,
leaving EPA’s existing regulations in
force. Until further notice, EPA will
continue to process PSD applications
under the existing regulations. How-
cver, because the court may decide to
make some parts of its decision ret-
roactively effective the PSD permits
now contain a warning that they are
subject to modification.

A major area of uncertainty is how
the court’s decision will affect state
PSD programs. Most states have al-
ready devised PSD review programs in
keeping with the existing regulations,
and EPA was prepared to turn over the
PSD program to the states. Must the
states now rewrite their rules, too?
May EPA approve state PSD pro-
grams that satisfy the existing regu-
lations? No answers to these questions
have yet emerged. To compound the
confusion, most of these state pro-
grams are already in full force and ef-
fect as a matter of state law. Sources
may thus be subject to both state and
federal PSD reviews, which may im-
pose inconsistent requirements.
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The market for water
management chemicals

Here is a look at what it consists of, what its present trends
are, and which way it could go in the next several years

Andrew C. Gross
ACG, Cleveland State University,
and Predicasts, Inc.
Cleveland, Ohio 44106

The use of chemicals in treating
potable, internal, and waste water is
favored by several factors, including
economic, technical, and political
considerations. Indeed, on net balance,
one can argue that chemical treatment
is an attractive proposition, when
compared to capital expansion. Table
1 shows capital and operating costs for
selected population and plant sizes as
of 1977-78. Depending on these fac-
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tors, level of treatment desired, and
other conditions, cost of cleanup will
vary from under 10¢/1000 gal to over
$2/gal, truly a wide range.

There are also major cost variations
among industries, and even within an
industry, depending on pollutants,
local rules, and so on. In the pulp and
paper industry, for example, the acti-
vated sludge process is about three
times as costly as lagoon aeration per
1000 gal handled, and per Ib of BOD
removal. Scale of plant is significant,
and costs per gal of a 1-mgd facility
might be twice that of a 100-mgd unit.
However, the economies of scale are
not as significant, as the size of the
plant increases.

Primary physical treatment is
cheaper than secondary chemical and
biological treatment. But advanced
water treatment (AWT), such as re-
verse osmosis and electrodialysis, is
currently very expensive. Typical costs
per 1000 gal at a large facility are as
follows:

¢ primary treatment—=8-10¢

¢ sccondary treatment—10-20¢

o tertiary treatment—12-25¢

e quaternary treatment—25-85¢.

Feature articles in ES&T have by-lines, rep-
resent the views of the authors, and are edited
hy the Washington staff. If you are interested
inl contributing an article, contact the managing
editor.
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Since secondary treatment follows
primary, and so on, costs are cumula-
tive. Thus, costs of complete treatment
would range from 55¢, minimum, to
$1.40 or more per 1000 gal. In addi-
tion, sludge disposal costs are esti-
mated at anywhere from 3 to 95¢ per
1000 gal treated.

Nature of the industry

The water treatment chemical in-
dustry is highly fragmented and highly
diversified. Hundreds of manufactur-
ers are involved in selling bulk and
specialty chemicals for incoming, in-
ternal, and outgoing water treatment.
However, only a handful of companies
derive a significant share of their
business from the sale of chemicals for
such end uses.

Companies selling chemicals must
keep in mind that their markets are
also highly fragmented. The most
frequent division is that between mu-
nicipal and industrial markets. Also,
there are further variations within
each, in terms of size of installation,
nature of industry or operation, pol-

lution problems, incoming water
quality, and the like. It is possible to
identify yet other markets, for exam-
ple, households and farms. Suffice it to
say that manufacturers face a difficult
problem in locating, capturing, and
retaining major users. However, once
such markets are found, it is possible
to build loyalty by providing consulting
and maintenance services.

Successful operation in this industry
requires the following two major con-
ditions:

o experienced scientific, technical,
managerial, and sales personnel to
satisfy both users and regulating au-
thorities

 a systems approach to marketing,
with due recognition of the importance
of “software” and services.

Types of companies

Many large-, medium-, and small-
sized firms make up the water treat-
ment chemical industry. While the
majority of such firms are listed in
“SIC 28—Chemical and Allied In-
dustry,” there is good representation

from other major industries, such as
“SIC 35—Non-Electrical Machin-
ery.” Five major types of organizations
can be distinguished; this classification
is based on a combination of corporate
size, “market reach,” product line, and
ownership.

First, there is the family of very
large manufacturers, those with sales
in excess of $1.5 billion. These giants
of the field are well-known: Allied
Chemical, American Cyanamid,
Borden, Celanese, Dow, DuPont, W.
R. Grace, Hercules, Monsanto, Olin,
PPG, and Union Carbide. However,
profit margins for these companies
eroded from 1974 to 1977, mostly be-
cause of global economic problems.

These firms, while well-diversified,
tend to engage in the manufacture of
bulk, rather than specialty chemicals.
Nevertheless, some of them are be-
ginning to pursue segments of the
water treatment market. Consider
these two examples: Hercules now of-
fers a line of flocculants, biocides, and
internal water preparations, and also
designs advanced waste treatment

Use of chemicals for wastewm : treatment.
~ Some posmve factors... :

. Chemlcals areoften oost-effectwe when compared
t0 the cost of land, labor, and capxtal—~all needed when

- the choice is that of equ!pment Users have also recog-
 nized that it may be wiser to spend on current account
~when capital funds are in short supply, when interest
 rates are high, or when innovation is fast changing the

industrial processes utilized in a given plant.

e Although prices of chemicals rose sharply during
 1973-75, they appear to have levelled off, and current

- price increases do not exceed the rate of increase for

‘equipment. Furthermore, substitution poss;blhtles en-
;jcourage mteroompmmd competition. 7
e Use of water treatment chemicals can result in
: 'jsubstantxal fuel savings, especially in the case of internal

 water treatment. The thrust of energycosts is the single
- for cleaning water, when these very same chemicals can

' most significant factor on the market for water treatment
chemicals. Plant engineers are recognizing, contrary to

,prevxously held beliefs, that. energy and environment are /.
¢ ~ also for aluminum sulfate and ferric chloride.

{ her than enemies, in mflatmnary times.
e There is increased per capita consumption of water.

' There is also increased demand for high-quality water.

The use of chemicals is a factor in both trends,

o Increasingly tighter effluent standards require
nontoxic wastewater, reduction of sludge, and the like,

_ all of which necessitate greater use of chemicals.

o Despite some populatlon movement to rural areas,
this country remains an urban one. Ground water must.
be conservative in urban, suburban, and rural areas.

Thus, increased rehance on treated rather than well
. water can be expected.

~» Manufacturers of watef treatment chemlcals are
; wnllmg and able to spend research /development doﬂars,

for new, more effective compounds. The rate of inno-
vation in this area seems as good as that in the equipment
field. :

... and some negative factors

o A definite trend exists in industry toward recycling,

. that is, reclaiming and reusing water, with the result that

less chemical dosage will be needed. However, while such

_ internal water remains relatively clean, it must still be
 treated chemically, and partially replaced in order to

prevent scale and corrosion.
o Prices of chemlcals, especially orgamc chemicals,
have risen sharply; some increases during 1973-75 were

~ on the order of 100%, 200%, or even more. In such in-
- stances, users will seek cheaper substitutes, or -even

eliminate certain production lines.
o There s a definite concern about using chemicals

be, or are, classified as pollutants. This is especially true
in the case of complex organic compounds, but is the case

o In order to save energy or avoid cleanup costs, some
companies are shifting to new facilities with bullt-m
pollution control equipment, and with built-in water
conservation features.

. Although commercial office building construction
will continue to increase at the rate of about 4% per year
in constant dollar terms, more efficient air-conditioning. -

_ systems will be designed, thereby slightly reducing the

need for cooling water compounds.
o Federal grants, managerial attitudes, and con-

sulting engineers’ fees still tend to favor capital-intensive

projects at the expense of operatmg or current accounts.
Thls s1tuanon is changmg—slowly, but percepnbly
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lson of capital and operating costs for seleg:teﬁ
ater treatment alternatives, 1977-78 —

Capital costs? Operating costs®
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= clarification, B = clarification and aerat-on
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iter Treatment, Gary F. Bennett, Ed., A

primarily on Stacy L. Daniels et al., in Warer——1$76 Physical, Chemical

institute of Gl New York,

ns with pol

and adjus!ed for population and plant sizes shown here by the author, based on con-

and industrial authorities.

control ysts and

systems, including a dewatering/in-
cineration unit. A multinational firm,
Hercules, in the 1970’s, acquired
Oceanchem, Kedea AB, and Genu
Products, all outside the U.S.

Olin, a diversified manufacturer
offering many basic chemicals, estab-
lished a Water Services Division that
is recording sharply rising sales and
income figures. Key products offered
include chlorine dioxide, catalyzed
hydrazine, and swimming pool chem-
icals.

The second group consists of me-
dium-sized chemical manufacturers,
those in the $20 million-$1.5 billion
sales volume range. Included in this
group are both general and specialty
manufacturers. Examples of the for-
mer are Air Products and Chemicals,
Morton-Norwich Products, and
Pennwalt.

Take Pennwalt as an example: Its
product line falls into three major
categories—chemicals, health-related
products, and specialized equipment.
It offers a broad range of chemicals;
those items with applications in water
treatment include caustic soda, chlo-
rine, activated carbon, and organic
coagulants. The production of calcium
hypochlorite has just been discontin-
ued because of lack of profitability.
Pennwalt offers a water pollution
control equipment line ranging from
pumps and chemical feeders to cen-
trifuges and flow meters. Its operations
are carried out in 97 plants located
across the U.S. and 18 other
countries.

“Handholding” is wise

The specialty manufacturers in this
second category can be further subdi-
vided into two groups—those with
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heavy emphasis on chemicals intended
for water and wastewater treatment
and those who stress their lines of
cleaning-sanitizing chemicals. The
former group encompasses the family
that was affectionately labeled the
“Big Six Pack” (ES&T, May 1974, p
414). They are: Betz Laboratories;
Chemed, 90% owned by W. R. Grace;
Mogul, recently acquired by Dexter;
Nalco Chemical; the Calgon division
of the giant pharmaceutical company,
Merck; and U.S. Filter with its Drew
Chemical Division.

The “maintenance chemical firms”
are represented by Economics Labo-
ratory and Diversey, which was bought
by Molson Breweries of Canada. They
have a definite interest in pollution
control chemicals, and it would not be
surprising to see them pursuing this
market more aggressively. As a gen-
eral rule, specialty chemical makers
show a higher rate of return on sales
than do the multibillion-dollar firms.
Close attention to the problems of
clients, coupled with a systems ap-
proach, has developed strong loyalty
among their customers. “Handhold-
ing” is a good rule—for example,
Mogul even assists clients in filling out
forms to meet regulations.

The third category consists of
manufacturers from other industries,
especially machinery and equipment
makers, for whom the decision to enter
the water/wastewater treatment
chemical field was a natural diversifi-
cation. Examples are Clow, Eagle-
Picher, and General Signal.

Eagle-Picher’s diatomaceous earth
filter-aids are widely used for high
purity applications. Clow, best known
for its cast iron, plastic, and vitrified
clay pipes, is the parent firm of Vulcan

laboratories, maker of cooling water
and related compounds.

Some other major companies, such
as General Refractories, Petrolite, and
Westvaco, have chosen to enter the
market with a single product, in some
cases with multiple and even unrelated
products. A good example is West-
vaco—a paper and packaging products
firm—which is the leading producer of
activated carbon, with its 4 million
Ib/y capacity. Should the Environ-
mental Protection Agency (EPA) in-
sist that all drinking water be carbon
filtered, Westvaco would reap signifi-
cant benefits.

The fourth category consists of
small chemical companies, those with
sales of about $1-20 million. These
firms usually specialize in a group of
related chemicals, such as boiler feed,
water softening, or swimming pool
products. Most of these firms function
in the area of internal water prepara-
tions, and many tend to be privately
owned. Examples are Alken-Murray,
Mitco, and Garratt-Callahan.

Alken-Murray appears to be a re-
gional firm, operating chiefly on the
East Coast and in the Midwest. On the
other hand, Garratt-Callahan operates
plants in California, Texas, Illinois,
and Georgia, and maintains at least
one technical sales representative in
each state.

The fifth category is a new one—it
consists of foreign companies that have
entered the U.S. water treatment
chemical market in increasing num-
bers during the mid- and late 1970’s,
often through the acquisition route.
Examples are Lonza AG of Basel,
Switzerland; Imperial Chemical In-
dustries, purchaser of Atlas Chemical,
an activated carbon manufacturer;
Norit NV of the Netherlands; Mitsu-
bishi Chemical; and, as mentioned al-
ready, Molson Breweries of Canada,
buyer of Diversey. U.S. firms can ex-
pect competition in the future from
these and other German, Swiss, Brit-
ish, French, and Japanese organiza-
tions.

Size doesn’t assure profits

In the water management industry,
size alone is no assurance of high
profits. Both large and small com-
panies can have poor performance
records. Indications are, however, that
the best profit records continue to be
shown by medium-sized firms. Those
firms are large enough to operate
under a systems approach and with a
well-trained research and sales staff,
yet small enough to specialize and
carve out selected segments of the total
market, be it by geographic area, type
of compound, or type of client.



There are contrasting trends at any
given time in the water treatment
chemical industry; some firms enter,
others leave. Some drop product lines,
while others add new ones. There
is a trend toward discontinuing un-
profitable basic chemicals. For in-
stance, Diamond Shamrock stopped
making soda ash (synthetic soda gave
way to the natural deposits from
Wyoming).

Mergers and acquisitions have been
taking place in this field at a rate equal
to that of other segments of the
chemical industry, or U.S. industry in
general. Within the past 2 years, one
could read about the following mergers
(with acquiring company listed first):
Beatrice Foods—Culligan Interna-
tional; Dexter—Mogul; Essex Chem-
ical—Racon; Kennecott—Carborun-
dum; and Molson Breweries—Diver-
sey. Most recently, BOC International

of England claimed “full indirect
ownership” of Airco, and Pennwalt
purchased Barnebey-Cheney.

Table 2 shows a list of selected large,
medium, and small firms whose prod-
uct line includes both bulk and spe-
cialty chemicals for the treatment of
intake, internal, and effluent water. Of
the companies shown, only a handful
derive one-fifth or more of their sales
from the sale of water management
chemicals (such as Betz, Garratt-
Callahan, Nalco). It is expected that
the most pervasive trend for all the
firms in the list will be diversification.
Target marketing and building brand
loyalty will remain key objectives.

There will also continue to be a di-
rect relationship between size of the
supplier and size of the end user. Thus,
Nalco Chemical deals with the very
largest paper, steel, and chemical
process manufacturers, while Alken-

Murray would focus on small clients.
Finally, one can expect mergers and
acquisitions to continue, possibly even
at an accelerated pace.

Shipment trends

Shipments of water management
chemicals were 5 billion 1b in 1960,
nearly 17 billion 1b in 1977, and are
projected to approach 47 billion 1b by
1990, a growth rate of more than 8%
per year. Values of shipments were
$175 million in 1960, $1.3 billion in
1977, and are forecast to rise at an
11.6% annual rate, exceeding $4.5
billion by 1990. Currently, about 200
1b of chemicals are being consumed per
million gallons of municipal and in-
dustrial water use; this figure should
reach almost 500 Ib by 1990. Table 3
shows the major categories of chemi-
cals, by physical units and dollar
terms, in 1960, 1977, and 1990, as well

TABLE 2
Selected water treatment chemical companies
1977 1972
Employees Sales Net income Sales Net income
Company (thousands) (millions of $) (millions of $) (millions of $) (miillions of $)
Airco 145 837.4 54.0 492.3 18.0
Air Products and Chemicals 13.7 947.2 67.7 351.2 18.3
American Cyanamid 43.8 2412.3 139.4 1358.9 108.8
Betz Laboratories 1.8 148.3 15.9 57.3 46
Carus 0.5 25.02 n.a. 20.02 na.
Chemed 5.7 286.4 20.0 140.0 10.4
Chemtrust Industries 0.5 14.02 -1.0 11.4 0.2
Clow 2.7 141.4 3.7 105.9 5.1
Dexter (Mogul) 4.8 315.8 18.5 66.2 4.0
Diamond Shamrock 11.3 1530.4 162.1 617.3 33.3
Diversey 4.1 130.6 4.1 58.8 1.8
Eagle-Picher Industries 10.2 474.0 26.0 255.9 11.8
Economics Laboratory 5.7 358.6 23.4 154.3 9.7
Essex Chemical 0.6 76.8 4.1 37.5 0.7
Fairmount Chemical 0.1 8.1 0.4 44 —0.0+
Garratt-Callahan 0.3 11.02 n.a. 9.02 na.
General Refractories 8.0 344.2 —0.01 179.4 1.4
Hercules 245 1697.8 57.9 932.0 70.4
lonics 0.5 29.1 1.6 10.5 0.4
Johns-Manville 25.4 1461.4 102.6 796.3 493
Merck (Calgon) 28.1 1724.4 290.8 958.3 147.6
Morton-Norwich Products 10.9 609.3 31.7 367.8 24.4
Nalco Chemical 4.2 445.6 50.1 194.7 20.1
NCH (National Chemsearch) 59 198.6 18.6 82.2 8.1
Oakite 0.9 52.1 3.4 30.5 2.2
Olin 22.0 1472.5 78.1 1098.3 30.2
Pennwalt 13.9 834.9 41.7 441.0 16.0
Petrolite 1.7 143.6 16.1 55.8 4.4
Rohm & Haas 13.0 1123.9 43.2 618.6 46.4
Stauffer Chemical 13.0 1232.7 116.0 542.6 33.5
Sybron 15.5 584.7 27.3 356.3 19.8
U.S. Filter (Drew) 6.0 423.7 13.9 123.0 6.2
Virginia Chemical 29 104.3 9.6 441 1.2
Westvaco 15.9 1000.6 61.9 472.0 13.1
Witco Chemical 5.0 632.4 24.6 293.5 12.6

? Estimated
n.a. = not available.
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as their respective growth rates.

Bulk or basic chemicals will exhibit
the slowest growth rate in the coming
years, while biologicals—especially
oxygen—and internal water prepara-
tions will enjoy the fastest percentage
increases. The most significant trend,
hidden in Table 3, is that of upgrad-
ing—begun in the 1970’s, it is expected
to last well into the 1980’s. Thus, sales
of organic coagulants will grow more
rapidly than sales of inorganic ones;
the higher prices of the former will be
offset by their better effectiveness in
both water clarification and sludge
conditioning. Similarly, activated
carbon markets will show a higher
growth rate than those of simple filter
media; ozone and oxygen use will be
rising much faster than use of inor-
ganic biologicals.

As for internal water preparations,
the trend is toward nontoxic, nonpol-
luting chemicals, and toward those
compounds that are effective not only
in water treatment, but in energy sav-
ings as well. A good example of the
latter trend is the family of synthetic
dispersants, which offer better solid
dispersion, as well as providing cleaner
heat transfer surfaces.

Families of chemicals

There are five families of water
management chemicals; some experts
would choose fewer, or more, while

TABLE 3

others would object to the groupings
listed here. They are: coagulants and
flocculants; filter media of all types;
neutralizers and salts; biological action
chemicals, including oxygen; and in-
ternal water preparations.

Coagulation is the process whereby
suspended solids and colloidal mate-
rials in the water are agglomerated
into masses sufficiently large to settle;
this is an irreversible chemical ac-
tion.

Flocculation is the aggregation of
suspended solid particles in water; it is
a reversible process, as the cohesive
forces are quite weak. Yet, for practi-
cal purposes one can treat the two
processes or groups as one family. The
four coagulant/flocculant family
members are alum, iron, salts, other
inorganic coagulants such as bentonite
and kaolin, and organic coagulants
such as natural and synthetic poly-
mers.

The most significant development in
this field is the combination of inor-
ganic coagulants with organic ones for
very effective action. Both types will
continue to be used, though the de-
mand for organics will grow far more
rapidly, as they are effective in clari-
fication and sludge conditioning.

Municipalities still use more coag-
ulants than industries do, and more
coagulants are consumed for potable
water than for sewage treatment.

Shipments of water treatment chemicals

However, industrial treatment should
grow more rapidly than municipal, and
sewage treatment more rapidly than
water clarification.

Average prices of coagulants/floc-
culants at the manufacturers’ level
stood at 4¢/Ib in 1970 and 9¢/Ib in
1977, and should rise to 17¢/Ib by the
end of the 1980’s. Prices of organic
coagulants are now in the $0.50-3.00
range, but the specific price will vary
according to volume purchased and
transport costs.

Filter media

In water and wastewater treatment,
filter processes remove contaminants
from the flow by mechanical, chemi-
cal, or electrical means. Filtration is
done in addition to coagulation and
sedimentation when water is to be used
for drinking and for internal purposes
in the plant. Filter media include sand,
zeolites, diatomite and perlite, acti-
vated carbon, ion exchange resins, and
other materials. Filters may be used in
tandem; for example, sand or coal is
put in front of activated carbon beds,
which are placed ahead of ion ex-
change resins.

Activated carbon is the filter medi-
um dominating the news. It can be
used to adsorb traces of chlorine and
other oxidants, as well as to collect
dissolved organic chemicals. If the
EPA insists that cities with populations

% Annual growth rate

tem 1960 1977 1990 Proj
Millions of pounds
Coagulants 850 2210 4050 5.8 4.8
Filter media 338 787 1650 5.1 59
Neutralizers & salt 2925 9270 17630 7.0 5.1
Oxygen 2200 18500 17.8
Other biologicals 496 1556 3162 7.0 5.2
Internal water preparation _807 920 1880 6.7 5.7
Total 4916 16943 46872 7.6 8.1
$/Ib 0.035 0.078 0.118
Millions of dollars
Coagulants 24.8 187.7 684 12.6 10.5
Filter media 23.7 154.0 583 11.6 10.8
Neutralizers & salt 26.6 198.6 592 12,5 8.8
Oxygen 26.0 425 24.0
Other biologicals 374 282.1 1162 12.6 11.5
Internal water preparation 62.0 475.0 2070 12.7 12.0
Total 175.5 1323.4 5516 12.7 11.6
Water use (trillion gal) 69.6 86.4 95.0
Ib/million gal 71 196 493
GNP (billions of $) 506.0 1889.6 5370 8.1 8.4
$/000$ GNP 0.34 0.70 1.03
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of 75 000 or more use activated carbon
to remove trihalomethanes, then usage
would skyrocket. But some experts
contend that EPA is overstating the
beneficial aspects, and that competing
materials at lower cost are available.
However, despite excess capacity,
producers are now gearing up for an
expanding market. Prices of activated
carbon, stable for some time, are now
in the $0.25-0.75/1b range, and mov-
ing up.

Neutralizers and salt

Neutralizers are low-cost, high-
poundage materials. Lime, caustic
soda, soda ash, and sulfuric acid are
among the top chemicals produced in
the U.S. for these purposes, and prices
are still in the 1-3¢/1b range. These
chemicals, along with salt, are used in
water management to provide a bal-
ance of ions, that is, to adjust pH, nu-
trient, and metal levels.

There will be intra-family compe-
tition in the future, with soda and acids
showing gains at the expense of lime
and salt. But as a family, neutralizers
will exhibit the slowest growth rate,
when compared to other water treat-
ment chemicals. Simply put, even at
the low prices cited, they are not a very
good buy because of:

e lack of effectiveness when com-
pared to alternatives

o side problems, such as the amount

of sludge left over.
Of course, neutralizers will be used in
relatively large quantities, but usage
will be more in combination with other
chemicals than by themselves.

Biocides

Chlorine, inorganic chlorine com-
pounds, other biocides, oxygen, and
fluorides alter the biological charac-
teristics of water. As a family, they
tend to be used in treating water sup-
ply, rather than wastewaters.

Chlorine disinfects, and biocides
inhibit the growth of microorganisms.
But while effective, many biological
action chemicals are toxic to humans
and aquatic life; serious concern has
been expressed in regard to the carci-
nogenicity /mutagenicity of chlorina-
tion byproducts.

Nevertheless, chlorination will not
be phased out suddenly. As one expert
put it, any chlorine substitute must be
a good biocide, cost effective, and
responsible for fewer hazardous by-
products, and it must provide an casily
measurable residual. Such a chemical
is hard to find, though ozone is being
touted as an effective alternative to
both chlorine and hypochiorites.

Ozone and oxygen usage will rise
rapidly in the 1980’s, with both usually

produced on site. Ozone is utilized in
sterilization and in the oxidation of
cyanides and phenols. Oxygen aeration
offers more efficient BOD removal and
improved sludge digestion and requires
less space than alternative methods.
The oxygen market is dominated by
Union Carbide’s Unox system, now
marketed to both municipal and in-
dustrial users; competitors include
Airco with its F30 and Air Products
and Chemicals with its Oases system.
Largely as a result of poundage
growing faster than dollar shipments,
the price of biologicals should remain
nearly stable in the 7-9¢/1b range.

Internal preparations

Major waste problems encountered
within factories, power plants, and
commercial buildings involve corro-
sion, scale, fouling, foaming, and re-
lated trouble spots. Mechanical
equipment or physical treatment can-
not do the job of prevention; at best,
action can be taken after problems are
encountered. Magnetic action has been
mentioned as a possibility to fight scale
in pipes, and to soften water, but has
not met with wide acceptance so far
(because of an unfavorable, contro-
versial report when first introduced).

Thus, chemicals remain the choice
for internal water treatment. Chemi-
cals sold for such tasks are highly
specific, formulated compounds, usu-
ally containing several components.
“The total package” must take into
account supply water characteristics,
nature of pretreatment, type of
equipment used, level of expertise of
operating personnel, product and
process characteristics, and legislation
by all levels of government. Therefore,
the design of optimum packages is a
complex task. A special segment of the
chemical industry is serving users, a
segment dominated by the “Big Six
Pack.” Of the $475 million worth of
internal water preparations shipped in
1977, Nalco and Betz each accounted
for about 21%, while the market shares
of Chemed, Dexter (Mogul), Merck
(Calgon), and U.S. Filter (Drew) fell
in the 4 to 8% range.

The average price of internal water
preparations should more than double
between 1977 and 1990, rising from
$0.50 to over $1.10/1b. Of the three
major categories of such preparations,
boiler compounds will lose, and cooling
compounds will gain relatively, while
process compounds will remain
stable.

Who are the users?

End markets or users for water
treatment chemicals include munici-
palities, industries, and even house-

holds and farms. To discuss each user
segment is impossible within the scope
of this paper. But it is instructive to
touch briefly on one family, namely,
coagulants, and describe three specific
applications in the case of internal
water preparations.

Coagulants in 1970 were used in the
following proportions: municipal water
treatment, 30%; industrial water
treatment, 31%; municipal wastewater
treatment, 31%; and industrial waste-
water treatment, 8%. By 1980, the
corresponding figures will be: 225, 32,
33, and 13%, truly a remarkable
change (these figures are on a vol-
ume/weight basis, not on a dollar
basis).

Why the change? Because both
coagulants and users are changing.
Coagulants and flocculants are
changing in terms of technology, ef-
fectiveness, and price. Users are
changing as a result of governmental
legislation, self-regulation, and the
nature of processes carried out in the
plants. Currently, for example, several
hundred municipal wastewater treat-
ment plants are using inorganic
chemicals for the precipitation of
phosphorus and the reduction of sus-
pended solids. At the same time,
however, high molecular weight, syn-
thetic flocculants are making inroads
in this area, because they make gravity
dewatering far more feasible.

The amount of internal water
preparations needed for a given size
building or industrial plant varies
widely. Thus, the third case cited
below indicates a usage rate of 1 1b of
chemical compounds per 100 ft2 in a
large office building. But this figure
cannot be called typical, as some sky-
scrapers generate their own water/
steam, while others purchase the same
from municipal sources. Accordingly,
some building maintenance crews are
called upon to add chemicals, while
others buy the compounds only indi-
rectly and play no active role.

One possible measure of the usage
rate of chemical preparations is that
about 3 gal of water is needed per ton
of air conditioning, and about 2 Ib of
chemicals is needed for every 5000 gal
of water. Generally, industry uses 3-15
1b of chemicals for every million gal-
lons of water treated, but one can cite
figures well beyond this range.

Yet other measures, relevant in
1977-78, are as follows:

¢ about $3-13 worth of boiler
compounds used for every million
pounds of steam

» about $0.50-2.25 worth of cool-
ing tower compounds utilized for every
1000 gal of blowdown

« about 0.1-20 ppm of compounds
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Case 1. In a major petroleum
refinery, untreated water reached
an 80% fouling rate every 21 days,
because of high temperature, low
velocity, and microbiological
growth. Production had to be halted
while units were mechanically
cleaned. However, dispersant and
microbiocide formulations by the
Mogul subsidiary of Dexter, applied
every 12 days, held the fouling rate
below 30%, and kept equipment on
line, with no significant production
loss. Savings amounted to over
$8000/mo. Other companies also
offer cleaning of fouled systems on
an on-stream basis, that is, without
costly shutdowns. Basically, three
steps are involved—precleaning of
the recirculating system; pretreat-
ment with corrosion inhibitors; and
ongoing maintenance against cor-
rosion, fouling, and microbiological
action.

Case 2. A large textile manu-
facturer had a history of zinc
phosphate deposit problems, when
using a zinc organic base corrosion
inhibitor plus dispersant, because of
natural phosphate in the makeup
supply water. The major problem
was zinc fouling in cooling water
condensers and inability to main-
tain adequate heat transfer. The
condensers had copper tubes with
mild-steel tubesheets.

The company switched to a new
inhibitor, which was a combination

used in industrial process water treat-
ment.

These ranges, too, can be exceeded
on both the high and low sides, de-
pending on the nature of the process,
quality of water, climatic conditions,
pretreatment, and the type of formu-
lations employed.

Energy/environment dovetail

As seen in the three cases cited (see
box), internal water preparations have
been used principally to facilitate
production processes—to avoid cor-
rosion, scaling, fouling, and the like.
This remains a key objective. But a
second, major concern has been raised
in the late 1960’s and early 1970’s; this
was, of course, the environmental
quality issue. This consideration fur-
ther promoted the use of internal water
preparations and has contributed to
the shifting in the proportion of
chemicals employed. The trend is
toward utilizing nonchromate, non-
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Three case histories

of polyelectrolyte, organic corrosion
inhibitor, and antifoulant, called
Drewgard 193, made by the Drew
Chemical subsidiary of U.S. Filter
Company. The new compound was
fed continuously at 75 ppm, without
pH control, but with two micro-
biocides slug-fed to control micro-
organisms.

The new inhibitor removed the
old zinc-based sludges and pre-
vented further depositions. Corro-
sion protection was equal to that of
the old program, with rates at less
than 2 mils per year. No problems
were found with phosphate deposi-
tion or bacterial control.

As in the first case, there is much -
competition in this field, especially
among the “Big Six Pack” to cap-
ture such end users. Each firm
claims very low corrosion rates, as
well as low chromate content in its
clients’ plants.

Case 3. The Chicago Civic Cen-
ter is a 1.46 million ft2, 31-story
structure, where equipment and
machinery are operated by The
Whiston Group. The water treat-
ment must protect the boilers,
condensers, refrigeration machines,
cooling towers, and induction and
reheat lines. There are 4 boilers
with a total capacity of 220 000 Ib
of 120 psi steam per h, 5 centrifugal
refrigeration units with 8200 tons of
combined capacity, 17 high-pres-
sure mains, 18 reheating systems,

toxic, and nonpolluting inhibitors in
the case of cooling, just to cite one key
example.

Finally, the third and most recent
consideration is that of energy con-
servation. The presence of even small

quantities of microorganisms can add
drastically to fuel costs and the cost of
operating heat exchangers, cooling
towers,. boilers, and so forth. Using
internal water preparations can cut
energy costs in a very dramatic way,
while facilitating production and
cleansing water and wastewater. It is
indeed fortunate that environmental
and energy considerations dovetail in
the case of operating factories and
commercial buildings.

Acknowledgment

The author acknowledges the kind
assistance of several key chemical
company executives who wish to re-
main anonymous. He is also grateful
for the kind courtesy of The Whiston

35 fans that can move 1.8 million
cfm of air, and 3 vertically induced
cooling towers with a flow rate of
18 000 gpm.

The boilers use city water, soft-
ened by passing through sodium
zeolite units. About 12 000 gpd of
makeup water is needed, since
85-90% of the condensate is re-
turned. Boiler feedwater is treated
with a single package, multipurpose
formulation that contains a precise
ratio of ortho- and polyphosphates
combined with organic dispersants,
an oxygen scavenger, and a boiler
water antifoam. X

Condensate return lines are
protected by a volatile, neutralizing
amine corrosion inhibitor at a
7.2-8.2 pH range. A zinc organic
base corrosion inhibitor protects the
multimetal system from attack;
scale and deposits are prevented by
an organophosphonate type treat-
ment ranging from 60 to 100
ppm.

Two microbiocides, alternated
weekly, are used during the cooling
period. A phenolic amine treatment
is used to combat the formation of
algae, fungi, and slime. The chilled
water system and the forced hot
water system are protected with a
low-toxicity corrosion inhibitor,
which contains a complex of bo-
rate-nitrite, plus organic inhibitors.
A total of 14 000 1b of chemicals is
used during a calendar year.

Group for supplying the data con-
cerning the Chicago Civic Center.

Andrew C. Gross is professor of marketing
and international business at Cleveland
State University where he has served on
the faculty since 1968. He is also a con-
sultant to and a member of the board of
directors at Predicasts, Inc., a large mar-
keting research and business information
firm in Cleveland, Ohio. This article is
based on a major monograph written for
Predicasts, Inc. (Water Treatment
Chemicals, 3rd ed.).

Coordinated by JJ



New
ultra-low-level

TOC analyzer:

+ For drinking water * boiler
feed * ultrapure compounds
s —— and much more,
Introducing the Model 600.
All new. Faster. Truly auto-
matic. Detection by flame
ionization. Unique purge
trap system gives separate
peaks for purgeable and
non-purgeable organics in
less than 4 minutes. Direct
‘ version to methane (no
rtermediate steps) means
Iperior precision
itivity. Send for

.|

INTERNATIONAL

NOGRAPHY

L

OCEANOGRAPHY INTERNATIONAL CORPORATION

512 West Loop * P.O. Box 2980, College Station, Texas 77840 - (713) 693-1711

CIRCLE 7 ON READER SERVICE CARD
Volume 13, Number 9, September 1979 1057



'The new
Endangered
Species Act

1978 amendments establish elaborate
consultation and exemption procedures
that require that biological information

and human and economic factors .,

be considered when resolving conflicts
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Thomas G. Shoemaker
Environmental Research &
Technology, Inc.

Ft. Collins, Colo. 80522

On October 2, 1978, a U.S. District
Court determined that the Rural
Electrification Administration and the
Army Corps of Engineers had failed in
their responsibilities under the En-
dangered Species Act of 1973 (PL
93-205 as amended by PL 94-32 and
PL 94-359). As a result, the court gave
a “stop work” order to the sponsors of
the partially completed, $1.6 billion
Missouri Basin Power Project—a
coal-fired power plant slated to provide
power to more than a million people in
eight midwestern states.

The decision, which resulted in part
from the potentially adverse effects of SR
consumptive water use on the Whoop-  Whooping crane. An accommodation between this endangered bird and the Missouri
ing crane’s critical habitat 275 mi  Basin Power Project was achieved, and the Project was granted an exemption under the
downstream, underscored heated de-  Act .
bate in Congress on proposed amend-
ments to the Act. The Missouri Basin
Project and the Tellico Dam Project,
which also made newspaper headlines,
were apparent examples of irresolvable
conflicts between proposed develop-
ments and the Act’s requirement that
federal agencies protect threatened
and endangered species and their
critical habitats. Congress was
struggling with the question, Under
what circumstances does the need to
complete a federal development action
outweigh the need to protect and pre-
serve endangered species?

i) p % w¥ s .

A new provision

Congress specifically addressed
Section 7 of the 1973 Act, which states
that all federal agencies must ensure
that actions authorized, funded, or
carried out by them do not jeopardize
the continued existence of endangered
or threatened species or result in the
destruction or modification of critical
habitats. In the past, only biological
data could be considered in solving
conflicts between proposed actions and
the Section 7 mandate.

The congressional debate centered
on how to broaden the Act to allow
consideration of human and economic
as well as biological information in
resolving conflicts. The amendment,
passed in the closing hours of the last
congressional session, provides the
latitude for considering these other
factors by allowing exemptions to be
granted in certain instances, even if the
action will harm an endangered species
or critical habitat area.

Under the revised Section 7 in the  praiting survey, The brail (bar with lines onto which hooks are attached) brought up

Endangered Species Act Ame_ndments the endangered Higgins’ Eye mussel (left) and Spectacle Case mussel (right) during
of 1978 (PL 95-362), exemptions may  a biological assessment of the upper Mississippi River
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be granted in three ways. The Presi-
dent may grant an exemption for de-
clared major disaster areas. The Sec-
retary of Defense can exempt actions
if he finds them necessary for national
defense. And, finally, the newly
created seven-member Endangered
Species Committee may exempt ac-
tions if there are no reasonable and
prudent alternatives; if the benefits of
the action clearly outweigh alterna-
tives consistent with conserving the
species; if the action is in the public
interest; and if the action is of regional
or national significance.

The exemption process

The amendments included special
provisions for the Tellico Dam Project
and the Missouri Basin Power Project:
the Endangered Species Committee
was required to consider granting ex-
emptions to them within 90 days after
cnactment. In January 1979, the
Committee denied the Tellico Dam
Project an exemption from the Act
because its economic benefits did not
clearly outweigh the costs. At the same
time, an exemption was granted the
Missouri Basin Power Project because
of an agreement by its sponsors to
provide an irrevocable trust fund of
$7.5 million to be used for mainte-
nance of the whooping crane habitat.

The Tellico and Missouri Basin
Power Projects received special con-
sideration because of the immediate
need to resolve costly conflicts. How-
ever, all future decisions on exemption
will come through a detailed consul-
tation and review process that could
take more than 2 years to complete.

As shown in the accompanying flow
chart, the first stage in the exemption
process is the completion of a biologi-
cal assessment. This new requirement
affects all construction projects after
November 10, 1978, the date of en-
actment of the new Act. For cach new
project, federal agencies must contact
the U.S. Fish and Wildlife Service and
request information on whether any
threatened or endangered specics are
present in the project arca. If such
species are present, the agency must,
within 180 days, complete a biological
assessment to identify any that are
likely to be affected by the action.

After completing the biological as-
sessment, the agency must initiate a
consultation process with the U.S. Fish
and Wildlife Service. Within 90 days
after initiation, the Fish and Wildlife
Service must consider the results of the
biological assessment and other perti-
nent information and publish an
opinion as to whether or not the action
would jeopardize the existence of a
listed species, or negatively modify a



critical habitat. The opinion must de-
tail how the agency action affects the
species or habitat and must suggest
reasonable and prudent alternatives
that would prevent adverse effects.

If the opinion states that the specics
or critical habitat will be placed in
jeopardy, the project cannot continue
as planned unless an exemption is
granted. The agency, the governor of
the state in which the action was (o
oceur, or the permit or license appli-
cant may submit, within 90 days, an
application for exemption from the
Act’s protective requirements. Pro-
posed regulations for the exemption
process were published in the February
7. 1979 Federal Register.

Upon receipt of the application, a
review board is formed to consider the
applicant’s cligibility for exemption.
The three-member panel (comprised
of onc member appointed by the Sce-
retary of the Interior: one member
appointed by the President to represent
the affected state; and an Adminis-
trative Law Judge selected by the Civil
Service Commission) must determine,
within 60 days of formation, if an ir-
resolvable conflict exists between the
proposed action and the requirements
of Section 7. The review board must
further determine that the applicant:

o carried out its consultation re-
sponsibilitics in good faith

¢ made a reasonable and responsi-
ble effort to develop modifications or
alternatives that would avoid the ad-
verse impacts

o conducted a biological assessment
as required

o refrained from making an irre-
versible or irretrievable commitment
of resources that would foreclose the
formulation or implementation of any
reasonable and prudent alternative
measures.

Violation of any of these criteria
disqualifics the application from pos-
sible exemption.

When the review board determines
that an applicant for exemption has
met the criteria listed above, it must
prepare a report within 180 days for
submittal to the Endangered Species
Committee. The report must address
the availability of alternatives to the
agency action; the naturc and extent of
the benefits of the agency action; the
evidence concerning whether or not the
action is of regional or national sig-
nificance and is in the public interest;
and the availabiliyy of mitigation or
cnhancement measures that could be
required by the Committee to lessen
the adverse effects of this action.

Once the review board report is
submitted to the Endangered Species
Committee, 90 days arc allowed for

Endangered Species
Committee Members
Sccretary, Dept. of the Interior,
chairman
Secretary. Dept. of the Army
Sceretary, Dept. of Agriculture
Administrator, EPA
Administrator, NOAA
Chairman, Council of Fconomic
Advisors
State representative!

¢ Appointed by the President

the Committee to make a final deter-
mination. The Committee, after con-
sidering the criteria, must decide cither
1o deny the application or grant an
cxemption. If an cxemption is granted,
the Committee must specify such mi-
tigation and enhancement measures as
transplantation and habitat improve-
ment that must be taken to minimize
the adverse effects on the species. In
the Missouri Basin Power Project de-
cision, for example, the Committee
accepted the recommendation of the
applicant and other interested partics
that a trust fund be cstablished for use
in habitat maintenance.

The Committec’s decision to grant
an exemption may be subject to three
additional reviews. First, the Secretary
of the Interior reviews the decision and
may determine that the action would
result in the extinction of the specics.
If so, the Committee then has 30 days
to reconsider the exemption. Second,
the Sceretary of State determines il the
exemption conflicts with the terms of
any international agreements. Finally,
all decisions of the Endangered Species
Committee are subject to judicial re-
view in the U.S. Court of Appeals.

New requirements’ implications

Despite the fears of some environ-
mental groups that the Endangered
Species Act Amendments of 1978
weakened existing legislation, endan-
gered species considerations will not
become any less important in the fu-
turc. More than 200 plant and animal
species are currently classificd as ci-
ther threatened or endangered in the
U.S. These species represent a varicty
of life forms—from plants such as the
Furbish lousewort, to fishes such as the
snail darter, to a crustacean, the So-
corro isopod.

Furthermore, the survival require-
ments of threatened and endangered
specics encompass a varicty of habitats
and geographic regions. Endangered
species legislation affects all geo-
graphic areas of the country and its
territories. The Act’s explicit state-

ment of applicability to all actions
“authorized, funded, or carried out™ by
a federal agency further emphasizes
the fact that the presence, distribution,
and survival requirements of threat-
ened and endangered plants and ani-
mals will continue to be important
considerations in planning and imple-
mentation of most major develop-
ments.

By including provisions for ex-
empting actions from the Section 7
requirements, Congress expressed the
belief that there are circumstances in
which the preservation of endangered
species must be secondary in impor-
tance to human and economic consid-
crations, The exemption granted the
Missouri Basin Power Project is the
first example of such circumstances,
and it is probable that there will be
future federally authorized actions
that cannot be developed in a manner
that avoids a conflict with a listed
specices.

However, the requirements of the
consultation and exemption processes
imply that many or most conflicts can
be resolved during consultation. In
particular, the provision prohibiting
the irreversible and irretricvable
commitment of resources by the de-
veloper during consultation and the
provision requiring the opinion to
suggest “reasonable and prudent al-
ternatives™ 1o actions that jeopardize
a species emphasize a cooperative
planning process involving the devel-
oper, the U.S. Fish and Wildlife Ser-
vice, and other federal agencices.

Il threatened and endangered
species are considered carly in the
planning process, it is usually possible
to design the project so that the species
or their habitats are not harmed.
Needed siting or design modifications
are not so costly if identified carly in
the planning process and may be far
less expensive than the costs associated
with irresolvable conflicts and the time
required to complete the new exemp-
tion process.

Thomas Shoemaker is a terrestrial biolo-
gist at ERT's facilities in Fort Collins,
Colo. He has worked on seceral projects
where endangered species were of special
concern and has experience with bald ea-
gles, whooping cranes, and peregrine fal-
cons. Coordinated by LRE
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Do man-made sources
affect the sulfur cycle
of northeastern states?

Profoundly. And the impact is most readily seen in the
atmosphere where man-made emissions exceed natural
sources by a factor of five and spill over into the
environment to create high levels of sulfate in rain, soils,

John H. Shinn
Scott Lynn
University of California, Berkeley
Berkeley, Calif. 94720

Atmospheric problems associated
with the release of large quantities of
sulfur-dioxide (SO;) have been the
subject of concern in recent years. A
costly control policy has resulted from
EPA studies dealing with the health
and welfare implications of high con-
centrations of SO; and sulfate (SOy)
particles. Increased dependence on
coal may aggravate sulfur pollution in
the future as lower-sulfur-content pe-
troleum fuels dwindle.

Through the work of several inves-
tigators, the major fluxes of sulfur
compounds through the global envi-
ronment have been identified (Figure
1). The atmosphere receives volatile
sulfur from soil bacteria and releases
sulfur through wet-and-dry deposition
processes. The deposited compounds
Join with fertilizer and eroded mineral
sulfur in the soil. Leaching by
groundwater carries the soil sulfur to
rivers and finally to the oceans (where
deposition regenerates sulfur-con-
taining rocks). Estimated volatile sul-
fur production from bacteria out-
weighs man-made sulfur sources by
roughly 50%, indicating a relatively
small impact globally for the latter.

The major impact of SO, appears to
be on a regional rather than a global
scale. Approximately one-sixth of all
anthropogenic sulfur emitted in 1975
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and bodies of freshwater

was released over 0.6% of the global
land area in the northeast U.S. By
collecting and evaluating available
data on sulfur fluxes in this area, an
assessment of man’s impact on a re-
gional basis may be made.

Figure 2 outlines the region of the
northeast U.S. referred to in this arti-

TABLE 1
Early 1976 SO, emissions?
Emissions
in study Emission
region density
State (108 tons/y) (tons/(miZy))
Mass. 0.65 82.33
R.L 0.05 45.37
Conn. 0.24 49.30
N.J. 0.73 97.12
Del. 0.27 134.09
Md. 0.51 51.89
Pa. 4.51 100.10
Va. 0.86 21.62
W.Va. 0.54 22.23
Ky. 2.44 60.84
Ohio 5.82 141.57
Ind. - 3.25 89.82
N.Y.2 1.62 60.11
Mich.2 1.67 107.52
.2 251 70.67
25.67 X 10°  76.02
Total tons Witd av
of 804/)’

2 As 108 tons of SO4/y.

b Only emissions for the portion of the state
within the study region were used.

Source: EPA’s NEDS

cle as the “study region.” Character-
ized by high SO, emissions, the region
has been the subject of EPA and EPRI
(Electric Power Research Institute)
studies on the effects of high levels of
atmospheric sulfates, particles trans-
formed over time from SO,. The data
presented here reflect the situation of
the early 1970’s.

Emissions, deposition, transportation

Emissions data for the study region
were taken from EPA’s National
Emission Data System (NEDS) data
bank. The average emission density of
the 340 000-mi? area is 76 tons of
SO,4/(mi2-y) [equivalent to 51 tons of
SO,/ (miZy) or 25 tons of S/(miZy)].
This compares to a global average of
about 3 tons of SO4/(mi-y). About
two-thirds of these emissions are pro-
duced by utilities, mostly via coal
combustion. As seen in Table 1, emis-
sion densities are highest in Ohio and
Delaware with 142 and 134 tons of
SO4/(mi%y), respectively. Total
emissions are approximately 26 X 106
tons of SO4/y.

Once airborne, SO, may be oxidized
to sulfate particles, transported, or
deposited.

Several oxidation mechanisms are
possible: direct photooxidation; various
forms of indirect photooxidation; and
catalyzed oxidation on liquid droplets
or dry surfaces. The rate of oxidation
and type of sulfate produced in a par-
ticular area are functions of the avail-
ability of various catalysts (such as
heavy metal ions or particle carbon) or
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FIGURE 1

Major components of the global sulfur cycle

Fossil
fuel
combustion

oxidants (NO, and OH"). Oxidation
rates from 1-20%/h have been re-
ported in plume studies.

These secondary sulfate particles
formed from SO, lie in the 0.1-1 um
size range, the so-called “accumulation
mode.” The ability of particles in this

size range to penetrate deeply into the.

lungs has created concern about the
health effects of sulfates, which appear
to be functions of cation type. Other
problems associated with sulfate par-
ticulate matter are its slow deposition
rate, which makes prospects of long-
range sulfur transport worse, and its
ability to scatter light, causing visi-
bility reduction. Further research on
the atmospheric sulfates is being con-
ducted, and the EPA expects to decide
on a control policy by the carly
1980’s.

Sulfur is removed from the atmo-
sphere by wet and dry deposition. Data
on wet deposition by rainwater analy-
ses are sparse, but the results of a few
studies indicate that approximately 5
X 10 tons of SO4/y is removed by rain
in the study region (Table 2). This
average of 15 tons of SO4/(miZy) far
exceeds the global land average [less
than § tons of SO4/(mi2-y)].

Dry deposition is estimated through
the use of deposition velocities. This

Atmosphere

Wet and dry

deposition

quantity is an effective mass-transfer
coelficient that relates deposition rate
to ground-level concentrations (sec eq
1).

The range of experimentally mea-
sured deposition velocities for SO, is
0.5-2.5cm/s and from 0.1-1 cm/s for
SOy particles. The actual deposition
velocity is a function of various mete-
orological conditions as well as the
character of the ground surface. For
the purposes of this article, values of |
cm/s for SO; and 0.25 cm/s for SO,
were chosen.

Average SO, and SO, concentra-
tions in the study region were taken
from 24-h samples collected by federal,
state, and private agencics. Five years
of data for the carly 1970's was re-
viewed, and a rough contour map of
pollution concentration was produced
from the data. Average sulfur con-
centrations in the region arc about 16
ug/m* SO, and 12 ug/m* SOy. From
¢q |, total deposition for the study re-
gion is about 8 X 10 tons of SO4/y,
with SO, responsible for 90% of the
total.

Estimating the transport of sulfur in
the atmosphere will require use of a
simplistic model of the troposphere.
This model divides the troposphere
into two layers: the region closest to the
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carth—the mixing layer—where un-
stable air causes vigorous vertical
mixing to create a relatively homoge-
ncous zonc; and the more stable arca
above, where vertical mixing is less
apparent and concentration gradients
develop (especially for pollutants with
short atmospheric residence times).
Ground-level deposition processes re-
duce the residence time of pollutants
in the mixing layer, whercas pollutants
reaching the upper layer are more
susceptible to horizontal transport.
By using wind velocity, average
mixing height, and pollutant concen-
tration data for National Weather
Service stations located around the
perimeter of the study region, the net
transport of a pollutant through the
mixing height can be calculated. The
first step in this calculation is an esti-
mate of the air influx rate within the
mixing layer for cach border site (sce
¢q 2). The air influx rate is combined
with pollution concentration data at
the border sites to produce a plot of
concentration air influx rate [ug of
S0O4/(m-s)] vs. border location. The
area under this plot is the pollutant
influx rate through the mixing layer.
Performing this analysis for the
study region reveals a net efflux of SO,
(1.1 X 10 tons of SO,/y equivalent to
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Basic equations of the sulfur cycle

Ry = vyCxAg (1)

where
Ry = deposition rate (ug/s)
Vg = deposition velocity (m/s) -
C = ambient concentration (ug/md)
Aq = ground area (m?)

a= ﬂg.ln(gh’ §g)H (2)
where
& = air influx rate through the mixing layer (m2/s)
Hgin = cross-border component of the resultant wind velocity
vector (m/s)
§,, = average wind speed through the mixing height
§g = average ground level wind speed
H = average mixing height

o ar [/ zal loma/z) o
where

D = total sulfate discharge of rivers in the study region (tons/y)
c; = sulfate concentration of river i, sample /
dj; = discharge of river i, sample j
A; = drainage area of river i
W = total rainfall in the study region
ky = fraction of rainfall which enters rivers
A; = total area in study region

atmosphere: EM + B = DD + WD + NPE (4)
soil: F+ER+ /+DD+WD=R+ B ()

where
B = bacteriogenic flux
DD = dry deposition (8 X 10%tons of SO4/y)
EM = anthropogenic emissions (25 X 10° tons/y)
ER = erosion and acid mine drainage (3 X 10° tons/y)
F = fertilizer additions (1 X 10 tons/y)
I = industrial sulfate flux to soil (0.5 X 10 tons/y)
NPE = total net pollutant efflux from atmosphere
R = river efflux (15 X 108 tons/y)
WD = wet deposition (5 X 10° tons/y)

Fsr = Foi(As/ Ag) (6)

where
Fs = study region flux
Fqi = global land flux
A, = surface area of study region
Aq = global land surface area
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1.7 X 106 tons/y of SO4) and SO, (0.8
X 10° tons of SO4/y). Slight influxes
through the southern and western
borders are outweighed by large ef-
fluxes from New Jersey, New York,
and the New England states.

The total pollutant flux may be
calculated from a balance of the at-
mospheric portion of the regional cycle
and includes the transport above the
mixing height. An estimate of other
sources of atmospheric sulfur will be
necessary before completing the
cycle.

Ground-level fluxes

Fertilizers, erosion, acid mine
drainage, and sulfate sludge-pond
drainage all contribute to the soil-sul-
fur load.

Data on supplemental sulfate ap-
plications were supplied by the Sul-
phur Institute (Washington, D.C.).
Approximately 1 X 10° tons of SO4/y
is applied in the study region. It is in-
teresting to note that soils in the study
region, particularly in New England,
rarely suffer from lack of sulfur, pos-
sibly because of the preponderance of
atmospheric sulfur (Table 2).

Natural erosion may be evaluated
from denudation rates of bedrock in
the study region. Mechanical denu-
dation (primarily a function of land
clevation) is estimated at 80 tons of
rock/(miZy). Chemical denudation
(primarily a function of rock type,
extent of watering, and vegetation) is
estimated at 100 tons of rock/(miZ-y).
Combining these denudation rates
with data on rock types and their SO4
contents, natural erosion in the study
region is estimated at between 0.3 and
0.7 X 10 tons of SO4/y.

Mining operations have a very large
impact on SO4 production via erosion
processes. The Department of Interior
estimates 2 X 10° tons of SO4/y escape
mines in Appalachia alone as acid
drainage (75% of which is from deep
mines).

Excessive erosion around mine-spoil
piles (mainly from surface mining)
generates additional sulfate. An esti-
mated 2200 mi? (or 0.7%) of the study
region has been disturbed by strip
mining. A long-term study of the ef-
fects of strip mining in Beaver Creek
Basin, Ky., concluded that a 25-fold
increase in erosion was caused by
stripping 10% of the land. We would,
therefore, expect approximately two
times the natural erosion to occur in
the study region as a result of 0.7%
strip mining. These additions increase
the erosion flux to approximately 1 X
10 tons of SO4/y, or the total SO4
derived from rocks to 3 X 10° tons/y
(Table 3).



Various industrial processes con-
sume large amounts of sulfur each
year, mainly as H>SOy; the major user
is phosphate fertilizer manufacturing.
Some sulfur ends up in the atmo-
sphere, but by far the major part of
industrial sulfur ends up in 12 X 106
tons of SOu4/y of sulfate sludge.
Scrubber operations add an additional
109 tons of SO4/y to the sludge pool.
Reviews of sulfate overflow from
sludge ponds show that less than 1% of
the sulfate escapes as pond overflow.
Certainly, additional sulfate escapes as
seepage to groundwater, but it seems
unlikely that the total amounts to more
than 5% of the total deposited sludge
(<0.5 X 106 tons of SO4/y).

Soil-sulfur reactions, river removal

As seen in Figure 3, sulfur com-
pounds in the soil may undergo a wide
variety of reactions. Maintaining a
proper level of sulfur for plant nutri-
tion is dependent on many of these re-
actions for both conversion of sulfur to
utilizable form and conversion of sol-
uble SOy to a form less readily leached
by rainwater. Typically, 90% of the soil
sulfur in humid regions is organic.
Aerobic soils generally contain much
less sulfur than anaerobic soil, possibly
because the action of sulfate-reducing
bacteria produces H»S, which precip-
itates as FeS in the presence of iron.

Two mechanisms remove sulfur
from the soil. First, soluble sulfates are
leached from the soil by rainwater and
are eventually carried to the seas in the
rivers. Second, soil bacteria volatilize
sulfur through metabolism of sulfur-
containing amino acids and the re-
duction of sulfate to sulfur. Early
studies of the sulfur cycle assumed that
H,S production by anaecrobic, sul-
fate-reducing bacteria (such as
Desulfovibrio desulfuricans) was the
major biogenic source. Recent evi-
dence, however, suggests that com-
pounds such as dimethyl sulfide, di-
methyl disulfide, and methyl mercap-
tan may be of greater importance and
that aerobic soils may be equal con-
tributors.

No major field studies of sulfur
volatilization are reported. Laboratory
volatilizations are suspect owing to the
inability of small lab samples to in-
clude leaching and reactions occurring
in the soil; they may also be subject to
bacterial inhibition by sulfide accu-
mulation. How much, what com-
pounds, and when and where volatile
sulfur is produced remain major
uncertainties. Further research in
these areas is certainly warranted.

Equation 3 is the formula by which
sulfate efflux in rivers was estimated.
Discharge-weighted averages must be

TABLE 2
Deposition of sulfate in rainwater and fertilizer applications
In rainfall Fertilizer
tons/ 103 applications 2
State (mi2y) tons/y (103 tons/y)
Mass. 10.3 81 5.7
R.L 8.6 9 1.2
Conn. 10.8 53 46
N.J. 17.4 131 14.9
Del. 12.8 25 9.5
Md. 12.3 121 27.4
Pa. 13.4 604 68.1
Va. 8.6 341 723
W.Va. 10.8 261 5.5
Ky. 12.1 486 60.3
Ohio 14.0 574 138.0
Ind. 17.4 630 151.2
N.Y.b 12.1 326 33.8
Mich.? 14.3 220 25.8
.o 174 619 107.2
Av 133 Total 4481 Total 725.0

2 Extrapolated from data supplied by the Sulphur Institute. ® Data given for portion of state
within study region.

TABLE 3
Ground-level fluxes of soluble sulfate to the soil and
groundwater?

Total Deposited
sludge Overflow Seepage sludge
Sulfate sludge
Industry 12.0 0.3 0.03?? 11.94
Scrubbing® 1.0 0.003 0.003?? 1.0
Total 13.0 0.033 277 12.94
Total assumed <<0.5
Other sources
Normal erosion 0.5
Excess erosion (from strip mining) 0.5
Acid-mine drainage 2.0¢
Total 30

@ E,xpressed as 10° tons of SO4/y. ® Figure for early 1975, should rise rapidly through the
19&:0 s as more flue-gas desulfurization units come on line. © U.S. Department of Interior esti-
mate.

TABLE 4
Comparison of global land sulfur cycle with the sulfur cycle

of northeast U.S.2
Study region (northeast U.S.)?
By land- Est

Cycle flux Global area fraction by data
SO, emissions 150 0.88 25.0
Bacteriogenic prodn. 210 1.23 2.0
Precip. + dry depos. 360 2.1 13.0
Fertilizer 33 0.19 1.0
Weathering 42 0.25 1.0
Acid-mine draining ? ? 2.0
Industrial operation 2 ? 0.0
Stream load 225 1.32 15.0
Atmos transport out 0 0.00 10.0

@ 108 tons of equivalent SO,/y. ® Figures given as *'by land area fraction” are calculated by
using the global flux, multiplying by the study region land area, and dividing by the global land
area. Figures listed as “est by data” are the actual fluxes as estimated from the data presented
in this report.
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FIGURE 3
Soil sulfur chemistry

To atmosphere To atmosphere

Organic SO4 Volatile sulfur (CHsSSCHs,
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used to eliminate the effect of higher
concentrations during periods of low
flow, and care must be taken to choose
sampling sites that are free from tidal
effects. Grab samples of river water,
analyzed by the U.S. Geological Sur-
vey for major rivers, serve as a data
source for discharge and concentration
data for eq 3. The total sulfate dis-
charge in rivers in the study region is
approximately 15 X 109 tons/y.

Cycle balance

Total atmospheric transport and the
biogenic flux may be calculated by
balancing the soil and atmospheric
portions of the cycle. Assuming no at-
mospheric or soil-sulfur accumulation,
the balance reduces to eq 4 and 5.
From these equations, the bacteri-
ogenic flux is calculated at 2 X 109
tons/y. This figure is a result of dif-
ferences of much larger terms and
could easily be inaccurate by a factor
of 2 or 3. We conclude that this flux is
likely to be between 1-5 X 106 tons of
SO4/y.

The net pollutant efflux from the
atmosphere (14 X 10 tons of SO4/y)
may be checked by calculation of the
concentration in the mixing height
necessary to create such an efflux. The
net addition of sulfate to the mixing
height in the study region is 25 + 2 —
14 =13 X 10° tons/y. Using an aver-
age mixing height of about 1000 m and
an average residence time of | day in
the mixing layer yields an average
sulfate concentration of 37 ug/m3.
This figure agrees well with the figure
of 36 ug/m? that results from addition
of SO, and SOy, contributions to the
concentration data.

Summing up

Table 4 provides a comparison of
the fluxes for the study region to the
fluxes that would be calculated from
the global land sulfur cycles by using
eq 6. There are several inferences
which may be drawn from this rcgional
cycle. First, in regions of high mining
activity, acid drainage and erosion of
mining spoils may overshadow the
natural fluxes of eroded sulfate. In
combination with atmospheric excess,
the erosion leads to excessively high
sulfate concentrations in rivers and
streams.

Atmospheric effects are most pro-
nounced. Anthropogenic sources ex-
ceed biogenic sources by a factor of
about 10. The health and welfare im-
plications of such widespread disrup-
tion of the natural ccosystem have only
begun to be investigated, and a great
deal of debate surrounds the control
issuc. Preliminary indications arc that
it will be important to consider the

physical and chemical state of the
sulfur in examining its health ef-
fects.

The net total efflux from the atmo-
sphere (14 X 109 tons/y) is consider-
ably larger than the efflux through the
mixing layer calculated earlier (2.5 X
10° tons of SO4/y). Although there is
considerable room for error in these
approximations, this implies that a
large portion of the SO, leaves the
lower layer of the atmosphere (where
dcposition predominates) and cnters
the region where long-range transport
becomes likely. For the northeast US.,
this is advantageous, as transport will
bring the pollutant over oceans for
later deposition. The environmental
impact of long-range transport for a
region such as northern Europe, how-

‘ever, could be considerably more del-

cterious.

The regional atmospheric cfflux is
likely to be a product of man’s activity.
Biogenic volatile sulfur is produced at
ground level where deposition may be
rapid. Elevated cmissions from
smokestacks tend to isolate the sulfur
compounds from deposition. Primary
natural sulfate particles (from sca salt
and dust) are much larger in size than
the easily transported secondary par-
ticulates and have correspondingly
more rapid deposition rates. Secondary
sulfate particles arc less likely to be
formed in a natural environment rel-
atively free of oxidants and oxidation
catalysts. It is likely that the net efflux
in an undisturbed ccosystem is negli-
gible when compared to the efflux in a
region of such high man-made
sources.

The supply of sulfur to the soil is
greatly enhanced by atmospheric ex-
cesses. The overloading of the soil may
also enhance bacteriogenic volatiliza-
tion. This type of land-air interaction
may allow further transport of pollu-
tant sulfur in a progressing cycle of
deposition, volatilization, and rede-
position. Enhanced biogenic produc-
tion may also be an important factor in
creating seasonal variations in sulfate
concentrations occurring throughout
the Northeast.

Previous studies of sulfur cycles
have generally assumed no soil -sulfur
accumulation. In a region of ubiqui-
tous sulfur, however, this assumption
may not be valid. The most likely site
of accumulation would be in anacrobic
soils with ample supplics of fresh or-
ganic matter (1o feed sulfate-reducing
bacteria) and iron (to precipitate FeS
or FeS»).

The future

Based on implementation of a
stringent control policy, EPA esti-

mates show a very slow increase in SO,
emissions over the next 10 years.
Power consumption, however, is ex-
pected to continue to rise.

Current political tendencies seem to
favor increased exploitation of coal,
which will be a strain on sulfur loading
in two ways: increased acid-mine
drainage and more pawer-plant emis-
sions. Emissions control will un-
doubtedly produce more sulfate
sludge. The potential environmental
effects of this cver-growing pile of
sludge should be further investigated,
including studies of drainage and vol-
atilization from sludge ponds. Con-
version of sludge to a nonporous, non-
reactive form and disposal in environ-
mentally isolated regions seem desir-
able as a means of limiting its potential
impact.
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Sunshine out
of cucumbers,

anenergy
perspective

This plenary address was given at the
International Materials Congress sponsored
by the National Academy of Sciences and
the National Academy of Engineering, held
in Reston, Virginia, on March 26-29, 1979

Lord Ritchie-Calder
Edinburgh, Scotland

Those of you who know more about
Gulliver’s Travels than Walt Disney’s
version of them may recall his visit to
the Grand Academy of Lagado and his
encounter with one of the fellows. |
quote his account, as reported by
Jonathan Swift:

“He had been eight years upon a
project for extracting sunbeams out of
cucumbers, which were to be put in
vials, hermetically sealed, and let out
to warm the air in inclement summers.
He told me, he did not doubt that in
eight years more he would be able to
supply the governor’s gardens with
sunshine at a reasonable rate, but he
complained that his stock was low and
retreated me to give him something as
an encouragement to ingenuity, espe-
cially since this had been a very dear
season for cucumbers. I made him a
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small present, for my lord had fur-
nished me with money on purpose be-
cause he knew their practice of beg-
ging from all who go to see them.”

That was written 250 years ago as
Swift’s satire on the Royal Society of
London (or so it is alleged), but you
may agree that it has a familiar ring of
present day grant applications: an on-
going energy project; the long lead-
time of R & D (“just eight years
more”’) on top of the eight years fea-
sibility study; and the effects of infla-
tion on research materials.

Maybe, in the present energy crisis,
we should look again at the possibility
of extracting sunbeams out of cu-
cumbers . .. if we could get enough
cucumbers.

Cucumbers explained

The cucumbers are what we are
here to discuss. Let us, with the arro-
gance of Homo faber, postulate that
human integrity can artefact anything

provided that the energy and the basic
elements are available and if we have
got our priorities right. I remember an
occasion when Alvin Weinberg, ques-
tioned on the availability of uranium,
said, “If it comes to the bit we could
burn rocks.” On another occasion,
Harrison Brown, contemplating (cer-
tainly with distaste) a possible world
population of 50 000 000 000, said,
“Then they will be eating rocks.”

As | understood them, they were
saying that we could extract the 10'4
tons of uranium in the lithosphere or
that we could recover the basic organic
elements and make all the molecules of
carbohydrates and amino acids and
proteins. (We can recall that the Ger-
mans did rather well on ersatz mar-
garine from the carboniferous deposits,
and in November 1944 Albert Speer
was lamenting to Hitler that the mar-
garine factories had closed down be-
cause of the bombing of the coal mines
of the Ruhr.)
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As in the case of cucumbers, much
depends on the availability of the
starting materials. Thirty years ago,
the first acrylic fibre was produced by
Du Pont. In Britain, a brash copywri-
ter described it as “wool from pea-
nuts.” This was ill-advised and decid-
edly tactless because there happened
to be a glut of wool and such a shortage
of peanuts for oleomargarine that the
British government was embarking on
an expensive and ill-starred scheme to
mass-produce peanuts in Tanganyika.
I asked whether it would not be better
to produce peanuts out of wool. On
another occasion, a newspaper editor
asked me with some excitement
whether I had heard of a process for
making milk out of grass. I said, “Yes,
it is called a cow.” He was, in fact,
talking about leaf protein.

We put a price tag on a conversion
process, but, of course, the unit cost
ought to be expressed not in terms of
money but of energy. In the case of
cucumbers, one would have to reckon
whether the bottled sunbeams would
justify the energy consumed by the
Fellow of the Grand Academy in the
16 years of feasibility study and R &
D and, in the cropping of cucumbers,
how much energy would go into the
manufacture of artificial fertilisers,
pesticides, weed Kkillers, and the
pumping of irrigation water.

Wartime

Energy expenditure itself is relative
to need. The bookkeeping becomes
unimportant, for example, in wartime.
At the present time, in response to the
oil shortage, interest in oil from coal
has been vigorously revived, and the
several processes are being subjected
to cost-benefit analyses. Judging by the
current literature on this subject, it
might almost seem that we were
starting de novo.

It seems to be forgotten that Fri-
edrich Bergius got the Nobel Prize for
the work he had started in 1914, con-
verting coal dust into gasoline and lu-
bricating oils. The Fischer-Tropsch
reaction was developed to convert coal
gas to hydrocarbons and synthesise
petroleum-like substances. In a recent
debate in the House of Lords, their
Lordships had to be reminded, to their
incredulous surprise, that, essentially,
the German war machine in World
War Il ran on oil-from-coal processes.
Hitler depended on them for most of

his motor and aviation fuel and for
ammonia for explosives. He did not
launch his blitzkrieg until he could rely
on his synthetic oil supplies. His only
source of natural oil was the Romanian
oil field, and the main objective of his
attack on the USSR was to gain the
possession of the Baku oil field.

At the peak of wartime production,
Germany'’s oil-from-coal plants were
supplying 6 000 000 metric tons per
annum. The main centre was Leuna in
the brown coal region of East Germa-
ny. The Germans failed in their thrust
to the Caucasus. In May 1944, the
American 15th Air Force wrecked the
principal natural oil refineries at
Ploesti in Romania. Simultancously,
the 8th U.S. Air Force attacked the
synthetic oil plants in Germany. Albert
Speer, Germany Armaments Minister,
has written: “On May 4th 1944 the
technological war was decided. With
the attack of nine hundred and
thirty-five daylight bombers of the
American Eighth Air Force upon
several fuel plants in central and
castern Germany, a new era in the air
war began. It meant the end of Ger-
man armaments production.” For lack
of oil from coal, the German tanks
were to grind to a standstill in the
Battle of the Bulge, and the German
Air Force was to be grounded. But, for
6 years, the German war machine had
been fueled from coal. To cost the
project (and what a project!) would be
meaningless, because one would be
putting price tags on death and de-
struction, but what about energy-in
and energy-out? And whatever hap-
pened to oil from coal in the interven-
ing 30 years?

Oil from coal?

The answer to the latter is obvious:
oil, apart from its intrinsic chemical
values, was conveniently liquid and, in

money terms, cheap. Its cheapness had
scuppered Britain’s well-advanced
oil-from-coal program in the 1930’s.
Britain has been described as “a lump
of coal entirely surrounded by fish.”

We fueled the Industrial Revolu-
tion. We blackened our cities with
millions of tons of soot from combus-
tion that was less than 10% efficient.
Wesstill have an estimated 1.55 X 1010
tons in reserve. In the 1930’s there was
no premonition of North Sea oil, and
we were entirely dependent on oil im-
ports. It behooved us, therefore, to
make the most of our coal. And in the
1930’s we were proceeding to do so.

There were other compelling rea-
sons. Britain then had a mining work
force of over a million. In some of the
mine fields the unemployment was
over 80%, considerably because ships’
bunker-coal, so hard to handle, was
being replaced by oil. Work for miners
was therefore a consideration.

Another reason was the belated
recognition of the health hazards of
coal. The notorious pea-soup fogs (the
coal smogs) were thickening, and the
sulphur from British chimney stacks
was wafting northward to destroy the
Scandinavian forests. There was a
public health demand for smokeless
fuel.

In the early 1930’s, work on low-
temperature carbonisation to produce
smoke-free fuel for the domestic open
fires was well advanced. 1t was reck-
oned that if the 120 million tons of coal
being consumed in Britain were
treated, they would yield, apart from
smokeless fuel, 440 million gal of
motor-spirit (nearly half of Britain’s
import requirements), 750 million gal
of diesel oil, and 560 million gal of tar
acids.

The process produced a rich gas.
The approach here was the Fischer-
Tropsch reaction. There was also the
Bergius approach—pulverising the
coal and pumping in hydrogen at high
pressure and high temperature. The
Imperial Chemical Industry, with a
promise of Government tax protection,
went ahead with a plant capable of
producing 100 000 tons of petrol a year
using 350 000 tons of coal (or half of 1
day’s national production). The plant
was to cost the equivalent of $10 mil-
lion at the then exchange rate.

There were plans to salvage the de-
pressed mining areas by establishing
carbonisation plants and oil distilleries
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at the pithead, establishing gas-grids,
and erecting chemical plants and fac-
tories for plastics derived from coal.

What went wrong with those ratio-
nal ideas for oil from coal? Quite
simply: in commercial terms, the
availability of cheap oil. And that
consideration persisted after the War,
until OPEC served notice that oil
would never again be cheap.

For the past 30 years, the chemical
industry has moved its source of feed-
stock for bulk chemical production
from coal to oil. In Britain, the work
force in the mines declined to about a
quarter of a million, and the con-
sumption of coal declined from 5 X
10'8 J/y in 1920 to 3 X 10'® at the
present time. Solid fuel consumption
has been dominated by blast-furnace
coke for iron and steel. The chemical
industry is the largest industrial con-
sumer of primary energy, of gas and
petroleum, and is second to the engi-
neering and metal trades in the con-
sumption of electricity.

Looking back

Thirty years ago, | went back to my
home district in Scotland. Its industry
was traditionally weaving-—wool,
linen, cotton, and, predominately, jute.
One hundred and fifty years ago, still
in the days of hand looms, an East In-
diaman, under sail, had arrived in the
Tay, on the East Coast of Scotland. It
had on board a course fiber—jute. The
cottage weavers could weave anything,
so they produced a tough textile that
could be used for sacking and baling
and tarpaulin. Then they combined the
linen trade and the jute backing, and
jute also became the basis for carpets.
With mass-production factories, the
jute trade boomed. The jute was
hauled 10 000 mi from Ganges Delta.
Then the jute manufacturers of Dun-
dee found that they could use cheap
Indian labour and set up weaving
plants on the Hoogly in competition
with the Scottish production. And still
the jute industry on the Tay boomed
until the middle 1930’s, when it began
to suffer from the jute manufactured
on the spot in India and what is now
Bangladesh.

After the War, I suggested that
Dundee should forget the long sea
haul. Across the River Tay, in Fife,
was a coal field. Why not take advan-
tage of oil from coal and go over to
man-made fibres? Today in my home
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town there is a polypropylene plant
working 24 h a day producing man-
made fibres for the local weaving
mills—but from oil, not coal. True, it
will now come from the North Sea, but
I still think that an opportunity of oil
from coal was missed 30 years ago.

A second coming

It is coming in Britain. It is recog-
nized that the oil and natural gas from
the North Sea, so convenient to the
British economy at the moment, will be
depleted within 25 years, while the coal
reserves can be reckoned in centuries.
We talk about “the second coal era.”
It is current U.K. government policy
not to approve any more oil- and gas-
fired power stations. Environmental
regulations will force the production of
a clean low BTU coal gas to be piped
to industry. The U.K. has a natural gas
grid, but the British Gas Corporation
is developing the technology that will
provide methane synthesised from
coal.

With the statutory imposition of
smokeless zones, we are now in Britain
and Europe beginning to clean up the
soot-blackened buildings. In Edin-
burgh, which used to be called “Auld
Reekie™ because of its smoke pollution,
and in London, which was already
smothered by soot from “‘sea coal” in
the 17th century, and in Paris, we can
now have our architectural heritage,
the stonework restored and flood-lit in
all its pristine beauty.

We are not likely to tolerate the
abuses of crudely burning coal as a
fuel, especially since we can now treat
coal as what it really is—a storehouse
of essential chemicals. In it we have the
feedstocks of the materials of the
present and the future—pharmaceu-
ticals, dyes and paints to brighten our
lives, plastics, man-made fibres, cven
(it seems) fossilised antibiotics, sin-

gle-cell protein fertilisers, herbicides,
and pesticides.

Almost as a belated compensation
for our past burden of soot, we have the
carbon for carbon-fibres and their
composites as structural materials.
And, since we are committed to the
internal combustion engine for a long
time to come, we can have fluid hy-
drocarbons as well. With the develop-
ment of MHD (magnetohydrodyn-
amic) generators, it may be possible to
get electricity directly from coal, in-
stead of using it to generate steam for
turbines. MHD is, of course, a major
preoccupation of plasma physics with
profound implications for fusion re-
actors. A very hot gas when in motion
conducts an electric current. When it
passes through a vertical magnetic
field the ions are moved horizontally
and can be collected by electrodes.
Hence, if coal can be used to generate
a very hot flame, electricity might be
extracted.

Ongoing projects

-Although there is a great deal of
interest in the production of oil from
coal, there are really only two centres
of significant commercial produc-
tion—in East Germany, the major
scene of German wartime hydrogen-
eration activities, and South Africa.
South Africa is entirely dependent for
its natural oil on imports and, with
recurring threats of sanctions, has
reconciled itself to a siege economy.

As early as 1955 a plant to produce
liquid hydrocarbons was brought into
operation. It combined the Lurgi
pressure gasification process with
conversion through the Fischer-
Tropsch process. In 1974 a new large
plant was undertaken, sited in a coal
field of 30 000 ha with sufficient coal
for more than 60 years. The target was
motor fuels (gasoline plus diesel oil) of
the order of 1 500 000 tonnes/yr.

In Britain, the National Coal Board
is developing two processes for con-
verting coal to synthetic crude oil, with
a special concern about aviation fuel.
The present U.K. aviation kerosene
requirements of 4 million tonnes per
year is equivalent to 7 million tons of
coal. However, aviation kerosene is not
the only product, and energy is re-
quired to carry out the conversion.
Estimates show that to meet present
aviation requirements would mean
liquefaction of 2.5 million tons of coal



a year, and the market is expected to
double by 1995.

Synthetic oil

One process is liquid solvent ex-
traction, in which coal is digested in an
oil of high boiling point recycled from
the process itself. The filtered coal so-
lution is pumped to a hydrocracker
where it is catalytically treated with
hydrogen under pressure and con-
verted into “syncrude” and hydrocar-
bon gases. The syncrude is distilled to
separate light, middle, and heavy
fractions. The light oil can be pro-
cessed into transport fuels, chemicals,
and plastics; the middle oil can be
further hydrogenated to provide avia-
tion fuel.

The heavy oil is recycled as a solvent
for the early stages of the process or
converted into coke. The other process
is gas extraction, using the solvent
power of gas at high pressure and
temperature. When the coal is mixed
with a suitable hydrocarbon gas, as
much as 40% of the coal dissolves; the
undissolved residue can be used to
produce hydrogen or gaseous fuels.
When the dissolved coal is transferred
to another vessel at low pressure, the
gas and the extract separate cleanly.
The extract can be reacted with hy-
drogen to produce light oil, and the
heavier fraction can be further pro-
cessed to give aviation fuels.

Coal

I have laboured the point about coal
because in addressing myself to ma-
terials and energy, 1 have been im-
pressed (or depressed) by the way in
which get-rich-quick considerations
have diverted us from the effective use
of our resources, of which coal is con-
spicuously one. Coal was a bit of rock
that you burned very inefficiently in
domestic grates and boiler furnaces.
And as long as there was cheap mus-
cle-energy in the form of badly paid
miners, it did not matter.

In 1792, William Murdock first lit
his house in Redruth, Corwall, with
gas from coal but was derided as the
*madman who is proposing to light
London with smoke.” Around the
same time, Thomas Cochran, Earl of
Dundonald (who, incidentally, as a
volunteer admiral in the Chilean navy
contributed to the defeat of the Span-
iards and the liberation of Chile and
Peru), invented a smokeless fuel pro-

cess and explored the potentialities of
coal tar.

From the coal tar, William Perkin
of London, trying to make a synthetic
quinine, discovered the first aniline
dye, but it was left to the Germans
with their greater regard for chemical
engineering to exploit it and develop
the dyestuff and pharmaceutical in-
dustry. Kerosene was manufactured
from coal for lighting lamps in 1850
but within 10 yeats was overtaken by
E. L. Drake’s petroleum well. The in-
ternal combustion engine became a
competitor with steam. The oil refin-
eries as byproducts produced the
feedstocks of the chemical industry,
which might otherwise have come
from coal or coal-tar distillation. And
oil, until recently, was abundant and
cheap.

The environmental concern

One salutary effect of the modern
environment movement will be to re-
mind us of the real cost. “The quality
of life” is difficult to quantify, but we
now take some notice of the “environ-
mental impact,” the social cost so long
ignored. In industrial England in the
19th century the gloat was *“‘where
there is muck there is brass” (where
there is filth there is money). The
gracious countryside of the Midlands
became “The Black Country.” The
Welsh living in the coal fields and
working in the steel mills lamented
“How green was my valley.” The
lowlands of Scotland became a
blighted landscape of slag heaps,
acid-poisoned lakes and streams, and
industrial slums—the hallmark of
prosperity. “Lancashire cough” was
the chronic bronchitis of helpless mil-
lions. And so it was in the industrial
areas of the U.S. and Europe. The
present generation is now having to
foot the bill for reclamation.

Concern with the environment is
also reminding us that all life, and not
just our livelihood, depends on energy
and that energy derives from that fu-
sion reactor, the sun. It is the sun
which drives the weather machine, the
winds, the waves, and the clouds that
replenish our hydroelectricity. From it,
through photosynthesis, we derive the
food calories that sustain life and the
coal and oil hydrocarbons.

More and more, we are turning to
sun-derived organic materials, and
when we achieve nuclear fusion as our
source of energy, we will be imitating,
on earth, the processes of the sun.
When we are talking about the envi-
ronment, our main concern is with the
sun-created biosphere that sustains all
life—the trees, the vegetation, the sea
plankton, the food crops, the creatures,
including Man himself. We exist be-
cause of sun-generated molecules.

In our awareness of environmental
problems, we are being reminded of
the wealth we are squandering because
pollution is, in the final analysis, the
discarding of unwanted products. Eu-
trophication, which is bedevilling our
rivers, our lakes and seas, is just too
many rich nutrients, from domestic
wastes and industrial effluents, in the
wrong place at the wrong time. Smoky
chimney stacks and automobile ex-
hausts are venting valuable chemicals.
Noise pollution is squandered energy.
British Aerospace Corporation has
estimated that the engine-combustion
system of a jet aircraft releases enough
energy to heat 17 000 four-bedroom
houses: That expresses itself in dB.

We mine and quarry the rocks of the
lithosphere to extract metal, which we
process and presently discard, with
inadequate provision for recovery and
recycling. Product manufacturers go
for the end result and jettison as waste
what they do not want. One recalls
that the uranium for the first atom
bombs came from the spoil heaps of
Katanga, in the Congo. When radium
was the premium product, Union Mi-
niere had treated the uranium as
waste. One also recalls that deep cul-
ture of penicillin became possible when
it was recognized that corn-steep li-
quor, an embarrassing waste of the
distilleries and starch manufacturers,
was an admirable nutrient for the
Penicillium notatum mould that se-
cretes the antibiotic.

[ once made a film for I.C.1. on en-
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vironmental pollution. With great in-
dulgence, they accepted my condition
that all the examples of pollution
should be from their own plants. Asa
practical illustration of “repentance,”
we filmed the treatment of sludge from
one of their processes and followed
through the extraction from it of rare
metals and fine chemicals. Directors of
I.C.1. who saw the film were piqued
when they recognised that, for other
purposes of the combine, they had been
buying them at premium prices from
competitors.

We are a long way past the time
when we despised “erastz.” The feudal
hierarchy of traditional materials has
now given way to an aristocracy of
man-made alternatives. Or maybe one
should say that materials have been
democratised. | am old enough to re-
member when rayon was disparaged as
“artificial silk,” but no one would so
derogate present man-made fibres.
Polymer chemistry has produced a
social revolution. It was summed up on
a university debate, apropos of a fa-
mous British department store where
Royalty and commoners shop for
“ersatz.” The motion was “This house
agrees that Marks and Spencers have
had more social influence than either
Karl Marx or Herbert Spencer.”

Synthetics

Apart from wood, structural mate-
rials were always inorganic. We even
define our epochs as the Old Stone
Age, the New Stone Age, the Bronze
Age, and the Iron Age—the materials
by which cultures were determined.
Surely ours must be the Plastic Age,
even if in terms of end results the
products may be, in many cases, rigid
and unyielding. We might agree that
to qualify as a plastic or synthetic, the
material, at some stage of its history,
must possess plasticity, the capacity to
flow and take a desired shape. The
foundations of the present synthetic
plastics industry were truly laid by Dr.
Leo H. Baekerland when he produced
the first man-made resin—phenofor-
maldehyde—in the presence of an acid
catalyst.

Synthetic material, to match spe-
cific needs and process engineering
requirements, challenged the metal-
lurgists to make unmanageable metals
manageable metals. Electrolysis had
already transformed aluminum from
an intractable laboratory curiosity,

1072 Environmental Science & Technology

(i
o

tantalisingly described by Humphry
Davy at the beginning of the last cen-
tury, into a cheap universal light metal.
Magnesium, lighter still, had been
mass extracted from seawater. But,
came the day when high temperatures,
high speeds, and the new requirements
of atomic energy and electronics called
for the handling of unfamiliar metals
such as uranium, beryllium, zircon-
ium, titanium, germanium, indium,
tantalum, niobium, and molybdenum.
And—how important now—a new
look at silicon.

Inside-out smelting, which uses
ultra-short waves to agitate molecules
and generate heat from inside a metal,
made still rarer refinements possible.
Powdered metallurgy, which involved
compressing rather than smelting,
produced combinations that could not
be achieved by alloys. Ceramic metals,
or metallic ceramics, a long way from
potters’ clay, exploited oxides, borides,
carbides, and nitrides to make mate-
rials which were strong, corrosion re-
sistant, and able to endure high tem-
peratures. Combinations of plastic
with metals or glass (e.g., fiberglass)
opened up even wider possibilities.

The development of “tailor-made
molecules” or, in the language of the
new chemist, “long-chain polymers,”
was, indubitably, one of the most im-
portant points of departure in the his-
tory of technology. To be able to pre-
scribe a material for a specific purpose
and give it predetermined qualities
meant that invention was taking on a
new dimension. It was no longer a case
of “What can we do with the metals we
have?”, but “What exactly do you
want?”

Carbon fibre composites

One development that fascinates me
is carbon fibre. (You see how com-
pulsively I go back to coal and soot?)

Since the advent of stressed skin con-
struction in the early 1930’s, alumi-
num alloys have been the dominant
structural materials. They have been
improved progressively. What de-
signers of airframes are looking for is
a structural material that combines
strength, stiffness, weight, ease of
fabrication, and durability under ser-
vice conditions.

In all those requirements, carbon-
fibre composite is five times more
strong and four times more stiff than
titanium alloy. Carbon-fibre epoxy is
laminated so that the fibres are cross-
plied. Substantial weight savings
should result from the use of carbon-
fibre composites as structural materi-
als. Since the 1960’s when they were
first developed, activity has built up in
the western world on their production
and use not only in aircraft production
but in manifold different ways, from
self-lubricating bearings to golf
clubs.

Using such a material, it is possible
to reduce the vast number of small
components that are typical of con-
ventional metallic structures, leading
to a reduction in production costs as
well as weight. Laboratory tests have
shown that this material does not ex-
hibit fatiguc properties analogous to
those of metallic materials, but careful
tests are still being carried out on the
effects of temperature, moisture, and
repeated loading under service condi-
tions. The promise is that there will
cventually be a weight saving of 25%
in the wing structure compared with
present materials.

Age changing

There may be those who might
question the description the “Plastic
Age” and make claims for the “Silicon
Age.” Identified with silicon chips and
the implications that the integrated
circuits they minisculise may take over
the logical faculties of the human brain
in a world run by computers, silicon
might indeed qualify. Silicon stands
next to carbon in the fourth group of
the periodic system, and it is the second
most abundant element in the earth’s
crust, surpassed only by oxygen. It is
nonmetallic in character. [t is present
in practically every rock.

If we think back to the creation of
the world, the respective roles of car-
bon and silicon are interesting. The
carbon series build up their complex-



ities by conjunction of carbon atom to
carbon atom, while the silicon series
build up their complexitics through the
intermediary of oxygen atoms. In the
beginning, at temperatures of —50 to
+100 °C, carbon had within itsclf the
capacity of evolving life, while silicon
was a parent of cold rocks. The energy
we get through the carbon route, like
oil and coal, has come to us through
the organic chemists. Silicon, long the
inert material that as SiO (silica)
fashioned glass and ceramics, was cl-
ectrified by the solid-state physicists.
Not only is silicon likely to run our
businesses for us, but, with silicon cells
already proven as the source of energy
for the radiotransmitters and teleme-
tering equipment of space satellites
and probes, we can get direct conver-
sion of sunbeams into electricity.

We are discussing materials and
energy. The prevailing paradigm is
that it all began with the Big Bang.
Time began with a primacval atom
that exploded and released the cnergy
and particles, the matter and anti-
matter, which formed the expanding
universe, and all the galaxies and the
stars and the planets and created the
elements which congealed to form the
earth. Energy into matter. Matter into
energy.

When you are thinking about ma-
terials it does not matter whether you
start with the energy within the nu-
cleus or with hydrogen with its proton
and orbiting electron. To have the el-
ements that form any of the materials
you are going to manipulate or the
molecules you are going to fabricate
you.have to account for energy. You
can do your accountancy in gigajoules
or you can express it as money and
costs “‘added value.” But you have to
do the sums properly, and what we call
*“cost” is not a reliable indicator. It all
depends on “energy in”* and “‘encrgy
out.”

For example, the food calories of a
crop may be much less than the energy
put into the artificial fertilisers. Or
another example, the EEC produced
an energy plan that aimed at 200 GW
from nuclear reactors by 1990 (to help
fill the predicted energy gap). Onc of
my noble colleagues—an cminent
scientist—in a sclect committee of the
House of Lords, without bothering
about the huge cost in money terms,
demolished the argument by demon-
strating on a sheet of notepaper that

the energy used in the materials for
constructing and equipping the many
installations would exceed Europe’s
interim capacity and precipitate the
cnergy shortage which the programme
was planned to correct.

Perhaps il we really started ac-
counting in energy terms instcad of
money symbols we might get the en-
ergy problem straight and get the real
value of our materials and commodi-
ties. 1 ought to admit, and my banker
will confirm, that | know little about
finance, but | know that money has
little relation to real wealth. It did at
one time when the tillers produced the
food calories and sustained the artisans
who made better tools or better pots or
better textiles than they could. The
tiller bartered food for the products
into which the artisan put his muscle
encrgy.

And presently both the tillers and
the artisans produced surpluses, which
went onto trade barter between indi-
viduals and with other communitics.
Individuals could justify their efforts
to cach other—so much stoop labour
was worth so much bench labour. But
it was clumsy—so coins were invented
and there was buying and selling.
When goods were exported to other
communities, there were further dif-
ficulties.

So Darius I of Persia invented the
cheque (of Persian origin) or money
order which said, “This barley is worth
so much in Babylon and should be
worth so many hides in Ispahan.” The
money became itself a commodity.
Bankers started in Babylon as early as
500 B.C. They grub-staked the arti-
sans. They paid people to dig irrigation
canals and sold the water to the farm-
ers. They discounted the cheques of the
merchants on the caravan routes.
There was a trade in money itself. It
was not a question of the energy put

into the product but of how much the
market would bear.

Now, baffled by the apparent
meaninglessness of money in real
terms, by the wild excesses of inflation,
and by the contortions of the financiers
and economists to control, | have de-
cided to go back to first principles—to
the Big Bang, to E = mc2—and invent
my own currency, not based on the
inert metal gold, dug out of one hole
and stored in another, but on energy.

| follow the conventions of currency.
It has to be something difficult to ob-
tain; it has to be durable; and, by my
specification, it has to be redcemable
as cnergy. And it has to be calibrated.
| decided on uranium-235. (Natural
uranium is too accessible and pluto-
nium is a second-stage product. |
wanted a primary.)

235U can be expressed in curies as
gold can be expressed in carats. It can
be calibrated to other forms of en-
crgy—coal and oil calories or food
calories. It can be related in work
terms to gigajoules. It can scarcely be
carried around in the pocket, but it can
be banked like the gold in Fort Knox,
as the backing of notes. And it fulfils
my last requirement—it can, in the
ultimate, be put in reactors to produce
cnergy. | have called my new currency
“The Utope.” You can derive it as you
wish from “Uranium Isotope™ or from
“Utopia.”

And it has as much promise of suc-
cess as sunbeams out of cucumbers.
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How to get the devil out of your
waste stream and the EPA off your back.

Organic contamination of plant waste streams is a
devil of a problem. Contaminants such as phenol,
dyestuffs, chlorinated pesticides, and chlorina-
ted hydrocarbons, to name a few, give the modern
industrial producer a myriad of troubles.

How can one remove these chemicals from waste
streams? Is the method used satisfactory? What do |
do with recovered chemicals? Will the removal pro-
cess meet federal and local standards? Is the
recovery or removal process economical?

Through constant research and development over the
past four decades, Rohm and Haas Company has
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pioneered the technology that can give you the right
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Effect of Suspended Sediments on the Photolysis of Organics in Water

Barry G. Oliver*, Ernest G. Cosgrove, and John H. Carey

Water Chemistry Section, Process Research Division, National Water Research Institute, Canada Centre for Inland Waters,

Burlington, Ontario, Canada L7R 4A6

B An assessment of the role of suspended sediments and clays
on the rate and mechanism of photolysis of pollutants in water
was carried out. It was found that even though semiconductor
powders such as TiO; could photocatalyze the decomposition
of organics such as methyl alcohol and p-dichlorobenzene in
water, no such reaction occurred with naturally occurring
suspended sediments or clays. The sediments and clays were
found to decrease the rate of photolysis of pollutants such as
methoxychlor by shielding the pollutant from the available
light.

Photolysis is an important route of environmental degra-
dation for many organic pollutants such as pesticides (1). To
date, most research has been focused on measuring photolysis
degradation rates in mixed solvents and distilled water (2).
However, in the environment varying amounts of suspended
sediments are present in the water and this sediment could
change the rate or mechanism of photolysis of a pollutant in
several ways. Suspended sediment may reduce the photolysis
rate by either shielding the organic from the available light
or by quenching the excited states of the organic molecules
before they react to form products. It is also possible for sus-
pended particulates to enhance the rate of organic photolysis
if sediment absorption of light produces excited states or free
radicals that can then react with the organic. Ia this way it is
possible for organic materials that do not absorb sunlight to
be photolyzed indirectly.

This type of indirect photolysis does occur with semicon-
ductors such as TiQs, which are common constituents of clays,
sediments, and soils (3). In the presence of Oy, ultraviolet (UV)
irradiation of TiO2 photooxidized alkanes to alcohols, al-
dehydes, and ketones (4). Also, UV irradiation of aqueous
TiO; slurries results in the dehalogenation of fluorinated
benzenes (5) and polychlorinated biphenyls (6). Similar re-
actions have also been observed for some semiconductors such
as ZnO (7). It has been reported that the speed of photolysis
of certain pollutants is much higher in natural waters than in
distilled water owing to the presence of unknown sensitizers
(8, 9). This paper reports studies designed to elucidate
whether suspended sediments accelerate the photolysis of
aqueous organics by a mechanism analogous to photosensi-
tized semiconductor reactions or whether they slow down
photoreactions by shielding or quenching.

Experimental

Some commonly found clays (montmorillonite, kaolinite,
bentonite, dolomite, and illite) were obtained from Ward
Scientific, and several samples of suspended sediments from
rivers flowing into the Great Lakes were collected and
freeze-dried. For comparison purposes, a sample of TiOs
(anatase) powder was obtained from Fisher Scientific. The
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ultraviolet-visible adsorption spectra of the clays, sediments,
and semiconductors were measured using a Pye-Unicam SP
1700 spectrophotometer equipped with a diffuse reflectance
attachment. All spectra were referenced to magnesium
oxide.

Aqueous solutions were irradiated as 1.0% slurries in a
stirred quartz reaction vessel in a Rayonette photoreactor
equipped with 300- or 350-nm ultraviolet lamps. The intensity
of light impinging on the cell was 4.3 X 10~ Einsteins/min at
300 nm and 6.3 X 105 Einsteins/min at 350 nm as measured
by ferrioxalate actinometry (10).

The Fe(Il) yields were determined from the absorbance at
510 nm (A = 1.09 X 10%) using o-phenanthroline and a neu-
tralization-dilution technique (11). Formaldehyde concen-
trations were measured colorimetrically (A = 1.8 X 10* at 470
nm) using a modified chromotropic acid technique (12) after
suspended sediments were removed by centrifugation. After
extraction of the 100 mL of slurry into 20 mL of pentane, the
dichlorobenzene concentrations were measured using a Tracor
550 gas chromatograph equipped with an electron capture
detector. A glass column packed with 10% OV-1 on Gas-
Chrom Q was used isothermally at 130 °C for the analysis.
Methoxychlor was determined using the same extraction and
gas chromatographic procedure, except the temperature of
the column was programmed from 230 to 330 °C at a rate of
5 °C/min with a final hold of 4 min.

Results and Discussion

The absorption spectra of a typical suspended sediment,
clay, and semiconductor are shown in Figure 1. All the mate-
rials absorbed light strongly in the ultraviolet spectral region,
but the semiconductor (TiOs, anatase) showed a sharp cutoff
in absorption at about 400 nm, corresponding to the band gap
energy, whereas the suspended sediment and clay continued
to absorb a significant amount of light in the visible region of
the spectrum. These spectra were typical of various materials
studied, although the wavelength dependence of the extinc-
tion coefficients varied significantly for the different sus-
pended sediments and clays. To examine whether light ab-
sorption by these solids could lead to photoreactions, exper-
iments were carried out with various scavengers that react
with the photochemically produced free radicals to give
readily identifiable products.

The first scavenger system employed was a degassed
aqueous solution of isopropyl alcohol (0.26 M), methyl alcohol
(0.49 M), ferric perchlorate (0.01 M), and perchloric acid (0.5
M). This system was chosen because the solution absorbs
minimally at the irradiation wavelength (350 nm) and because
alcohols are excellent scavengers for most oxygen-containing
free radicals (13, 14). From studies of iron photochemistry (17)
alcohol concentrations were selected that were large enough
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Table . Iron(l1) Quantum Yields of 1% Slurries of
Clays and TiO, in the Aqueous Solution®

material Fe(l) yield material Fe(ll) yield
blank 0.032 kaolinite 0.0022
TiO, (anatase) 0.200 montmorillonite 0.0048

@ [HCIO4] = 0.5 M, [CH30H] = 0.49 M, [(CH3),CHOH] = 0.26 M, [Fe3t] =
0.01 M. Irradiation wavelength, 350 nm.

Table Il. Formaldehyde Quantum Yields for 1%
Slurries of Suspended Sediments and TiO, in the
Aqueous Solution 10 % Methanol (lrradiation
Wavelength, 300 nm)

formaldehyde quantum yield

material " degassed  air saturated
blank 0.000 38 0.000 58
TiO, (anatase) 0.003 4 0.0821
Black River $.S. 0.000 28 0.000 41
40-Mile Créek S.S. 0.000 15 0.000 23

to scavenge all free radicals in the solution. Typical reactions
of hydroxyl radicals in this solution are:

(CH;),CHOH (CH;)2 COH
or + OH. — or + H,0 (1)
CH:;OH 'CH2OH
(CHy), COH (CH3),C=0
or + Fett — or + Fe2t + Ht (2)
CH,OH H,C=0

It can be seen that the production of one hydroxyl radical in
the system eventually leads to the production of one Fe2+
molecule. Thus, the addition of ferric perchlorate at concen-
trations large enough to react with all the alcohol radicals
formed suppresses chain reactions and provides a simple an-
alytical system (Fe?* analysis). Perchloric acid must be added
to prevent dimerization and polymerization of the hexaaquo
iron(III) to species that absorb light at the irradiation wave-
length (11) and to prevent adsorption of Fe3* and Fe?* onto
the sediments. Unfortunately, this strongly acidic solution
caused decomposition of some of the materials under study
(all suspended sediments, some clays), but some useful in-
formation was obtained.

Table I shows the Fe(I) quantum yields for the stable
materials. There is a small but measurable Fe?* yield in the
scavenger solution in the absence of solids due to a small
amount of light absorption of the hexaaquo iron(III) charge-
transfer band that produces hydroxyl radicals (11). The
semiconductor, TiOz, gave Fe2* quantum yields well above
the blank, whereas the montmorillonite and kaolinite clays
gave Fe2* yields below the blank. This indicates that the
semiconductor is producing free radicals that are being
scavenged in the system and that the clays do not produce
such free radicals.

The next scavenger system tested was an aqueous solution
of 10% methanol. Methanol should react with oxygen-con-
taining free radicals to produce formaldehyde, for which a very
sensitive analytical technique is available (12). Formaldehyde
quantum yields at 300 nm are reported for a few materials in
Table I1. Again there is a small but measurable yield with the
scavenger solution in the absence of solids due to the photol-
ysis of methanol. The addition of suspended sediments to the
solution resulted in a reduction in the formaldehyde yield. The
addition of the semiconductor TiO; led to large increases in
the formaldehyde yield. When oxygen, an excellent electron
scavenger, is added to the system (air saturated) the formal-
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Figure 1. Ultraviolet-visible absorption spectra of TiO, (anatase), Black
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Figure 2. The effect of suspended sediment on the half-life of

methoxychlor in a Rayonette photoreactor (wavelength of irradiation,

300 nm)

dehyde yields in all cases are increased substantially over the
degassed solutions. Again, the semiconductor, TiOz, appears
to be the only photoactive material with this scavenger
system.

Since many of the persistent pollutants in natural waters
are chlorinated compounds, an experiment was performed to
see whether a chlorinated compound that did not absorb
sunlight could be photodegraded when suspended sediment
or clays were present. p-Dichlorobenzene (p-DCB) was chosen
for study since it has an absorption maximum of 275 nm and
does not absorb significantly at the wavelength of irradiation
(300 nm). A saturated aqueous solution of p-DCB (47 ppm)
was irradiated at 300 nm in the Rayonette photoreactor with
1.0% TiO; (anatase), and the p-DCB degraded rapidly with
a half-life of approximately 5 min. When saturated aqueous
solutions of p-DCB were irradiated as 1.0% slurries with the
clays, montmorillonite, kaolinite, bentonite, illite, and dolo-
mite, and with the suspended sediments from the Ausable,
Grand, Black, and 40-Mile Rivers, no decomposition of the
p-DCB was observed even after irradiation periods up to4 h
in the photoreactor. The irradiation of slurries of the naturally
occurring titanium-containing ores, rutile and ilmenite, again
resulted in no decomposition of the p-DCB from saturated
aqueous solutions. Therefore, even though ultraviolet irra-
diation of the semiconductor, TiO,, can result in the photo-
decomposition of non-light-absorbing organics in water,
naturally occurring suspended sediments and clays do not
appear to be capable of undergoing this type of photocatalytic
reaction.



To find out what effect suspended sediments have on the
photolysis rate of a compound that absorbs sunlight, the
degradation rate of methoxychlor in the Rayonette photo-
reactor at 300 nm was studied as a function of suspended
sediment concentration. Figure 2 shows that the rate of pho-
todecomposition of methoxychlor from a saturated aqueous
solution (0.12 ppm) is considerably reduced in the presence
of the suspended sediments. The half-life of methoxychlor in
the photoreactor seems to increase linearly with suspended
sediment concentration but at different rates for the two
sediments studied. Although there is a large difference in or-
ganic carbon content between the two sediments (40-Mile
Creek, 21%; Black River, 4.1%), the major reason for the dif-
ference in behavior appears to be differential light absorption.
The extinction coefficients at 300 nm, as measured in the
secondary cell compartment of the spectrophotometer close
to the photomultiplier, are 13.8 X 10~* L. mg~! em™! for 40-
Mile Creek and 4.1 X 107* L mg~! ¢m™! for Black River
sediment. The true extinction coefficients of such suspensions
are impossible to measure using a standard spectrophotometer
because of sample light scattering. For example, if the mea-
surement is made using the primary sample compartment of
this spectrophotometer located some 15 cm from the photo-
multiplier, the apparent extinction coefficients are about twice
the above values. In any case, the ratio of the extinction
coefficients at 300 nm (30-Mile Creek/Black River) is about
3.3. The ratio of the slopes of the half-life vs. concentration
plots (40-Mile Creek/Black River) is 3.8. Therefore, to a rea-
sonably close approximation, the suspended sediments appear
to be simply shielding the methoxychlor from the available
light.

In summary, even though suspended sediments and clays

can contain TiOy and other semiconductors in the 5-10%
range and even though they absorb sunlight, suspended
sediments and clays do not appear to photocatalyze the de-
composition of organic pollutants in water but reduce the rate
of photolysis by shielding the pollutant from the available
light.
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Factor Analysis and Derivation of an Experimental Equation on Polynuclear
Aromatic Hydrocarbon Emissions from Automobiles

Takashi Handa*, Takaki Yamamura, Yoshihiro Kato, Shoichiro Saito, and Tadahiro Ishii
Department of Chemistry, Faculty of Science, Science University of Tokyo, 1-3, Kagurazaka, Shinjuku-ku, Tokyo, 162, Japan

B Factor analysis on polynuclear aromatic hydrocarbon
(PAH) emissions from gasoline engine automobiles was made
on the data from test runs of more than 50 000 km on each of
26 cars. The average emission rate of PAH from cars was di-
rectly linked to average car mileage. The consumption of en-
gine oil was a significant factor governing PAH emissions from
cars in ordinary city service. An experimental equation which
can give the average emission rate of PAH from cars was de-
rived as a function of car mileage and engine oil mileage. The
validity of this equation was supported by field data.

Recently, carcinogenic polynuclear aromatic hydrocarbons
(PAHs) from automobiles have become a significant problem
for public health, especially in big cities troubled by heavy
traffic. The present research is part of ongoing research on the
emissions of PAHs from automobiles.

Generally, older cars with higher mileage have higher PAH
emissions (/-4). For example, Begeman and Colucci (1)
measured the emission rates of PAH from 25 cars. They
showed that the average emission rate of benzo[a]pyrene
(BaP) from 12 cars of 1951-1959 model years was 3 times
higher than that from 13 cars of 1959-1963. Thus, PAH
emissions are closely related to car age, i.e., car mileage.
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To determine a quantitative relation between PAH emis-
sion rate and car mileage, test runs of more than 50 000 km
were carried out on each of 26 Japanese gasoline engine cars
in ordinary city service (5). In this paper, from the results of
the test runs, we elucidated the main factors governing PAH
emissions, and derived an experimental equation on PAH
emissions as a function of car mileage and engine oil mileage.
Finally, the validity of this equation was evaluated by field
data.

Experimental

To investigate the effect of used oil on PAH emission, two
cars, car A and car B, were operated for 6000 km on single oil
changes. For car A, a similar test run was repeated.

The specifications of these cars are as follows. Car A: 1972
model year, 4-cycle and 4-cylinder gasoline engine, 1400-cm?
displacement, spark retarded for emission control of HC and
NOy, initial car mileage in the test run, 39 000 km, and con-
sumption rate of engine oil, operating at 40 km/h using new
oil, 1.44 mL/L of fuel (oil economy, 10.9 km/mL). Car B: 1974,
4-cycle and 4-cylinder gasoline engine, 1200 cm?, spark re-
tarded, 19 000 km, and 0.14 mL/L of fuel (143 km/mL) at 40
km/h using new oil.

The PAH measurements were made at 2000-km intervals
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during the above test runs. The sample collection was done
on a chassis dynamometer, while operating at 40 km/h.

The fuel used in the test runs and the PAH measurements
was the same commercial gasoline containing 153 pg/L BaP
and no tetraethyllead. The lubricating oil used for the tests
was the same commercial oil, which had only negligible traces
of PAH in its fresh condition.

With respect to the test runs of 26 cars and the measure-
ments of PAH from them for the investigation on the rela-
tionship between PAH emission and car mileage, the details
have been described in a previous paper (5).

The procedures for the PAH collection from automotive
exhaust gas and the PAH analysis have also been described
there (5).

Results and Discussion

Relationship between PAH Emission and Oil Mileage.
It has been shown previously (5), from the results of the
measurements for the 26 cars, that PAH emissions under used
oil conditions were, on the average, higher than those under
new oil conditions. Furthermore, we investigated the rela-
tionship between BaP emission and engine oil mileage, and
the causes of the higher emission under used oil conditions,
using two cars, i.e., car A with a comparatively high oil con-
sumption rate and car B with a low consumption rate.

As Figure 1 shows, the BaP emission rate for car A increased
with an increase in the oil mileage. The higher emission level
after the 6000-km run returned to the initial low level after
changing the oil. When the 6000-km test was repeated for car
A, a similar result was obtained. On the other hand, this in-
crease was hardly noticed through the test run of 6000 km for
car B. :

The above increases for car A are considered to be due to
an increase in oil consumption rate by aging of oil, because it
is known that high oil consumption causes high PAH emission
(1,5-8). As Figure 2 shows, for car A, a considerable increase
in oil consumption rate was observed in proportion to the oil
mileage. For car B, a slight increase was observed.

In order to find out the cause of the increase in the oil con-
sumption rate for car A, a change of the viscosity of the oil with
oil mileage was investigated. The relative viscosity of the oil,
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n/70, decreased with an increase in oil mileage, where 5 and
1o are the viscosities of used oil and new oil, respectively. This
result is also shown in Figure 2. Therefore, the increase in oil
consumption rate with the increase in oil mileage is due to the
lowering of oil viscosity.

The reciprocal of the above relative viscosity was found to
increase linearly with the increase in oil mileage. That is, 79/n
can be given by:

no/n=vyd +1 (1)

where 7 is a proportionality constant and d represents kilo-
meters of oil use. y was given as 1.25 X 10~* km™! for car A.

It is known that oil consumption rate is inversely propor-
tional to oil viscosity (9), i.e., @ = Qono/1, where @ and @ are
oil consumption rates for used oil and new oil, respectively.
From this relation and Equation 1, the following equation is
given:

Q=Qo(yd+1) )

Q and @ are expressed in units of mL of oil consumed/L of
fuel consumed.

Provided that the elevation in the BaP emission level with
the increase in oil mileage for car A depends only on the in-
crease in the oil consumption rate, the plot of the BaP emis-
sion rate vs. the oil consumption rate should give a linear
relation. However, the relation is not linear, as shown in Figure
3. The deviation from linearity is considered to be caused by
the accumulation of BaP in used oil.

To estimate the emission rate of BaP only from consumed
oil, the contribution (8) from factors other than engine oil was
subtracted from each BaP emission rate in Figure 3. The
value was taken as 1.27 ug/L of fuel (Table I). The explanation

of the determination of this value will be done in the suc-

ceeding section. Each estimated value was divided by the
corresponding oil consumption rate. The result gives the rate
of generation, « pg/mL, of BaP from 1 mL of consumed oil.
The increase in the slope of the broken line in Figure 3 means
the increase in «. (The common intercept for the broken lines
was taken for the subtraction of 8.) Each slope, i.e., a, was
plotted vs. the concentration, m ug/mL, of BaP in the oil. As
Figure 4 shows, the plot gave a straight line, with a slope of
0.375 (nondimension) and an intercept of 5.40 ug/mL of oil.



The intercept gives the rate of generation of BaP from oil in
its fresh condition, which equals the intrinsic rate of forma-
tion, ag ug/mL, of BaP from consumed oil for car A, because
the content of BaP in the new oil was negligible. The slope
represents the ratio, p, of BaP surviving the emission process
in consumed oil. That is, for car A, about 38% of the BaP
contained in the oil consumed by leakage into the combustion
chamber or the exhaust system survived the emission process.
From the linearity in Figure 4, the rate of generation, «, of BaP
from used oil can be written as follows:

a=pm+ qq (3)

In order to confirm further the effect of the PAH in oil on
the PAH level in exhaust gas, another experiment was done
by adding BaP artificially to new oil. As Figure 5 shows, for
car A, BaP emission rate increased linearly with an increase
in the concentration of BaP in the oil. The survival ratio, p,
of BaP in the consumed oil was given by dividing the slope,
0.480 mL of oil/L of fuel, of the straight line by the oil con-
sumption rate, 1.44 mL/L of fuel, for the new oil condition.
The result was 0.333. This value agreed approximately with
the value obtained from the plot in Figure 4. The mean of
them, 0.354, was adopted as p for car A.

On the other hand, for car B with a low il consumption rate,
the effect of BaP in oil was scarcely recognized, as shown in
Figure 5.

The actual mode of accumulation of BaP in engine oil was
followed by the quantitative analysis of BaP in the oil at every
1000 km during the run of 6000 km. The concentration of BaP
accumulated in oil was found to be directly proportional to oil
mileage, d km. A similar result was shown by Gross (7), too.
Hence, the concentration, m ug/mL, of BaP in engine oil was
given by:

m=6d 4)
where 0 is the accumulation rate of BaP in oil. Its values were
given as 1.10 X 103 and 1.21 X 10~ ug/(mL-km) for car A and
car B, respectively.

On the basis of the resulis described so far, an experimental
equation, which can explain the change of BaP emission rate
with oil mileage, was derived:

ug of BaP/L of fuel = aQ + 8 = Qu(yd + 1)(ay + pm) + 8
= Qu(yd + 1)@y + pdd) + B (5)

Upon substituting the numerical values for the individual
coefficients in this equation, the equation was written as a
quadratic function of d. The equations for an operating con-
dition of a steady speed of 40 km/h on car A and for that on
car B are as follows: on car A,

ug of BaP/L of fuel = 7.01 X 10~%¥d2
+1.53 X 10~%d + 9.05 (6)

(Qy = 1.44 mL of oil/L of fuel, y = 1.25 X 10~ km~" ¢t = 5.40
pg/mLof oil, p = 0.354, 6 = 1.10 X 10~ yg/(mL-km), 8 = 1.27
ug/L of fuel), and on car B,

ug of BaP/L of fuel = 8.05 X 10~%d2
+1.88 X 1074 + 2.17 (7)

(Qo=0.14 mL/L, y = 1.50 X 10~* km~! atg = 6.40 pug/mL, p
=0.317, 6 = 1.21 X 10~ ug/(mL-km), 8 = 1.27 ug/L). For the
values of 8 on car A and ¥, «, p, and § on car B, the average
values (Tables I and II) determined using the 26 cars were
used.

As shown in Figure 1, the results calculated from Equations
6 and 7 were in good agreement with the observed values for
car A and car B, respectively.

For cars with low oil consumption such as car B, since the
contribution from the first and second terms in Equation 7

3 15 75
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A Car A
= 10,
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a
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m" pg/mL-oil

Figure 5. BaP emission rate vs. concentration (m*) of BaP added in new
oil

Table I. Values of &g and & (ig/mL of Oil) and 3, and
8 (ug/L of Fuel), for 10-Mode and 40 km/h Conditions

& & Bo B
BaP 10-mode 5.47 6.19 1.62 1.85
40 km/h 6.40 7.03 1.25 1.27
BaA 10-mode 13.4 15.3 14.2 15.6
40 km/h 15.0 17.2 13.6 14.9
chrysene  10-mode 13.9 159 17.0 17.2
40 km/h 16.0 17.9 14.6 16.4
pyrene 10-mode 334 63.4 97.4 99.2
40 km/h 41.7 70.9 95.7 107

is small as compared with the value of the final term, the effect
of used oil is not so apparent. However, for cars with high oil
consumption, its effect becomes significant.

Average PAH Emission Rate as a Function of Average
Car Mileage. The change of PAH emission rate (BaP,
benz[a]anthracene (BaA), chrysene, and pyrene) with car
mileage was studied by test runs of more than 50 000 km on
each of 26 cars. The details of the results have been reported
previously (5). A quantitative analysis of the results is made
here. Emission rates of PAH from cars, even from the cars with
almost similar mileage, varied over a wide range (5). The mode
of the change of PAH emission rate with car mileage also
differed widely among individual cars (5). However, taking
an average in the groups of cars, a linear relation between the
average PAH emission rate and the average car mileage was
recognized at mileages above 20 000 km, with a correlation
coefficient of more than 0.95 (statistically significant at a
confidence level of more than 95%).

A linear relation between average PAH emission rate and
average oil consumption rate was also recognized for each
condition of new and used oil, with a correlation coefficient
of more than 0.96 (statistically significant at a confidence level
of more than 95%). That is, this relation can be expressed by
the following equations:

ug of J-PAH/L of fuel = aq;jQo + Bo; (new oil)  (8)
and
ug of J-PAH/L of fuel = &;@ + B; (used oil) 9)

The subscript j means a PAH species. @ and @ (mL/L of fuel)
are average oil consumption rates for new oil and used oil
conditions, respectively. The slopes, a; and ¢j (ug/mL of oil),
give the average intrinsic rate of formation and the average
rate of generation of j-PAH from consumed oil for its new and
used conditions, respectively. The intercepts, Boj and 8; (ug/L
of fuel), indicate the contribution of j-PAH from factors other
than consumed oil, presumably mainly from gasoline, under
new oil and used oil conditions, respectively. The numerical
values of @y, @, o, and 8, which were determined by a least-
squares method, are summarized in Table L. _

The values of 8 were slightly higher than those of 3. How-
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Table Il. Values of m (ug/mL of Qil), p, and )
(ug/(mLkm))

[ -

m ~10-mode 40 km/h 1]
BaP 199 0.362 0317  7.65X 10~
BaA 6.12 0310 0359 235X 1073
chrysene 663 0302 0.287 255X 1072
pyrene 107 0.280 0.273 412X 1072

Table L. Values of Ao and \ (mL/(L-km)) and D,
(km)

Ao A Tiew O used ol
10-mode 6.47 X 1075 8.96 X 1075 19210 20830
40 km/h 1.083 X 1074 1.44 X 1074 19960 20460

ever, the difference between them was of no great impor-
tance.

The values of @ were higher than those of . This can be
ascribed to the contribution of the PAH accumulated in used
oil. The average mileage of the used oils employed for the
present PAH emission tests was 2600 km. The average con-
centrations, 7 (ug/mL), of PAH in the used oils are summa-
rized in Table IL. The concentration of pyrene in used oil was
much higher than those of the others. This caused the re-
markable difference between & and &, particularly for py-
rene.

The average survival ratio, pj, of j-PAH in consumed oil was .

determined from aqj, @;, and 7; by Equation 3. _

The average accumulation rate of j-PAH in engine oil, 0;,
pg/(mL-km), was determined from 77; and the average mile-
age d (2600 km) by Equation 4. The values of p and § are
summarized in Table II.

The relationship between the average oil consumption rate
and the average car mileage, D km, could be adequately ap-
proximated at mileages above 20 000 km by the following
linear equation, with a correlation coefficient of 0.97 (statis-
tically significant at a confidence level of 95%), for each con-
dition of new and used oil:

Qo, mL/L of fuel = Xo(D — Do) (new oil) (10)
and
@, mL/L of fuel = X(D — D) (used oil) (11)

The numerical values of the coefficients Ag and A (mL/(L-km))
and Dy (km), which were determined by a least-squares
method, are summarized in Table ITL. The values of D, were
in fairly good agreement regardless of new/used oil, 10-mode
(the standard Japanese city driving schedule)-40 km/h op-
eration. The average was 20 120 km. From Equations 2 and
10:

Q=Qoyd+1)=Xo¥d+ DD -Doy)  (12)
Upon comparing Equations 11 and 12:
A=ho(¥d + 1) (13)

The value of 7 was determined from those of Ag and A, and d
= 2600 km by Equation 13. The determined values for 10-
mode and 40 km/h conditions were 1.48 X 104 and 1.52 X
10~4 km~1, respectively. These values can be regarded to be
in fairly good agreement. Therefore, their average, 1.50 X 10~4
km~!, was adopted as the value of ¥.

From the results obtained so far, an experimental equation
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Figure 6. Average BaP emission rates calculated for various average
oil mileages and observed ones vs. average car mileage. Broken lines:
calculated results

on the average emission rate of PAH from gasoline engine cars
was derived as a function of average car mileage D and average
oil mileage d by the modification of Equation 5. The derived
equation is as follows:

Jj-PAH emission rate (ug/L of fuel) = &;Q + B,-

= ho(¥d + 1)(D — Doda; + Bj6;d) + 8;  (14)
Upon substituting the numerical values for the individual
coefficients in this equation, the equation was transformed
into the feasible form of a linear function of D and a quadratic
function of d. For example, the equation for average emission

rate of BaP from cars operated on the 10-mode city driving
cycle is as follows:

ug of BaP/L of fuel = (2.69 X 10-12d2 + 7.10 X 10-8d
+3.54 X 10~4) X (D — 20 120) + 1.85
D=20120 (15)

(No = 6.47 X 10-5 mL/(L-km), ¥ = 1.50 X 10~ km~", &y = 5.47
ug/mL of oil, p = 0.362,6 = 7.65 X 10~% ug/(mL-km), 8 = 1.85
ug/L of fuel, Dy = 20 120 km).

Figure 6 shows the results calculated by Equation 15 for
various d and D values. The experimental values of the av-
erage BaP emission rate under 10-mode operating conditions
were also plotted vs. D in Figure 6. There was good agreement
between them, for both conditions of new oil (d = 0) and used
oil (d = 2600 km).

For cars with low car mileages below 20 000 km, PAH
emission rates were very low. The emission rates of BaP from
them were a few micrograms per liter of fuel.

Evaluation of the Equation by Field Data. The validity
of Equation 14 was evaluated by comparing the calculated
results with those observed in the actual atmospheric envi-
ronments, where pollution by PAH from gasoline engine cars
was considered to be predominant.

The PAH concentrations in the actual environments were
measured at Iidabashi along Sotobori St. in Tokyo in De-
cember 1977 and Chiyoda Road Tunnel on the Metropolitan
Expressway in August 1977. The PAH collection at Iidabashi
was done with an apparatus additionally equipped with liquid
nitrogen cooling traps after the filter to capture PAH which
passed through the filter. The collection in Chiyoda Tunnel
was done with an ordinary high-volume air sampler. The re-
sults are summarized in Table IV.

The average emission rates of PAH from cars in ordinary
city operation were estimated on the basis of Equation 14 in
the following manner. The average mileage of cars in Tokyo,
D, was estimated to be 43 600 km from the number of gasoline
engine cars registered each year (10) and the average mileage
accumulation per year, 13 000 km. The value of 13 000 km was
estimated from the average kilometers driven by gasoline
engine cars per day in Tokyo, 36.7 km, based on the traffic
statistics of the Metropolitan Police Office (11).

The average oil mileage, d, was estimated to be 1950 km as
the middle value of the average oil change interval of 3900 km.



Table IV. Observed and Calculated Atmospheric PAH
Concentrations

obsd concn, ng/m?

BaP BaA chrysene pyrene

lidabashi filter 2.68 6.14 7.056 13.7

liq. N2 0.19 0.92 1.41 16.2

traps

total 2.87 7.06 8.46 29.9

Chiyoda filter 14.2 14.0 193 31.7
Tunnel

calcd concn, ng/m3
lidabashi 212 6.24 6.58 28.4
Chiyoda 10.9 32.0 33.8 146

Tunnel

Table V. Average Car PAH Levels Calculated by
Equation 14

BaP BaA chrysene pyrene
ug/L of fuel 22.8 67.1 70.9 306
pg/m? 2.39 7.05 7.44 32.1

The value of 3900 km was estimated on the basis of the data
of the Petroleum Association of Japan (12).

The driving modes of cars at lidabashi on Sotobori St. and
in Chiyoda Tunnel were close to a steady rate of 40 km/h.
Therefore, the calculation of the average PAH emission rate
from cars was done regarding the condition of 40 km/h. The
results are summarized in Table V. In order to match the units
of PAH emission rates with the ones of the PAH concentra-
tions measured in atmospheric environments, the unit of ug/L
of fuel was transformed into ug/m? of exhaust gas. The results
are also summarized in Table V.

Colucci and Begeman (13) and Hirono et al. (14) reported
that, in high traffic areas, atmospheric BaP was significantly
correlated with CO concentration. Therefore, it can be as-
sumed that the dilution ratio of PAH from automotive ex-
haust to atmosphere is nearly equal to the dilution ratio of CO.
The CO emissions from cars depended somewhat on car
mileage. The average concentration of CO from cars under an
operating condition of 40 km/h could be approximated by the
following equation, with a correlation coefficient of 0.98
(statistically significant at a confidence level of 98%): % CO
= 2.0 X 107¢D + 0.52. Hence, the average CO concentration
for D = 43 600 km was estimated to be 0.61%. The CO con-
centrations in lidabashi and Chiyoda Tunnel were 5.4 and 27.7
ppm, respectively. Therefore, the dilution ratios in lidabashi
and Chiyoda Tunnel were given as 1/1130 and 1/220, respec-
tively. The concentrations of PAH diffused from automotive

exhausts into the atmosphere were calculated from the values
in Table V and these dilution ratios. The results are summa-
rized in Table IV.

The calculated concentrations of PAH for Iidabashi were
in fair agreement with the observed ones. For Chiyoda Tunnel,
the approximate agreement between the calculated and ob-
served concentrations was recognized for BaP; however,
agreement was not recognized for other lower molecular
weight PAHs. As one cause of the disagreement, the incom-
plete collection of lower molecular weight PAH is considered.
The sampling in Chiyoda Tunnel was carried out in summer.
Therefore, the collection error may be larger than that in the
sampling at Iidabashi in winter.

Thus, the validity of Equation 14 was supported by the field
data. Consequently, the equation seems likely to be sufficient
to give the average emission rate of PAH from gasoline engine
cars in ordinary city operation.

Acknowledgment

The authors wish to express their sincere thanks to Dr. H.
Matsushita of the Institute of Public Health for his advice and
continuous encouragement during this study.

Literature Cited

(1) Begeman, C. R., Colucci, J. M., SAE Trans., 79, paper 700469,
1682 (1970).

(2) Hangebrauck, R. P., Lauch, R. P., Meeker, J. E., Am. Ind. Hyg.
Assoc. J., 27,47 (1966).

(3) Hoffman, C. S., Jr., Willis, R. L., Patterson, G. H., Jacobs, E. S.,
Prepr., Div. Pet. Chem., Am. Chem. Soc., 16, E36 (1971).

(4) Hoffmann, D., Wynder, E. L., Natl. Cancer Inst. Monogr., 9,91
(1962).

(5) Handa, T., Yamamura, T., Kato, Y., Saito, S., Ishii, T., J. Jpn.
Soc. Air Pollut., 14,53 (1979).

(6) Handa, T., Yamamura, T., Kato, Y., Saito, S., Ishii, T., J. Jpn.
Soc. Air Pollut., 14,98 (1979).

(7) Gross, G. P., SAE Trans., 83, paper 740564, 2093 (1974).

(8) Hoffmann, D., Theisz, E., Wynder, E. L., J. Air Pollut. Control
Assoc., 15,162 (1965).

(9) Furuhama, S., “Tribology in Automotive Engine”, Natsume
Publisher, Tokyo, Japan, 1972, pp 142-6 (Japanese).

(10) “Number of Cars Registered Each Year”, Edited by the Motor
Vehicle Division, the Ministry of Transportation of the Japanese
Government, The Assaciation of Inspection and Registration of
Automobiles, 1977 (Japanese).

(11) Traffic statistics of the Metropolitan Police Office, 1977, un-
published data, private communication.

(12) “The Annual Record of Petroleum Business in Japan”, Edited
by the Petroleum Association of Japan, 1977 (Japanese).

(13) Colucci, J. M., Begeman, C. R., Environ. Sci. Technol., 5, 145
(1971).

(14) Hirono, T., Matsushita, H., Arashidani, K., Asakuno, K.,
Ohdaira, T., J. Jpn. Soc. Air Pollut., 12,209 (1977) (Japanese).

Received for review July 5, 1978. Accepted April 3, 1979. This work
was supported in part by a grant-in-aid for Cancer Research (53-1)
from the Ministry of Health and Welfare of the Japanese Govern-
ment.

Volume 13, Number 9, September 1979 1081



Chemical and Physical Behavior of Stabilized Scrubber Sludge

and Fly Ash in Seawater

James D. Seligman and Iver W. Duedall*

Marine Sciences Research Center, State University of New York, Stony Brook, N.Y. 11794

B An investigation of chemical and physical properties of a
stabilized admixture of scrubber sludge and fly ash in seawater
was carried out with the intent of relating the results to the
question of ocean disposal of these wastes. Leaching studies
indicated that stabilization minimized or prevented the re-
lease of copper, iron, and nickel. Release of major components,
i.e., calcium salts, was regulated by solubility and surface:
volume ratio of solid test samples. Studies of physical prop-
erties (porosity, density, compressive strength, surface
hardness) carried out in the laboratory and the results of on-
going field work have demonstrated that the structural
strength of test blocks is maintained over prolonged periods
in seawater.

With the return of coal as a major energy source and the use
of flue gas desulfurization scrubbers to remove sulfur oxides
from the combustion gases generated, large quantities of
scrubber sludge and fly ash will be produced by coal-fired
electric utilities (7). These waste products have been found
to be environmentally unacceptable for direct land or ocean
disposal (2). However, they can be mixed with a suitable ad-
ditive, such as lime, to form stabilized brick-like solids which
may be useful materials in construction (3, 4). Another al-
ternative would be to use blocks of stabilized scrubber sludge
and fly ash (SSFA) to construct a subsurface ocean reef. This
application would provide a habitat for marine life besides
reducing the costs and problems associated with more con-
ventional disposal. The purpose of the present investigation
was to conduct a laboratory study of the chemical and physical
behavior of SSFAs in seawater. The aim was to (a) measure
concentrations of major and minor elements in test mixes, (b)
determine physical properties, and (c) investigate leaching
behavior of major and minor components.

A large scale, comprehensive field and laboratory research
project resulting from this preliminary investigation is now
underway at the Marine Science Research Center in which
biological impacts and long-term block stability are being
addressed.

Methodology

Test Mixes, Samples, and Composition. Test samples,
which were solid cylinders 7.6 X 7.6 cm of SSFA, were pre-
pared by IU Conversion Systems, Inc. (IUCS) of Philadelphia,
Pa. The samples were cured at 23 °C and 80-90% relative
humidity for at least 30 days prior to use. Four SSFA mix
types were prepared to examine varying sample compositions.
The basic mix design (Poz-O-Tec process by IUCS, Inc.) was
as follows: 16% scrubber sludge + 80% fly ash + 4% quicklime.
These mixes were especially designed for this project. For mix
6, 20% of the fly ash was substituted by bottom ash. The
scrubber sludge used in mixes 4 and 5 was obtained from the
Conesville power plant (Columbus and Southern Ohio Elec-
tric). The scrubber sludge for mixes 6 and 7 plus all of the fly
ash and bottom ash used were obtained from the Elrama
power plant (Duquesne Light) located near Pittsburgh, Pa.
The ash:scrubber sludge ratio in these mixes was approxi-
mately 5:1. At present, work is continuing on 1:1 and 3:1 mixes
that are more representative of the true waste ratios that
would be generated at an operating flue gas scrubbing power
plant.
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Test samples of construction grade concrete prepared by
ASTM methods (6, 7) and cured for 30 days were used for
comparison purposes.

The cured samples of SSFA and concrete were ground using
a porcelain mortar and pestle and analyzed for Ca, Cd, Cr, Cu,
Fe, Hg, Mn, Ni, Pb, and Zn by atomic absorption spectro-
photometry (AAS) (7). Sulfite (SO3) was converted to sulfate
(SO4) and, subsequently, total SO4 was determined grav-
imetrically by precipitation of BaSQ4. Total carbon was de-
termined using a carbon-hydrogen-nitrogen analyzer and
carbonate carbon was determined using a gas buret method
(8).

Physical Properties. Permeability was determined using
the standard falling head technique and the Darcy equation
(9). Porosity and bulk specific gravity were determined from
the change in weight of samples due to the absorption of water
(6). Bulk densities of dried, powdered samples were deter-
mined by measuring the volume displacement of water per
mass of material (6).

Compressive strength was determined by measuring the
load needed to achieve total failure of the sample when the
load was applied to the vertical axis of the sample (6). A Riehle
universal testing apparatus with a loading rate of 0.064 cm/
min was used.

Qualitative determination of the relative surface hardness
of the test mixes was made using an improvised abrasion
technique (7).

Sets of samples were tested for compressive strength and
surface hardness after curing in humid air for: 30 days, 150
days, 120 days with 30 additional days of immersion in sea-
water, and 30 days with 120 days immersion in seawater; the
salinity of the seawater was about 34%o.

Leaching Experiments. Percolation Experiment. To
accelerate the dissolution process, a percolation leaching ex-
periment (10, 11) was performed on mixes 5 and 7. The ex-
periment consisted of percolating seawater through stabilized
scrubber blocks while they were fixed in vertical pvc columns,
1 m in height (7). Seawater (2.5 L) was added to the columns,
containing mixes 5 and 7, before the system was closed and
purged with Ny to avoid oxidation of SO3 to SO4. After per-
colation began, successive 60-mL aliquots of seawater were
removed for analysis of pH, Eh, and the concentrations of Ca,
S04, SOy, Ni, Cu, and Fe (7). .

Tank Experiment. In these experiments, samples of SSFA
mixes 5 and 7 were placed in tanks with covers, containing 3
L of seawater, for 1 month without stirring to determine
short-term leaching rates of major and minor soluble com-
ponents from SSFAs. A control tank containing seawater
alone was also sampled. Aliquots of seawater were withdrawn
by plastic syringe at the beginning of the experiment and at
the following time intervals: 1, 3, 5, 10, 20, and 30 days for
analysis of pH, Eh, dissolved SO3, SOy, Ca, Cu, Fe, and Ni (7).
"The seawater was thoroughly mixed prior to sampling each
time.

Results and Discussion

Composition. Concentrations of selected major and acid
leachable minor components are presented in Table . These
values are average concentrations based on replicate samples
and subsamples of each mix type. There was no significant
variation [one-way ANOVA, « = 0.05; Sokal and Rohlf (12)]
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Table I. Concentrations of Selected Major and Minor Components 2

sample bulk content, mg/g acid-leached compomnls,b na/g
mix total CO3 org
type CaCO3 carbon carbon carbon® Ca SO3 so." Fe Mn Zn Cu Cr Pb Ni Cd Hg
4 118 15 14 1 52200 23600 2600 3660 586 23.2 19.1 16 1 7 06 0.048
5 118 17 14 3 66 600 26 700 3000 4750 63.0 305 227 18 19 7 07 0.059
6 15 20 2 18 33200 16300 24500 4930 35.1 13.7 123 7 12 6 04 0.272
7 19 25 2 23 37 400 16 300 24500 3340 33.1 141 109 10 10 3 02 0.299
concrete ® 111 300 6400 5780 3125 184 52 24 6 5 <0.29 0.010
detection 5 1 0.5 1 400 100 100 30 0.3 0.1 04 2 3 2 0.2 0.002
CV,%f 95 157 9.5 15.7 10.5 10.7 10.7 4.9 41 214 7.2 94 208 189 173 121

2 Concentrations are presented on a dry weight basis and are average values of sample and subsample replicates. ? Nitric acid was used for heavy metal leaching
and hydrochloric acid was used for calcium and sulfur oxide leaching. € Organic carbon is determined by subtracting carbonate carbon from total carbon. ¢ Total
SO, was measured analytically; reported values of $SO3 and SO, are based on SO3:SO, ratios supplied by IUCS. © Concrete component concentrations are based
upon total weight including aggregates. The component ations pr would be approxil y two times higher if the aggregate materials were not
included. ! C.V. is the weighted average coefficient of variation (SD/¥ X 100) for the replicate les (n = 2) and sub ples (n = 3) of each mix type for each
component measured. 9 Less than sign denotes values below the detection limit.

Table ll. Selected Physical Properties of Test heavy metals measured had concentrations similar to or lower

Samples b than those of the concrete test samples. Heavy metal con-

centrations in SSFAs are dependent upon the type of coal

sample i :'::::X ik v ';:’:'s':y;'er_ pe:::'; ;:“y burned and the scrubbing material used in each power
mix type 9/cm sp gravity permeable voids K (cm/s) X 107 plant. A i . -

4 217 (0.2) 148 34 39 Physical Propertles.‘ Porosity and Permeability. The

5 2.18(0.1) 1.49 a7 10 SSFAs were three—fm.n' times more permeable than the con-

6 1'99 (0'3) 1' o €8 i crete test samples. Mixes 6 and 7 were more porous and per-

' ' : meable than mixes 4 and 5 (Table II). The relationship be-

i 2,0310:2) 121 48 85.0 tween porosity and permeability is a direct function of the

concrete 2.70 (0.05) 1.96 13 0.1

amount of Ca available for calcium aluminosilicate precipi-

3 All samples were cured 90 days. ? Values in parentheses represent range tation in the cementation process. This precipitation results
b dupli p in a reduction in porosity and permeability.

Compressive Strength. Compressive strength (Table III)
of all the test samples increased significantly with curing time.
between samples of the same mix type for any of the compo-  After 30 days of curing, the SSFAs had a compressive strength
nents measured. Thus a fairly uniform product was achieved of 25-75% of the reference concrete. After 5 months of curing,
in the preparation of the test mixes. the compressive strengths of the SSFA samples were 1.2-3

Major Components. The four mix types investigated fell ~ times greater than those observed at the end of 30 days, while
into two basic categories depending upon the power plant  concrete increased fivefold.
origin of the scrubber sludge used in each mix. Mixes 4 and Comprehensive strength of concrete and similar cementi-
5 (Conesville scrubber sludge) had a higher CaCOj content,  tious phases varies as a function of curing time, humidity,
S03:S0, ratio, and a lower organic carbon residue than mixes temperature, water content, and additive content (fly ash,
6 and 7 (Elrama scrubber sludge). These parameters are de- lime, etc.). The observed differences in hardness are due to
pendent upon the power plant characteristics, i.e., scrubbing  variations in the composition of the samples. In the case of
process and boiler efficiency. The SO3:S0, ratio of the mixes ~ concrete, for example, the hardening process continues for
and the overall Ca content are two very important charac-  many months due to the slow reaction kinetics and hydration
teristics in the stability and behavior of SSFAs in seawater. processes associated with the precipitation of calcium and iron

Minor Components. High SO4 mixes were lower in heavy  aluminosilicate phases, which are the cementing bonds for
metals except for Hg, the concentrations of which were about  concrete. The abundance of Ca available for such reactions
five times higher than those observed in the high SO3 mixes.  in concrete accounts for its strength. Unreacted Ca in SSFAs,
Cd, Cu, and Hg were the heavy metals present in SSFAsinthe  resulting from incomplete scrubbing and/or the addition of
highest concentrations compared to concrete. The remaining ~ Ca compounds (i.e., lime) as stabilizing agents, react with the

Table lll. Physical Stability of Test Samples

days days in age of compressive strength, psi? rel surface hardness ?
cured seawater sample, days 4 5 6 7 concrete 4 5 6 7 concrete
30 0 30 110 320 160 200 425 mid high low mid high
150 0 150 215 920 205 355 2160 high high mid high high
120 30° 150 low mid v. low v. low high
120 307 150 low mid mid high high
120 30° 152 180 840 320 1780 high high mid high high
30 120 152 310 1520 mid high
120 of 150 245 1650 mid high

2 The coefficient of variation for compressive strength values, based on three replicates of one mix type (mix 4), was 7%. ® Relative surface hardnesses were
based upon comparisons of the numerical values obtained by the abrasion test as outlined under Methodology. © ples were tested i diately upon removal
from the seawater. ¢ Samples were allowed to dry for 3 h after removal from seawater before testing. © Samples were allowed to dry for 2 days after removal
from seawater before testing. / These samples underwent 20 cycles of rapid freezing and thawing in air requiring 30 days.
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Figure 1. Results from the percolation leaching experiment: (a) Fe re-
moved from seawater; (b) Cu leached from the test samples; (c) Ni
leached from the test sample

added fly ash, which is rich in Fe and Si, to form calcium and
iron aluminosilicates, as in concrete, through precipitation
reactions (13). SSFAs contain less available Ca for reaction
than concrete and therefore do not form as many strength-
ening precipitates as does concrete.

When SSFA and concrete test samples were immersed in
seawater for 30 days, the compressive strengths of these
samples were less than those values observed for samples
cured an equal amount of time in humid air (Table III). The
losses in strength for the SSFAs were 8-16% and the loss for
concrete was 18%. Mix 7 (high in SO,) and concrete were also
subjected to 120 days immersion in seawater. Here it was
found that mix 7 did not exhibit a significant reduction in
strength beyond its 30-day loss. Concrete, however, lost an
additional 12% of its initial strength beyond the 30-day loss.
Variations in strength losses for SSFAs and concrete exposed
to seawater may be due to different seawater attack processes
occurring on the cementitious bonds. There are two principal
processes by which seawater weakens cementitious bonds
(14).

In the first process, loss of compressive strength can be at-
tributed to sea salt intrusion into the block. Elevated pore
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water salt conicentrations can cause migration of the water of
hydration by osmotic processes, resulting in partial dehy-
dration of cementation compounds and weakening of the solid
structure. This process probably affects both SSFAs and
concrete but is not as important as the second process in
overall strength reduction over time.

In the second process sulfate ions in seawater react with one
of the cementing phases in the blocks, namely, tricalcium
aluminate (3Ca0-Al;03) to form a precipitate, ettringite
(3Ca0-Al;03-3CaS04-31H;0) in situ, which occupies a 14%
greater volume than the phase originally present. As this re-
action occurs over time, concrete continually expands and
subsequently loses its strength. SSFAs are probably not af-
fected by this process to as great a degree as concrete, since
they already contain very high concentrations of CaSOy re-
sulting in high concentrations of SOy ions in the block’s in-
terstitial water. They also have high porosities that permit
volume expansion with less internal pressures. Therefore, one
would expect the compressive strength of SSFAs to be less
affected over time by seawater than concrete, as was observed
in this investigation and further ongoing marine in situ studies
over an 18-month period (personal communication (15)).

Surface Hardness. All of the mix types, including concrete,
exhibited continued surface hardening as curing proceeded
(Table III). Immersion in seawater of the SSFA samples
caused their surfaces to soften in varying degrees depending
upon their compositions. Mixes 4 and 5, high in CaSO3, soft-
ened slightly after 30 days exposure to seawater. Mixes 6 and
7, however, high in CaSQ,, showed more softening upon ex-
posure to seawater. SSFAs containing high concentrations of
CaS0, exhibited greater surface softening because of the
greater solubility and higher dissolution rate of CaSQy as
opposed to CaSO3. When mix 7 was exposed to seawater for
120 days, it continued to soften on the surfaces, indicating that
dissolution of the major soluble components continued to
occur over extended periods of exposure to seawater. The
degree of surface softening, however, was primarily superficial,
indicating that the blocks were not readily losing their
structural integrity in seawater. In contrast, concrete remained
uniformly hard regardless of the exposure time to seawater,
again demonstrating the difference in the processes involved
for seawater attack on SSFAs and concrete.

Leaching Investigations. Percolation Study. The results
of the percolation experiment are presented in Figures 1-3.
Zan/Ag X 100 is plotted as a function of V,, (16), where A¢ is
the initial mass of component a,, present in the test sample,
Za, is the cumulative mass of a,, that is leached from the test
sample, Za,/A¢ X 100 is the cumulative percentage of a,, that
is leached from the sample, and V, is the volume of seawater
percolated through the test sample.

With respect to minor component leaching, the results of
the percolation experiment show that the heavy metals Fe,
Cu, and Ni leached very little or not at all from the test sam-
ples during the time period of this experiment. Fe (Figure 1a)
did not leach from the SSFA samples at all, but instead was
absorbed from the percolating seawater by the test samples.
Up to 85% of the Fe in the original seawater was removed. On
the other hand, Cu (Figure 1b) leached from the samples ini-
tially but then reached equilibrium with the percolating sea-
water within the first 1.5 L of seawater percolation (based on
a curve-fitting prediction for mix 5). As a result, less than 1%
of the total Cu initially present in the SSFA samples was re-
leased by the samples. Ni leaching followed a similar pattern
(Figure 1c), but the total release of Ni from the test samples
was considerably less than that for Cu.

The leaching behaviors of Fe, Cu, and Ni appear to be in-
terrelated and dependent upon the Eh of the percolating
seawater. In the pH-Eh ranges encountered in this experi-
ment (Figures 2a and b), the speciation (17) of these heavy
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Figure 2. Eh (a) and pH (b) of seawater percolating through test samples
of stabilized scrubber sludge and fly ash

metals in seawater can account for the observed leaching be-
haviors. As percolation began, seawater Eh was drastically
lowered due to the oxygen demand caused by CaSOs. As more
seawater percolated through the SSFAs, the oxygen demand
decreased and therefore the Eh increased. In contrast, pH was
highest during early percolation due to the dissolution of lime
and subsequently decreased as lime leaching decreased. Cu
and Ni release from the samples was at a maximum during the
lowest Eh conditions, when Fe loss from the seawater was at
a minimum. As the Eh increased, Fe loss from seawater in-
creased probably due to the formation of insoluble Fe oxides
in the seawater that adsorbed on the internal surfaces of the
SSFAs. Additionally, Cu and Ni release from the SSFAs,
which was facilitated by low Eh conditions, decreased as the
Eh of the percolating seawater increased. This may be due to
a coprecipitation or adsorption of Cu and Ni with the Fe ox-
ides, which are known to be scavengers in seawater (18).

Leaching of the major components Ca and sulfur oxides
(803 and SO4) was found to be relatively constant and rapid
compared to the minor components (Figure 3). '

Variations in the concentrations and solubilities of the
Ca-containing compounds present in the different SSFA
mixes can account for the observed differences in the leaching
rates of Ca and sulfur oxides. The major Ca salts present in
SSFAs are CaSQ3, CaSQ,, CaCOj3, and Ca(OH)s. The resis-
tance to leaching of the soluble Ca compounds in mix 5 can be
explained by higher concentrations of less soluble compounds
such as CaCO3 and CaSO; found in mix 5. In mix 7, however,
there are higher concentrations of the more soluble CaSO,4
than in mix 5.

Tank Study. Figure 4 shows the concentrations of dissolved
Fe, Cu, and Ni in seawater containing the SSFA samples as
a function of time. There was an initial increase of dissolved
Fe and Ni within the first few days after exposure to seawater,
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Figure 3. (a) Sulfite + sulfate and (b) Ca leached from stabilized
scrubber sludge and fly ash during percolation
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Figure 5. Release of Ca during the tank leaching experiment

but after approximately 10 days the concentrations of these
components decreased to levels near the original seawater
concentrations. The observed increase and subsequent de-
crease in dissolved Fe, Cu, and Ni concentrations are probably
due to desorption-adsorption processes or precipitation re-
actions occurring on the surfaces of the SSFA and the sus-
pended particulates that were released.

Concentrations of dissolved SOz observed during the tank
study never exceeded 2 mg/L. Thus, stabilization of SSFAs
significantly reduced the amount of CaSOj available for dis-
solution. Therefore, any SO3 released would be rapidly oxi-
dized to SOy in an aerobic environment. In an anaerobic en-
vironment dissolved SO3 concentrations would be expected
to increase.

The concentrations of Ca (and also SOy4) in the seawater
steadily increased with time (Figure 5). As in the percolation
leaching experiment, mix 7 was found to release Ca at a greater
rate than mix 5. This is primarily due to a higher content of
the more soluble Ca compound, i.e., CaSOy in mix 7 compared
to mix 5, which contains greater concentrations of the less
soluble CaS0O3 and CaCOs.

The release of soluble components from the blocks occurs
primarily on the outer surfaces as the permeabilities (Table
II) of the SSFAs blocks are relatively low. This is evident from
the much lower pH and Eh changes observed for the seawater
in the tank experiment (Figure 6) compared to the percolation
experiment (Figure 2). Therefore, it would be expected that
the rate of leaching from blocks of SSFAs would be a direct
function of the surface:volume ratio in static pressure envi-
ronments such as the ocean.

Conclusions

The following conclusions demonstrate the advantages of
stabilization as a means of minimizing the environmental
impact imposed by the disposal of scrubber wastes and fly ash
in the ocean:

« Stabilization of scrubber sludges and fly ash minimizes
the rapid mobilization and dissolution of the minor compo-
nents present.

o Leaching of the major calcium containing compounds is
primarily regulated by their concentrations in the blocks, their
solubilities, and the effective surface area:volume ratio of the
blocks.

 The results suggest that blocks of SSFAs could remain
stable in the ocean as an artificial reef for extended periods
of time provided that organism colonization does not sub-
stantially reduce their structural integrity.

These conclusions are limited to the sample mixes used in
this investigation. Variations in the components and their
proportions in SSFAs due to the mix design, the characteris-
tics of the scrubber process, the type of coal burned, and the
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stabilizing additives used could affect the behavior of SSFAs
in seawater.
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Development of Long-Term Sulfur Dioxide Monitor Using Permeation Sampling

Darrell L. McDermott’, Kenneth D. Reiszner, and Philip W. West*
Environmental Sciences Institute, Chemistry Department, Louisiana State University, Baton Rouge, La. 70803

B A method has been developed for monitoring integrated
or time-weighted-average sulfur dioxide concentration for
time periods of weeks or even months. The approach is based
upon the quantitative permeation of gaseous sulfur dioxide
through a dimethylsilicone polymer membrane into a man-
ganese salt solution, which subsequently stabilizes the col-
lected sulfur dioxide by catalytic oxidation to sulfuric acid.
Like the lead peroxide candle method, the permeation pro-
cedure does not require the use of pumps or motors and the
product is photochemically and thermally stable. However,
unlike the lead peroxide candle, which produces only relative
SOq-sulfation effect measurements, the newly developed
method provides absolute quantitation in terms of concen-
tration and is sulfur dioxide specific, humidity independent,
and functional over a wide temperature range. The detection
limit is 10 ug/m3 for a 7-day exposure period. Exposure peri-
ods as great as 3 months are possible.

Sulfur dioxide has long been recognized as an important
parameter in the determination and control of ambient air
quality. In the past, lead peroxide candles (1) and Huey plates
(2) have been used for monitoring sulfation effects. These
devices, either Mason jars or petri dishes, respectively, when
coated with a lead dioxide paste can be used to collect sulfur
dioxide in the form of lead sulfate. This tedious method is
generally unacceptable due to extraneous factors which affect
the method’s reliability. A lack of specificity, due to inter-
ferences by sulfate-containing aerosols, as well as humidity
and wind velocity effects on the sulfation rate detract signif-
icantly from the usefulness of these methods (3, 4). More
critical is the fact that sulfation rates are not quantitatively
related to the ambient concentrations of sulfur dioxide.

More recent developments in technology involving the
collection and determination of sulfur dioxide, incorporating
permeation sampling techniques developed by Reiszner and
West (5), now provide a valid approach for long-term sulfur
dioxide monitoring. The stabilization of sulfur dioxide in the
form of dichlorosulfitomercurate(II) for up to about 7 days
is possible, but thermal and photochemical decomposition of
the sulfito complex precludes the use of this approach for more
extended periods. A better method is now proposed that is
capable of monitoring sulfur dioxide for weeks or possibly
months and does not require the use of electricity or compli-
cated peripheral equipment. The results provide integrated
values for ambient sulfur dioxide concentrations and can
therefore be directly correlated to federal regulations. The
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method involves collecting sulfur dioxide by permeation of
the gas through a membrane into a catalytic oxidizing solution,
which stabilizes the sulfur dioxide as sulfate. The resulting
sulfate sample is then analyzed turbidimetrically by precipi-
tation as 2-perimidinylammonium sulfate.

Experimental

Apparatus. A Beckman DB spectrophotometer was used
for absorbance measurements and an Orion Model 801 PH
meter was used for pH determinations.

Reagents. All solutions were prepared in distilled, deion-
ized water using only reagent grade chemicals.

Manganese(II) Chloride Solution. The manganese ab-
sorber solution was prepared by dissolving 3.6 g of manganese
chloride tetrahydrate (Baker, Analyzed Reagent) in 650 mL
of water. This solution was then diluted to 1 L with certified
ACS grade glycerol and mixed thoroughly.

2-Perimidinylammonium Bromide (PDA-Br). PDA-Bris
not commercially available at this time and, therefore, was
prepared in the laboratory. The first report of 2-perimidin-
ylammonium ion used as an analytical reagent for the turbi-
dimetric measurement of sulfate was suggested by Stephen
(6). Dasgupta et al. (7) have recently improved the synthesis
of PDA, increasing the percentage yield and purity of the
product. A 0.5% solution of PDA-Br reagent was prepared by
dissolving 0.5 g of PDA-Br in 100 mL of water by gently
heating. The resulting filtered solution provided enough re-
agent for 25 sulfate determinations, according to the recom-
mended procedure. This solution was prepared daily.

Sulfate Standards. For stock standards, sulfuric acid was
diluted to approximately 0.02 N and standardized against a
sodium hydroxide solution that had been standardized against
primary standard potassium hydrogen phthalate. This solu-
tion, containing 960 mg per mL of sulfate, was then diluted
to produce working standards.

Preparation and Calibration of Permeation Monitors.
An abbreviated summary of the procedure for the preparation
and calibration of the permeation device, developed by Re-
iszner and West, is presented here. Each permeation device
was prepared by sealing a single-backed dimethylsilicone
rubber membrane, available from General Electric Co.
(Schenectady, N.Y.), to one end of an 8 cm column of 41 mm
0.d. glass tubing using silicone rubber cement. The opposite
end of the device was fitted with a no. 8 neoprene rubber
stopper and capillary tube. The capillary tube eliminated any
pressure gradient which might damage the polymer mem-
brane. Six milliliters of manganese absorber solution was
added to each device and exposed to a known concentration
of sulfur dioxide for given periods of time. The calibration
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Table I. Absorber Efficiencies

effective time,

min at
absorber (1000 ppm) >80% effic
Co(NO3), 30
Ni(NO3)» 20
Mg(NO3). 20
Cu(NO3), 24
Hg(NO3)> >240
Fe(NOs)s >240
Cr(NOs)s 240
Zn(CoHy02), 280
Ce(NOg)s 400
MnCl, 300
Na,HgCl4 (0.1 M) 98

S0, - Air Mixture
1 hier/minute
(3720 pg soz/M3,
5
W2
Flame Fom
Photometric
——— T Sulfur —— Chart
Bubbler 550 £ ™ OF;‘;Innl:v“ Recorder

Absorbing
Solution
(15mi)

Figure 1. Apparatus for measuring absorber efficiency

constants were then calculated from the following equa-
tion:

=0

w

where k = constant, usually on the order of 103 h/m?, C =
concentration of sulfur dioxide, ug/m3, ¢ = time, h, and w =
amount of sulfur dioxide absorbed, ug. Utilizing the technique
developed by O’Keeffe and Ortman (8), standard sulfur
dioxide-air mixtures were prepared by purging known
amounts of charcoal-filtered, dried air over a standard sulfur
dioxide source. These known concentrations of sulfur dioxide
were then used to expose permeation monitors for calibration
purposes.

Sampling. The permeation devices used for sampling
ambient sulfur dioxide were first charged with 6 mL of man-
ganese chloride absorber solution and then exposed to the
sulfur dioxide/air mixtures. The exposure times were typically
5 to 6 days for the detection of 10 ug/m3 of sulfur dioxide. Any
anticipated decrease in absorber volume due to evaporation
was made up with deionized water before starting the expo-
sure. Experimental results indicated average losses of 0.5 mL
per day in the field at average temperatures of 30 °C. An initial
charge of 6 mL of manganese solution plus 10 mL of deionized
water was found to be adequate for a normal 30-day sampling
period in the Louisiana area during the summer. Up to 50 mL
of water may be added; however, the volume to be analyzed
must not exceed 6 mL. The unrestricted movement of air over
the membrane was found to be essential and therefore the
monitors were positioned in a manner which left the mem-
brane unobstructed.

Analysis. The total sample volume was adjusted to 6 mL
either by dilution or evaporation. To this sample volume, 4
mL of freshly prepared 0.5% PDA-Br solution was added and
the mixture was then agitated thoroughly. The samples were
allowed to nucleate for 10 min and the absorbance was then
measured at 420 nm using a 3-cm glass cuvette. Blanks of
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approximately 0.01 absorbance relative to water were obtained
if the PDA-Br reagent was of acceptable quality. The ab-
sorbance at 420 nm after 10 min was linearly proportional to
the amount of sulfate in solution. The total weight (w) of
sulfur dioxide oxidized to sulfuric acid was calculated by
preparing an absorbance vs. concentration curve to determine
the sulfate content, which was then expressed in terms of
micrograms of sulfur dioxide absorbed. The average time-
weighted concentration, C, of sulfur dioxide in air for the
sampling time, ¢, was calculated using the equation:
wk

c==
t

Results and Discussion

Selection of Absorber Reagent. The catalytic oxidation
of gaseous sulfur dioxide by aqueous solutions of manganese
salts was independently investigated by Vasilev et al. (9) and
Grodzovski (10) in the same year. Bassett and Parker (11).
found that among several metal salts and oxides that were
catalytic by nature, manganese was the most efficient studied.
Also, it was found that the amount of dithionic acid formed
by catalytic oxidation with manganese salts was negligible,
unlike the case with many other salts. Working with unbuff-
ered aqueous solutions, we confirmed and extended these
studies to include additional salts. By bubbling a 3720-
ug/m? sulfur dioxide-air mixture through 15-mL volumes of
each salt solution at a rate of 1.0 L/min, and monitoring the
resulting sulfur dioxide exhaust with a Bendix Model 8300
flame photometric total sulfur monitor, a table of relative
absorber efficiencies was prepared (Table I and Figure 1).

Mercuric nitrate was considered to be inferior to either
manganese(II) chloride or cerium(III) nitrate due to the in-
herent toxicity of the solution. Also, iron(IIl) nitrate was
discounted on the basis of colorimetric interference. A com-
parison of Ce(NO3)3 and MnCl, absorber efficiencies at cation
concentrations of 1000 ppm indicated no significant differ-
ences. However, by making absorber dilutions, it was possible
to determine the most efficient reagent because the rate of the



oxidation reaction is dependent on catalyst concentration. By
evaluating each absorber at 10 ppm, MnCl;, was selected as
the best absorber reagent (Figure 2).

As one might expect, there is a marked effect of pH on the
rate of the oxidation reaction (e.g., the reaction is favored by
a neutral or alkaline pH). Formation of sulfuric acid slows the
oxidation rate until eventually a steady state is achieved. The
rate patterns for manganese(Il) chloride aerosols were de-
scribed by Matteson et al. (12). Values reported for the HoSO,4
concentration at which the oxidation approached a steady
state varied between 20 and 40 wt %. Using the above reported
literature, and absorber efficiency information reported here,
the sulfur dioxide absorber concentration was chosen to be
1000 ppm of manganese in aqueous solution. It has a large
excess absorbing capacity and concentrations higher than this
would cause precipitation of PDA-CI during the subsequent
analysis.

Certified ACS grade glycerol was added to the absorber
solution, providing a 41% by weight glycerol solution. The
freezing point of the absorber solution was thus reduced to
approximately —16 °C. The reduced freezing point of the
absorber solution made sampling operations possible over an
extended temperature range. Also, the glycerol served a sec-
ondary purpose by increasing the viscosity of the sample so-
lution, acting effectively as a suspending agent for the turbi-
dimetric determination of sulfate. The apparent pH of the
absorber solution was 4.8. A repeat of the absorber efficiency
study indicated a decrease in capacity of the absorber after
addition of the glycerol. However, the capacity was felt to be
far in excess of what is needed for a permeation method.

Temperature Effect. The effect of temperature on the
permeability of the dimethylsilicone rubber membrane was
studied over a temperature range of 50 °C. The results, when
expressed as a linear plot of mean percent difference in the
reciprocal permeation rates vs. temperature, indicated that
the calibration constant k decreased 6.3% per 10 °C increase
(Figure 3). This phenomenon was assumed to be due to
changes in the mass transfer rate through the silicon rubber
membrane, rather than kinetic effects on the rate of oxidation
of sulfur dioxide to sulfate. This conclusion was supported by
earlier work done by Reiszner and West, illustrating similar
temperature effects on the permeation rates of sulfur dioxide
in dimethylsilicone rubber using sodium tetrachloromercurate
as the absorber-stabilizer (1).

Humidity Effect. All experiments were conducted at ap-
proximately 30% relative humidity, to avoid repeating the
work previously reported that demonstrated the permeability
of sulfur dioxide in silicon rubber membranes of this type to
be constant over a range of 0-90% relative humidity. Even
condensation of moisture on the membrane failed to affect the
permeation rate.

Response Time. Because the permeation of gases through
polymer films is not an instantaneous process, the time be-
tween the initial exposure of the device to sulfur dioxide and
the subsequent dissolution, permeation, and evolution of
sulfur dioxide to the opposite side of the membrane must be
quantified. This lag time has been studied by Reiszner and
West (5) and termed insignificant in relation to long-term
exposures. The permeation rate for the silicone membrane
attains 90% of the steady-state value within 10 min of expo-
sure. However, brief pulses of sulfur dioxide of less than 10-
min duration are quantitatively integrated provided the
sampling is continued at least 2 min beyond the pulse.

Influence of Sulfur Dioxide Concentration on Per-
meability. The calibration constant values were measured
at concentrations of 660 to 1975 ug/m? (Table II). The per-
centage deviation from the mean k value was <5% at 23 °C,
indicating that the k value was independent of sulfur dioxide
concentrations, as was reported earlier (1).
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Figure 3. Effect of temperature on rate of permeation

Table Il. Effect of Concentration on Calibration
Constant

k, h/m?
device no. at 660 unlm’ at 1975 uglm:‘ % deviation
1 1299 1346 3.6
2 1246 1224 1.8
3 1442 1427 1.0
4 1356 1291 4.7
5 1418 1346 5.2

Interference Study. Only gaseous sulfur compounds,
which could permeate through the membrane and lead to
insoluble PDA salt-forming species, could conceivably in-
terfere with the determination. Therefore, the interference
study was restricted to the evaluation of hydrogen sulfide
effects on the measurement of sulfur dioxide. The aftereffect
of hydrogen sulfide exposure was studied to determine what
physical damage might be incurred by the polymer membrane,
as well as any positive interferences due to oxidation of hy-
drogen sulfide to sulfuric acid.

A battery of five permeation monitors charged with 5 mL
of manganese absorber was exposed to hydrogen sulfide (4500
ug of HoS per m3) for a period of 16.5 h at 24 °C and a relative
humidity of 30%.

The results obtained from the turbidimetric analysis of the
absorber solutions indicated no interference due to the oxi-
dation of hydrogen sulfide. The question of whether the hy-
drogen sulfide permeated across the membrane under these
conditions remains unanswered. Current research indicates
that the permeability of hydrogen sulfide is extremely hu-
midity dependent and that relative humidity and permeability
are inversely related (13). Evaluation of the sulfur dioxide
calibration constants after the hydrogen sulfide exposure
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indicated that the membranes had not suffered physical
damage as in the previous permeation method (5).

Comparative West-Gaeke vs. Turbidimetric Evalua-
tion. Using disodium tetrachloromercurate(II) as the absorber
solution, the colorimetric West-Gaeke method for sulfur
dioxide determination was used to determine the permeation
monitor calibration constants. A set of duplicate calibration
experiments was conducted to substantiate the previously
determined sulfur dioxide permeation rates and illustrate the
quantitative nature of the newly developed technique. The
calibrations were made after an exposure of 3 h of 660 ug/m?
of sulfur dioxide at 24 °C. The mean percentage deviation
between the two methods of calibration was less than 2%.
These results indicated essentially 100% of the sulfur dioxide
that permeated into the manganese solution was converted
to sulfuric acid at a rate rapid enough to avoid affecting the
sulfur dioxide permeation constants.

A cursory feasibility study of the newly developed method
was conducted in the field for a period of 1 month in parallel
with a West-Gaeke bubbler assembly. The results obtained
from both methods indicated that only rural background
levels of sulfur dioxide were present (below 10 ug/m? of sulfur
dioxide).

Conclusions

This research, which involved the development of the
manganese(II) chloride procedure, was successful in producing
a viable alternative to the 40-year old lead peroxide candle
method. This work has demonstrated the high degree of
quantitation achieved by the manganese method as opposed
to the nonquantitative lead candle method.

The maximum possible exposure period, based upon the
average evaporation loss of absorber solution under field
conditions, was determined to be 3 months. The detection
limit was established to be 10 ug/m? of sulfur dioxide for a
7-day exposure period. The blank absorbance value at 25 °C
was 0.01 provided the PDA reagent was of acceptable quality.
The absorbance vs. sulfate concentration calibration curve

was linear over a range of 0.1-10 ppm. The absorber solution
was nontoxic and therefore was handled with care to avoid
contamination by biologically active organisms. The high
stability of sulfuric acid in aqueous solutions enabled collected
samples to be stored for extended periods of time in glass or
polyethylene vials without decomposition or adsorption. The
method was found to be specific for sulfur dioxide and inde-
pendent of humidity effects over a range of at least 0-80%
relative humidity. The effect of temperature on the rate of
permeation of sulfur dioxide through the polymer membrane
resulted in a 6% decrease in permeation for every 10 °C in-
crease in temperature.
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A Personal Chlorine Monitor Utilizing Permeation Sampling

James K. Hardy, Purnendu K. Dasgupta, Kenneth D. Reiszner, and Philip W. West*
Environmental Sciences Institute, Chemistry Department, Louisiana State University, Baton Rouge, La. 70803

® A method for the determination of personal exposure to
chlorine is described. Samples are collected by permeation
through a silicone membrane into 10 mL of a fluorescein-
bromide absorbing solution. The resulting eosin is measured
spectrophotometrically and the Cly exposure (time-
weighted-average) is calculated. The detection limit of the
method is 0.013 ppm (0.038 ng/m? at 20 °C) for an 8-h expo-
sure with a working range of 0.1-2.0 ppm. The device responds
in less than 1 min and is unaffected by variations of temper-
ature and humidity. Response of the device is dependent on
pH and is optimized by buffering the absorbing solution at pH
7.0. No significant interferences are encountered, but the so-
lution fades if exposed to intense sunlight for extended peri-
ods. A device can be constructed that is small in weight and
size and can serve as either an area or personal monitor.

Federal regulations have set the present personal exposure
limit for chlorine at 1 ppm (8-h time-weighted-average) (1),
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emphasizing the need for monitoring methods that reflect
actual individual exposures. Current procedures used to de-
termine personal exposures to Cl, are active sampling methods
in which the air sample is drawn through a liquid absorber.
These involve the use of a pump, battery pack, and glass im-
pinger. Two of the present approaches used for determining
the collected Cl, involve the use of o-tolidine (2) or methyl
orange (3). In the first, the sample is collected in NaOH and,
at the end of the collection period, o-tolidine is added. A yel-
low color is produced and measured spectrophotometrically.
The latter technique relies on a quantitative bleaching of a
methyl orange solution, which is also determined spectro-
photometrically. The color developed in the o-tolidine method
is unstable, and the reaction itself is acutely dependent on pH
(4). The methyl orange method, like all other bleaching
methods, lacks precision and accuracy at low chlorine con-
centrations.

The relatively bulky, inconvenient, and expensive collection
devices now available are a deterrent to personal monitoring.

0013-936X/79/0913-1090$01.00/0 © 1979 American Chemical Society



0.5

Net Absorbance

0 L L I
o 5 10 15

ppm-h
Figure 1. Calibration curve

The problems of the mechanical and chemical processes in-
volved add further to the need for a better approach for per-
sonal monitoring for chlorine.

A new method is proposed which is low in cost and simple
to use. It may be employed for sampling periods as short as
30 min or as long as 12 h. The new method utilizes a permeable
membrane for sample collection, where the permeation rate
is proportional to the external Cl; concentration (5). Samples
are collected directly into a color developing solution, which
has proven to be stable over long periods of time. At the end
of exposure, the solution is transferred to a cuvette and mea-
sured spectrophotometrically.

The absorbing solution consists of a fluorescein-bromide
mixture in which Cl; oxidizes bromide to bromine, which in
turn brominates fluorescein (6, 7) to form eosin, which is then
measured at its absorption maximum, 519 nm. The detection
limit for this method is 0.013 ppm of Cl, for an 8-h exposure,
with a working range of 0.1-2.0 ppm. For shorter periods of
time, concentrations as high as 5 ppm can be accurately
measured.

Experimental

Reagents. High-quality distilled, deionized water was used
throughout. All reagents were reagent grade where possible.
Fluorescein (no. P780, 96% assay, Eastman Kodak Co.) was
obtained in acid form, and eosin (no. E-511, 87% assay, Fisher
Scientific Co.) was obtained as the disodium salt.

A fluorescein stock solution was prepared by dissolving the
following in deionized water and diluting to 2 L: 0.011 g of
fluorescein, 6.19 g of NaBr, 2.24 g of NaOH, 13.6 g of KH,POy.
The fluorescein and NaOH were added first with a few milli-
liters of water, and the mixture was then agitated vigorously
to convert the fluorescein to its sodium salt (uranin), thus
increasing its solubility. The resulting solution was 16 uM
fluorescein-0.03 M NaBr with a pH buffered at 7.0.

The reagent is slightly light sensitive but may be stored in
the dark for at least 1 month without significant alteration.
Naturally, it must be protected from direct exposure to sun-
light when used in a personal monitor. Decomposition does
not change the linearity of the method but the range decreases
with decomposition of fluorescein. High blanks are an indi-
cation of Cly in the water or decomposed reagents. Low blanks
are an indication of impure fluorescein or decomposition of
the reagent due to exposure to sunlight. The blank abhsorbance
vs. water, typical of our studies, was 0.029.

Apparatus. The calibration chamber, permeation devices,
gas filtration and dilution system, and other auxiliary
equipment have been described by Reiszner and West (5). The
permeation devices used in this study employed General
Electric single-backed dimethylsilicone membranes of 0.025
mm thickness.

Calibration of Permeation Devices. Standard Cly-air
mixtures were prepared by passing dry filtered air over a

-

®

e ) = S ¥

°

3

5

@

a

<

by

z

oI+
| USRS S RS VSO (SIS FUSe— |
0 10 20 30 40 50 60
Temp (C)

Figure 2. Effect of temperature on permeation

standard permeation tube (8, 9), which emitted Cl; at a con-
stant rate. A 10-mL aliquot of the fluorescein solution was
pipetted into the permeation device, which in turn was placed
in the calibration chamber. The solution was transferred into
a cuvette at the end of the exposure period, and the absorb-
ance measured at 519 nm with the original fluorescein solution
taken as blank. The calibration constant (K) of each device
was calculated by exposing the monitor to a known concen-
tration of Cly for a measured period of time. This constant is
defined as:

K = A/(Ct) (1)

where K = constant, absorbance units/(ppm-h), ¢ = exposure
time, h, C = Cl, concentration, ppm, and A = measured ab-
sorbance at 519 nm with a 1-cm cell. The constant, K, is the
reciprocal of the constant k, as defined in the original theory
on permeation sampling (5).

A linear response to cumulative dosage was verified by de-
termining the absorbance after exposure to various Cl; con-
centrations and exposure periods. The results are shown in
Figure 1. The devices used in this study had K values of about
0.05 absorbance unit/(ppm-h) or, in absolute units, 0.56 ug of
Cly/(ppm-h). Although membrane thickness and exposed
surface area can be varied to alter sensitivity, changes should
be made only with caution.

Analysis. It is imperative that the analysis procedure be
the same as that used for calibration. Then, by exposing the
device for a known length of time, the following equation can
be used to find the average time-weighted Cl, exposure:

C(ppm of Clp) = A/(Kt)

where K is the constant as defined in Equation 1.

(2)

Results and Discussion

Effect of Temperature. Because calibration of the devices
was done at 24 °C, it was necessary to determine if changes in
temperature would cause any deviation in response. The ef-
fects of temperature were studied over a range of 0-55 °C. As
illustrated in Figure 2, no significant deviations in response
were observed.

Effect of Humidity. A dry air stream was used for cali-
bration, and it was felt that some deviations in permeation
may occur at higher relative humidities (RH). Humidity was
varied by mixing a humid air stream with the dry Cly-air
stream coming from the permeation chamber. The humid
stream was produced by directing air flow through two im-
pingers, the first containing water and the second left empty
to serve as a condensation trap. By varying the water level and
temperature of the first impinger, it was possible to vary the
humidity without changing the flow-meter settings. All RH
measurements were made in the exposure chamber with a
solid state probe. Over a range of 0-97% RH, response re-
mained unaffected.
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Table I. Response Time

time, min2 absorbance, 519 nm
0 0
3 0.013
6 0.013
9 0.013
12 0.012

2 This represents elapsed time; the solution in the monitor was changed at

3-min intervals.
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Figure 3. Cl, saturation point for absorber solutions

Response Time. Permeation through a membrane is not
an instantaneous process. With some membranes, the re-
sponse may take several hours (5). In an industrial environ-
ment, the device may be subjected to brief periods of high Cly
concentrations and it is important that it responds quickly.
By exchanging the solution at 3-min intervals in a device being
exposed to a Cly stream, response was found to be 100% within
the first 3 min (Table I). This places the response time at less
than 3 min, and the actual value probably is less than 0.5
min.

Effect of Absorber Concentration. While fluorescein
does not absorb very strongly at 519 nm, the variation of the
blank at this wavelength could be significant when low con-
centrations of Cly are to be determined and high fluorescein
concentrations are used. For this reason it was desirable to
keep the fluorescein concentration as low as possible, bearing
in mind the amount of eosin formed is independent of the
fluorescein concentration, unless the latter becomes the lim-
iting reagent. On the other hand, the use of too dilute an ab-
sorber solution would result in rapid saturation leading to the
bleaching of the product. The lower limit of the absorber
concentration was dictated by the upper limit of the cumu-
lative exposure to be measured. After a study of various ab-
sorber concentrations (Figure 3), it was found that a 16 uM
solution of fluorescein was the optimum choice for measuring
0.8-16 ppm-h of Cl, exposures in the devices being studied.
If' higher Cl,, levels are anticipated, the fluorescein concen-
tration can be increased.

. Experience has shown that the permeability of different
batches of membrane varies widely. The concentration of
fluorescein must be increased in proportion to any increase
in permeability if the range of the method is to be maintained.
Calibrations must be carried out with the same reagent that
is used in the field exposure. Dilution of the reagent after ex-
posure may be necessary to obtain on scale readings.

Anticipating the use of a personal chlorine monitor under
a wide variety of lighting conditions, an evaluation of the effect
of light on the absorbing reagent was undertaken. The fact
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Figure 5. Effect of pH on fluorescein absorbance

that bromide ion is light sensitive would lead one to expect a
positive response to sunlight. Fortunately, no positive re-
sponse was noted even after exposure for about 4 h to intense
direct sunlight. The fluorescein color (absorbance at 490 nm)
did fade almost completely during this exposure and the ab-
sorbance of the solution was slightly below that of the blank.
This intense fading was reduced to about 50% in a prototype
personal monitor, with all areas except the membrane face
protected during a 4-h exposure. Eosin, which is formed from
exposure to chlorine, also fades but at a reduced rate, which
means that the primary concern must be with the fluorescein
itself.

Effects of pH. The effects of pH of the absorber solution
were studied to determine the region of optimum response.
Buffered adsorber solutions at pH 5, 6, 7, 8, 9, and 10 were
studied. It was found that solutions with pH in the range 5-8
resulted in the greatest conversion of fluorescein to eosin
(Figure 4). Solutions with pH values less than 5 resulted in the
formation of a precipitate where solutions with pH >8 resulted
in reduced eosin production. Buffering of the absorber solu-
tion to pH 7 was chosen to assure optimum eosin formation
without the risk of precipitation. It was also noted that while
the Amax for fluorescein was pH dependent, the A, for eosin
remained constant over the entire pH range studied (Figures
5 and 6).

Evaporation Study. To compensate for possible evapo-
ration losses, the initial studies were conducted by diluting
both the sample and blank to 25 mL with deionized water.
Later studies indicated that less than 3.5% evaporation loss
occurred when one of the devices that contained 10 mL of the
absorber solution was exposed for 8 h to completely dry air at
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24 °C. Therefore, all further studies were conducted without
efforts to compensate for the evaporation loss. It should be
pointed out that the evaporation loss will increase with ele-
vated temperature, and quantitative transfer and dilution may
be necessary if high degrees of accuracy are desired.

Interferences. Only gaseous pollutants can conceivably
interfere with the permeation process. Furthermore, in order
to cause an interference, the interferent would logically be an
oxidant that would convert bromide to bromine or react with
fluorescein or eosin directly. Ozone and nitrogen dioxide were
therefore expected to have some effect. Nitrogen dioxide, with
an exposure limit of 5 ppm (1), could conceivably present a
serious problem. By exposing the devices to 5 ppm of NO; for
6 h, it was found that the response was only +0.01% of an
equivalent Cl exposure. While the exposure limit to ozone,
0.08 ppm (1), is well below that of Cly, even low O3 levels might
cause significant errors at low Cly concentrations. Devices
exposed to 5 ppm of O for 4 h produced no measurable re-
sponse. Therefore, neither NO, nor O3 represent significant
interferences. During field tests of the monitor, an inadvertent
loss of hydrogen chloride occurred. The monitor seemed un-
affected, but laboratory studies were undertaken which con-
firmed that exposure to 1500 ppm-h of HCI was without ef-
fect.

Field Tests. Independent field testing was conducted at
a local chlorine production facility. Five calibrated Cl, mon-
itors and a supply of the reagent were furnished for testing.
At the discretion of the plant personnel, replicate samples
were taken with the monitors and with battery-operated pump
with impinger samplers placed in areas of the plant considered
to represent typical exposures. Monitoring was conducted for
2-h periods with the subsequent analysis being done by the
plant personnel. Data so observed are shown in Table II.

Table Il. Field Evaluation

impinger, gpm
date of Clz permeation device, ppm of Clz

12/1/78 0.47 0.52 0.67 0.56
1.10 1.10 1.20
0.28 0.44 0.49 0.52

12/4/78 0.80 0.80 0.90 0.90
0.90 0.70 0.60

12/5/78 0.04 0.25 0.28 0.26
0.03 0.16 0.22

12/6/78 0.09 0.40 0.20 0.30
0.09 0.20 0.20

12/6/78 0.20 0.20 0.20 0.10
0.20 0.20 0.20

12/7/78 0.93 0.97 1.10 1.10
0.93 0.95 0.97

2 Determination made by modification of methyl orange method (10).

Conclusion

The results reported here show that the measurement of
Cly can be accomplished in a simple yet efficient manner by
using a technique that allows direct conversion of chlorine to
a measurable product. Of special importance are the small size
and convenience of the monitoring device employed.

The complete personal monitor for chlorine is a passive
device the size and weight of a radiation dosimeter that serves
the dual function of quantitatively sampling and determining
Cly. The device can serve for personal or area monitoring or
for ambient air studies.
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Smog Chamber Studies of Temperature Effects in Photochemical Smog

William P. L. Carter, Arthur M. Winer, Karen R. Darnall, and James N. Pitts, Jr.*
Statewide Air Pollution Research Center, University of California, Riverside, Calif. 92521

B Irradiations of selected hydrocarbon-NO,-air mixtures
were carried out over the temperature range —3 t0 60 °Cin a
5800-L, thermostated evacuable environmental chamber. The
federal air quality standard for ozone, 0.08 ppm (1-h average),
was exceeded within 6 h of irradiation of a surrogate hydro-
carbon-NO, mixture approximating an urban atmosphere,
even at 5 °C. In all three systems studied (propene, toluene,
and surrogate), rates of ozone formation increased signifi-
cantly with temperature. In propene-NO,-air and in tolu-
ene-NO,—air reaction mixtures, the amounts of hydrocarbon
consumed and the approximate amounts of NO to NO; con-
version increased significantly with temperature. The nature
of the O3 concentration—time profiles in high concentration
propene-NO, experiments was significantly affected by
temperature. In runs between 11 and 33 °C, (O3] peaked
slightly before most of the initially present NO, was consumed
as is usually the case. However, for T' < 11 °C, [O3] peaked
significantly earlier and, for T' > 33 °C, significantly later than
the time of NO, consumption. Furthermore, inarunat T' ~
50 °C, [0] reached a maximum prior to complete NO, con-
sumption, then decreased slightly, and finally slowly increased
to a second maximum. The mechanistic implications of these
observations are discussed.

It is well known that the formation of photochemical smog
is influenced by a number of meteorological factors (1-5).
Their natural fluctuations contribute to the observed variation
in the frequency and the intensity of episodes in different
geographic locations and at different times of the year. Among
the most important factors from a fundamental gas-phase
chemical kinetic standpoint is temperature. Unfortunately,
although recently there has been significant progress in un-
derstanding the temperature dependences of elementary
processes, to date no quantitative experiments concerning the
overall temperature dependence of ozone production have
been conducted. Such information could be useful to control
officials and to atmospheric scientists alike, for example in
testing the validity of complex kinetic-computer models of
photochemical air pollution as applied to “real world” situa-
tions where temperature extremes exist.

Previous studies concerning the effects of temperature on
photochemical smog formation have been reviewed in the
EPA air quality criteria documents for ozone and other pho-
tochemical oxidants (2, 3). It was concluded that both labo-
ratory and field studies verify the existence of a significant,
positive temperature effect. Additionally, on the hasis of an
analysis of field data (4), in which a good correlation between
maximum 1-h oxidant levels and daily maximum tempera-
tures was observed, and on the basis of outdoor smog chamber
studies performed in the winter and summer (3, 6), it was
suggested (4, 7) that “below a cutoff temperature of ap-
proximately 55-60° F (15 °C) atmospheric reactions are not
fast enough to yield oxidant/ozone at levels above 0.08 ppm
when pollutants react for 1 solar day.”

Substantial effects of seasonal changes of light intensity,
duration, and spectral characteristics were predicted in
computer model calculations by Nieboer et al. (8) and Bot-
tenheim et al. (9). Indeed, Bottenheim et al. (9) also calculated
that the effect of seasonal variations of temperature on overall
smog chemistry was minor. However, their model did not in-
clude PAN (10, 11) and peroxynitric acid (12, 13) decompo-
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sitions, which are now known to be important and highly
temperature dependent. Thus, it is highly probable that their
model underpredicts temperature effects.

Direct evidence that significant photochemical smog for-
mation can occur at low temperatures comes from ambient
air measurements by the Colorado Department of Health (14).
Over 0.2 ppm of O3 was observed near Denver on a clear March
day in which the temperature did not exceed 52 °F. These
results contradict the conclusion in the Air Quality Criteria
Document for Ozone cited above (3). Clearly, there is an im-
portant need for unambiguous data concerning the effect of
temperature alone on photochemical smog formation.

Few data concerning temperature effects are available from
smog chamber studies of photochemical air pollution, since
such experiments have traditionally been conducted over a
relatively narrow range of temperature, typically ~25-35 °C.
This has resulted from the experimental complexities involved
in accurate temperature regulation of the large environmental
chambers required for such studies.

On the other hand, analysis of air quality and outdoor smog
chamber data is not, unfortunately, an unambiguous method
for determining temperature effects, since conditions of lower
temperature are often also associated with conditions of re-
duced light intensity or duration, which of course has a sig-
nificant impact on smog formation (1-4, 8, 9).

In order to address this problem, a 5800-L evacuable envi-
ronmental chamber (15, 16) in our laboratories was designed
and constructed with the capability for a wide range of tem-
perature control (e.g., —20 to +100 °C). This capability al-
ready has been utilized in kinetic studies of the tempera-
ture-sensitive species peroxynitric acid (12, 13). This evac-
uable chamber-solar simulator facility is currently being used
in a program to determine the effects of temperature and other
physical parameters such as UV spectral distribution (17) on
photochemical smog formation processes. In this paper three
categories of hydrocarbons are treated: (a) mixtures designed
to resemble as closely as possible the composition and con-
centration ranges occurring in a polluted urban airshed [in our
studies, these consist of sub-parts per million concentrations
of oxides of nitrogen (NO,) and a “surrogate” hydrocarbon
mixture consisting of 12 alkanes, olefins, and aromatics de-
signed to represent hydrocarbon emissions from all sources
in the Los Angeles air basin (18)]; (b) mixtures consisting of
sub-parts per million concentrations of NO, and the single
hydrocarbons propene or toluene; (¢) mixtures consisting of
NO, and propene in concentration ranges greater than am-
bient. Studies of high concentration systems are useful be-
cause chamber effects relating to unknown radical sources,
known to be important in ambient concentration smog
chamber studies (19-21), are minimized by increasing the
relative importance of known homogeneous radical sources.
This also allows tests of detailed models under a wider variety
of conditions, and allows a larger number of trace intermedi-
ates and products to be detected.

Experimental

Experimental Facilities and Methods. The experimental
facilities and methods employed in these smog chamber ex-
periments are discussed in detail elsewheze (15, 16, 22-24) and
are only briefly described here. The evacuable thermostated
chamber (15, 16) consists of a 5800-L cylindrical aluminum
alloy cell coated on the inside with Teflon and equipped with
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quartz end windows (UV cutoff ~200 nm). Photolyses were
performed using a 25 000 W solar simulator (22) producing
a collumated beam designed to minimize direct irradiation
of the chamber walls. The light was filtered by a 0.25-in. Pyrex
pane to cut off radiation below ~290 nm.

The temperature control system was designed to regulate
the temperature of the chamber walls to +0.5 °C over the —20
to +100 °C range. In this system ethylene glycol is heated or
cooled by external heat exchangers and then circulated by
means of a 1.5 hp pump through channels welded to the
chamber exterior. A YSI Model 71A temperature controller
diverts the circulating fluid through the heat exchangers in
response to a thermocouple signal. A 10-kW electrical heater
powers the exchanger used for the heating cycle, and a 7.5-ton
two-stage refrigeration unit is used for the cooling cycle. The
chamber temperature can be taken from ambient to either
—20 °C or +100 °C in less than 4 h. The £0.5 °C control of the
fluid temperature provided by this system results in regulation
of the chamber air temperature to better than £0.2 °C due to
the large heat capacity of the chamber.

The chamber walls are insulated with 1 in. of fiberglass
insulation and 2 in. of polyurethane foam and are covered with
an aluminum sheath. Further details of this system and its
performance specifications are reported elsewhere (15, 16).

Prior to each experiment, the chamber was evacuated to at
least 10~* Torr. After we filled the chamber with purified
matrix air (23) at the desired temperature and relative hu-
midity, reactants were added and allowed to mix for at least
30 min. During the course of a run, sampling consumed ap-
proximately 2% of the reaction mixture per hour; the chamber
pressure was maintained by the addition of purified air (at
room temperature) from a Teflon bag outside the chamber.
Absolute light intensity within the chamber was determined
periodically using NO» actinometry (25). Relative spectral
distributions were obtained with a double monochromator-
photomultiplier system located at the far end of the chamber
facing the solar simulator through the chamber end windows.
Temperature was monitored using thermocouples, pressure
with a Validyne gauge, and relative humidity with a Brady
array (16).

Methods and reliabilities for monitoring reactants and
products are described in detail elsewhere (15, 16, 24). Ozone,
NO, NO,, and NO, were monitored by chemiluminescence
methods, and CO, organics, and peroxyacetyl nitrate (PAN)
and organic nitrates by gas chromatography. Known inter-
ferences by PAN and organic nitrates on commercial chemi-
luminescence NO, analyzers (26) were corrected for by sub-
tracting the chromatographically determined PAN and or-
ganic nitrate concentrations from the NO, readings.

Reactants and Conditions Employed. Five different
reactant mixtures were irradiated at a variety of temperatures.
Specific initial concentrations and temperature ranges em-
ployed were: (a) propene ~0.5 ppm, NO, ~0.6 ppm, T =
16-29 °C, (b) propene ~1 ppm, NO, ~0.5 ppm, 7' = 10-29 °C,
(c) propene ~10 ppm, NO, ~6 ppm, T' = 3-59 °C, (d) toluene
~1 ppm, NO, ~0.5 ppm, T = 8-53 °C, and (e) “surrogate”
mixture ~2.5 ppmC, nonmethane hydrocarbons (consisting
of ~40 ppb of ethene, ~80 ppb of ethane, ~40 ppb of acety-
lene, ~15 ppb of propene, ~17 ppb of n-butane, ~12 ppb of
cis-2-butene, ~110 ppb of 2,3-dimethylbutane, ~10 ppb of
2-methylbutene-2, ~20 ppb of toluene, and ~60 ppb of m-
xylene), methane ~2.5 ppm, NO, ~0.25 ppm, T' = 5-34 °C.
The initial concentrations, temperatures, humidities, and light
intensities (as measured by &;, the NOy photolysis rate con-
stant) for these runs are given in Table .

Results and Discussion

Ozone Formation in “Ambient” Concentration Runs.
Table I gives the times of the ozone maxima (if attained), the
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Figure 1. Selected experimental concentration-time profiles for T
= 16.1°C, run no. 193

maximum Oy concentrations observed, and the O concen-
trations observed at selected times prior to the maximum for
runs at ambient concentrations. Clearly, the rate of ozone
formation, as indicated by the times of the O3 maxima or the
2- or 6-h O3 concentrations, increases significantly with
temperature. Despite this, O; formation occurred at the lowest
temperatures, and in every case, even at temperatures as low
as 5 °C, the ozone concentrations observed after 6 h of irra-
diation exceeded the federal air quality standard for oxidant
at 0.08 ppm.

Thus, while these experiments confirm the previous evi-
dence of a significant and positive temperature effect for
photochemical smog formation, they do not support the as-
sertion in the revised air quality criteria document for ozone
(4) that oxidant concentrations are unlikely to exceed the
federal standard at temperatures below ~15 °C. While ex-
trapolation of our smog chamber results to the atmosphere
must be done with caution, the observation of high ozone
levels (exceeding a first-stage alert in California) on bright and
cold (T 5 11 °C) days in Denver (14) is consistent with our
chamber data.

Ozone Formation and NO, Consumption in Higher
Concentration Runs. Table II gives times and levels of the
ozone maxima and minima, the times of probable complete
NO, consumption, and the times of the PAN maxima ob-
served in the high concentration propene runs. In addition,
Figures 1-3 show the concentration-time profiles for O3, NOy
+ HNOj, and PAN for experiments performed at 16, 33, and
51 °C, respectively. It can be seen that for T' 2 16 °C the times
of the O3 and PAN maxima and of estimated NO, consump-
tion decrease with increasing temperature, while the ozone
maximum concentration is relatively unaffected by temper-
ature for T X 11 °C. On the other hand, the maximum Oy
observed in the 3 °C runs was significantly lower, and occurred
earlier than in the higher temperature runs.

In addition to affecting the rates of O; formation, temper-
ature was found to affect the shapes of the O; concentra-
tion-time profiles, particularly with respect to the locations
of their maxima relative to the NO, and PAN concentra-
tion-time profiles. For the 7' = 15-33 °C runs, the O; profile
followed the pattern generally observed in ambient concen-
tration runs in that the maximum occurred at or slightly be-
fore the time of NO, consumption and the PAN maximum
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Table . Experimental Conditions and Results of Irradiations of Hydrocarbon-NO, -Air Mixtures

run conditions

te:‘l’p, initial concn, ppm light

run °c HC NO 2 inten®

Propene Runs
54 16.0 0.51 0.53 0.06 0.21
52 30.0 0.55 0.52 0.06 0.22
53 38.2 0.55 0.55 0.08 0.21
139 10.3 0.98 0.39 0.13 0.32
138 29.5 0.97 0.37 0.14 0.32
218 2.8 9.89 242 232 0.42
206 11.1 9.51 3.37 1.88 0.38
193 16.1 9.50 3.96 1.88 0.38
192 32.8 10.1 4.15 1.88 0.38
211 48.9 10.44 4.51 1.84 0.41
209 50.5 10.64 4.74 1.87 0.39
212 58.9 10.77 4.84 1.95 0.41
Toluene Runs
292 7.8 0.94 0.41 0.08 0.39
293 29.9 1.07 0.39 0.08 0.39
294 52.9 1.1 0.36 0.12 0.39
Surrogate Runs

239 5.0 2271 0.14 0.10 0.30
240 29.4 2.47 0.15 0.09 0.30
213 33.9 2.57 0.15 0.10 0.40

av

av
H20,

RH, ozone yields, ppm

Torr % 2h 6h max
7.4 57 0.021 0.130 b
13.7 43 0.020 0.270 b
241 48 0.137 0.410 b
33 35 0.254 b

20 6.5 0.640 0.923

d 0.591 0.591

~1 145 0.892 2.145

~1 " 0.511 2.340

~1 5 2.423
~1 35 2.081 c
~1 2.0 2.081 c
~1 15 1.96 c
4.0 495 0.034 0.127 b

17 53.0 0.342 0.420

16.2 15.0 0.491 0.501
~3 ~50 0.032 0.086 b
15.7 51 0.117 0.349 b

23.8 60 0.332 0.481 0.481

2 Light intensity measured by NO, photodissociation rate (min~"). # Ozone maximum not attained during period of photolysis. © See Table II. ¢ Tank O, + N,
used instead of purified air. Humidity was not monitored, but probably was low. ¢ Estimated from propene loss rates, corrected for dilution and reaction of propene
with O3. k(OH + propene) (35) and k(O3 + propene) (6) were taken from the literature. ! First value is estimated from propene loss rates (see footnote ). The second

(see Figures 1 and 2). In contrast to this, in the lowest tem-
perature run the O3 peaked substantially earlier than the time
of the PAN maximum and NO, consumption (see Figure 2);
in the T 2 49 °C runs, the O3 concentration generally peaked
significantly later than the time of NO» consumption and the
PAN maximum (see Figure 3). Moreover, in the high-tem-
perature runs the O concentrations do not fall following their
initial rapid rise; instead they either continue to increase,
though at a much slower rate, or, in the case of run 209, de-
crease slightly and then slowly increase again to produce a
double O3 maximum.

The leveling off of NO, readings at a nonzero value after the
first ozone maximum is believed to be an artifact due to in-
terference on the NO, analyzer (26, 27) by HNO4. HNO; un-

fortunately was not routinely monitored and hence its inter-
ference could not be corrected. However, substantial yields
of HNO; are expected in these runs on the basis of model
calculations (28), and have indeed been observed by in situ
infrared techniques (29). It has been assumed in this work that
the times at which the NO, readings level off correspond to
“complete” NOg consumption, and that the subsequent
“NO,” measurements are due solely to HNO3. The increase
in these NO2 + HNOj3 readings following the assumed times
of NO; consumption in the higher temperature runs is at-
tributed to HNO3 formation from PAN decomposition, as
discussed below.

Since Oy is produced only from the photolysis of NO, (1, 21,
30-34), the continued formation of O; following consumption

Table Il. Results for the Irradiation of Propene (10 ppm)-NO, (6 ppm)-Air Mixtures as a Function of

Temperature
run no. 218 206
temp, °C 2.8 111
time of NO , ~200 ~270
consumption?
PAN max concn, ppm 0.76 2.90
time, min 210 270
“first” O3 max¢ concn, ppm 0.59 2.20
time, min 120 240
03 local min  concn, ppm
time, min
“second” O3 max° concn, ppm

time, min

193 192 211 209 212
16.1 328 489 50.5 58.9
~330 ~115 ~60 ~60 ~45
3.82 3.10 2.42 2.40 2.50
~330 2115° 60 ~60 45
2.34 2.42 2.09
255 110 45
1.99
75
2.10 2.08 2.07
150 120 90

2 In the high concentration runs the NO, readings on the NO, analyzer never reached negligible values, probably because of HNO; interference (see text). NO,

was assumed to be consumed when the NO, readings stopped declining following

the NO, maximum. ® PAN data are highly scattered in this run; the time of the

maximum is uncertain. ¢ An O3 maximum that occurs at or before the time of NO, consumption is designated the *'first” O3 max, while a maximum which follows
the time of NO, consumption is designated a *‘second” Oz max, even if no “first” O3 maximum preceded it in the run.
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time = ¢/

time HC Zg; corr av exptl quantities used in
max, t, reacted, —ANoO, A03 — ANO/ [OH], [HCh, t =0 — t', ppm/min
h h ppm ppm HC — ret ppht ppm [0s] [03NC3Hel [C]
e
>6 6 0.37 0.78 21 10.3 0.10 23.9 3.74 87.4
>6 6 0.45 1.04 23 10.8 0.05 47.2 5.73 90.6
>6 6 0.50 1.33 27 13.7 0.01 93.4 5.66 585
>2 2 0.447 0.72 1.6 11.8 0.50 9.18 572 90.3
3.75 3.75 0.919 1.79 1.9 21.5 0.02 1.5 18.3 80.1
f
2 2 6.21 3.82 0.6 20, 10 3.42 17.2 76.2 772
4 4 9.13 5.57 0.6 21,15 0.09 228 237 840
4.25 4.25 9.20 8.80 0.96 25, 14 0.06 233 163 789
1.83 1.83 9.81 9.42 0.96 47,30 0.15 127 150 427
c 0.75 9.59 7.59 0.79 94, 66 0.79 26.0 489 251
c 0.75 9.78 9.44 0.97 80, 51 0.77 45.6 110 254
c 0.75 10.35 8.85 0.85 110, 62 0.35 45.8 77.3 211
g
>6 6 0.284 0.57 2.0 10.4 0.57 21.4 267
2.75 3 0.426 0.86 2.0 36.1 0.60 39.1 144
2.25 2 0.422 0.90 2.1 59.2 0.65 227 106
h
>6 6 4.2
>6 6 18.5
4.25 4 35.6

value is estimated from relative n-butane/neopentane loss rates. k(OH + n-butane) (35) and k(OH + neopentane) (35) were taken from the literature. ¢ Estimated
h

from toluene loss rates, corrected for dilution. K(OH + toluene) {35) was taken from the literat

from 2,3-di loss rates, corrected for

y

dilution. A(OH + 2,3-dimethylbutane) (35) was taken from the literature. / Value given is total nonmethane hydrocarbon in parts per million of carbon.
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Figure 2. Selected experimental concentration-time profiles for T =
32.8 °C, run no. 192

of the initially present NO, in the higher temperature, higher
concentration runs means that NO, must be produced later
in the runs by the thermal or photochemical decomposition
of nitrogen-containing species formed during the experiment.
The major nitrogen-containing species formed in the pro-
pene-NO,—air irradiations include PAN, nitric acid (27), and
peroxynitric acid (12, 13). Of these only PAN is in sufficient
concentration and decomposes sufficiently rapidly to provide

| 840002
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Figure 3. Selected experimental and model calculated concentra-
tion-time profiles for T= 48.9 to 50.5 °C runs: run no. 209, (®) ex-
perimental; (—) model calculation (O3, NO, + HNOg, PAN); (---)
model calculation, NO, only; run no. 211, (A) experimental

the postulated source of NO,. The thermal decomposition of
PAN:

0 0
I

I
CH,COONO, == CH,C00- + NO, (1)
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occurs with a half-life of ~20 min at 27 °C (10), and the half-
life is known to decrease rapidly with temperature (10). Based
on the measured activation energy of 26 kcal mol~! (10), the
rate of the PAN decomposition (reaction 1) is expected to
increase by a factor of ~12 for an increase in temperature from
~27 to ~50 °C. Thus, at the higher temperatures encountered
in this study, PAN decomposition could provide a source of
NO: sufficient to permit net ozone formation to continue after
the “original” NO, has been consumed.

The maximum rates of NO, input due to PAN decay can
be determined from PAN concentration-time profiles mea-
sured during the experiments. As expected, the PAN decay
rate following NO, consumption increased with temperature;
it was too low to measure at T' < 32 °C, and increased to
~10-15 ppb min~! at T' = 43-50 °C, and ~25 ppb min~'at T
=59 °C. The observed rates of O3 production are, as expected,
less than the rates of PAN decay, since other reactions of NOy,
which do not lead to O3 production, are occurring, and some
03 is lost at the walls and by reaction with, for example, pro-
pene.

Occurrence of a Double Ozone Maximum at High
Temperature. The occurrence of the double maximum in the
ozone concentration observed in the 51 °C, high concentration
propene run 209 can be explained by the changing balance
between source and sink processes for ozone. At the time of
the first O3 maximum, reaction with propene is probably the
major sink for ozone, with a rate of ~37 ppb min~! (estimated
using the observed reactant concentrations and the known
propene-ozone rate constant (6)). This rate compares with
an O3 wall decay rate of only 0.4 ppb min~! (estimated from
the O3 dark decay constant measured previously in our
chamber (16, 24)). As the bulk NOy becomes consumed, its
photolysis does not compensate for the ozone-propene reac-
tion (and other ozone sinks), so that the ozone concentration
declines. However, the rate of the ozone-propene reaction
decreases as propene is consumed, until it becomes about
equal to the rate of PAN decomposition (~10 ppm min~! in
run 209), which is by then the major source of NOy and thus
of ozone. At this time a local minimum in the ozone concen-
tration occurs, after which the PAN decomposition more than
balances the ozone sinks. It is clear that these opposing pro-
cesses are delicately balanced and only under certain condi-
tions will an ozone minimum occur. In fact, such minima were
not observed in the otherwise very similar run 211, or in the
higher temperature run 212; in these cases a “flat” profile was
observed once the ozone maximum was achieved.

The occurrence of the double 0zone maxima observed in run
209 was qualitatively simulated by computer model calcula-
tions (21, 28) employing a detailed mechanism for propene—
NO,-air photooxidations that has been validated (21) from
propene-NO,—air and propene-n-butane-NO,-air smog
chamber photolyses performed at our laboratories (16, 24)
under simulated ambient conditions. (The efficiency of radical
production from the O(*P) + olefin reaction was adjusted to
fit the initial rates of O3 and NO, formation.) As seen in Figure
3, our model gives good fits to the PAN and the NO, + HNO;
profiles, which tends to validate our assumptions that the
interference in the NO, readings of the chemiluminescence
analyzer is due primarily to HNOj3, and that the leveling off
of the NO, readings indicates the consumption of initially
formed NOy. (The dashed line in Figure 3 is calculated for NO,
alone.) The model also gives good fits to the time and level of
the first O3 maximum, and predicts the occurrence of a shallow
O3 minimum at 115-110 min. Although the model predicts
that the ozone local minimum occurs somewhat later, and that
the O3 levels at the minimum and the second maximum will
be lower than observed experimentally, it can be seen that the
observed ozone profile is in qualitative agreement with the
current mechanism for smog formation.
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Effect of Temperature on Radical Levels. Table I gives
the estimated average hydroxyl radical (OH) concentrations
for all experiments. They were calculated for the time period
0 to t’, where ¢’ (given in Table I) was chosen to be either at
or immediately prior to the time of NO, consumption (or, in
experiments where this did not occur, the end of the experi-
ment). The OH radical concentrations were estimated from
observed rates of hydrocarbon consumption, since it is gen-
erally accepted that hydrocarbons are consumed almost en-
tirely by reaction with OH or O; under our conditions (20,
30-35). The concentrations were corrected for dilution and
(in the case of propene) reaction with Q3. The specific hy-
drocarbons whose consumption rates were used are given in
the footnotes to Table I. Since different hydrocarbons were
used to estimate OH levels in different series of runs, the
technique is most reliable for obtaining relative changes in OH
concentration within a given series of runs rather than for
obtaining absolute OH concentrations.

It can be seen from Table I that the average hydroxyl radical
concentrations generally increase with temperature for all sets
of ambient concentrations runs. For the higher concentration
runs, the OH radical concentration appeared to be roughly
temperature independent for T < 61 °F and T 2 49 °C. For
16 to 49 °C the OH radical concentration increased with
temperature.

The observed dependence of radical levels on temperature
could be caused by a number of factors. At the higher tem-
peratures (i.e., T = 49 °C), the decomposition of PAN, whose
formation amounts to a radical recombination sink, leads to
net lower radical loss rates. At the lower temperatures, the
slower decomposition of HO:NO allows its formation to be-
come an important radical sink. Moreover, radical initiation
processes such as reactions of olefins with O3 and O(3P), re-
actions in the aromatic system forming highly photoreactive
ring cleaved intermediates (probably a-dicarbonyls (36)), and
radical input from “chamber effects” (19-21) may be tem-
perature dependent. It is not possible to decide the relative
contribution of the various factors leading to enhanced radical
concentrations at higher temperatures, since these tempera-
ture dependences remain uncertain.

Effect of Temperature on NO to NO, Conversion. The
formation of Oy in photochemical smog is attributed to the
conversion of NO to NO, by the radicals formed by the hy-
drocarbon consumption reactions. The amount of NO con-
verted to NO. can be estimated from the expression: corr AQy
— ANO. This is the sum of the amount of NO consumed and
the corrected amount of O formed after the NO is consumed.
(The observed ozone yields are corrected for amounts con-
sumed by photolysis, reactions with olefins, and heterogeneous
decay to obtain an estimate of the total amount formed.)
These quantities are given in Table I for the propene and the
toluene runs. It can be seen from Table I that while both the
estimated amounts of NO to NO, conversion and the esti-
mated amounts of hydrocarbon consumed increased signifi-
cantly with temperature, their ratio is remarkably tempera-
ture independent for the ambient concentration runs, and for
the high concentration runs where T > 11 °C. These results
suggest that, at least in the propene and toluene systems with
T > 11 °C, the temperature does not significantly influence
the efficiency of the hydrocarbon consumption reactions in
converting NO to NO.

Conclusions

Smog chamber irradiations of hydrocarbon-NO,-air
mixtures employing three different hydrocarbon mixtures and
a range of reactant concentrations experimentally confirm
that temperature has a significant effect on photochemical
smog formation over a range of atmospherically relevant
temperatures (e.g., 3-52 °C). In general, the rates of all major



manifestations of smog formation, such as ozone formation,
hydrocarbon, and NO, consumption, and NO to NO; con-
version, increase with increasing temperature. This appears
to be primarily due to increasing radical concentrations in
smog systems (through increasing rates of radical initiation
reactions) or reduced efficiency of radical termination reac-
tions, or both.

On the other hand, temperature appears to have relatively
less effect on the ozone formation potential of hydrocarbons,
provided sufficient time is allowed for equal amounts of hy-
drocarbon to react at the lower temperatures as reacted at
higher temperatures. Although reduced smog manifestations
are observed at low temperatures, our smog chamber results
show that it is possible for O3 levels to exceed the federal air
quality standard of 0.08 ppm at approximately 5 °C in hy-
drocarbon-NO, systems simulating polluted ambient atmo-
spheres, at least in multiday episodes. Clearly, it would be of
interest to have additional ambient air monitoring data taken
for the case of low temperatures over a wide range of emission
loadings and meteorological conditions from locations at
northern latitudes.

In experiments performed at temperatures greater than
~40 °C we have found that ozone concentration-time profiles
can be significantly different than those observed at lower
temperatures. At lower temperatures, ozone formation gen-
erally ceases after the NO, is depleted, but at higher tem-
peratures the decomposition of PAN can provide a sufficiently
large source of NO, to allow continued net ozone production,
alpeit at a much lower rate than earlier in the experiment.
Furthermore, the balance between the destruction of ozone
and the ozone-producing reactions can, under appropriate
conditions, lead to an ozone concentration-time profile that
exhibits more than one maximum. To our knowledge, this has
not been observed previously for static smog simulations.

It should be noted that in experiments where the temper-
ature is varied, either the relative humidity or the total water
concentration must aiso vary (except in completely dry sys-
tems). The data given in this report are insufficient to deter-
mine whether the variation in humidity or water concentration
has a significant effect, but preliminary results of other ex-
periments performed in our laboratories suggest that such
effects are small compared to those of temperature, at least
for the propene and the surrogate systems. Further experi-
ments concerning those effects are planned, and will be de-
scribed in subsequent reports.

Although our observations concerning the effect of tem-
perature on photochemical smog formation can be qualita-
tively accounted for in terms of current photochemical models,
the predictive capabilities of the models concerning these
effects do not appear to be totally satisfactory, and they may
very well have errors in important areas relating to tempera-
ture effects. Further basic studies of the temperature de-
pendences of the mechanisms and products of ozone-olefin
reactions, O(P) + olefin reactions, and aromatic photoox-
idations are required. Furthermore, a much better under-
standing of temperature and humidity dependences of smog
chamber characteristics affecting radical initiation is required
before temperature effects observed in smog chambers can
be reliably applied to predicting temperature effects in smog
formation in the ambient atmosphere.

Note Added in Proof

After this article had been submitted, the federal air quality
standard for ozone was revised upward from 0.08 to 0.12 ppm
(1-h average) by the EPA administrator.
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Interchange of Metals and Organic Matter between Water and Subbituminous Coal
or Lignite under Simulated Coal Slurry Pipeline Conditions
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B The uptake of metals and organic matter from granular
subbituminous coal and lignite by water was investigated
under simulated coal slurry pipeline conditions. The metals
present at levels well over 1 ppm in both types of coal were Fe,
Ca, Mg, Al, Na, K, Mn, Pb, Cu, Zn, Co, Ni, Cr, and Li. Of these,
Pb, Co, Ni, and Cr were not detectable by flame atomic ab-
sorption in the slurry water separated from the coal. The
percentage of metal extracted from the coal varied widely with
the type of metal and with the coal/water ratio in the slurry,
spanning a range of 0.01 to 75%. Humic acids were present at
coal percentages below 5% and were shown to be involved in
the solubilization of iron, copper, and aluminum.

The developing need for large-scale transport of abundant
resources of Western U.S. coal to Eastern and Southeastern
markets has increased interest in coal slurry transport. Basi-
cally, this method of transport consists of pumping a mixture
of approximately half granular coal and half water through
a pipeline. The use of slurry pipelines for the transport of
mineral commodities dates back to the 1800%s. The first
commercial coal slurry pipeline in the U.S. was a 108-mile line
operated by the Consolidation Coal Company between Cadiz,
Ohio, and Eastlake, Ohio, starting in 1957. This line operated
very successfully for 6 years before closing due to increased
efficiency of competitive rail transport. At the present time,
the only coal slurry pipeline operating in the U.S. is the
273-mile Black Mesa pipeline transporting a coal slurry from
the Black Mesa mine in northeastern Arizona to the Mojave
Power Project in Southern Utah. In succcessful operation
since 1970, this line moves about 5 million tons of coal each
year. The successful experience with previous coal slurry lines
has provided impetus for proposals for additional lines.
Among these are a 1040-mile long-line proposed to carry 25
million tons of coal per year from the Powder River Basin near
Gillette, Wyo., to a site near White Bluff, Ark., and a very large
1500 mile long pipeline to carry coal from eastern Kentucky
to Florida and Georgia.

Typically, coal to be transported by pipeline is ground to
below 14 mesh, such that no more than 20% of the solids are
below 325 mesh (I, 2), stored in tanks under water, and
pumped through the pipeline as a 50% slurry in water. At the
power plant the slurry is dewatered by centrifugal dryers to
about 256% moisture, pulverized with additional removal of
surface moisture, and blown into the furnace with heated air.
The energy penalty exacted by moisture in the coal requires
as much removal of water as possible; the water must be used
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or disposed of in an eénvironmentally acceptable manner.

Water requirements are a major disadvantage of coal slurry
lines, particularly in that most lines are proposed for shipment
of coal from arid regions. However, to place the water problem
in perspective, it should be noted that generation of electricity
at the mine site or conversion of the coal to a liquid or gaseous
fuel requires more water than does slurry pipeline transport.
For example, generation of 1 million Btus of electrical energy
at the mine site requires 100 gal of water, on-site generation
of synthetic natural gas with the same energy content requires
30 gal of water, and only 12 gal of water is required for the
slurry transport of coal with an equivalent amount of energy
(3).

The disposal or use of water at the terminus of a coal slurry
pipeline is a major environmental consideration with this
technology. Use of the water as makeup water in the power
plant’s cooling system is a beneficial use, although pollutants
in the water have the potential to cause air pollution problems.
Discharge of the water into receiving waters requires that it
meet pollution standards. These problems may be aggravated
if low-grade groundwater is used for shirry transport. Because
of pollution problems involving slurry water use or disposal,
it is necessary to have as much information as possible about
the effects of coal upon the quality of water used for a coal
slurry. It should be stressed that these effects can be either
harmful or beneficial depending upon whether pollutants are
leached from the coal and its associated mineral matter into
the water, or if the coal sorbs pollutants from the water. Both
types of effects may occur. This paper addresses the question
of potential pollutants, especially metal ions, leached from coal
into water under simulated slurry pipeline conditions.

Few published studies have addressed the question of
coal/water interactions, such as might occur in slurry pipe-
lines. Preliminary results of one such study (4) have indicated
some coal/water interaction when a 40:60 by weight coal/water
slurry was pumped through a closed-loop pipe with a cen-
trifugal pump and when individual flasks containing the same
mixture were continuously rocked (both methods gave es-
sentially identical results). Both fresh water from surface
water sources and saline water were used in these studies.
After 1 day of contact, the concentrations of arsenic, cadmium,
chromium, and lead increased slightly, but remained less than
0.050 mg/L, whereas manganese and zinc concentrations in-
creased approximately two and one orders of magnitude, re-
spectively, to reach concentrations of 0.3 mg/L each. The raw
water used in the slurry contained a relatively high concen-
tration of copper, which was observed to decrease slightly after
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Table I. Metal Concentrations (Parts per Million) in
Subbituminous and Lignite Coal

metal subbituminous lignite

Fe 0.50 + 0.08% 1.4+ 02%
Ca 1.1+ 01% 1.9+0.1%
Mg 0.21+0.04% 0.62 £+ 0.08%
Al 1.3+£0.1% 0.64 + 0.06%
Na 0.057 £ 0.006% 0.12 £ 0.05%
K 0.044 + 0.006% 0.044 % 0.002%
Mn 53 + 6 ppm 150 £ 4 ppm

Pb 53 £+ 12 ppm 27 + 4 ppm

Cu 44 £+ 2 ppm 17 £ 1 ppm

Zn 49+5 16 £ 2 ppm

Co 12 £ 4 ppm 15 + 8 ppm

Ni 8.8 + 5.0 ppm 14 + 1 ppm

cr 15 + 1 ppm 7.6 £ 0.5 ppm
Li 6.2 £ 0.2 ppm 2.6 £ 0.1 ppm
Ag 0.6 £ 0.1 ppm 0.4 £+ 0.1 ppm

1 day of contact with the coal. No detectable change in mer-
cury concentration was observed. Alkalinity was found to
increase by a factor of four after the first day and continued
to increase with time. Sulfates immediately increased from
15.1 to 89 mg/L, then stabilized. Chlorides, nitrates, and pH
all increased slightly, but total organic carbon increased from
2.15 to 21.0 ppm. A similar study has been conducted on
subbituminous coal from Gillette, Wyo., using distilled water
and treated municipal wastewater for the slurry medium,
yielding comparable results (5). Solutes in the water that were
below detectable limits included chromium, copper, manga-
nese, mercury, phosphate; and zinc.

Coal contains a number of components that can contribute
pollutants to water used in a coal slurry. Organic substances,
particularly humic substances in lower rank coals, can be
leached into water from the coal organic matter. Coal contains
a variety of mineral matter including primarily clays, alkaline
earth carbonates (limestone, dolomite), sulfides (e.g., pyrite,
FeS.,), and silica. Of particular significance are the trace ele-
ments, including elements from throughout the periodic table.
A survey of 101 coals, primarily from the Illinois Basin, has
shown (6) the presence of the following trace elements sub-
stantially above the part per million level: As, B, Be, Br, Cd,
Co, Cr, Cu, F, Ga, Ge, Mn, Mo, Ni, P, Pb, Sb, Se, Sn, V, Zn, and
Zr. These elements may be associated with either the organic
or mineral fraction of coal and potentially may be leached
from the solid coal into the slurry water. )

This investigation was undertaken to determine solubili-
zation of trace elements and organic matter from carefully
characterized samples of subbituminous coal and lignite under
simulated coal slurry pipeline conditions. In these studies
distilled water was used as the slurry medium so that the
maximum effect of the coal upon the water quality could be
determined. o

Experimental

Trace Element Analysis of Coal. Subbituminous coal
from the Powder River Basin of Wyoming and lignite from
North Dakota were sampled to obtain representative samples.
One-gram portions of the sample were accurately weighed into
a crucible and dry-ashed in an oven at 550 °C for 8-12 h. The
ash was then transferred to a Teflon cup and 2 mL of aqua
regia and 0.2-0.3 mL of HF were added. The Teflon cup was
placed inside a metal bomb and heated at 150 °C for 3-4 h to
completely digest the ash. The samples were then diluted to
50 mL and analyzed by flame atomic absorption (Perkin-
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Figure 1. Chemical oxygen demand (COD) as a function of percent
coal in subbituminous and lignite slurries

Elmer Model 403) using standard addition. Interference ef-
fects were reduced by adding 2000 ppm of lanthanum for
calcium and magnesium analysis, 2000 ppm of sodium for
potassium and aluminum analysis, and 1000 ppm of potassium
for sodium analysis. Each of the coal samples was analyzed in
triplicate for calcium, magnesium, lithium, zinc, cadmium,
copper, silver, sodium, aluminum, potassium, chromium, iron,
nickel, cobalt, lead, and manganese, as shown in Table L.

Preparation and Mixing of Slurries. Both coals used in
this study were maintained in a closed container in air at 100%
relative humidity prior to processing. The coal was reduced
in size with a blender operating at low speed. To avoid pre-
leaching the coal, water was not added during grinding, and
the speed was kept low to avoid excess pulverization or heat-
ing. After grinding, the coal was shaken through 20 and 200
mesh wire screens. Stock coal mixtures were made up to
consist of 75% solids between 20 and 200 mesh and 25% solids
less than 200 mesh. From 50 to 200 mL of slurry was prepared
ranging from 0.1 to 50% coal by weight. The slurries were
contained in sealed flasks and stirred by magnetic stirrers for
24 h. Immediately after stirring, the contents of the flasks were
transferred to 50-mL centrifuge tubes and centrifuged for 1
h. The water was separated and analyzed for metal content,
chemical oxygen demand (7), acidity, and pH.

Metal Analysis in Slurry Water. Samples of slurry water
not requiring digestion were adjusted to 1% HNO; (volume/
volume ratio) with concentrated HNOj; in a volumetric flask
and analyzed by flame atomic absorption. Samples containing
humic acid were boiled to dryness after 2 successive additions
of 2 mL of concentrated HNO; and diluted to volume.

Determination of Slurry Water Acidity. Aliquots of
15-100 mL of centrifuged slurry water were titrated poten-
tiometrically with 0.005 N NaOH in a nitrogen atmosphere.

Results and Discussion

In order to understand some of the results obtained with
the metals, it is instructive to consider plots of chemical oxy-
gen demand (COD) vs. percent coal in the slurry shown for
both subbituminous coal and lignite in Figure 1. Examination
of this figure shows that there is a generally increasing COD
level with increasing coal/water ratio for both subbituminous
coal and lignite; the latter gives higher COD values. Further-
more, both coals show distinct evidence of a peak in COD
levels at ca. 2% coal. In this vicinity, the water has a definite
yellow color (from the subbituminous slurry) or brown color
(from the lignite slurry), and acidification of both solutions
yields a characteristic flocculent humic acid precipitate.
Acidification of water from the subbituminous coal slurry does
not yield a humic acid precipitate at coal/water ratios ex-
ceeding approximately 5%. These interesting results can be
explained by the solubilization and reabsorption of humic
substances at increasing coal/water ratios. Although bitumi-
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Table Il. pH and Acidity for Lignite and Subbituminous

Slurry Water

% coal lignite
in slurry pH acidity, mequiv/L pPH
0.1 4.21 0.108 4.96
0.2 4.05 0.122 4.92
0.5 3.97 0.687 4.92
1.0 3.84 0.568 4.82
1.5 3.83 0.820 4.78
2.0 3.83 1.81 4.76
2.5 3.78 1.34 4.75
3.0 3.76 1.38 471
4.0 3.63 1.51 4.65
5.0 3.59 1.53 461
10.0 3.57 1.78 457
20.0 353 3.15 4.58
30.0 3.47 3.21 4.41
40.0 3.49 455 4.43
50.0 3.50 5.31 434
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CONC.

nous coal contains essentially no humic acid inherent to its
structure, subbituminous coal is ca. 8.5% humic acid and lig-
nite is ca. 27% humic acid (8). At slurry concentrations of only
about 2% coal, humic matter leaches from the coal and makes
the primary contribution to COD. As the coal/water ratio in-
creases, the humic matter is reabsorbed, and other lower
molecular weight organic compounds make up the major
contribution to COD.

The metal levels in slurry water were expressed in two ways
as a function of increasing percentage of coal in the slurry. The
first of these is a plot of metal concentration in the water vs.
percent coal in the slurry. To emphasize the effect of coal
proportions on metal concentrations in the slurry water, the
data were also plotted as percent metal extracted as calculated
from the following formula:

% metal extracted

_ total mass of metal in slurry water
" total mass of metal in coal prior to slurrying

X100 (1)

Selected plots of these parameters are shown in Figures
2-5.

Plots of metal concentration vs. percent coal show three
general types of behavior, as illustrated in Figures 2-4. The
first of these is an essentially linear increase of metal con-
centration with percent coal ash shown for Na* ion leached
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2 Acidity values are not given for subbituminous coal because insufficient
organic acid was leached from it to enable titration.
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Figure 6. Titration of water from 5% lignite slurry

from subbituminous coal in Figure 2. Such a plot implies an
equilibrium of the type:

(coal)"Na* = (coal)~ + Na(aq)* (2)

in which the Na* species in water does not exceed any water
solubility limit. It may also be due in part to soluble salts, such
as NaCl or NaHCO in the coal matrix. The second general
type of behavior observed is exemplified by Ca2* extraction
from lignite as shown in Figure 3. This behavior shows an es-
sentially linear increase in Ca2* concentration up to a point
where the Ca2* concentration abruptly levels off and does not
increase further with increasing percentage of coal in the
slurry. Such behavior would be observed if the solubility
product of a calcium salt in water is exceeded. The third
general type of behavior observed is shown for the extraction
of Cu®* from subbituminous coal in Figure 4. The distin-
guishing feature of this plot is a peak in the vicinity of 2-3%
coal in the slurry. This peak coincides with the maximum
humic acid concentration in the slurry water and is readily
explained by formation of soluble metal humates in the water.
Aluminum from subbituminous coal shows extraction be-
havior that does not coincide exactly with any of the three
preceding general schemes, as illustrated in Figure 5. It is seen
that the Al(ITI) concentration peaks abruptly at 2-3% coal,
then remains totally level with increasing coal concentra-
tion.

Organic acids leached into the slurry water produce ti-
tratable weak acids in the water. In the case of subbituminous



Table lll. Metals in Subbituminous Coal Slurry Water as a Function of Percent Coal

metal content

concn of metal in H20, ppm (% metal exiracted from coal), for % coal in slurry designated

metal of coal, ppm 14 15 2 3 5 10 20 30 40 500
Li 6.2 0.003 0.003 0.005 0.013 0.012 0.025 0.040 0.070
(2.98) (2.53) (2.41) (1.90) (0.75) (0.94) (0.96) (1.14)
Na 570 6.5 85 11.8 18.6 36.8 69.8 106.0 127.5 181.2
(75.4) (73.3) (67.2) (62.1) (58.2) (49.1) (43.5) (33.7) (31.9)
K 435 0.56 0.70 0.91 1.40 2.68 4.74 6.55 7.46 8.98
(8.42) (7.88) (6.74) (6.09) (5.54) (4.35) (3.51) (3.51) (2.06)
Mn 53 0.07 0.1 0.15 0.20 0.34 0.63 1.46 2.16 2.40 2.68
(13.7) (14.2) (14.1) 12.1) (12.1) (10.8) (11.1) (9.6) (6.8) (5.1)
Mg 2110 6.1 9.6 13.3 19.4 29.9 134.2 223.5 266.5 300.0
(28.4) (30.0 (31.0) (29.8) (26.9) (25.4) (24.7) (18.9) (14.4)
Ca 11130 14.7 23.5 34.1 45.4 76.2 145.8 348.8 553.0 551.5 553.0
(13.1) (13.9) (15.0) (13.2) (13.0) (11.8) (12.5) (11.6) (7.43) (4.97)
Fe 4980 0.216 0.265 0.310 0.175 0.165 0.249 0.200 0.376 0.295 0.400
(0.35) (0.35) (0.30) (0.11) (0.06) (0.04) (0.01) (0.02) (0.01) (0.01)
Cu 44 0.013 0.020 0.036 0.008 0.008 0.026 0.044 0.048 0.047
(2.84) (3.02) (3.95) (0.56) (0.36) (0.24) (0.23) (0.16) 0.11)
Zn 49 0.032 0.022 0.038 0.056 0.110 0.148 0.157 0.156
(3.19) (1.46) (1.46) (1.04) (0.90) 0.71) (0.48) (0.32)
Al 13110 1.13 1.58 1.80 1.61 1.56 1.58 1.42 1.70 1.42 1.63
(0.86) (0.80) (0.68) (0.40) (0.23) (0.11) (0.04) (0.03) (0.02) 0.01)
2 Designates a slurry of 1% coal in water. © Designates a slurry of 50% coal in water.
Table IV. Metals in Lignite Slurry Water as a Function of Percent Coal
metal content concn of metal in H20, ppm (% metal extracted from coal), for % coal in slurry designated
metal of coal, ppm 12 15 2 3 5 10 20 30 40 502
Li 2.6 0.008 0.008 0.011 0.017 0.029 0.050 0.111 0.174 0.252 0.340
(32.4) (20.3) (20.5) (21.2) (21.6) (17.5) (17.5) (15.9) (14.8) (13.3)
Na 1200 8.4 11.6 17.8 27.0 39.8 82.2 151.5 204.0 260.0 315.8
(69.1) (63.2) (72.5) (72.6) (62.9) (61.5) (50.2) (39.5) (32.4) (26.3)
K 440 0.57 0.83 1.20 1.81 3.60 5.55 6,41 7.06 8.08
(8.36) (9.13) (8.67) (7.70) (7.25) (4.98) (3.35) (237) (1.81)
Mn 147 0.37 0.40 0.71 1.10 2.02 4.06 6.05 6.90 7.72 8.70
(24.8) (18.0) (23.7) (24.1) (26.1) (24.8) (16.4) (10.9) (7.9 (5.9)
Mg 6 240 25.0 35.2 51.9 76.1 137.8 280.0 474.2 600.0 739.1 856.2
(39.6) (37.0) (40.8) (39.4) (41.9) (40.4) (30.2) (22.4) (17.8)  (13.7)
Ca 18 740 57.0 59.9 87.2 126.3 280.1 554.5 587.0 553.0 529.5 531.0
(30.1) (21.0) (22.8) (21.8) (28.4) (26.6) (12.5) (6.9) (4.2) (2.8)
Fe 14 440 1.04 1.79 3.79 1.89 1.08 0.83 1.12 1.44 1.48 2.35
(0.72) (0.82) (1.29) (0.42) (0.14) (0.05) (0.03) (0.02) (0.02) (0.02)
Cu 17.3 0.024 0.041 0.015 0.016 0.050 0.076 0.054 0.057
(13.9) (11.6) (2.7) (1.8) (1.2) (1.0) (0.5) 0.3)
Zn 16.5 0.051 0.062 0.062 0.167 0.175 0.186 0.181 0.207
(20.3) (18.5) (7.1) 9.1) (4.2) (2.6) (1.6) (1.2)
Al 6 420 0.92 1.45 2.69 2.31 2.43 4.48 6.58 6.55 7.29 8.62
(1.43) (1.48) (2.06) (0.99) (0.72) (0.63) (0.41) (0.24) (0.17) (0.13)

2 Designates a slurry of 1% coal in water. ® Designates a slurry of 50% coal in water.

coal the organic acid content was too low to give meaningful
titrations. However, good titration curves were obtained with
water from lignite slurries as shown in Figure 6. The acidities
of lignite slurries and the pH values of lignite and subbitu-
minous coal slurries are expressed in Table I1.

Space does not permit showing plots of metal concentration
and percent metal extracted vs. percent coal in the slurry for
all the metals studied in both subbituminous coal and lignite.
These plots are given in a thesis on the subject (9). However,
Table Il summarizes the data obtained from subbituminous

coal and Table IV summarizes the metal extraction data for
lignite. In the case of subbituminous slurries, the metals
showing “type 1” behavior, in which there is a regularly in-
creasing concentration of metal in slurry water with increasing
percentage of coal in the slurry, include lithium, sodium, and
potassium. Metals in subbituminous coal slurries showing
“type 2” behavior with a distinct plateau are manganese,
magnesium, calcium, and zinc. Metals in subbituminous coal
slurries showing “type 3” behavior with a peak coinciding with
peak humic acid concentration are iron, copper, and alumi-
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num. In lignite slurries the “type 1” metals are lithium, sodi-
um, and magnesium; the “type 2” metals are potassium,
manganese, calcium, and zinc; and the “type 3” metals are
iron, copper, and aluminum. It is significant to note that the
percentage of metal extracted from the coal decreases with
increasing coal/water ratio for all metals, and that in many
cases only a very small percentage of the total metal in the coal
is extracted in a slurry containing around 50% coal. Both of
these factors are very favorable insofar as the quality of coal
slurry wastewater is concerned.

Lead, cobalt, and chromium were not detectable in the
slurry waters by flame atomic absorption. Although these
metals were present in the subbituminous coal and lignite at
appreciable levels, their absence in the coal slurry water is
quite favorable from the environmental viewpoint.

Zinc, iron, and copper are known to be present as low-sol-
ubility sulfides in coal, although their solubilities could be
increased in the acidic slurry or by oxidation of sulfide to
sulfate. Aluminum is found in several insoluble inorganic
forms in coal, which should limit the solubility of aluminum
in slurry water. The solubilities of these metals are higher than
would be predicted from the solubilities of their inorganic
forms, indicating that organic chelates formed with coal or-
ganic matter may be present in the slurry water.

Aluminum hydroxide precipitates at pH values above 4 and
is probably a limiting factor in the concentration of aluminum
observed in subbituminous coal slurries. The lignite slurry
waters have pH values lower than the subbituminous coal
slurry waters, probably explaining why the aluminum con-
centration in the subbituminous slurry is lower than that in
the lignite slurry, even though the subbituminous coal con-
tains twice as much aluminum as the lignite. The solubility
of inorganic iron(III) does not appear to limit the concentra-
tions of iron in the slurry waters. The soluble iron is probably
present as organically bound iron or as soluble iron(II).

There is very little difference in pH between 1 and 50%
slurries of both lignite and subbituminous coal. Therefore, the
data are probably insufficient to discern any influence of pH
upon metal extraction from coal. In most practical applica-
tions of the coal slurry pipeline, it is likely that the pH of the
slurry water will be determined and buffered by the mineral
matter in coal and acidic ion exchange groups on the coal
surface. However, it is expected that in general more metals
would be extracted at lower pH values. In cases where metal
leaching from coal might be a problem, it is suggested that
lime could he added to keep the pH high enough to reduce

leaching while preventing the formation of soluble metal hu-
mate complexes through the production of insoluble calcium
humate salts.

The inorganic constituents of coal containing sodium,
lithium, potassium, and magnesium are soluble to the extent
that they would not limit the concentrations of these elements
in slurry water. These metals are probably exchanged by
cation exchanging groups on the coal surface.

In general, the results of this research present a favorable
picture of coal slurry pipeline byproduct water insofar as
heavy metals are concerned. The essential absence of lead,
cobalt, nickel, and chromium in the water, despite their
presence at levels of several parts per million in the coal, is
evidence of a low tendency for water to leach these environ-
mentally important heavy metals from coal under coal slurry
conditions. The percentages of other metals leached from coal
in a 50% slurry are extremely low, e.g., 0.01% for iron, alumi-
num, and copper in subbituminous coal. Coal even has the
ability to retain most of its sodium, which should be highly
soluble in the inorganic form (except for that held by ion ex-
change in clay). Organic levels in the slurry water could cause
some water quality problems, although it is anticipated that
standard lime treatment would remove a large amount of
humic organic material. In summary, these studies have not
shown any major coal slurry byproduct water quality prob-
lems.
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Mathematical Modeling of Changes in the Distribution of Sulfur in Coal as It
Undergoes Mining and Transport Operations

James P. Meyer!

Systems Applications Incorporated, 950 Northgate Drive, San Rafael, Calif. 94903

The time-averaged distribution of sulfur dioxide (SO,)
emissions from a coal-fired electrical generating station
completely determines whether compliance with both Federal
and State New Source Performance Standards (NSPS) for
SO, emissions will be achieved. In addition, this distribution,
together with atmospheric conditions, determines whether

! Present address, Atlantic Richfield Co., Production Research
Center, 3300 Dallas North Parkway, Plano, Tex. 75075.
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federal and state ambient SO air quality standards will be
met in the vicinity of such a station. In light of the increasing
importance that coal is expected to play in the national energy
picture, the air quality impacts of using coal as fuel for gen-
erating stations deserve in-depth consideration.

The distribution of SO emissions is influenced by:,

o the composition of the coal that is mined

« the coal handling and processing methods used at the
mine, during coal shipment, and at the generating station

o the fuel combustion processes
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B A model that simulates the effects of mixing on the dis-
tribution of the sulfur content of virgin coal as it is mined and
transported from the Kayenta Mine to the Navajo Generating
Station in Page, Ariz. is described. By knowing the heating
value of the coal and assuming that all of the sulfur appears
in the form of SOs in the product stream, one can translate the
sulfur distribution directly into an SO, distribution. The basis
of this model is the characterization of the coal flow as a con-
tinuous stream of discrete parcels of coal, each of known mass
and known sulfur content. Mixing in the process is assumed

to occur through independent diffusive and block shuffling
effects. Transfer functions are developed for each of the in-
tervening unit operations and combined mathematically to
reconstruct the entire process. Results indicate that this ap-
proach can be used successfully to predict the distribution of
sulfur emissions from the plant for both 3- and 24-h averaging
times. Although specifically developed for the Navajo Gen-
erating Station, the underlying principles in this formulation
can be applied to similar situations.

o the air quality control equipment used

o the averaging times for the SO, emissions used in the
distribution.

During the processing of coal between mining and its use
as a fuel, mixing occurs that reduces the variance in the sulfur
distribution of the coal at the mine. The mathematical model
described here predicts this mixing by modeling the flow of
coal throughout processing as a continuous stream of discrete
amounts of material of known weight and uniform sulfur
content. When fully validated, the model is capable of pre-
dicting the distribution of sulfur emissions at the plant stack
when supplied only with information characterizing the dis-
tribution of sulfur in the source field.

The model described was developed for application to the
Navajo Generating Station (NGS) in Page, Ariz., but we be-
lieve that its underlying principles are valid more generally.
Although our development did not treat the case where control
devices were installed, the model can be easily extended for
this application if it is assumed that the net effect of the
controls is the proportional reduction of the emissions by a
constant factor.

The Navajo Generating Station

The NGS is located in northern Arizona on Lake Powell.
At full capacity, it produces 2400 MW of electricity from three
800-MW units while consuming approximately 22 000 tons
of coal per day. As a byproduct, 220 tons of SO, per day is also
produced from coal containing 0.5% sulfur.

Coal is supplied to the Navajo site from the Kayenta mine,
which lies 90 miles west of the plant in Black Mesa, Ariz. A
brief description of the mining and transport operations as
the coal moves from mine mouth to boiler, illustrated in Figure
1, is given: (1) At the mine site, approximately 160 truckloads
of coal, each holding 180 tons, are mined during the daylight
and evening shifts. (2) Once mined, the coal is hauled to a
hammer mill, where it is reduced to particles no larger than
2 in. in cross section. (3) After this reduction, one-third of the
coal is discharged onto a night storage pile, to be reclaimed
during nighttime operations. The remaining two-thirds are
shipped overland on a 7.3-mile conveyor belt to the train
loading silos. (4) From the conveyor belt, the coal is trans-
ferred to four 6000-ton storage silos by means of a carrousel
feed mechanism, which fills them sequentially. (5) When a
train is filled, the cars are pulled under the silos, and either
silos 1 and 2 or silos 3 and 4 are unloaded simultaneously,
filling two cars at a time. The process continues until an entire
50-car train, with each car carrying approximately 120 tons,
is full. (6) After the 90-mile overland train ride, the coal is
unloaded at the NGS. Initially, six cars are pulled over the
train unloading hopper and emptied. Then, with the train
moving at 4 miles per hour, subsequent blocks of four cars are
dumped automatically until the train is entirely emptied. (7)
From the train unloading hopper, the coal falls onto a con-
veyor belt and passes over a magnetic separator. Coal samples
are periodically withdrawn from the conveyor belt for further
analysis before the coal is divided into the supply for opera-

tional use and that for on-site storage for weekend operations.
Approximately one-quarter, or 300 tons per hour, of the coal
is fed to the on-site storage pile. The remaining three-quarters,
or 900 tons per hour, is used in daily operations. (8) The daily
supply of coal is divided among the three boilers at the plant
surge bin. Then the coal is fed via an overflow mechanism to
seven feed silos, each holding 540 tons, assigned to each boiler.
(9) As the coal filters through each feed silo, it is ground in a
bowl mill until it is less than 60 mesh in size. The streams of
coal from the seven bowl mills are combined and fed into the
boiler.

During weekend operations, the plant is fed directly from
the on-site storage pile. Material is reclaimed, fed to the plant
surge bin, and subsequently processed through the remaining
transport steps. At night, a similar procedure is used, except
that coal is withdrawn from the night storage pile and subse-
quently processed.

The Mathematical Model

Throughout the mining and transport operations, consid-
erable mixing of the coal occurs. In addition to the mixing
between adjacent truckloads, various amounts of coal are in-
terchanged as they are fed to silos, train cars, and receiving
hoppers. In our analysis, the flow of coal throughout the
transport process was characterized as a stream of discrete lots
(N;) of variable size and sulfur content. At the outset, they
were chosen to be equivalent in size to one truckload of coal
originating at the mine. However, during the various stages
of processing, both their size and sulfur content were allowed
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Figure 1. Flow diagram for the mining and handling operations at the
Kayenta Mine and the Navajo Generating Station

Volume 13, Number 9, September 1979 1105



to vary in accordance with the amount of mixing occurring in
a particular operation.

In our model, mixing is divided into two different types that
are treated independently: diffusional and block shuffling.
The former occurs when adjacent loads of coal interact and
homogenize the sulfur content in each sample. The latter re-
sults whenever the sequence in which the lots of coal in a
particular queue are changed in a predetermined pattern
during processing.

For further simplification, we subdivided the process into
several individual unit operations, each of which was modeled
independently. Among those steps for which transfer func-
tions were developed are: (1) daily mining operations, (2)
hammer-mill operation, (3) on-site mine storage and night-
time reclamation, (4) silo loading and unloading, (5) train
unloading at the NGS, (6) on-site plant storage and weekend
reclamation, and (7) boiler silo storage and bowl mill opera-
tion.

As a means of developing the required models, we followed
the progress of an individual block of material as it passed
through a particular stage of an operation. With knowledge
of the sequence of the inlet queue and either the storage or
outlet feed arrangement, an algorithm relating the inlet and
outlet streams was developed. Aside from the hammer-mill
operation, which involves diffusional mixing, this procedure
was used in the analysis of each of the above steps.

Diffusional Mixing Model. Although mixing is one of the
most common industrial processes, it is poorly understood.
Quantification of such processes has been largely empirical,
but some theoretical inroads have been made (I, 2). In our
study, we modeled diffusive mixing using a diffusional shear
analysis (3, 4) originally proposed by Lacey (5) and later de-
veloped by Hogg et al. (6).

As a means of simulating the intermingling between adja-
cent blocks of material, the situation was visualized as shown
in Figure 2. Material from sample L in the region —L/2 < x
< 0 mixes with the material in sample R in the region 0 < x
< L/2 and vice versa. We have represented the process using
a simple Fickian model:

2 _p ot
ot ox?
where ¢ = concentration of sulfur in the region —L/2 < x <

L/2, D = diffusion coefficient, x = distance, and ¢t = time.
The boundary conditions are:

¢
™ t,=-L/2)=0

14
—(,L/2)=0
- (t, L/2)

[Col]if-L/2<x <0

[CoR]ifO<x <L/2

Using Laplace transform techniques, we can obtain the
solution for the sulfur concentration as given by the following
Fourier series:
[Col] + [CoR] _ 2([CoL] - [CoR))

2 T

c(0,x) =

clx, t) =

© 1 . [(2n = D]
XEI{(zn-ns'"l L |

—(9n — 1)272
X exp [("—u)lDt” -L/2<x<L/2
To remove the spatial dependence of this formulation, we can

subdivide the original sample lots into half-sizes and consider
a new mean value for those areas in the regions —L/2 < x <
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Figure 2. Diagram of adjacent blocks of material
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0and 0 < x < L/2 given by the integral formulas:

J: z/zc(x,t)dx
?f.ﬂ):*_u2 -L/2<x<0
and
L/2
B ﬁ c(x, t) dx
Cr(t) = ———— 0<x<L/2

L/2
Performing the integrations, we obtain:
[Col] + [CoR] " 4(|Co] — [CoR))

Cult) = 3 =
& [—(2n = 1)2x2D¢]
*Lam- 1
and
Trt) = [Col] +[CoR] _ 4([Co™] — [CoR])
2 w2

© 1 [~(©2n = 1)2x2D¢]
L@ 2|

Since the quantity Dt/L2 = ) appears as a lumped parameter
for which D, ¢, and L need not be known individually, the
modeling of diffusive processes can be limited to an estimation
of a single parameter, 6.

Population Models. In general, the distribution of sulfur
in a coal field is not spatially uniform. Its variation is not even
monotonic; it can deviate significantly over reasonably short
distances. Thus, without a point-to-point analysis, it is im-
possible to determine the spatial dependence of sulfur in a
given field. To circumvent this problem, we have adopted a
statistical approach using a distributional model that related
the sulfur content of a particular sample to its frequency of
occurrence in a given field. Establishing this distribution re-
quires an extensive sampling program, which normally entails
drilling a statistically significant number of core samples,
analyzing the composition of each core, and then developing
a population model.

In our study, we used a 7 distribution (7) rather than the
customary normal curve to represent the in situ sulfur content
in the Kayenta field. This distribution has been shown to
describe accurately the distribution of sulfur from the
Kayenta mine (8). Mathematically, the y distribution is given
by: '

f(x) = ﬂ e—Brypa—1

[

where the parameters « and 8 are given by the equations:
®=x2%/s2
B=7x/s?

and X is the mean of the distribution and s2 is its variance.
Both X and s2 can generally be determined empirically and
in our application were obtained from the available core
data.

A 7 distribution was also used to characterize the distri-
bution of sulfur at both the mine site and the yard site storage

0<x <> a>0



locations. In these cases, the parameters « and 3 were com-
puted using the elementary formulas:

Ni
X
= =1
N;j
Ni (x; —X)
2= bulecl o @
s \/:gl Nj-1

where x; is the homogeneous sulfur content of an individual
block of material deposited on a coal pile j, which was origi-
nally obtained from the mine field, and N; are the number of
blocks used to constitute that pile.

Sampling Techniques. During daily operation, coal is
continuously withdrawn from the mine and is stored at the
mine or the plant. Later, at night or on the weekend, this
material is reclaimed and used. To model these mining ac-
tivities, we assumed that whenever coal was withdrawn from
a site, discrete amounts were taken, each of which had a ho-
mogeneous sulfur content. This assumption appeared to be
justified because this quantity of coal is very small compared
with the quantity burned over any significant combustion
time (or averaging time). With this proviso, random sampling
techniques were then used to simulate the sampling pro-
cess.

Mathematically, this technique entailed first generating
a random number from a uniformly distributed population
in the open interval 0 < ® < 1. Then, from a standard normal

curve:
-l on e~2*dz
V-

we determined the normal variable Z 4 corresponding to the
random cumulative index ®. The value Z 5 was subsequently
substituted into the Wilson-Hilferty transformation:
LT RVAL
Xs B (1 9a +éa 901)

to compute the random v variable x4 corresponding to the
sulfur content of a particular sample. The variables a and
have the same definitions given earlier.

Experience has shown that this approximation is most ac-
curate in the central part of the distribution and is less accu-
rate in the extreme parts of the tails. We computed the
amount of error incurred by this approximation using the
method developed by McGinnis and Sammons (9). Table I
gives the error for two values of the parameter a.

Parameter Estimation. A complete mathematical de-
scription of the Kayenta mining and transport operations
would require acquisition of a voluminous amount of infor-
mation, such as empirical data on the distribution of the sulfur
content in the inlet and outlet streams of each unit operation
previously identified. In addition, data on the composition of
streams fed to and reclaimed from storage would have to be
obtained. Although this information would be both expensive
and time consuming to gather, it would permit the modeling
of individual process steps, taking into account both diffusive
and block mixing effects.

Unfortunately, most of this information was unavailable
for the case we studied, and would not be available in most
applications. The available data included: (a) the distribution
of sulfur in selected coal fields; (b) the distribution of the daily
average dry sulfur content of the coal received at the plant for
a base-case field; (c) the distribution of hourly average SO,
emissions emanating from an operational stack for the same
base-case field.

In light of such limited information, we analyzed the process
to minimize the number of parameters to be estimated. We

Table I. Errors in Approximating a 7y Distribution Using
the Wilson-Hilferty Transformation for Various
Percentiles and o Parameters?

error

(overestimation),
a percentile %
a> 16 0.1 0.2
0.0001 0.6
0.99 0.5
0.9999 0.1
a>4 0.0001 1.5
0.01 1
0.9999 1.2
0.99 1
2 In most of the cases treated in this study, a > 4.
20 T T T
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Figure 3. Frequency distribution of mine core percent sulfur showing
definition of daily mining range

identified three values that need be specified for a simulation:
(a) A mining range, ap, representing the limits of the sulfur
content of the coal over which daily mining operations can
occur. (b) A dimensionless parameter, fp, characterizing the
downstream diffusive mixing that occurs between the train
unloading hopper and the boiler. (c) A dimensionless pa-
rameter, 0, characterizing the upstream diffusive mixing that
occurs between the mine site and the train unloading
hopper.

In spite of these further simplifications, only two sets of data
were available for estimation of the above three values: the
daily dry sulfur averages at the plant site (ap) and the hourly
S0, emissions recorded at the stack (fp). Through analysis
of operational practices at the NGS, we assessed the impact
of the third parameter (0y).

Experience has shown that, if the entire mine population
is sampled on a given day, then the variance in the computed
daily average dry sulfur content is less than the observed
variance. This finding indicates that only a discrete subset of
the entire coal population is mined at any given time. To
simulate this phenomenon mathematically, we restricted daily
mining activity to a limited segment of the entire coal popu-
lation, which is characterized by a typical daily value, xp,
randomly drawn from the entire population and a variation
ap in either direction (£). The situation is shown graphically
in Figure 3. Using this approach and base-case data for a field
having a mean sulfur content of 0.53 and a standard deviation
of 0.17, we parametrically determined that ap = 0.45. Thus,
a significant fraction of the mine field sulfur distribution is
apparently sampled during a mining day.
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To establish the downstream mixing parameter fp, we used
the SO, emissions data to calculate sulfur emission rates based
on hourly data for coal flow rates and volumetric gas
throughputs. We normalized the sulfur distribution by di-
viding each value by its daily average and then constructing
a distribution of these ratios. This procedure reduces the
uncertainties associated with determining SO, emissions over
short averaging times (<24 h) in the effluent stream. Then,
in a series of parametric studies, we compared the computed
results with observational data. Figure 4 represents our final
results, which indicate that fp = 1.04.

Having exhausted the available information, we could not
rigorously estimate the upstream mixing parameter, 6y.
Fortunately, the conditions at the NGS render absolute de-
termination of this parameter noncritical. At the train un-
loading hopper at the NGS, four carloads of coal are simul-
taneously unloaded. Through a simple calculation based on
the speed of the conveyor belt, its width, the coal discharge
rate, and coal density, it is easy to show that the four carloads
are homogeneously blended. Thus, the mixing at this location
more than overshadows the diffusive mixing occurring in all
the previous processes. A sensitivity analysis, in which a series
of parametric runs was made varying the value of fy, indicated
that the effects of large changes in this parameter on the final
3-h computed average SO; concentration were marginal. For
completeness, we used a nominal value of fy = 0.05 in our
simulations.

Model Output. The previously described model with its
parameters ap, 8y, and fp can produce the following distri-
butions for coal from any portion of a mine, given the mean
and variance of the input distribution: (a) the daily dry sulfur
averages; (b) 3-h averages of the sulfur content of the burned
coal for daily operations; (c) 3-h averages of the sulfur content
of the burned coal for weekend operations. In addition, the
program has been developed with sufficient flexibility to be
able to treat cases in which incoming high-sulfur coal from the
mine may be mixed with on-site low-sulfur coal at the plant.
Such mixing might be necessary when disruptions in the
normal low-sulfur coal supply occur.

To extend the validity of the model for a variety of cases
beyond the parameter estimation case (referred to as the base
case), we had to make certain assumptions about the param-
eters fp and ap. We assumed that the value of fp will not vary
as long as the mining and transport operations remain un-
changed. For the parameter ap, we postulated the relation-
ship:

ap _ o
52 Vsh
where ap = the daily mining range of any arbitrary coal field,

af = the daily range of the base case (0.45), s2 = the variance

of any arbitrary coal field, and s = the variance of the base
case (0.029). Our motivation for making this approximation
was to allow compensation for either the skewness or the
flatness that may occur in sulfur distribution of other mine
fields.

Assumptions and Limitations. In developing our model,
we made four basic assumptions, discussed below:

o Representation of Mixing by a Fickian Model. Since
little information is available on mathematical modeling of
mixing, this application of the Fickian model represents a
practical approach to analyzing the processes involved. Ba-
sically, the assumption implied is that alternate layers of
material are thinly overlaid in a way that allows mixing. Al-
though some material may be convectively transferred in bulk,
as in other transport processes, little information of value is
available for evaluating the magnitude of the effect of this
process. Using the Fickian model, one need vary only one
parameter, 8, to simulate various degrees of mixing, whereas
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Figure 4. Comparison of observed and predicted distributions of sulfur
emissions from the Navajo Generating Station

if convective effects were included, two parameters, V and 6,
would have to be specified.

e Lumped Parameter Representation. We assumed
throughout this analysis that the diffusive mixing process can
be separated from any other mixing that might occur in the
actual operations. Furthermore, we assumed that the entire
bulk of this mixing can be lumped into two categories: pre-
train-loading hopper and post-train-loading hopper. In reality,
mixing occurs at each step where material is transferred or the
contents of a container or conveyor are agitated. To develop
an adequate, comprehensive model of the process, we would
have to measure the composition of incoming and outgoing
streams as they enter and exit each phase of coal handling.
This procedure would enable the modeling and parameteri-
zation of each piece of equipment independently. Although
possible, such a procedure would be very costly, and it may
be necessary only if the mining and handling sequence is
sensitive to diffusion processes and if those processes were
expected to change over the life of the modeled facility.

o Variance Ratio. We postulated the relationship:

[43)) e (YB
Vst VsE

to account for variances in the limits of daily mining activity
(ap) that may occur as arbitrary coal fields are selected (s2).
Using the base values of 0.45 and 0.029 for of and S%, re-
spectively, indicates that cep will have a value of approximately
2.64s, or more than three times the standard deviation of the
selected coal field. Although it would be desirable to have data
from various coal fields available to confirm this relationship,
the value of +2.64s can be interpreted as ensuring that almost
the entire population would be sampled on any given day.
Hence, it appears that major discrepancies arising from this
assumption would be minimal.

e Uniform Mixing at the Train Unloading Hopper. At the
NGS, 1200 tons of coal per hour is ejected from the train un-
loading hopper onto a high-speed conveyor belt, which is 4.5
ft wide and which moves at 600 ft/min. Since coal has a density
of 50 Ib/ft?, the thickness of the coal layer on the conveyor belt
is about 4 in. The hopper unloads through 12 outlet chutes;
thus, the contents of any four train cars that are simulta-
neously unloaded are thoroughly mixed.
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Poisoning of Platinum-Rhodium Automotive Three-Way Catalysts

by Lead and Phosphorus
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B The activity and durability of platinum-rhodium (Pt-Rh)
automotive three-way catalysts were investigated as a function
of lead (Pb) and phosphorus (P) fuel levels, thermal aging, and
catalyst composition. The Pt-Rh catalysts were durability
tested in pulse-flame reactors followed by flow reactor
steady-state activity measurements. The nitric oxide (NO)
and hydrocarbon conversions of low Rh-content three-way
catalysts were highly sensitive to even trace levels of Pb in
current simulated certification fuel (6 mg of Pb/gal) when
compared to contaminant-free fuel. Catalysts having higher
Rh content with similar noble metal loadings improved the
net NO and hydrocarbon conversions. Increasing the peak
temperature in the aging cycle from 730 to 820 °C improved
the NO and hydrocarbon conversions because of lower Pb
retention. The Pt-Rh three-way catalysts were not poisoned
by P.

The successful utilization of noble-metal automotive cat-
alysts necessitates the removal of potential catalytic poisons
from the exhaust system. In order to comply with the more
stringent emission standards of the future, platinum-rhodium
(Pt-Rh) three-way catalysts (TWC) have been developed for
the simultaneous removal of nitrogen oxides (NO,), carbon
monoxide (CO), and hydrocarbons (HC) from the exhaust of
light-duty motor vehicles. These noble-metal TWCs are
susceptible to poisoning by lead (Pb) at the relatively low
contaminant levels present in “unleaded” fuels. Rhodium, an
active metal component in TWC formulations, is particularly
sensitive to poisoning by Pb (7). The problem in the wide-
spread use of precious metals in catalytic converters is further
intensified because of the shortage of Rh, whose supply is
limited to the mine ratio (Pt/Rh = 17/1), i.e., 6% of the amount
of Pt found in the precious metal ores (2).

Of the three major fuel contaminants [Pb, phosphorus (P),
and sulfur (S)], Pb and P are fuel additives, whereas S is
present in gasoline in varying amounts depending, in part,
upon the origin of the crude oil. Since the introduction of
catalytic converters and the availability of unleaded gasoline,
Pb and P contamination have continuously declined, while
the S content has not changed. Field audit data indicate cur-
rent contaminant levels of 5 mg of Pb/gal, 0.1 mg of P/gal, and
0.022 wt % S in “unleaded” gasoline marketed across the na-
tion (3).

Poisoning of automotive catalysts has been recently re-
viewed by Shelef et al. () for both noble- and base-metal

0013-936X/79/0913-1109$01.00/0 © 1979 American Chemical Society

catalysts. Poisoning studies of monolithic noble-metal oxi-
dation catalysts indicated that at lead levels of <70 mg of
Pb/gal there exists a correlation between catalytic deactiva-
tion rate (especially for hydrocarbon conversion) and the
amount of Pb passed through the catalyst (5,6). Fuel P was
shown to exert a strong poisoning effect on the oxidation
catalysts (7). Poisoning by Pb and S is considered the most
important factor in the deactivation of NO reduction cata-
lysts, such as copper-nickel and platinum-nickel catalysts (8).
Also, the NO reduction activity of ruthenium-containing
catalysts was depressed by the presence of fuel Pb and S with
only slight poisoning due to P, even though the catalyst re-
tention for P was higher than for Pb or S (9). Laboratory
evaluations of TWCs (1,10) indicated a significant improve-
ment in catalyst durability upon a decrease in Pb and P levels
from simulated 1975 certification fuel containing 30 mg of
Pb/gal and 2.1 mg of P/gal to 1977 certification fuel contam-
inant levels of 7 mg of Pb/gal and 0.8 mg of P/gal. Sulfur was
maintained constant at a level of 0.02 wt %.

The present laboratory research extends the study of the
effects of Pb and P fuel contaminants on Pt-Rh TWCs. The
detrimental effects of S on the performance of TWCs have
been reported previously (11) and will not be dealt with fur-
ther. Thus, the purpose of the present research was to deter-
mine the activity and durability of Pt—-Rh TWCs as a function
of Pb and P poisoning, thermal aging, and Pt-Rh catalyst
composition.

Experimental

Catalysts. The TWC formulations contained Rh as the
selective NO reduction component, Pt as the hydrocarbon and
CO oxidation component, and proprietary base metal pro-
motors. TWCs identified in Table I were prepared on Corning
EX-20 monolithic supports. The catalyst supports had a cell
density of 49 square cells/cm2. All of the TWCs had similar
total noble metal loading (Pt + Rh = 0.2 wt %) but differing
Pt/Rh ratios. The fresh BET area of these catalysts varied
from 14.6 to 17.0 m?/g. Catalyst buttons, 1.9 cm diameter X
1.3 cm long, were used in these studies.

Apparatus and Procedure. Pulse-Flame Reactor Dura-
bility Testing. The procedure for durability testing of TWCs
using pulse-flame reactor techniques is given in ref 10; a more
detailed description of the pulsator apparatus and instru-
mentation for the exhaust stream analysis is reported in ref
12. The simulated mileage accumulation of pulsator durability
utilized lead-sterile isooctane and simulated fuels containing

Volume 13, Number 9, September 1979 1109



Table . Description of Catalysts?

catalyst Pt + Rh, BET area,
ident wt % Pt/Rh /9

M-2688 0.2 111 fresh: 16
M-268D 0.2 1n fresh: 16
M-261A 0.2 19/1 fresh: 16.0
aged: 13.7 (17 400 miles/fuel D)?
10.8 (21 100 miles/fuel F)
10.4 (17 500 miles/fuel E)
M-2658 0.2 5/1 fresh: 17.0
aged: 12.3 (16 500 miles/fuel D)
14.7 (18 200 miles/fuel F)
12.4 (18 600 miles/fuel E)

2 Contain base-metal oxide (promoter). Supported on Corning EX-20 Monolith,
49 square cells/cm?. ® Description of fuels given in Table II.

Table ll. Contaminant Levels in Simulated Fuels for
Pulsator-Aged Catalysts

fuel? Pb,b [ X3 fuel? Pb,® P,c
designation  mg/gal mg/gal designation mg/gal  mg/gal

Ad 0 0 D 6 0.8

B 0 0.9 E 60 1.2

C 1 0.8 F 5 8.2

2 Isooctane containing 0.03 wt % S in addition to the indicated amounts of
Pb and P. ® From ““TEL Motor Mix"* containing tetraethyllead, ethylene dichloride,
and ethylene dibromide in an atomic ratio of Pb:Cl:Br = 1:2:1. © From cresyl
diphenyl phosphate. ¢ S-, Pb-, and P-free isooctane.

Table Illl. Conditions for Durability Testing of Three-
Way Catalysts on Pulse-Flame Reactor

feed gas compositions time duration, %

cycle A NO = 500 ppm ~83.3 (T > 400 °C)
CO=15%
0,=0.8%
HC = 2000 ppmC

cycle B NO = 500 ppm ~16.7 (T < 400 °C)
CO=15%
02 =2%

HC = 2000 ppmC
fuel: isooctane or (isooctane + Pb + S + P)

temperature cycle

T,°C time duration, %
340 16.7
515 77.0
730 6.3

space velocity: 40 000 h—!
simulated mileage accumulation: ~5000 miles/week (168 h)

Table IV. Feed Gas Composition of Simulated Gas
Mixture

component vol, % component vol, %
NO 0.1 CgHg 0.015
0, 0.6-1.0 H,0 10
Cco 1.2-2.0 CO, 10
Hy 0.4-0.7 S0, 0.002
CaHe 0.03 N, balance

Table V. Effect of Thermal and Thermal plus Chemical
Aging on Performance of M-268B Catalyst?
% conversion at
peak temp In durability cycle
__730°c __80°C _

iso- Iso-

R fresh octane fuel D octane fuel D

~1.05 netNO 98 96 84 96 86
NH;® 0 0 0 0 0

gross NO 98 96 84 96 86

Cco 97 98 100 94 98

HC 94 95 84 90 86

1.8 netNO 80 74 23 69 44
NH3® 20 20 43 28 32

gross NO 100 92 40 96 64

co 37 38 40 40 —

HC 64 69 34 72 59

Tao%. °C 225 — 280 275 280

2 Pretreatment: 25 000 simulated miles on pulsator. Durability fuel: thermal
aging, lead-sterile isooctane (fuel A); thermal + chemical aging, fuel D containing
6 mg of Pb + 0.8 mg of P + 0.03 wt % S/gal of isooctane. Activity measure-
ments in flow reactor: space velocity = 60 000 h™'; T = 550 °C; simulated
exhaust gas containing 20 ppm of SO,. ® As percent NO converted.

position is given in Table IV. Propylene and propane repre-
sented fast-burning and slow-burning hydrocarbons, re-
spectively.

The activity and three-way selectivity of the catalysts are
reported as percent conversion of NO, CO, and HC as a
function of the redox ratio, R, of the reacting gas mixture. (R
is a measure of the gas mixture stoichiometry of reducing to
oxidizing components and is determined as follows: R = [CO
+ Hs 4+ 3nC,Hy, + (3n + 1)C, Hop+2)/(NO + 205). Thus, R
= 1 corresponds to a stoichiometric gas mixture, while R > 1
represents an overall reducing gas mixture.)

Results and Discussion

the Pb and P contaminant levels listed in Table II.

In the laboratory catalyst aging procedure the catalyst is
exposed to feed gas compositions and temperature cycles
shown in Table III. The low-temperature oxidizing cycle B
simulates the cold-start exhaust conditions, and the high-
temperature cycle A is intended to simulate high acceleration
modes of operation. The simulated mileage calculations are
based on a 30 mph [or 5000 miles/week (168 h)] steady-state
vehicle operation at a nominal 40 000 h~! space velocity.

Steady-State Activity and Selectivity. Following the
pulsator durability, the catalytic steady-state activity was
measured at 550 °C in a separate flow reactor system de-
scribed previously (10) operating at 60 000 h=! space velocity
with a simulated gas mixture containing 20 ppm of SOy. The
synthetic gas mixture contained NO, CO/H; = 3, C3H¢/C3Hg
= 2, SO, COy, and H50 in Ny. A detailed gas mixture com-

1110 Environmental Science & Technology

S ptibility of TWCs to Trace Levels of Pb. In order
to differentiate thermal deactivation from combined chemical
and thermal deactivation of TWCs, M-268B catalysts were
durability tested for 25000 simulated miles on pulsators
burning (a) isooctane (fuel A) and (b) simulated 1977 certifi-
cation fuel (fuel D). The peak temperature of the pulsator
aging cycle (Table III) was varied from 730 to 820 °C for two
separate 25 000-mile aging tests.

The steady-state activity results are shown in Table V for
the redox ratio (R ~ 1.05) corresponding to the maximum
simultaneous three-way conversion of NO, CO, and HC (NO
and HC conversion crossover) and for R equal to 1.8 corre-
sponding to 2.8% rich of stoichiometry. At R = 1.8, the net NO
and HC conversions decrease after aging in the presence of
fuel contaminants when compared to contaminant-free iso-
octane at either temperature. The conversion of CO was not
affected by the fuel contaminants in these tests.

The benefits achievable by decreasing Pb contamination
(P and S levels constant) are shown in Table VI for a newer



Table VI. Activity of M-268D Pulsator-Aged Catalysts
at Trace Lead Levels?

% conversion
fuel D fuel C
R (6 mg ot Pb/gal) (1 mg of Pb/gal)

~1.05 net NO 91 97
NH3® 0 0
gross NO 91 97
Cco 99 98
HC 92 94
1.8 net NO 70 77
NH3? 20 20
gross NO 87 96
co 45 32
HC 53 59

4 Pre 25 000 si d miles on using fuel D (6 mg of Pb

+ 0.8mgof P+ 0.03 wt % S/gal of isooctane) and fuel C (1 mg of Pb + 0.8 mg
of P+ 0.03 wt % S/gal). Activity measurements: flow reactor with simulated
exhaust gas containing 20 ppm of SO2; T = 550 °C; space velocity = 60 000
h~".  As percent NO converted.

generation M-268D catalyst having the same precious metal
loading and Rh content (Pt/Rh = 11) as the former M-268B
catalyst. When exposed to fuel at the lower Pb level of 1 mg
of Pb/gal for 25 000 simulated miles of pulsator aging, the
M-268D catalyst yielded 6-7% higher net NO conversion near
stoichiometry and at R = 1.8 than when the catalyst was aged
using fuel containing 6 mg of Pb/gal. At R = 1.8 the HC con-
version also improved ~6% when aged at the lower Pb level.
While HC conversion was improved by lower Pb levels, the
CO oxidation decreased. This effect will be discussed later.
Although improvements in HC and NO, by 6-7% do not seem
very large on an absolute basis, they are quite significant in
terms of unconverted NO and HC. For example, a 6% increase
in net NO conversion near stoichiometry reflects a threefold
decrease in the unconverted NO, i.e., from 9 to 3%.

The effects of thermal aging at somewhat higher cycling
temperatures are beneficial during rich excursions of TWCs.
Aging of the M-268B catalysts at the higher peak temperature
of 820 °C (instead of 730 °C) improved the net NO and HC
conversion (Table V). For example, at R = 1.8 the net NO
conversion increased 21% (from 23 to 44%) and the HC con-
version improved 25% (from 34 to 59%) when cycled to peak
temperatures of 820 °C rather than 730 °C. X-ray fluorescence

(A) CATALYST M- 26l1A

analysis of the aged catalysts indicated 0.14 and 0.10 wt % Pb
retention at 730 and 820 °C, respectively. Contaminant re-
tention of Pb increases with increasing catalyst temperature
in the temperature range 350-760 °C (5). The catalyst poi-
soning mechanism proposed by McArthur (13) for automotive
catalysts predicts that contaminant composition on the cat-
alyst varies with temperature and that contaminant retention
decreases as the temperature approaches the values where
PbO has an appreciable vapor pressute. For example, PbO has
0.1 Torr vapor pressure at 850 °C (14). Thus, the improved
NO and HC conversions achieved at the higher cycling tem-
perature of 820 °C are attributed to lower retention of Ph.

The poisoning of Pt by sulfur species in a reducing atmo-
sphere leaves Rh as the major active component (11,15).
Therefore, during rich operation (R = 1.8, for example) Rh
is primarily responsible for the conversion of NO to N,
(16-18), while also being a good steam-reforming catalyst (7).
Thus, the significant decreases in net NO and HC conversions
in the rich region are attributed to the lower availability of
active Rh on the aged TWC. On the other hand, near stoi-
chiometric conditions (R =~ 1.05) where SO, poisoning on Pt
becomes less significant, and in the absence of Hy, the Pt sites
of the TWC contribute significantly toward higher net NO
conversion and HC oxidation (15). The present steady-state
results indicate that for pulsator-aged Pt/Rh catalysts having
relatively low Rh content, the current fuel Pb levels have a
significant effect.

Extent of Poisoning vs. Catalyst Composition. The ef-
fects of various Pb and P contaminant levels were determined
for two TWC formulations containing the same total precious
metal loadings (0.2 wt %), but differing in the Pt/Rh ratio. A
relatively low Rh-content catalyst, M-261A, and a relatively
high Rh-content catalyst, M-265B, contained ratios of Pt/Rh
= 19/1 and 5/1, respectively. These catalysts were pulsator
aged for 15 000 to 20 000 simulated miles using simulated fuels
described in Table II: (a) base-line simulated 1977-1978 cer-
tification fuel D, (b) fuel B which is fuel D minus Pb, (c) fuel
E which is fuel D with 60 mg of Pb/gal, and (d) fuel F which
is fuel D with 8.2 mg of P/gal. BET surface areas of the cata-
lysts aged using the various fuels are shown in Table I. The
aged catalysts have retained sufficient surface areas to elim-
inate any excessive deactivation that could be attributed to
sintering of the catalyst caused by overheating.

The effects of Pb levels on the two catalysts are shown as
a function of redox ratio and air/fuel ratio (A/F) for net NO
conversion in Figure 1, for HC conversion in Figure 2, and for

(B) CATALYST M-2658

PRETREATMENT : ~ (7,500 SIMULATED PULSATOR MILES
FUEL: ISOOCTANE CONTAINING Pb,R AND 0.03wt.% S
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Figure 1. Effects of Pb and P on the steady-state net NO activity of pulsator-aged TWCs of different Rh content: (A) M-26 1A (Pt/Rh = 19) and (B)

M-265B (Pt/Rh = 5)
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(A) CATALYST M-261A (B) CATALYST M-2658
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Figure 2. Effects of Pb and P on the steady-state HC activity of pulsator-aged TWCs of different Rh content: (A) M-261A (Pt/Rh = 19) and (B) M-265B

(Pt/Rh = 5)
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Figure 3. Effects of Pb and P on the steady-state CO activity of pulsator-aged TWCs of different Rh content: (A) M-261A (Pt/Rh = 19) and (B) M-265B

(Pt/Rh = §5)

CO conversion in Figure 3. The net NO conversion of both
catalysts decreases over the range of R values with increasing
amounts of Pb present in the fuel. The low Rh-containing
TWC shown in Figure 1A is severely poisoned at levels of 60
mg of Pb/gal. For example, the net NO conversion over the
M-261A catalyst decreases 24% (90 to 66%) near stoichiometry
at R = 1.05 and the net NO conversion decreases by 34% (65
to 31%) at R = 1.8 by increasing Pb content from 0 to 60
mg/gal. By comparison, for the M-265B TWC containing more
Rh the poisoning effect by higher Pb levels is much less pro-
nounced (Figure 1B). For example, the net NO decreases 15%
(97 to 82%) at R ~ 1.05 and 17% (82 to 55%) at R = 1.8.
The hydrocarbon conversion over both TWCs is affected
to an even greater extent by the 60 mg of Pb/gal fuel, especially
during rich operation. The HC conversion at R = 1.8 over the
M-261A and M-265B TWCs decreases by 47% (63 to 16%) and
33% (64 to 31%), respectively, at the higher Pb levels when
compared to the Pb-free fuel. Near stoichiometric conditions,
where poisoning of Pt by S is minimal and Pt contributes to
the HC conversion, the differences in HC conversion over the
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two catalysts and deterioration in HC activity to higher leaded
fuel are smaller.

Another criterion for judging catalytic performance is to
compare the temperature required to reach 80% conversion
of the limiting reactant HC. (As shown in Table IV, the ratio
of C3Hg/C3Hg is 2/1. One can discriminate catalyst efficiency
by the oxidation of the more difficult-to-oxidize C3Hg.) The
temperature required for three-way conversion of NO, CO,
and HC decreases significantly as Pb levels are lowered. The
higher Rh-containing catalyst also lowers this temperature
for each of the fuels investigated, as well as improving the net
NO activity.

CO oxidation over the TWCs is affected to a lesser extent
by increased Pb poisoning than for HC oxidation, but CO
conversions improve slightly with increased Pb levels, as
shown in Figure 3 and mentioned previously in Table VI for
the M-268D catalyst. The M-261A and M-265B catalysts show
higher CO conversion activities of about 16% at R = 1.8 for 60
mg of Pb/gal levels when compared to the Pb-free fuel. Since
the oxidation of hydrocarbons is a more demanding reaction



requiring multiple adjacent active sites, poisoning by Pb af-
fects the HC oxidation activity severely. In the rich A/F ratio
region where CO + HC > O, oxygen is partitioned between
HC and CO. Any decrease in HC conversion may release
equivalent oxygen for a stoichiometric increase in CO oxida-
tion.

An order of magnitude increase in the P content of the fuel
has no poisoning effect, as shown by the dashed lines in Fig-
ures 1 and 2 for the M-261A and M-265B catalysts. In fact, the
net NO and HC conversion are slightly improved by the rel-
atively high P levels for the fuels that contained similar Pb and
S contaminant levels. The catalytic activities following aging
at 8 mg of P/gal levels are slightly better than those aged with
6 mg of Pb/gal. The small improvement in net NO conversion
is attributed to the formation of stable, inert lead phosphate,
Pb3(POy)s. Fuel containing 8 mg of P (0.26 mg-atom of P)/gal
and 5 mg of Pb (0.024 mg-atom of Pb)/gal would have a ten-
fold atomic excess of P to Pb. The excess P could conceivably
neutralize poisoning by Pb to some extent by the formation
of lead phosphates. Pb3(PO,)s was indeed identified previ-
ously on catalysts by X-ray diffraction analyses (5,13).

Concluding Remarks

For a large scale practical application of three-way catalytic
converters, the Pt/Rh ratio should be close to the mine ratio
of 17/1. Catalysts containing Rh considerably higher than that
deemed practical, because of the limited Rh supply, were ca-
pable of lowering NO, and hydrocarbon emissions even in the
presence of relatively high Pb contamination. The laboratory
performance of TWCs having a more realistic Rh content
improved significantly when Pb contamination was reduced
90% from the 1975 levels near 60 mg of Pb/gal to levels of 6 mg
of Pb/gal, representative of current contamination in mar-
keted unleaded fuel. However, these laboratory tests simu-
lating automotive exhaust conditions revealed that these
TWCs were sensitive to even these trace levels of Pb. When
Pb contamination was reduced further, the laboratory studies
indicated that the deactivation of the TWCs by Pb was further
alleviated.

In these studies Pt-Rh TWCs were not sensitive to trace
levels of P (0.8 mg of P/gal) found in current unleaded fuels.
However, when the fuel contained a large atomic excess of P
to Pb, the possible formation of nonpoisonous, stable lead
phosphates minimized poisoning of the Rh to some extent.

Catalyst deactivation by Pb was also decreased when cat-
alysts were operated at higher temperatures due to lower Pb
accumulation on the catalyst by volatilization of PbO. How-

ever, catalyst operation at elevated temperatures may make
them more suceptible to thermal deactivation by overheating
from the engine exhaust. Therefore, a satisfactory compromise
between improved performance from lower Pb retention and
the potential risk of thermal deactivation must be reached.
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Effects of Sodium Chloride on Limestone Calcination and Sulfation in

Fluidized-Bed Combustion

John A. Shearer*, Irving Johnson, and Clarence B. Turner

Argonne National Laboratory, 9700 S. Cass Avenue, Argonne, Ill. 60439

Considerable attention is being focused on fluidized-bed
combustion of coal as a result of its potentially higher effi-
ciency and low capital costs (1). In the FBC process, coal is
burned at 850-900 °C and 10° to 108 Pa pressure in a fluidized
bed of a partially sulfated solid SO, sorbent such as limestone
or dolomite. Steam generation in boiler tubes immersed in the
bed removes part of the heat of combustion. The limestone
bed material both transfers heat to the boiler tubes and, by

0013-936X/79/0913-1113$01.00/0 © 1979 American Chemical Society

reacting with the sulfur-containing gas, captures the poten-
tially harmful SO released from the coal.

At the stated operating conditions, after calcination, CaO
in the limestone or dolomite reacts with SO and O to form
stable CaSOy4, leaving exhaust gases that are relatively free of
sulfur.

Limestones and dolomites are being extensively evaluated
(2) as fluidizing materials because of their high calcium con-
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B A laboratory investigation of the interaction of sodium
chloride with natural limestones during calcination and sul-
fation has been performed. Reactions were carried out at 850
°C in a synthetic flue gas consisting of 0.3% SOs, 5% Oy, 20%
COy, and the balance nitrogen. Results show that the presence
of salt induces structural rearrangement in the stones that can
lead to an optimum pore distribution for reaction with SO5/O,
mixtures. The salt effect involves the presence of a liquid

phase that increases the ionic diffusion and mobility of the
system, enhancing calcination, enhancing crystallization of
Ca0, and creating a pore structure permeable to reactant gas
diffusion. Application of NaCl addition to fluidized-bed coal
combustion would increase the sulfur capacity of unreactive
limestone and would reduce the quantity of limestone needed
and the amount of solid waste produced in meeting SOy
emission standards.

tent and thus high capacity for SO, removal, their low cost,
and their widespread availability. Owing to the low price of
naturally occurring limestones, the sulfated product possibly
can be disposed of as solid waste without regeneration and
recycling. Regeneration of the limestone or dolomite is also
a possibility (3). The major disadvantage of using a natural
limestone or dolomite without improving its SOz-removal
capability is the environmental impact of extensive quarrying
and the disposal of large quantities of solid waste material.

Any process would be advantageous that would reduce the
sorbent requirement—for example, by increasing the reac-
tivity of the limestone or dolomite sorbent. Some high-calcium
limestones do not fully react to form CaSQy4. If the amount of
CaSO; formed in such stones could be substantially increased,
the stones would become more effective sorbents and the
dependence on naturally reactive stone could be reduced or
eliminated. Obviously, both the amount of material required
and the amount of waste produced would be reduced by using
more of the available calcium in the stone. For example, by
increasing conversion from 25 to 40% for an 80% CaCOs;
limestone, the amount of stone needed to remove 85% of the
sulfur emitted during combustion of coal containing 4% sulfur
is reduced by almost one-half.

The use of sodium chloride as an enhancement agent for
sulfur capture in fluidized-bed combustion was reported
earliest for the combustion of oil shales in a shale-limestone
bed (4). In pilot plant studies (5, 6), adding salt to fluidized-
bed coal combustors was demonstrated to be a way of de-
creasing the levels of SO, in off-gases. The reactivity of
limestones with SO was found to be affected by many vari-
ables, including the sodium content of the natural stone and
the method of calcination (7).

Inorganic salts have been used in the lime industry to alter
the physical properties of calcined limes for many years (8-
11). Such physical effects on limestone calcines appear to form
the basis for the enhanced ability of stones to react with sulfur
dioxide.

The present study was initiated to investigate this inter-
action, with particular regard to using limestones more effi-
ciently to reduce environmental contaminants in FBC off-
gas.

Laboratory studies were performed on the interaction of
inorganic salts with limestones during calcination and sulfa-
tion in order to verify the positive enhancement effects and
to obtain a more complete understanding of the process and
the optimization of its effects. Sodium chloride was chosen
as the additive to be investigated most thoroughly, since it was
used in the successful FBC runs mentioned above (in ref 5 and
6) and is a natural component of limestones. It has also been
shown in laboratory studies (12-18) to have dramatic effects
on the decomposition temperatures and other properties of
carbonates.

Experimental

Naturally occurring limestones were used throughout this
work in order to note the effects of composition and structure
on reactivity. Table I lists compositions in weight percent for
limestones referred to in the figures of this paper. The first two
digits of the ANL number designation refer to the nominal
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CaCO; content of the stones. The reactions studied, both
calcinations and sulfations, were carried out in shallow quartz
boats (in horizontal tube furnaces), with a single layer of
limestone particles exposed to controlled atmospheres that
were designed to simulate flue gas. The temperature of reac-
tion was kept at 850 °C, which is a typical fluidized-bed coal
combustor operating temperature. The calcination gas com-
position was 5% Og, 20% COx, anid the balance N, flowing at
a rate of 500 cm®/min. For sulfation reactions, 0.3% SO, was
added to this mixture, and reaction was allowed to proceed
to near completion.

The 1-g samples of 18-20 mesh limestone were periodically
weighed to monitor the progress of the reaction and were an-
alyzed for sulfate at the conclusion of the 6-h reaction period
for comparison with the sulfation values indicated by the
weight change measurements. A mercury porosimeter was
used to generate pore distribution data, as well as surface areas
and average pore diameters, on 1-h-calcined samples and on
stones that had undergone other treatments. A scanning
electron microscope was also used to provide visual references
for determining structural changes that might occur. Baker
reagent grade NaCl was used throughout the investigation.
The salt was generally introduced by complete evaporation
of an aqueous slurry onto the raw stones before calcination to
obtain a uniform distribution on the particle surface and ac-
cessible pore space and thus ensure intimate contact with the
limestones.

Results and Discussion

Figures 1 and 2 show sulfation reaction curves for several
limestones, untreated (Figure 1) and treated with 2 wt % NaCl
(Figure 2). The effects of treatment with salt are apparent—an
increased initial slope of the sulfation curves and a greater
amount of sulfation in the same time interval, as compared
with the raw untreated stones. These data represent simul-
taneous calcination and sulfation, a situation that presumably
exists in a fluidized-bed coal combustor. However, for ex-
perimental purposes, the effects of calcination alone can be
separated from the effects of the sulfation reaction by treating
the material with salt and then precalcining the material for
1 h. This was done for all subsequent reactions to remove the
effects of at least that one variable (slow or incomplete calci-
nation).

Figure 3 is a bar graph showing the effect of NaCl at dif-
ferent concentrations on the percentage conversion of avail-
able CaO to CaSOy for precalcined stones. The reactivity
reached a maximum with a salt content near 0.5 wt % for most
of the stones, as was concluded from the extent of reaction at
several different salt concentrations. The reactivity begins to
decrease as NaCl amounts larger than 0.5 wt % are added due
to loss of the surface area. The point where reactivity begins
to decrease appears to be related to the amount of impurities
present in a stone.

Figure 4 is a typical set of porosity curves showing the effect
on pore distribution of NaCl during calcination. This partic-
ular stone (ANL-9501) has a low impurity content (3 wt %),
and the shifts observed in average pore diameter with different
NaCl additions are smaller than for pure CaCOj (calcite), but
greater than for a stone with impurity levels of 10% or more.



Table . Compositions of Representative Limestone Samples

designation Cag0s. Mog0s g Aiga. gz g™ %
ANL-8001 80.4 3.5 1.24 3.18 10.34 0.23 0.72
ANL-8101 81.6 11.6 0.86 0.19 1.86 0.10 0.07
ANL-8701 87.0 1.20 34 2.0 71 0.13 0.19
ANL-8901 89.8 2.15 0.66 1.04 4.0 0.10 0.19
ANL-9201 92.6 5.33 0.20 0.42 1.26 0.10 0.02
ANL-9501 95.3 1.32 0.09 0.25 0.77 0.03 0.06
ANL-9601 96.0 3.57 0.23 0.01 0.18 0.04 0.01
ANL-9701 97.8 0.6 0.10 1.8 0.2 0.25 0.47
calcite spar 100.0 0 0 0 [1} 0 0
* v Alml. ma ! I l L " 9 r .
A ANL-9601 $ sl 2, R STONE -
300~ & ANL-8901 - &L @ 0.5 wt% NaCl ADDITION ]
N ANL- 800 i ° el O 2.0 wt% NaCl ADDITION
O ANL-920! 5 B
250|— © CALCITE SPAR — s [ i
O ANL-9501 : 40— —
23
@ 200(— £ 20— %
8 z | s 117
4 8 ol 7 U , 4
S, 5o~ CALCITE  ANL-9501 ANL-9601 ANL-870  ANL-80OI
I SPAR
@ ANL-9701  ANL-9201 ANL-8901 ANL-8IOI
oo LIMESTONE DESIGNATION
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Figure 2. Reaction curves for limestones treated with 2 wt % NaCl, then
calcined and sulfated simultaneously at 850 °C for 5 h in 0.3% SO,,
5% 0,, 20% CO,, balance N,

The inherent porosity in a lime is produced as a result of the
evolution of CO, at high temperature without any change in
gross physical dimensions. As salt is added, the majority of
pores have increasingly larger diameters, as indicated by the
midpoint of the rise in the porosity curve gradually shifting
to larger pore diameters as salt content goes up.

This structural change can be readily seen in scanning
electron microphotographs of this same stone. Figure 5 shows

10 1.0 0.1

PORE DIAMETER, pm
Figure 4. Porosimetry curves for limestone ANL-9501 (grove) treated
with NaCl, then calcined for 1h at 850 °C in 5% Oy, 20% CO,, balance
No

that the increasing pore diameters due to salt addition would
allow sulfation to occur for a longer time before the formation
of an impervious shell of CaSOy. Despite the fairly large pore
sizes of the untreated stone, the unreacted material is sealed
off when the CaSOj, reacts first with the particle surface. When
salt is present, recrystallization and rearrangement of the CaO
and CaSO, maintain gaseous permeability for much longer
periods. Earlier studies (19) showed that there is a minimum
pore size for effective sulfation. Pores smaller than 0.3 um are
closed off rapidly by CaSO4 (20), which has a larger molar
volume than does the original CaCOj. The presence of trace
amounts of surficial liquid produced by localized melting of
NaCl with some dissolved CaO and CaSO; is proposed as the
basic mechanism for initiation of these structural changes as
illustrated in Figure 6. With increased ionic mobility there is
pore growth, as well as crystallite growth of both Ca0 and
CaSO0y, throughout the reaction as long as residual salt re-
mains in the particle.

The structures developed with NaCl are very similar to
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LIMESTONE 1359 CALCINED AT 850°C
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NaCl NaCl
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990x

Figure 5. Limestone ANL-9501 calcined at 850 °C for 1 hin 5% O,
20% CO,, balance N, after treatment with NaCl

those for high-temperature calcined limes. This high-tem-
perature effect is referred to as sintering, wherein the calcia
grains grow together at a rate directly related to temperature.
Stones fired at temperatures greater than 1200 °C are called
“dead-burned” because of their inactivity with respect to
hydration. This is due to their extremely low surface area, high
crystallinity, and unconnected pore space. The porosity curves
show the same trend of increasing pore diameter with in-
creasing temperature as for stones with increasing salt content
at a single temperature. This sintering effect is essentially a
reflection of the ionic mobility within the lattice structure of
the calcine. Additives have been most frequently assumed to
control defects in diffusional sintering, and have not been
commonly interpreted to have effects as liquid (21). It was felt
that sufficient liquid was necessary to completely wet the
boundary of grains before the effect would be noticeable.
Some work on the BeO-CaO system shows that the volume
fraction of liquid necessary to greatly enhance sintering rates
can be less than was formerly thought (22). The ranges of ef-
fective additive content varied from 0.01 to 0.05 mol %.
From the above discussion, we arrive at the conclusion that
the effects of NaCl in limestones are to accelerate the rates of
sintering and crystal growth during both calcination and
sulfation. It is believed that this is primarily due to the pres-
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Figure 6. Magnified cross-section comparison of limestone calcination
and sulfation, with and without salt (schematic)

ence of a liquid phase that increases ionic mobility and dif-
fusion.

Since NaCl has the effect of an impurity, it is necessary to
observe the effect of salt on impure limestones as well as on
pure limestones to expand our understanding to more com-
monly occurring natural limestones and dolomites, which
usually contain appreciable amounts of materials other than
CaCOs. These incorporated impurities might or might not
affect the reactivity of the calcine with SO»/0,. On this basis,
the program included a study of the sulfation of a broad range
of limestone compositions.

Figure 7 shows the effects of salt on calcite spar (naturally
pure CaCOj) during sulfation. The depth of penetration of
sulfate formation is much greater for salt-treated stones than
for untreated ones. The photograph illustrates the enlarged
pore structure and the formation of CaSQj4 on the grain sur-
faces, internally as well as externally.

Figure 8 is a graphic representation of data, for 27 different
stones, illustrating the effect of pore diameter on sulfation
reactivity. Average pore diameters were calculated from sur-
face area pore volume measurements on a mercury porosi-
meter, using a model of a right circular frustrum for pore
shape. The distribution of points shows that initially, as pore
diameter increases, reactivity increases, reflecting the previ-
ously mentioned minimum effective pore size of 0.3 um. As
the average pore diameter increases further, gaseous perme-
ability increases. However, surface area decreases continually
and eventually becomes the controlling factor over perme-
ability; the reactivity decreases with further salt addition (i.e.,
further pore enlargment). The maximum theoretical con-
version to CaSOy, which is limited by pore volume, is ~70%
of the available Ca0. Most stones studied achieved 50% or
greater conversion at low salt concentrations before pores were
sealed by CaSQy.

From this type of plot, potentially unreactive stones can be
identified. A]so, the desirability of adding salt for enhance-
ment and the relative quantities of salt to be added for ap-
plication to fluidized-bed coal combustors can be deduced.

Summary and Conclusions

The treatment of limestones with NaCl before calcination
and sulfation results in structural changes—in particular, pore
enlargement that enhances the reaction with SO4/0,. In-
creasing the concentration of salt results in an initial increase
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Figure 8. Percent conversion of CaO to CaSOy vs. average pore di-
ameter (pores = 0.3 um) for limestones at 850 °C with and without
NaCl calcined for 1hin 5% O,, 20% CO,, balance N,, and sulfated
for 6 h with added 0.3% SO,

in SO9/0; absorption, followed by a decrease in reactivity in
most cases due to loss of surface area. In some pure limestones,
the effectiveness of the salt is greater and, thus, larger shifts
in pore diameter result upon the addition of NaCl.

The effect of salt addition may be duplicated by any means
that increases ionic mobility and diffusion. Thus, high tem-
perature can cause either solid-solid sintering, or the forma-
tion of liquids that act as accelerators of sintering and result
in changes in pore structure (22). High CO, pressures also
result in increased ionic mobility (23), thereby improving
sulfation under certain conditions. Control of the pore sizes

developed during calcination is necessary to achieve maximum
sulfation. The sodium chloride data show that at average pore
diameters above 0.3 um, reactivity falls off as long as the
structural integrity of the stone is maintained. Any of the
techniques suggested above must be predictable and con-
trollable to be effective in FBC.

In fluidized-bed coal combustion, the addition of empiri-
cally determined amounts of salt should affect the maximum
amount of sulfation for any limestone, regardless of impurity
content. By introducing salt during precalcination outside the
combustor, possible corrosive effects due to the increased al-
kali content of the bed material may be eliminated. The effects
of aluminosilicate formation between alkalies and coal ash
may also reduce the potential corrosiveness of salt addition,
as evidenced by the successful use of salt by Pope et al. (6).
Salts other than NaCl are effective in changing the properties
of lime (8-11) and may also be effective in enhancing the
sulfation properties of limestone in a similar manner.

The effectiveness of salt in FBC will depend on the amount
of salt used, as well as the limestone chosen and the combus-
tion conditions of the system. The best reasons for using sul-
fation enhancement agents are the smaller amounts of stone
to reduce the SO, emissions and the smaller amounts of solid
wastes generated.
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B Azaarenes were characterized in several Recent and ancient
sedimentary samples and anthropogenic source materials by
glass capillary gas chromatography using nitrogen-specific
detection, gas chromatography/mass spectrometry, and probe
distillation/low voltage mass spectrometry. In lake surface
sediments and street dusts, unsubstituted azaarenes con-
taining three to five aromatic rings predominate over the more
numerous alkyl homologues. In contrast, azaarenes in fossil
organic matter have a much more complex composition, with
alkyl azaarenes much more abundant than unsubstituted
molecules. In this respect, the azaarenes resemble the PAH
composition of these samples. Diazaarenes were apparently
also present. An anthropogenic origin for the aza aromatics
in the surface sediments is indicated, with street dust as a
likely source for some of the sedimentary azaarenes. There is
no evidence that natural combustion processes contribute
azaarenes to Recent lake sediments.

Aza heterocyclic hydrocarbons (azaarenes) are potentially
hazardous environmental contaminants because of their
carcinogenic and mutagenic character (1, 2). As trace com-
ponents, azaarenes have been detected in cigarette smoke (3),
automobile exhaust (4), industrial stack effluents (5), and
urban suspended particulate matter (6-8). Petroleum (9),
shale oil (10), coal tar (11), and fossil hydrocarbon minerals
(12) also contain substantial amounts of a very complex and
therefore poorly characterized mixture of aza aromatic com-
pounds.

Recently, Blumer et al. (13) reported a rich assemblage of

1 Present address, Department of Chemistry, Woods Hole Ocean-
ographic Institution, Woods Hole, Mass. 02543.
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azaarenes and their alkylated homologues in two coastal
surface sediments. The origin of these compounds was pre-
sumed, but not proven, to be natural forest and prairie fires
rather than anthropogenic pyrolysis and combustion pro-
cesses. However, the low voltage mass spectral probe distil-
lation technique Blumer used did not permit identification
and quantitation of individual constituents in the complex
aza mixture.

Environmental materials containing azaarenes also usually
contain polycyclic aromatic hydrocarbons (PAH; 3-13). This
suggests that both compound classes may have common
sources and fates in aquatic systems. At EAWAG we have
been investigating the geochemistry of PAH in Recent lake
sediments (14-16), and it was of interest to extend our studies
to provide some analogous geochemical information about
azaarenes. To do so, glass capillary gas chromatography using
nitrogen-selective detection, capillary gas chromatography/
mass spectrometry, and probe distillation/low voltage mass
spectrometry were applied to characterize azaarene mixtures
isolated from Recent lake sediments and other environmental
materials. Identification and quantitation of individual con-
stituents were of prime concern. Further emphasis was on a
comparison of azaarene distributions in lake surface sediment
layers (known to contain primarily anthropogenically derived
PAH; 15) to sediments deposited several hundred years ago
(containing few anthropogenic PAHs but several PAHs gen-
erated by post-depositional processes; 16). This paper de-
scribes the isolation and characterization of azaarene assem-
blages in environmental materials and discusses preliminary
environmental and geochemical implications of the results.

Experimental

Environmental Samples. Surface sediments (0-10 ¢cm)

0013-936X/79/0913-1118$01.00/0 © 1979 American Chemical Society



were collected from Lake Zurich and Lake Lucerne, Swit-
zerland, with a grab sampler. Samples of pre-industrial-rev-
olution sediments from Lake Lucerne (80-100 cm; deposited
about 400-500 years BP based on a sedimentation rate of 2
mm/year (15)) were taken from gravity cores. Previous results
show that surface sediments of both lakes contain high con-
centrations of a wide range of unsubstituted and alkylated
PAHs having anthropogenic origins (15, 16). In contrast, the
older sediments are characterized not only by very low levels
of anthropogenic PAH but also by a homologous series of
phenanthrenes and perylene that are apparently produced
in the sediment during early diagenesis.

The most important present-day anthropogenic source of
PAH to surface sediments of the two lakes may be run-off
from streets on the adjacent shores (15). Street dust is be-
lieved to be the prime contributor of PAH to this run-off.
Samples of street dusts were swept from heavily traveled as-
phalt roads in Diibendorf and analyzed for azaarene content.
For comparison, a sample of automobile gasoline engine ex-
haust (collected during a standard dynamometer-type test by
the Swiss Federal Institute for Materials and Testing
(EMPA), Diibendorf) was also analyzed for azaarenes. Two
standard American Petroleum Institute crude oils (Kuwait
and South Louisiana) and a sample of Serpiano oil shale
(Grenzbitumen-Horizon, Triassic, Switzerland) were exam-
ined as representatives of organic-rich ancient sedimentary
materials and to compare the azaarene content of ancient
materials with Recent materials.

Materials. Silica gel (Merck Kieselgel-40) and alumina
(Merck type 1076) were activated overnight at 240 °C, after
which their activities were altered with various amounts of
water or 1 N HCI. Sephadex LH-20 (Pharmacia Fine Chemi-
cals, Uppsala) was conditioned in benzene-methanol (1:1)
before being wet packed into a glass column.

Azaarene reference samples of 2-azafluoranthene, 7-aza-
fluoranthene, 2-azapyrene, 1,2-benzacridine, and 3,4-benza-
cridine were kindly provided by Rutgerswerke AG (Duisburg,
Federal Republic of Germany). Other standard materials were
used as obtained from commercial sources (EGA Chemie,
Steinheim, F.R.G.; Fluka AG, Buchs, Switzerland).

Isolation of Azaarenes. The isolation procedure is an ex-
tension of that briefly outlined by Blumer et al. (13), with
modifications where necessary to improve recoveries. Dry
samples of lake sediment (200-250 g), street dust (60 g), or
shale (40 g) were batch Soxhlet-extracted with methylene
chloride. Aliquots of concentrated lipid extracts were weighed
on a Cahn 4100 electrobalance to estimate the amount of ex-
tractable material.

The lipid extracts, or 0.5-g samples of the two crude oils,
were dissolved in benzene-methanol (1:1) and charged to a
Sephadex LH-20 column (20 g of Sephadex in a 50 X 1.6 cm
glass column). The first 50-mL benzene-methanol eluate
contained aliphatic and highly pigmented material. Polycyclic
aromatic material was collected in a second 50-mL benzene-
methanol fraction. '

Following evaporation, the aromatic eluate from Sephadex
was transferred in pentane to a column of acidic silica gel (8
mL, containing 3% 1 N HCI; 10 X 1 ¢cm column). A 20-mL
pentane eluate was discarded, while arenes were eluted se-
quentially with benzene (20 mL) and 2% methanol in benzene
(20 mL). Basic compounds were then recovered by elution
with 35 mL of 3% aqueous ammonia in methanol. This fraction
was extracted with benzene (3 X 30 mL) in a separatory fun-
nel. The benzene layer was dried over Na,SO,4 and evapo-
rated.

The basic eluate was rechromatographed on alumina
packed over silica (each 4 mL, deactivated with 3% water). A
pentane fraction (20 mL) and a methylepe chloride eluate (15
mL) were discarded. Azaarenes were collected as two fractions:

20 mL of methylene chloride containing 10% methanol fol-
lowed by 25 mL of methylene chloride with 40% methanol.
These two eluates were combined and evaporated to dry-
ness.

Picric acid (20 mg dissolved in 3 mL of benzene) was added
to the material recovered from the silica—alumina chroma-
tography. The benzene was evaporated at room temperature
and the residue washed with pentane (3 X 2 mL); the washings
were discarded. Any remaining solids were redissolved in
benzene, transferred to a separatory funnel, and washed with
5% aqueous ammonia (3 X 30 mL). The organic layer was
subsequently washed with water, dried over Na;SQ,, and
evaporated.

The azaarene fraction was further purified by chromatog-
raphy from alumina (5 mL, 1% water). Any material eluting
with 10 mL of pentane was discarded, and the azaarenes were
collected by elution with 50 mL of 60% methylene chloride in
pentane. A weight of aza material thus obtained was deter-
mined by weighing an aliquot on the electrobalance.

Gas Chromatography (GC). Mixtures of azaarenes iso-
lated from the various samples were analyzed by glass capil-
lary gas chromatography using a Carlo Erba Fractovap in-
strument with a direct on-column injector as described by
Grob and Grob (7). Detection of nitrogen-containing com-
ponents was with a Perkin-Elmer nitrogen-phosphorus de-
tector (Model 228-0301). A series of azaarenes ranging from
azafluorene to several dibenzacridines (Table I) was best re-
solved with a glass capillary column (20 m X 0.3 mm i.d.)
coated with SP-2340.

Aliquots of azaarene concentrates were injected (1-2 uL in
methylene chloride) into the capillary column: both the in-
jector and column were at ambient temperature. After elution
of the solvent, the column temperature was rapidly raised to
100 °C and then programmed at 4 °C/min up to 250 °C. He-
lium carrier gas flow was maintained with a back-pressure of
2.2 atm so that the dibenzacridines would elute within several
minutes after reaching the maximum temperature.

Quantitation was by peak area measurements (Spectra
Physics Autolab Minigrator) relative to an internal GC
standard (octadecanoic nitrile), which was added to the aza-
arene concentrates immediately before GC analysis. Reported
concentrations are corrected for nitrogen detector response
of the azaarenes compared to octadecanoic nitrile, analytical
recovery efficiencies (determined by replicate analyses of
standard mixtures—Table I), and procedural blank con-
tent.

Gas Chromatography-Mass Spectrometry (GC-MS).
Mass spectral identifications and mass chromatography were
carried out with a Finnigan GC-MS (Model 1015D) and in-
teractive data system (Model 6000). The SP-2340 capillary
column was directly interfaced to the mass spectrometer by
means of a platinum capillary. Gas chromatographic condi-
tions were similar to those described above, except that a
conventional Grob-type injector (heated and with septum
(18)) was used. MS operating conditions were: electron energy,
70 eV; emission current, 350 uA; preamplifier sensitivity, 10-8
A/V.

Low-Voltage Mass Spectrometry (LVMS). Information
about the degree of alkyl substitution of the azaarene mixtures
and evidence for higher molecular weight components not
amenable to GC analysis were obtained by the low-voltage (12
eV) mass spectral probe distillation technique described by
Giger and Blumer (19) and Youngblood and Blumer (20).
Samples were introduced into the electron source region using
closed-end glass capillaries (15 X 2 mm o.d.; 1 mm id.)
mounted in a low-mass heated probe. To minimize premature
loss of low boiling components during introduction, samples
were exposed to the fore-vacuum for only 10 s. Scanning over
the mass range 120-410 amu every 3 s was initiated immedi-
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Table . Azaarene Response Factors and Recovery Efficiencies

anal. recovery
compd response factor 4 present, ug found, g ® % recovery
4-azafluorene 0.60 + 0.04 2.42 0.93 +0.33 38
7,8-benzoquinoline 0.64 £+ 0.03 2.14 0.81+0.33 38
acridine 0.68 + 0.03 2.18 0.93 £ 0.16 43
phenanthridine 0.63 £ 0.04 2.23 1.60 £ 0.42 72
5,6-benzoquinoline 0.57 + 0.02 231 1.49 + 0.36 65
2-azafluoranthene 0.59 + 0.03 2.09 1.54 £ 0.35 74
7-azafluoranthene 0.71 £ 0.04 2.28 1.59 + 0.28 70
1-azapyrene 0.71 4 0.04 2.28 1.85 £ 0.21 81
3,4-benzacridine 091+ 0.06 2.00 1.27 £ 0.29 64
1,2-benzacridine 0.94 £ 0.09 2.58 1.90 + 0.39 74
1,2,3,4/1,2,5,6-dibenzacridine 1.60 £ 0.16 4.47 2.63 + 0.60 59
1,2,7,8-dibenzacridine 1.63 £ 0.22 2.36 1.73 £ 0.36 73
2 Detector resp relative to ic nitrile;  relative for four ® Mean  relative standard deviation for triplicate
analyses.
Table Il. Characteristics of the Samples
extractable aliphatic aromatic
material, Y y
sample mg/g ® mg/g mg/g ? mg/g # orgC, % org N, %
Lake Zurich surface 6.9 0.6 0.07 0.006 55 0.9
Lake Lucerne surface no. 1° 2.0 0.1 0.03 0.0008 27 0.9
no. 2 1.7 0.1 0.06 0.0005 33 0.8
Lake Lucerne 80-100 cm no. 1 13 0.03 0.006 NS9 2.0 0.6
no. 2 1.0 0.06 0.01 NS 21 0.6
street dust no. 1 9.3 11 0.6 0.03 ND ND
no. 2 144 2.0 0.9 0.01 ND ND
auto exhaust® ND°® ND 87 23 ND ND
Serpiano shale 303 1.9 23 0.04 275 ND
Kuwait crude ND 300 39 1.06 ND ND
South Louisiana crude ND 350 66 0.4 ND ND
aG tric determi b Samples 1 and 2 are in all cases completely separate samples rather than dupli cC ions/m?® exh INS, not

significant relative to blank. ¢ ND, not determined.

ately upon introduction of the probe into the source. Radiative
heating from the source caused evaporation of two- and
three-ringed azaarenes, after which the probe temperature
was raised to about 300 °C to vaporize the remainder of the
sample. The resulting 20-50 mass spectra were summed to
give the composite mass spectrum for total sample (or any
fraction thereof over a desired boiling range). Low-voltage
mass spectrometry alone does not provide information se-
lectively about azaarenes, since other components may also
give spectra at this low ionizing potential. However, in com-
bination with GC and the nitrogen detector, LVMS does show
the presence of azaarenes and gives information about alkyl
substitution.

Results and Discussion

Methodology. Most environmental materials contain a
variety of classes of nonpolar solvent-extractable organic
compounds. As a group, azaarenes apparently represent only
a few tenths of 1% of this extractable material (compared, for
example, to aliphatic and aromatic hydrocarbons which may
be present as 5-10 and 1-5%, respectively, of the extract; Table
II). The isolation procedure described here, although requiring
many steps, resolves and concentrates the low level azaarenes
from more abundant but no less environmentally significant
components. Application of glass capillary gas chromatogra-
phy provides superior resolution of complex aza mixtures
compared to previously reported gas (7, 21) and high-pressure
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liquid (8, 22) chromatographic analyses. Furthermore, the
selectivity of the nitrogen detector helps to discriminate
against spurious components that survive the extensive
workup or are contaminants from the procedure. For example,
using flame ionization detection GC, extraneous peaks in-
terfered with the azaarene determinations. However, these
contaminants did not show up using the nitrogen detector or
in LVMS. In the case of GC-MS, the azaarenes could be se-
lectively detected using mass chromatographic reconstruc-
tions, even in the presence of non-aza contaminants.
Elution volumes for the three adsorption chromatography
steps are critical. Substitution of a nitrogen atom for a
methyne group of a PAH molecule greatly increases the
number of possible isomers for a given molecular weight group,
since a number of positions are available for the nitrogen.
Elution of these compounds during adsorption chromatog-
raphy depends on the amount of steric protection of the aza
nitrogen and the resulting interaction with the solid adsor-
bent. For example, 1,2-benzacridine has a more exposed ni-
trogen and is more strongly adsorbed and retained than the
3,4 isomer. Acridine and 1,2,7,8-dibenzacridine have similar
retention times despite large differences in molecular weight
and number of aromatic rings. Information about retention
of azaarenes on both alumina and silica gel is available else-
where (6, 23). It is therefore imperative that elution volumes
be carefully determined for each batch of adsorbent by using
a wide range of reference aza compounds and isomer series



Table lll. Azaarenes Identified and Their Concentrations in Two Surface Sediments and a Street Dust

peak no. compd mol wt &
1 4-azafluorene 167
2 7,8-benzoquinoline
3 acridine } 179
4 phenanthridine
5 5,6-benzoquinoline
6 2-azafluoranthene
7 7-azafluoranthene 203
8 1-azapyrene
9 CysHgN®
10 3,4-benzacridine
11 Ci7HiiN
12 CyHiN 229
13 1,2-benzacridine
14 Cy7HiN
15 CyHiN
16
17
18 CigHpiN 253
19
20
21 CoHisN
22 1,2,3,4/1,2,5,6-dibenzacridine 279
23 1,2,7,8-dibenzacridine

2 Molecular weight. © Par indicate

concn, ng/g ?

Lake Zurich surface Lake Lucerne surface street dust no. 1

5 0.2 40
20 0.6 350
27 0.1 32
10 0.3 180
31 0.2 185
23 03 255
27 0.2 265
20 03 210

(33) 0.2) (40)
45 3.9 525
@) 0.1) (98)

(1.0) (120)
50 08 220
9) (0.4) (170)

(29) (1.2) (74)

(39) (3.0) (410)

(35) (1.5) (300)

(90) 0.3) (490)

(30) (0.5) (40)

(25) (2.4) (90)

(12) (1.3) (200)
35 5.0 260
37 07 56

concemratlons based on nearest neighbor identified azaarene. ©Exact aromatic ring configuration and
igned molecular formulas.
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Figure 1. Glass capillary gas chromatograms of nitrogen-containing
compounds in Lake Zurich surface sediment and a street dust. Numbers
refer to peaks identified in Table Iil; S = octadecanoic nitrile
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having the aza nitrogen at different ring positions. For this
investigation, a reference mixture ranging from azafluorene
to dibenzacridine (Table I) was used.

Quantitative aspects of the method are shown in Table [ in
terms of nitrogen-detector response relative to octadecanoic
nitrile and analytical recovery efficiencies as determined by
capillary GC for a series of reference compounds. Low recov-
eries for azafluorene, 7,8-benzoquinoline, and acridine are

probably due to partial volatilization during the several
evaporation steps. Actual samples, however, contain addi-
tional lipid material that may act as a carrier and thus improve
recoveries of the azaarenes. Recoveries and reproducibilities
are adequate for analyses of environmental and geochemical
materials.

Characterization of the Azaarenes. The complexity of
the azaarene mixtures in the lake surface sediments and street
dusts is shown in Figure 1 by capillary gas chromatograms of
nitrogen-containing compounds. Major peaks have been as-
signed on the basis of GC coinjection and GC-MS to unsub-
stituted aza aromatics (Table II1), although the configuration
of the aromatic rings (linear, angular, clustered) and the ring
position of the aza nitrogen could not always be determined.
The numerous minor constituents are alkylated homologues
of the unsubstituted species. Estimated concentrations of the
identified azaarenes in two surface sediments and a street dust
are compared in Table II1. No azaarenes were found (detection
limit about 0.03 ng of azapyrene/g of dry sediment) in the deep
(80-100 cm) Lake Lucerne sediments by either GC or GC-MS.
While the Serpiano shale and the two crude petroleums ap-
parently contain an abundance of nitrogen-containing ma-
terial (Table II), the mixtures of aza aromatics were poorly
resolved by GC and none of the azaarenes of Table I1I could
be conclusively identified. Further fractionation, such as by
high-pressure liquid chromatography (HPLC), of the azaar-
enes extracted from the fossil samples prior to GC analysis
would be necessary. The automobile exhaust contained aza
aromatics over a much lower boiling range, primarily quinoline
and alkylquinolines.

The resolution of the capillary column provides an oppor-
tunity to evaluate changes in environmental distributions of
individual aza compounds. For example, acridine is present
in the Lake Zurich sediment as 40% of the three-ringed com-
pounds (Table IIT). But in the Lake Lucerne sediment and
street dust, acridine is a minor (6%) constituent of this group.
The reverse is true for 7,8-benzoquinoline. Levels of 3,4- and
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Figure 2. Composite mass spectra obtained by probe distillation/low voltage mass spectrometry of the azaarene fractions isolated from a street
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1,2-benzacridine are comparable in Lake Zurich, while the 3,4
isomer is much more abundant in Lake Lucerne and the street
dust than the 1,2 isomer. A similar but more dramatic shift
is observed for the dibenzacridines. From such a limited suite
of samples, it is of course impossible to determine the envi-
ronmental significance, if any, of these variations. However,
capillary GC offers a technique by which such relative isomer
distributions may be investigated.

Analyses of the azaarenes by LVMS provided three sig-
nificant pieces of information. First, only a small fraction of
the total azaarenes isolated from the various samples could
be analyzed by GC. This is illustrated by noting that the last
compounds eluted by GC are the pentacyclic dibenzacridines
(Figure 1), whereas unidentified higher molecular weight
components are readily detected by LVMS (Figures 2a and
2b). Secondly, the LVMS results indicate the presence of
significant amounts of aza compounds containing two nitrogen
atoms (i.e., molecular weights 230, 254, 280, 304, etc., in Figure
2a). This conclusion was supported by GC-MS, but the lack
of reference compounds precluded identifications of any of
these diazaarenes. Thirdly, information about relative
abundances of alkyl homologues of azaarenes was obtained.
For example, as was initially indicated by GC, unsubstituted
azaarenes predominate over alkyl azaarenes in the surface
sediments and street dusts. This observation is shown in the
composite mass spectrum of Figure 2a and the corresponding
homologue plot in Figure 2c. The addition of each alkyl carbon
on the side chain is generally accompanied by a decrease in
the relative concentration, and alkyl derivatives containing
six or more alkyl carbons were detected. In contrast, the an-
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cient organic matter shows a very different homologue pat-
tern. There is a strong predominance of alkyl derivatives over
the unsubstituted parent azaarene, with the highest abun-
dance being for homologues containing four-eight alkyl car-
bon atoms (Figure 2d).

The molecular distribution of azaarenes in the samples
analyzed in this investigation is remarkably like that of PAH
in the same samples (14, 15, 24). Both compound classes are
distributed over similar boiling and molecular weight ranges.
In the surface sediments and street dusts, unsubstituted PAH
and unsubstituted azaarenes are more abundant than the
many alkyl homologues. Similarities between PAH and aza-
arenes are also seen in the ancient sedimentary organic matter,
as represented by the Serpiano oil shale and the two crude oils
(20). In the case of this fossil material, alkylated PAH and
alkylated aza homologues dominate over the unsubstituted
parent molecules. However, azaarenes apparently cover a
higher boiling range than the PAH in fossil organic mate-
rial.

Since the aza nitrogen may occupy different ring positions,
the azaarene complexity is in fact greater than that of the
PAH. Thus, for example, while two unsubstituted three-
ringed PAHs (phenanthrene and anthracene) exist, eight
three-ringed aza aromatics containing a single nitrogen atom
are possible. Indeed, four three-ringed azaarenes are major
constituents of the surface sediment and street dust samples
analyzed (Figure 1 and Table III). Likewise, four methyl-
phenanthrenes are generally found in environmental samples
(14-16, 24-26). However, about 14 methylated three-ringed
azaarenes were detected by GC-MS. The situation is further



complicated for homologues containing a greater number of
alkyl carbons and if two or more nitrogens are present.

Environmental and Geochemical Implications. The
presence of an extremely complex mixture of azaarenes in
surface lake sediments confirms the earlier finding of these
compounds in the Recent sedimentary environment by
Blumer et al. (13). However, because a wider variety of sam-
ples were analyzed in this investigation, the results here
suggest that most of the azaarenes in surface sediments have
anthropogenic rather than natural origins.

The apparent absence of detectable azaarenes in the deep
Lake Lucerne samples leads to two points. First, the conclu-
sion of Blumer et al. (13) that azaarenes found in surface
marine sediments have resulted from deposition of material
produced during natural fires seems unlikely. If natural
combustion were an important long-term natural source of
aza material, then a relatively constant background of these
compounds would be expected to be preserved in aquatic
sediments. This assumes a relatively constant level of such
fires and a resistance of azaarenes to degradation in the
sediments. The older lake sediments should thus contain a
complex and measurable azaarene assemblage similar to that
of the marine sediments. This is clearly not the case, therefore
arguing against natural fires as a significant azaarene
source.

Secondly, the older Lake Lucerne sediments contain per-
ylene and a series of phenanthrene homologues that appar-
ently were generated by post-depositional reactions (16).
However, no azaarenes were detected. This observation
suggests that detectable levels of azaarenes are not formed by
the same short-term diagenetic processes which can produce
PAH. Perhaps azaarenes are indeed generated, but at a level
that cannot be detected by this methodology. Lowering the
analytical detection limits and/or processing still larger
sediment samples might help resolve this question.

The probable origin for the azaarenes in both the Recent
marine and lake sediments appears to be anthropogenic. The
dramatic difference between azaarene levels in surface sedi-
ments of Lake Lucerne and Lake Zurich is attributed to a
higher input of anthropogenically derived organic matter in
the more heavily populated and industrialized drainage basin
of Lake Zurich (15). The absence of azaarenes in sediments
deposited prior to large-scale anthropogenic activities sup-
ports this conclusion. Street dust, similar to that analyzed,
may be an important source for the sedimentary azaarenes,
as it evidently also is for sedimentary PAH (15). Such material
may be washed from streets and roads by rainfall, transported
by rivers and streams, and eventually accumulated in the
sediments. Fallout of atmospheric particulate matter con-
taining azaarenes from fossil fuel combustion is another likely
source. The notion of an atmospheric input of anthropogen-
ically generated azaarenes to lake sediments is supported by
the results of Dong et al. (8) and Cautreels and Van Cau-
wenberghe (7) for analyses of atmospheric particulate mate-
rial. In atmospheric particulate extracts, azaarenes represent
only a few percent of the PAH content, as is the case in the
lake sediments. Furthermore, in particulates sampled ina U.S.
city (8), azaarene concentrations decreased with increasing
ring number, while in Europe (7), concentrations increased
with increasing ring number. This difference was attributed
(7) to greater coal combustion in Europe compared to the U.S.
The azaarene composition of the lake surface sediments is
similar to that of the European air particulates, which could
suggest that coal combustion is a prime source for the sedi-
mentary azaarenes. Atmospheric fallout will also contribute
to the azaarene content of street dust. One fossil fuel com-
bustion product, however, is apparently not an important
azaarene source. None of the azaarenes present in the lake
sediments and street dusts were found in the automobile en-

gine exhaust analyzed, and the azaarenes that were in the
exhaust were not detected in the sediments.

The presence of azaarenes in surface sediments shows that
these compounds are cycled through the aquatic environment,
with the sediments acting as a sink. Little is known about the
long-term biological effects of azaarenes in aquatic systems.
Nor is information available dealing with the biogeochemical
fate of these compounds. However, one report dealing with
bioaccumulation of azaarenes by freshwater zooplankton (27)
raises the question of possible food chain accumulation in
higher organisms, including humans. More data are clearly
needed before a better understanding of the sources, effects,
and fate of azaarenes in the aquatic environment is achieved.
This knowledge is also important considering that production
of liquid fuels by gasification of nitrogen-rich oil shale and coal
could potentially release increasing amounts of heterocyclic
hydrocarbons to the environment in the near future.
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Applicability of Pyrolysis/Gas-Liquid Chromatography for the Identification of
Bacteria in Sewage Treatment Plant Effluent

Richard A. Symuleski! and David M. Wetzel*

Department of Chemical Engineering and Materials Science, The Catholic University of America, Washington, D.C. 20064

m Pyrolysis/gas-liquid chromatography (PGLC) is investi-
gated as a technique to identify bacteria in sewage treatment
plant effluent. PGLC shortens the analysis time for bacteria
from the 24 to 72 h required by conventional methods to ap-
proximately 1 to 2 h. Results indicate PGLC signatures of wet
bacterial cells are unique at the species level and can be de-
tected at a lower limit of 50 colony forming units per 100 mL.
Analyses of secondary treatment plant effluent have yielded
reliable, largely qualitative results in studies conducted to
date. Preliminary quantitative data are encouraging but re-
quire further development.

As effluent discharge standards become stricter and
treatment techniques become more complex, there is a de-
veloping need for better process control instrumentation in
wastewater treatment plants. Present techniques for deter-
mining the bacterial content of water require 24 to 72 h to
complete. This long measurement lag creates a potentially
unstable operating situation in the control of the process. In
addition, conventional measurement techniques are not
specific in that they only determine the presence or absence
of indicator organisms and, furthermore, are not quantitative.
Lastly, pathogenic species of bacteria have recently been de-
tected in samples of drinking water that had few or no indi-
cator organisms detectable by conventional procedures (1,
2).

Pyrolysis/gas-liquid chromatography (PGLC) has been
recently employed to determine the composition of bacterial
cells (3). Pyrolysis breaks down the cells into their biochemical
building blocks, whose structure and quantity vary from
species to species. Several studies have demonstrated that this
technique yields chromatograms that are unique for the
species analyzed (4-6). The present work is aimed toward
developing this technique for the automatic monitoring of
bacteria in potable water treatment plant and sewage treat-
ment plant effluents.

Our research centered on identifying samples of wet, filtered
cellular material. Samples of pure strains were analyzed to
provide a statistically significant reference file of chromato-
grams. The samples differed in taxonomic classification at the
order, family, genus, species, and strain levels. Binary and
ternary mixtures of bacteria at various levels of taxonomic
diversity were then analyzed by PGLC. A computer program
was developed to identify bacteria in samples analyzed by
comparing chromatograms of mixtures of species, with chro-
matograms for the individual straihs stored in a computerized
reference file (7).

Experimental

Apparatus. Pyrolysis of bacterial samples was carried out
using a CDS 150 pyrolyzer (Chemical Data Systems, Oxford,
Pa.). A probe of platinum wire 152 mm long and 0.36 mm in
diameter formed into a coil 3.0 mm i.d. by 15 mm long was
used to pyrolyze cells that were loaded into a 3.0 mm o.d.
quartz sample tube as depicted in Figure 1. With the tube in
place, the probe was inserted into a heated interface attached

1 Present address, Air & Water Conservation Group, Technology
Department, Amoco Chemicals Corp., Chicago, Ill. 60680.
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to the inlet of gas chromatograph. Figure 2 is an exploded view
of the pyrolysis probe, quartz sample tube, and gas chroma-
tograph interface.

All chromatographic analyses were carried out on a Varian
Model 2700 dual column gas chromatograph (Varian Instru-
ment Division, Palo Alto, Calif.). The pyrolysate was eluted
onto a column packed with 110-120 mesh Chromosorb W,
washed with acid and treated with dimethylchlorosilane. The
column was coated (5% by weight) with Carbowax 20M-TPA.
During operation, the columns were programmed from 30 °C
at ignition of the probe to 250 °C at the rate of 10 °C/min. The
columns were then held at 250 °C until the analysis was
complete, approximately 45 min after ignition of the pyrolyzer.
These do represent relatively severe operating conditions for
these columns, which resulted in a usable column life of ap-
proximately 1100 analysis cycles. Columns were replaced when
the loss of support phase resulted in poor separation as iden-
tified by the loss of total peak response and/or the loss of peaks
from the final minutes of the chromatogram. The dual hy-
drogen flame ionization detectors were maintained at 275 °C

FORCEPS

STREAKING MOTION
-—
QUARTZ SAMPLE TUBE
0.45 ym MEMBRANE FILTER

60 mm PETRI DISH
Figure 1. Sample loading
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Figure 2. Exploded view of pyrolysis probe and interface assembly
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Figure 3. Sample analysis and signal processing schematic
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Table I. Taxonomic Classification of Bacteria

ATCC
order tamily genus species strain no.
Eubacteriales Micrococcaceae Streptococcus faecalis 19433
Enterobacteriacae Escherichia aurescens 12814
coli 11303*
12435
Enterobacter aerogenes 13048
Proteus rettgeri 25932
Salmonella typhimurium 23564
Shigella flexneri 12661
sonnei 9290
Pseudomonadales Pseudomonadaceae Pseudomonas aeruginosa 10145
fluorescens 13525
Table Il. Mean Retention Times and Peak Area Percents for E. coli ATCC 11303 (N = 46 Samples)
mean mean mean mean
retention std peak std retention std peak std
peak time, dev, area, dev, peak time, dev, area, dev,
no. min min % % no. min min % %
* 0.37 0.06 0.0407 0.0120 22 13.61 0.04 1.2526 0.2634
1 0.50 0.01 42.6616 1.5239 23 14.22 0.05 0.2919 0.0238
2 0.77 0.02 0.0792 0.0216 24 14.83 0.05 1.1767 0.2398
% 0.81 0.08 0.7131 0.0533 25 15.28 0.05 0.1553 0.0066
* 0.93 0.06 0.3079 0.0010 26 16.21 0.05 0.5855 0.0652
3 1.10 0.03 0.0606 0.0454 27 16.78 0.05 0.4117 0.0387
4 1.25 0.04 0.0603 0.0220 28 17.19 0.05 3.4627 0.0367
# 1.39 0.12 0.2168 0.0346 29 17.90 0.04 0.8007 0.0272
. 1.61 0.06 0.7935 0.0350 30 18.41 0.04 0.4687 0.1626
1.78 0.02 3.2963 0.5166 31 18.80 0.05 2.6359 0.5515
* 1.89 0.06 0.8485 0.0222 32 19.64 0.04 0.3868 0.0997
. 1.98 0.06 1.4577 0.1600 33 19.88 0.04 0.5251 0.0784
‘ 2.06 0.1 0.9906 0.1430 34 20.25 0.04 0.3011 0.0019
. 2.34 0.09 0.8284 0.1054 35 21.01 0.05 1.7811 0.5092
6 2.53 0.03 1.6048 0.3200 36 21.27 0.05 0.4373 0.0894
7 2.76 0.02 3.7560 0.8139 37 22.63 0.04 1.1474 0.5550
‘ 3.24 0.07 0.8636 0.0954 38 23.06 0.02 2.6536 0.1265
* 3.39 0.09 0.4041 0.1006 39 23.42 0.05 0.6809 0.0842
8 4.01 0.02 0.1781 0.0145 40 24.15 0.03 1.2326 0.0579
9 4.48 0.02 0.4380 0.0654 41 24.75 0.03 0.2749 0.0080
10 4.81 0.04 0.0563 0.0059 42 25.02 0.02 0.8286 0.1052
1 6.30 0.03 0.4870 0.0872 43 25.39 0.05 1.0761 0.6337
12 6.80 0.04 0.2562 0.0246 44 26.73 0.03 0.6857 0.0789
13 7.22 0.04 0.9470 0.0437 45 27.81 0.03 2.7898 0.2992
14 7.87 0.04 0.1262 0.0990 46 29.16 0.02 1.0919 0.5120
15 8.62 0.03 0.2879 0.0801 47 30.49 0.05 1.1983 0.8943
16 9.18 0.05 0.4474 0.0625 48 31.27 0.05 0.7035 0.0945
17 10.35 0.02 0.1627 0.0196 49 32.28 0.04 1.3188 0.8594
18 11.52 0.05 0.6683 0.0125 50 33.18 0.04 1.0021 0.2796
19 12.12 0.03 0.2334 0.0642 51 34.38 0.05 1.6408 0.3654
20 12.41 0.05 0.1847 0.1220 52 36.46 0.03 2.0252 0.0762
21 12.96 0.03 1.2086 0.0987 53 41.50 0.04 0.1439 0.0054
99.83

under hydrogen flowing at 0.5 mL/s and air zero gas at 5 mL/s.
The detector electrometer was operated at a sensitivity of 2
X 10-19 A/mV,

The chromatograph was fitted with Varian dual hydrogen
flame ionization detectors, whose current output was con-
verted to a potential signal by a Varian dual-differential
electrometer. The electrometer output was recorded on a strip
chart recorder. The electrometer output was also digitized by
a Varian Model 101 electronic digital integrator whose printed

output included the peak number, method of separation of
adjacent peaks, retention time, peak area, and peak area
percent. The output of the integrator is in two forms, digital
d.c. electronic voltage pulses and hard copy digital paper tape.
While the electronic signal could be recorded on magnetic tape
or interfaced directly with a computer, we chose the less ex-
pensive option of punching cards from the paper tape readout.
A block diagram of the sample analysis and signal processing
equipment is depicted in Figure 3.
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Stock Cultures. In order to have reference strains of bac-
teria differing at the order, family, genus, species, and strain
levels, 11 different cultures were used in the study. These were
obtained in lyophilized (freeze-dried) form from the American
Type Culture Collection (ATCC), Rockville, Md. The taxo-
nomic classification of the bacteria used is reported in Table
L

Procedure. Cells from the stock cultures were prepared for
PGLC analysis by vacuum filtering 20-mL portions of re-
frigerated (2 °C) culture material through a 0.45-um mem-
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brane filter. The filters were then washed with 100 mL of
sterile water and placed in 60-mm sterile petri dishes for
storage prior to sampling.

Samples to be pyrolyzed were loaded into preweighed,
sterile quartz sample tubes by moving an open end of the tube
over the cell mass on the filters as depicted in Figure 1. The
loaded tubes were then weighed on a Cahn RG electrobalance.
Immediately after weighing, the loaded sample tubes were
placed in the coil probe. The probe was then inserted into the
pyrolysis interface which was maintained at 175 °C under a
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helium carrier gas stream at a flow rate of 0.5 mL/s.

Two minutes was required for the interface and chroma-
tograph to reach equilibrium, as detected by stable recorder
base line, after which the sample was pyrolyzed at 900 °C for
10s. The pyrolysis products were swept into the gas chroma-
tographic column and analyzed as described. Data were re-
corded by the digital integrator that was started simulta-
neously with the ignition of the probe and was terminated
automatically at the end of the analysis cycle (~0.75 h).

Experiments were also conducted with two or more species
of bacteria. The procedure for these experiments was the same

as for those involving a single bacterium, except the 20-mL
portions of culture material consisted of smaller aliquots of
culture material from each individual stock culture.
Duplicate samples of cells were analyzed according to pre-
scribed (8) membrane filter procedures by taking cellular
material from the filters with a quartz sample tube, weighing
the material, and resuspending it in 100 mL of sterile water.
This sample was serially diluted to 1/10, 1/100, and 1/1000 the
initial concentration. The four resulting samples each were
vacuum filtered through a 0.45-um membrane filter and
washed with 50 mL of sterile water. The filters were then in-
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cubated according to the membrane filter technique recom-
mended for the species being analyzed. After incubation, the
colonies were counted under a microscope at 20X and recorded
as colony forming units (CFU’s) per 100 mL.

Results and Discussion

We identified mixtures of bacteria by using a computer
program to compare peak retention times of the sample
chromatogram to those in a reference file. If a match was
found, the program would subtract that reference chro-
matogram of the sample and then search for additional
matches.

This process required two preliminary sets of experiments.
First, a reference file was built using the different bacteria of
interest. This was done by performing a statistically signifi-
cant number (at least 30) of PGLC runs and averaging the
retention times and peak areas for all peaks for each bacteri-
um. After the reference file was completed, it was stored on
magnetic tape. If the standard deviation for each of these two
measurements is small, then a simple matching and subtrac-
tion technique should readily be able to differentiate between
bacterial profiles stored in the reference file.

In addition, we compared the sum of the peak areas with
the amount of sample pyrolyzed. A strong correlation between
these two quantities could lead to a determination of the rel-
ative amounts of bacteria in mixtures if the correlation is in-
dependent of the species of bacteria.

To illustrate the repeatability of the PGLC method, we
present here, as Figure 4, 3 of the 46 chromatograms which
were made to generate the data file on Escherichia coli,
American Type Culture Collection (ATCC) 11303. Figures 4A
and 4B were chosen as representative of samples of about the
same weight (196 and 174 ug), while Figure 4C is the chro-
matogram of a sample considerably lower in weight (52 ug).
Note that the upper two chromatograms are virtually iden-
tical. The lower one has smaller peaks but these occur at es-
sentially the same times. Some of the individual peaks are not
reproducible, for example, the peaks at 4.9 and 27.4 min.
When the entire 46 runs were analyzed, 11 peaks had standard
deviations of peak area and/or retention times which were
greater than our tolerance limits (5% for peak area and 0.05
min for retention time). These limits were established on a
trial and error basis by using the computer program to identify
samples of known species of bacteria with data stored in the
reference file. Table II is the summary of this data. In accor-
dance with our tolerance limits, the 11 peaks marked with
asterisks were deleted from the computerized data file. This
permitted consistent, reliable computer matches to be ob-
tained between the reference file and samples of known bac-
terial composition. While the 11 peaks represent approxi-
mately 15% of the number of events in the chromatogram,
their elimination from the reference file is not significant.
These peaks, and most others discarded in the generation of
reference chromatograms for the other species, occur in the
first 10 min of the chromatogram where there are many peaks.
Since many sequential peaks in this portion of the chro-
matogram are skewed and have peak widths up to 0.1 min in
duration, precise matching of peaks in this region is extremely
difficult. This problem does not occur in analyzing the last 30
to 35 min of the chromatogram where the number of peaks are
fewer and more widely spaced and the chromatograms are
more unique from one species to the next.

At least 48 and as many as 60 reproducible peaks were de-
tected in each of 11 strains of bacteria we studied. This com-
pares favorably with the 30 to 40 peaks reported by Reiner (9).
The slightly larger number of peaks in the present work may
be due in part to the higher pyrolysis temperature used, 900
vs. 800 °C. Our attempts at even higher temperatures pro-
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duced fewer peaks, all of which eluted faster. It appears the
pyrolysis products at higher temperatures are a small number
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of compounds that differ only slightly from one species to
another. ;

The variation in the chromatograms of the different bac-
teria is illustrated in Figure 5, which represents two strains
of one species, and two species from the same genus. Figures
5A and 5B represent two strains of the same species (E. coli,
ATCC 11303 and ATCC 12435, respectively). Figures 5B and
5C represent two species of the same genus (E. coli ATCC
12435 and E. aurescens ATCC 12814, respectively). The three
chromatograms have been chosen such that the sample
weights are about the same. We note there is less variation in
retention times and peak areas between the two strains of E.
coli than there is between either of the two E. coli strains and
E. aurescens. We concluded that the method, as we have ap-
plied it, is sensitive enough to differentiate between two tax-
onomically related species of bacteria, but perhaps not be-
tween two strains of the same bacterium.

Since there is some visual difference between the chro-
matograms of the two E. coli strains, we analyzed them in
detail to see if the difference is great enough to differentiate
between them. To do this we matched the signature infor-
mation of the two strains in turn with the statistical infor-
mation stored for all bacteria on magnetic tape. We found we
could identify the chromatogram of individual bacterial
species. However, the computer match could not discriminate
between the two strains if the species was E. coli. At this time,
we do not know if the limitations to reliable identification and
differentiation at the strain level are due to inherent limita-
tions in the equipment, the analytical procedure, or our
identification algorithm.

In addition to the qualitative results already described, we
used the computer program to obtain quantitative results
from the PGLC analyses of individual strains and mixtures
of strains. By recording the total peak area response obtained
from the PGLC analyses of preweighed samples of cellular
material, we were able to obtain the signal response to cellular
mass relationship depicted in Figure 6. As can be seen from
the graph, the signal response was fairly linear for samples
having masses between 50 and 500 pg. In order to permit a
direct comparison between the number of CFU’s detected by
membrane filter counts and PGLC response, duplicate sam-
ples of weighed cellular material were incubated for subse-
quent colony counting. As can be seen from Figure 7, an ex-
ponential relationship between membrane filter counts and

sample mass was found. By equating the two expressions
obtained in terms of the mass of cellular material, the equation
and graph on Figure 8 resulted. This equation:

Z =0.0314(8.08 X 10-7Y + 17.5)2.26 (1)

where Z = membrane filter counts, CFU’s per 100 mL, and
Y = total peak area, uV-s, was used in analyzing mixtures of
bacteria to determine the contribution to the chromatogram
due to each individual species present in the sample.

When the computer program finds all the peaks in one of
the reference files are present in a sample, it subtracts the
scaled mean peak areas of that reference file from the sample
chromatogram. The scale factor is computed so as to subtract
the most signal without any residual peak area being negative.
It is then used to quantify the amount of that bacteria present
in the sample by using Equation 1. Results from the analysis
of mixtures of stock cultures indicate the procedure is highly
reliable in the identification of these samples.

To see what this technique would yield when applied to a
mixture of two strains of the same bacteria, a sample was
prepared containing approximately equal amounts of the two
E. coli strains. Figure 9 is a chromatogram of this mixture. As
can be seen by comparing Figure 9 with the representative E.
coli chromatograms in Figures 4 and 5, it is visually difficult
to identify those peaks attributable to each strain. This was
verified by using the computer program, which was not able
to recognize that two strains were present. From an environ-
mental standpoint, this result is a desirable one. A method so
sensitive as to differentiate at the strain level would probably
not be useful in the analysis of secondary treatment plant
effluent.

Work has begun on the detailed analysis of environmental
samples. We are attempting to improve results at the strain
level of diversity and to determine whether the procedure can
be used to differentiate between whole, viable cells and dead
cellular material. Refinements and adjustments must be
made, primarily in the areas of sample preparation and the
computer matching procedure. Preliminary results, though,
show that with further modification the method can be ap-
plied for the analysis of bacteria in samples of sewage treat-
ment plant effluent.

Conclusions
o PGLC analysis of species of bacteria yielded chromato-
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grams unique for each species analyzed.

¢ A computer program was written that permitted the
identification of individual species in mixtures of stock cul-
tures.

o The PGLC technique/computer program was not able
to differentiate between different strains of the same species
of bacteria.

« Relationships were obtained between signal response,
colony counts, and the mass of cells analyzed. The relation-
ships were capable of quantitatively differentiating between
different species in mixtures of stock cultures.

¢ The PGLC procedure/computer program could be used
to a limited extent in identifying bacteria in samples of sec-
ondary treatment plant effluent.
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Silicon and Aluminum in Urban Aerosols for Characterization of Atmospheric Soil

Particles in the Nagoya Area

Satoshi Kadowaki

Aichi Environmental Research Center, 7-6, Nagare, Tsuji-machi, Kitd-ku, Nagoya 462, Japan

B Measurements of size distributions and concentrations of
Si and Al in urban aerosols were made in Nagoya, Japan, and
the behavior of the atmospheric soil particles is described. The
size distributions for both elements suggest that more than
90% of the mass of Si and Al in the atmosphere originates from
soils. The average concentrations of Si and Al in the three
seasons except spring were 2.30 and 0.812 ug/m3, respectively.
In the spring, yellow sand dusts called Ksa were transported
from North China to Japan, so that the concentrations of both
elements increased to 5.33 and 1.88 ug/m3, respectively.
However, the size distributions and the concentration ratio
of Si/Al were almost constant throughout the year. The con-
tribution of soil dust to the total suspended particulate matter
is also discussed.

Measurements of the size distributions and chemical
compositions of particles in ambient air are important in
understanding the sources, behavior, and mechanisms of
formation of particles in the atmosphere.

It is generally concluded that fine particle sizes arise from
man’s activities, including combustion processes and the
conversion of pollutant gases, whereas coarse particle sizes
originate mainly from natural activities, such as wind erosion
of land and sea surfaces (1, 2). Whitby and co-workers (3-6)
have reported that the size distribution of atmospheric par-
ticles is usually bimodal, with one mode occurring below 1-2
um and another in the 5-15-um range. In the previous papers
of this series (7, 8), the author represented the relationship
between the bimodal distribution of atmospheric particles and
the size distributions of sulfate, nitrate, and ammonium, which
were principal components associated with secondary particles
from anthropogenic sources. Atmospheric soil particles
comprise the bulk of primary particles from natural sources
as well as sea salt particles. Si and Al are the two most abun-
dunt elements in the crust next to oxygen, so that the size
distributions for Si and Al in atmospheric particles contribute
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to an understanding of the behavior of soil particles in ambient
air. On the other hand, the concentration ratio of Si/Al in at-
mospheric particles is also important in estimating the mineral
composition of soil particles (9). The size distribution for Al
has been reported by several groups of workers (10-13);
however, the information on the size distribution for Si is very
meager because of the difficulties in fractionating and col-
lecting sufficient materials for chemical analysis. The present
study was undertaken to clarify the size distributions for Si
and Al in atmospheric particles and the relationship between
the size distribution of total suspended particulate (TSP) and
those of both elements. Measurements were made in Nagoya
from September 1976 to September 1978. Fractions of parti-
cles collected with an Andersen cascade impactor were ana-
lyzed for Si and Al by means of spectrophotometric methods
after alkaline fusion. From the results of the size distributions
and concentrations for Si and Al, the behavior of atmospheric
soil particles in the Nagoya area could be discussed.

Experimental

Sampling Procedure. Air samples were collected at the
Aichi Environmental Research Center in a mixed residen-
tal/light industry area of Nagoya by use of a Model 21-000
Andersen sampler manufactured by 2000 Inc. The sampler
consisted of eight stages followed by a Whatman 41 (cellulose)
backup filter. Atmospheric particles were fractionated into
size classes <0.43, 0.43-0.65, 0.65-1.1, 1.1-2.1, 2.1-3.3, 3.3-4.7,
4.7-7.0, 7.0-11, and >11 um equivalent aerodynamic diam-
eter.

The sampler was operated at 1 ¢fm (28.3 L/min); the col-
lecting surfaces were stainless steel plates. In order to collect
enough particles for chemical analysis, sampling times were
5-8 days, depending on air pollution and weather condi-
tions.

Analysis of Silicon and Aluminum. Atmospheric particles
collected on each impactor plate were scraped with a “po-
liceman” and transferred respectively to 200-cm® beakers with

0013-936X/79/0913-1130$01.00/0 © 1979 American Chemical Society
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Figure 1. Approximate trajectory of yellow soil dust called Kosa from
North China to Japan
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Figure 2. Log probability plot of size distributions for silicon, aluminum,
and TSP at Nagoya, May 12-18, 1978. Mass median diameters are 5.7
pm (Si), 5.8 um (Al), and 0.68 um (TSP)

150 cm? of distilled water. The suspended solutions were fil-
tered by use of Toyo No. 7 (cellulose, 11 cm diameter) fil-
ters.

The water-insoluble fractions collected on the filters were
dried by keeping them in a drying oven for 1 h at 100 °C and
ashed in 30-cm3 nickel crucibles at 550 °C, and then solubi-
lized by fusion with NasCO3 (300 mg) over a Meker burner.
The fused samples were dissolved with water and analyzed
for Si and Al by absorption spectrophotometry. The backup
filter was ashed in a nickel crucible at 550 °C and treated in
the same way as the impactor plates. Si was determined by the
molybdenum blue method (14, 15) for which a coefficient of
variation, CV, of 8% was found. Al analysis was done by the
Chromazurol S-hexadecyltrimethylammonium chloride
method (16). The CV of this method was about 10%. The ac-
curacy of the procedure, established by ashing, fusion, and
analysis of the cellulose filters spiked with known amounts
of Si and Al, averaged 95% (17).

Size distribution curves of TSP, Si, and Al were calculated
as in the previous papers (7, 8, 18), but in this paper the par-
ticle size range, A log Dp, was used instead of A In Dy, fol-
lowing Husar’s advice (19).
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Figure 3. Size distributions for silicon, aluminum, and TSP at Nagoya,
May 12-18, 1978
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and TSP influenced by Kosa at Nagoya, March 12-18, 1977. Mass
median diameters are 4.2 um (Si), 4.0 um (Al), and 2.9 um (TSP)

Results and Discussion

When atmospheric soil particles in Japan are discussed,
the influence of the yellow loess particles called “Kosa” must
be taken into consideration. In the arid desert regions of North
China and Mongolia of the Asiatic Continent, heavy dust
storms frequently occur on a very wide scale in the spring.
Kosa is the yellow sand dust that arises from a dust storm in
an arid area of the northern part of China, which is trans-
ported to Japan (Figure 1). These yellow soil particles are
observed in almost all regions of Japan, especially in
spring.

Figure 2 shows typical examples of cumulative size distri-
bution of Si, Al, and TSP in urban air at Nagoya, and those
size distribution curves are shown in Figure 3. As shown in
Figure 2, about 95% of the atmospheric Si and Al were con-
centrated in the particles larger than 2 um in diameter. Most
of the mass of Si and Al was found in the particle size range
of 3-7 um diameter. The mass median diameters (mmd’s) of
Si and Al were 5.7 and 5.8 um, respectively. The shape of the
Si cumulative size distribution curve was in good agreement
with that of Al, and the log probability plots gave an ap-
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Table I. Size Characterization of Atmospheric Silicon
and Aluminum at Nagoya (September 1976~
September 1978)

av % of mass

>21umin

sampling no. of av mmd, um diam
period samples Sl Al Si Al
spring (Mar-May) 10 5.7 51 93 93
summer (June-Aug) 10 6.6 6.0 93 92
autumn (Sept-Nov) 9 5.6 5.1 91 92
winter (Dec-Feb) 9 6.4 5.6 90 91

Table Il. Average Concentrations of Atmospheric
Silicon, Aluminum, and TSP at Nagoya (September
1976-September 1978)

sampling no. of Si, Al, concn ratio TSP,
perlod samples pg/m3 ug/m3 of SI/AI ng/m®
spring 10 5.33 1.88 2.8 86.9
summer 10 2.05 0.747 27 76.7
autumn 9 2.43 0.901 2.7 715
winter 9 2.42 0.788 3.1 57.8

proximately straight line. The size distribution of TSP was
a bimodal distribution consisting of a coarse (>2 um diameter)
and fine (<2 um diameter) particle peak, as seen in Figure 3.
In contrast to TSP, the size distributions for Si and Al were
approximately log normal, and both were in good agreement
with the coarse particle peak of TSP.

Figure 4 shows the cumulative size distributions of Si, Al,
and TSP in urban air at Nagoya when Kosa was observed
clearly, and those size distribution curves are shown in Figure
5. The size distribution of TSP influenced by Kosa changed
remarkably in comparison with that of TSP in the usual urban
air, as shown in Figure 3, i.e., the distribution shifted toward
large particle size and the coarse particle peak was predomi-
nant. On the other hand, in spite of a marked increase of the
concentrations, the size distribution patterns for Si and Al did
not change, except the mmd’s of Si and Al became only slightly
smaller.

The mmd’s of Si and Al on March 12-18, 1977, were 4.2 and
4.0 pm, respectively. This slight shift of Si and Al mmd’s
toward a smaller size suggests that the large soil components
of Kosa (e.g., quartz) fall out as Kosa is transported to Japan
over the sea, in contrast to the small soil components (e.g., clay
minerals) that remain in the atmosphere. In Figure 5 the
shapes of the Si and Al size distribution curves were almost
completely log normal. Table I summarizes the average mmd’s
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and percent mass > 2.1 um in diameter of Si and Al for the
four seasons at Nagoya from September 1976 to September
1978. The size distribution patterns of atmospheric Si and Al
described above were constant throughout the year. More than
90% of the mass of Si and Al was found in particles larger than
2 um in diameter.

Figure 6 shows the variation of concentrations of Si and Al
in urban air at Nagoya. The concentrations of Si and Al
changed periodically with the season. The high concentrations
were found in the spring. The maximum concentrations of Si
and Al were 10.6 and 3.72 ug/m?; on the other hand, the min-
imum concentrations were 1.23 and 0.436 pg/m?, respec-
tively.

Table II lists the average concentrations and concentration
ratios of Si and Al for the four seasons at Nagoya. The average
concentrations of Si (5.33 ug/m”) and Al (1.88 ug/m3) in the
spring were about 2.3 times higher than those in the other
three seasons (Si = 2.30 ug/m3, Al = 0.812 ug/m3). It is indis-
putable that the high concentrations of both elements in the
spring are due to the influence of Kosa. However, the con-
centration ratio of Si/Al did not change throughout the year,
in no connection with the influence of Kosa.

The overall arithmetic mean Si/Al (N = 38) was 2.9, with
a standard deviation of only 0.24 and a CV of 8.3%. Figure 7
is a scatter plot for the concentration of Si against that of Al.
The correlation coefficient for these data is 0.97. The atmo-
spheric Si/Al ratio is very significant to estimate the mineral



Table lll. Concentrations of Aluminum in Soils

concn of Al, %

solls Al203 Al@

alluvial soil? 12.39 6.6

in Japan 10.79 5.7

brown forest soil © 18.5 9.8
in Japan

loess in China? 11.94 6.3

9.56 6.1

15.44 8.2

2 Al percent values are calculated from the data of AlO3 percent. ® From
ref 24. © From ref 25. 9 From ref 26.

composition of the atmospheric soil particles. This remarkable
Si-Al correlation and the size distributions for Si and Al de-
scribed above suggest that not only do the atmospheric Si and
Al originate almost entirely from the soil, but, also, the soil
components of the atmospheric soil particles do not change
very much. From the results of Figures 2-5 and 7 and Table
11, it is appropriate to consider that the contribution of at-
mospheric soil particles to TSP matter can be obtained by
using the two Al (or Si) concentrations in the atmosphere and
soil. The Al concentration is usually used to estimate this
contribution.

Bear has reported that the Al content of soils, expressed on
the basis of AloOs, frequently is in the range of 2-12% (20).
Miller et al. (21) have reported the Al concentration in soil
dust of 8.2%, and Friedlander (22) has estimated that the
contribution of soil dust to TSP matter is 11.4% in Pasadena.
On the other hand, Kowalczyk et al. (23) have used the Al
concentration in soils of 5.6% to estimate this contribution in
the Washington area, and estimated that the concentration
of atmospheric soil particles is 21.4 pg/m3.

In Table III are summarized the Al concentrations of the
soils that are most abundant on the land surfaces of Japan (24,
25) and the Al concentrations of loess in China (26), which is
the source of Kosa.

In the present study, the contribution of atmospheric soil
particles to TSP matter has been calculated, assuming that
the Al concentration in soils is about 6%. The predicted con-
centration and contribution of atmospheric soil particles are
summarized in Table IV. The average predicted concentration
of atmospheric soil particles in the three seasons except spring
was about 14 ug/m3, and the contribution of about 20% to TSP
matter was estimated. In the spring period influenced by
K0sa, a twofold increase of these was found in’ comparison
with the other seasons.

Summary

The size distributions and concentrations of Si and Al in
urban aerosols at Nagoya were measured for the character-
ization of atmospheric soil particles. The Si and Al were pre-
dominantly associated with coarse particles. The size distri-
butions and concentrations of both elements suggest that
more than 90% of the mass of Si and Al in the atmosphere
originates from soils. It was estimated that the background
concentration of soil dust was about 14 ug/m3, and the con-
tribution of soil dust to TSP matter was about 20%. However,
in the present study the errors of bounce-off and wall loss in

Table IV. Contribution of Soil Particles to TSP Matter
at Nagoya

predicted ? contribution of

obsd concn of soll particles

sampling no. of concn of soll particles, to TSP matter,
period samples Al, ug/i pg/m3 %
spring 10 1.88 313 36.0
summer 10 0.747 12.5 16.3
autumn 9 0.901 15.0 21.0
winter 9 0.788 13.1 22.7

# Values are calculated by use of Al concentration in soils of 6%.

the sampling procedure are not taken into consideration, so
that the concentrations and mmd’s of Si and Al may be
somewhat increased compared to those presented above.
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Trihalomethane Yields as a Function of Precursor Molecular Weight

Jerald L. Schnoor*, James L. Nitzschke, Rick D. Lucas, and John N. Veenstra
Civil and Environmental Engineering, The University of lowa, lowa City, lowa 52242

B The trihalomethane (THM) yield on a total organic carbon
(TOC) basis was measured as a function of the molecular
weight of precursor organics in the Iowa River. Gel permeation
chromatography with Sephadex G-75 gel was utilized to
separate naturally occurring organics into apparent molecular
weight fractions that were subsequently chlorinated to 2 mg/L
of free residual and analyzed for THMs. Ninety percent of the
organics in the Iowa River were of mol wt less than 3000, while
75% of the THMs were derived from the mol wt less than 3000
fraction. It was found that bromoform was derived from only
the smallest organics of mol wt less than 1700.

The National Organics Reconnaissance Survey (NORS) was
sponsored by the U.S. Environmental Protection Agency
(EPA) in 1974 and 1975 to determine the concentrations of
carbon tetrachloride, 1,2-dichloroethane, and four trihalo-
methanes (THMs), which were chloroform, bromodichloro-
methane, dibromochloromethane, and bromoform in 80 city
water supplies (1). Contamination of drinking waters with
these known or suspected carcinogens was widespread at the
parts per billion level. About the same time, Rook (2) and
Bellar et al. (3) stated that halogenated organics are formed
during the chlorination of water for disinfection. Subse-
quently, the National Organics Monitoring Survey (NOMS)
was conducted to determine the frequency and concentration
of many specific organics in drinking water supplies (4). The
result of these surveys and the Safe Drinking Water Act of
1974 (PL 93-523) has been the proposal of a maximum con-
taminant level (MCL) of 100 ug/L for trihalomethanes pub-
lished by the U.S. EPA in the Federal Register on Feb 9,
1978.

The formation of THMs in water treatment plants during
and following chlorination involves the reaction between
hypochlorous acid and organics to form chlorinated organics
including THMs. The chemical nature of the organic pre-
cursors and the reaction mechanisms have been hypothesized
(5-8), but experimental data on the molecular weights (mol
wt) of these precursors are lacking.

Because control of THM production by precursor removal
may be the best approach for decreasing THMs in finished
water, knowledge of the precursor identity and molecular
weight is valuable. This information may be useful in the de-
sign of adsorbents or other treatment systems and provide
clues as to the origin of these compounds. The objective of this
study was to determine the apparent molecular weight range
of THM precursor compounds in the Iowa River and Coral-
ville Reservoir near Iowa City. Soluble organics from Iowa
River water were size-fractionated by gel permeation chro-
matography, and the fractions were chlorinated and analyzed
for THM yields by electron-capture gas chromatography.

Site Description

Samples for this investigation were obtained above and
below the Coralville Reservoir. Upstream samples were col-
lected at Johnson County Road 0. Samples at the outflow for
the reservoir were collected from the Iowa River about 1 mile
below the Coralville Dam, at old highway 218.

The Iowa River Basin is located in the eastern half of Iowa.
The river rises in north-central Iowa and flows in a
southeasterly direction for approximately 255 miles before
entering the Coralville Reservoir. The drainage basin com-
prises an area of 3115 square miles and is characterized by rich
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prairie soil formed by the Wisconsin, Iowan, and Kansan
glacial drift. Agricultural runoff is the major source of water
pollution in the Iowa River Basin, since over 90% of the area
is in agricultural use. The magnitude of industrial and mu-
nicipal discharge of organic pollutants into the Iowa River and
its tributaries is relatively small, with Marshalltown being the
only city with greater than 10 000 population existing in the
basin area above the reservoir.

Coralville Reservoir is located in eastern Iowa, about 3 miles
north of Iowa City. At the conservation pool level, 680 ft above
sea level, it forms a lake 21.7 miles long, with a surface area of
4900 acres and a capacity of 40 300 acre ft. The reservoir is a
shallow, eutrophic impoundment with extensive littoral areas
where there is a close association between the zones of pho-
tosynthesis and decay. Below the reservoir, the Iowa River
serves as the raw water supply for The University of Iowa and
Iowa City.

Experimental

Grab samples from the Iowa River were taken at a depth
of 1 ft, both upstream and downstream from the Coralville
Reservoir, Iowa. The sample was centrifuged at 2000 rpm in
a Damon/IEC HN-S centrifuge to remove suspended solids
and was subsequently stored at 3 °C for 1 to 3 weeks.

Concentration of the samples was carried out by freeze-
drying. The centrifuged sample was frozen at —20 °C and
freeze-dried in a lyophilizer. A volume of 500 mL required
approximately 2 days for complete removal of water. The
freeze-dried residue was dissolved in 2 mL of elution water,
which had been predistilled, purified with a Millipore Milli-Q
system, and purged with nitrogen gas to strip THMs. It con-
tained a 0.01 M solution of KoHPO,4 and KHyPO, to provide
buffering capacity, and a 0.02% concentration of sodium azide
to serve as bactericide. The pH of the elution water was 6.95.
This redissolution resulted in a 250-fold increase in concen-
tration of the nonvolatile organics. The undissolved (inor-
ganic) solids were then removed by centrifugation.

To achieve the required fractionation of the organic com-
pounds according to molecular weight, gel permeation chro-
matography with Sephadex (Pharmacia Fine Chemicals,
Uppsala, Sweden) dextran gels was performed. Sephadex G-75
was utilized with an upper exclusion limit of 50 000 and a lower
exclusion limit of mol wt ~1000.

The columns were constructed of polyethylene with brass
fittings and Teflon tubing. Column dimensions were 2.2 cm
X 60 cm with a bed volume of 164 mL. Columns were operated
downflow at a rate of 40 mL/h with a constant head of 50
cm.
Calibration of the columns required protein compounds of
known molecular weight including: bovine serum albumin
(BSA) monomer, mol wt 66 500; ovalbumin, mol wt 43 500;
trypsinogen, mol wt 23 560; cytochrome ¢, mol wt 12 380; and
bacitracin, mol wt 1500. Blue dextran 2000, with a mol wt of
2 X 108, was used to determine the void volume of the column.
The calibration curve of Sephadex G-75 resulted in a straight
line on a plot of log molecular weight vs. elution volume.

Next, the concentrated sample of 2-mL volume was injected
onto the column and eluted with approximately 200 mL of
elution water. Separation of the compounds was on the basis
of the molecular exclusion principle; molecules are eluted from
the gel in decreasing order of size. Collection of the eluant in
2.5-mL volumes was followed by measurement of total organic
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carbon (TOC) concentration. A plot was then made of TOC
vs. elution volume, resulting in a chromatogram.

Following fractionation, the 2.5-mL elution samples were
combined into groupings of various molecular weight ranges
and stored in acid-washed flasks at 3 °C. The number of mo-
lecular weight fractions varied from four to nine per
sample.

For sample chlorination, an attempt was made to simulate
chlorination conditions at The University of Iowa lime-soft-
ening water treatment plant, which chlorinates to a free
chlorine residual concentration of 1.5-2.5 mg/L. Duplicate
10-mL samples were prepared from a size fraction containing
a high TOC concentration. The pH of one of the duplicate
samples was adjusted upward to 10.8 (from ~7), by adding
0.02 mL of 0.02 N NaOH (Baker Analyzed Reagent grade).
This is a typical pH found during the course of lime softening
at the University plant. The sample was then chlorinated with
6 mg/L ClI by addition of NaOCl solution (Fisher Scientific
Co., 4-6% NaOCl, Laboratory grade). The chlorine solution
was applied with a 100-uL Hamilton gas tight syringe, accu:
rate to 1 uL, and checked with an o-tolidine-arsenite (OTA)
test after 5 min to confirm a 2 mg/L free residual. The drop
in pH following the addition of NaOCl was found to be neg-
ligible. The remainder of the sample fractions were chlori-
nated in the same manner, using this dosage. The chlorinated
sample fractions were then stored in the absence of light at 3
°C and allowed a reaction time of approximately 10 h, to
simulate the distribution system.

A Tracor Microtek MT-220 gas chromatograph (GC)
equipped with a nickel-63 electron capture detector was used
for qualitative and quantitative THM analysis. The 6 ft X 0.25
in. U-shaped glass column was packed with 4% SE-30 and 6%
OV-210 on 80/100 mesh Gas-Chrom Q Support. High purity
nitrogen was employed as the carrier gas. The instrumental
parameters for gas chromatographic analysis were as follows:
carrier gas flow rate, 40 cm3/min; column temperature, 70 °C;
inlet temperature, 230 °C; detector temperature, 245°C; and
attenuation, 32 X 102,

Standard solutions of each of the four THMs were made up
in THM-free water (predistilled, purified with a Millipore
Milli-Q system and purged for 2 h with high purity nitrogen
gas).

A minimum of four standards were used to plot the cali-
bration curve (peak height vs. concentration) for each halo-
form. Prior to analysis for THMs, it was necessary to make a
series of dilutions of each chlorinated sample to ensure that
the concentrations would fall in the linear range on the cali-
bration curve. The dilution water contained 4 mg/100 mL
ascorbic acid (Baker Analyzed Biochemical Grade, J. T. Baker
Chemical Co.) to provide a stoichiometric excess of reducmg
agent to dechlorinate the samples and prevent any remaining
residual chlorine from reacting with trace organic precursors
in the THM-free dilution water. The ascorbic acid in no way
interferes with THM analysis via electron-capture gas chro-
matography (9).

THM analysis was then conducted on dilutions of the
chlorinated samples by a liquid extraction method (10).
THMs were determined in a 3-uL aliquot of the pentane-
extracted phase by gas chromatography.

To avoid potential problems with contamination, the purity
of the pentane and cleanliness of the glassware used in this
analytical procedure were of primary importance. It was found
that even spectrophotometric grade pentane may contain
interfering peaks at low concentrations. However, lot numbers
of pentane were located with acceptable contamination levels.
All glassware was rigorously cleaned with chromerge, rinsed
with THM-free water, and dried in a 200 °C oven. Frequent
blank runs were performed to ensure the absence of artifacts
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Figure 1. Chromatogram showing fractions chlorinated for Oct 10,
1977, lowa River, G-75 column
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Figure 2. Cumulative percent of TOC less than a given molecular
weight, lowa River, Oct 17-Nov 21, 1977

and background contamination. Details of experimental
procedures are given by Nitzschke (1) and Lucas (12).

Results and Discussion

An example of a chromatogram is shown in Figure 1 from
asample of the Iowa River upstream from Coralville Reservoir
on Oct 10, 1977. Note the first peak in TOC ranged from 40
to 72 mL and corresponds to organic compounds with mo-
lecular weights greater than 50 000. This first peak decreased
sharply after Oct 10, and the percentage of organics greater
than mol wt 50 000 decreased from ~15 to less than 2% of the
total TOC present in the concentrated sample. The decrease
in large organic compounds may have been caused by a sea-
sonal decline in algal productivity and autochthonous organics
and/or a decrease in runoff of allochthonous material.

The apparent molecular weight distribution of TOC was
determined from the calibration curve of the G-75 column.
As seen in Figure 2, approximately 1.0% of the TOC was
greater than mol wt 50 000, 90% was less than mol wt 3000, and
7% was less than a mol wt of approximately 1000. Therefore,
a great majority of organics in the Iowa River during No-
vember and December 1977 were compounds of relatively low
molecular weight, between 1000 and 3000 g/mol.
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Table I. THM Formation and Chloroform Yield as a Function of Precursor Molecular Weight Range for lowa River,

December 1977-January 1978

ield,
o ¥ Chciy

app ToC, CHCl3, CHCI2Br, CHBrCl, CHBr3,
sample mol wt range mg/L ppb ppb Ppb ppb mgL~1T0C
blank 34 <0.2 <0.2 : <0.2
| >50 000 0.05 4.4 0.4 <0.2 <0.2 2.00
] —33 000 0.30 5.4 0.3 <0.2 <0.2 6.67
1]} —20 000 0.55 4.2 0.4 <0.2 <0.2 1.33
v —10 000 0.48 4.6 0.3 <0.2 <0.2 2.40
Vv —6 000 0.60 4.2 0.3 <0.2 <0.2 1.33
Vi —3 000 2.23 15.0 1.4 <0.2 <0.2 5.27
Vil —1700 13.3 43.0 8.0 0.8 0.2 2.98
vill —=1000 348 13.0 21.0 11.0 21 0.28
IX <1000 8.30 1.5 14.3 6.0 1.8 1.01
total? 61.1 74.7 46.4 17.0 3.9 1.22
2 Total excluding the blank; sample concentration factor ~2.5; G-75 Sephadex column.
Losses of organics in the concentration step were consid-
erable. The recovery of the TOC in the original sample after a0t
freeze-drying concentration was approximately 70%. It was =
determined that nearly 100% recovery could be achieved if the S CHLOROFORM
sample was only partially lyophilized, i.e., not taken to com- g S I O T ANE
plete dryness. One sample was concentrated by vacuum ro- 5 —=--— BROMOFORM
toevaporation at 35-40 °C with a recovery of 81.4%; however, = A
100% was recovered if the TOC of the condensate was included g®r /
in the calculation. Apparently, the losses of organics occurred 8 7/
primarily due to volatilization of organics. Therefore, this § Bl d/
work dealt with nonvolative and semivolatile substances. Most £
volatile losses occur from organic compounds of 3-5 carbon
atoms according to Andelman and Caruso (13). Carbon could it ===

also have been lost in the redissolution of the freeze-dried
residue, and approximately 5% of the organics were lost by
adsorption to the Sephadex gel. This is within the range of
0-13% reported by other investigators for natural waters (14,
15).

The molecular weight fractions for 16 samples were chlo-
rinated to determine the yield of THMs. Tabular results
(Table I) are presented for a December-January composite
of grab samples. Elution water blanks were identically chlo-
rinated to serve as a control. Yields of chloroform were cal-
culated as ug/L CHCIl3 per mg/L TOC, with 10 000 being the
theoretical stoichiometric maximum. The high CHCl; yield
from sample fraction II (mol wt 50 000-30 000) may have been
due to contamination at low levels, since it is the only fraction
which is inconsistent with yields from the high molecular
weight fractions in other samples. Neglecting this possible
error, the table then shows that the highest CHCl; yield oc-
curred in sample division VI (mol wt 6000-3000), with a lesser
amount in sample fraction VII (mol wt 3000-1700). The ha-
loform, bromodichloromethane, was also produced along the
entire spectrum, although at less than 1 ppb in the larger
molecular weight groups. k

The pattern of occurrence for the four THMs in this com-
posite sample, as a function of molecular weight, confirmed
trends observed in the 15 other samples. Fifteen parts per
billion of chloroform was detected at mol wt 6000-3000. Or-
ganics with mol wt 3000-1700 produced the highest concen-
tration of CHCl3, 43 ppb, and also significant concentrations
of CHCI;Br and CHBryCl. In sample fraction VIII (mol wt
1700-1000), the CHCl; concentration decreased to 13 ppb,
along with an even greater drop in yield, and CHCl,Br and
CHBrroCl occurred at their highest concentrations, of 21.0 and
11.0 ppb, respectively. Bromoform appeared for the first time,
and in its highest concentration of 2.1 ppb in this fraction.
Sample division IX, which was composed of compounds with
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Figure 3. Trihalomethane concentration as a function of precursor
molecular weight, lowa River water, December 1977-January 1978

molecular weights less than 1000, produced less quantities of
each of the four THMs.

Figure 3 gives the THM concentrations as a function of
molecular weight for the December 1977 through January
1978 composite sample. Concentrations reported are minus
the blank and include a concentration factor of approximately
2.5. Primarily, THMs were formed from precursors of less
than mol wt 6000. Chloroform was detected in greatest con-
centrations from the organic fraction of mol wt 1700-3000. At
molecular weights less than 1700, bromodichloromethane was
produced in the highest concentration of any THM, and di-
bromochloromethane and bromoform were detected in sig-
nificant concentrations. The percentage contribution of the
brominated haloforms is believed to be directly related to the
bromide concentration of the raw water (16). The bromide
concentration in Iowa River water was 0.10-0.45 mg/L.

Data for the 16 Iowa River samples from September 1977
through January 1978 are plotted as THM yield vs. log scale
of molecular weight in Figures 4-7. Yields are plotted at the
lowest molecular weight of the precursor molecular weight
range. In general, chloroform was detected in concentrations
greater than the blank throughout the molecular weight
spectrum, but it primarily resulted from organics of mol wt
less than 5000. Yields at molecular weights less than 5000
ranged from 0.0 to 10.9 ug/L CHCI; per mg/L TOC while those
at molecular weights greater than 10 000 were usually less than
2.0. Owing to low concentrations of TOC in the higher mo-
lecular weight fractions, there is less precision in the analytical
measurement and yield calculatior. Chloroform yields were
greatest for the molecular weight ranges from 2200 to 5000 and
less than 1000. The considerable scatter in the data may reflect
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Figure 5. Bromodichloromethane yield vs. molecular weight

the functional differences in organic moieties with time, and
proves that chloroform concentrations would be difficult to
predict based solely on knowledge of the molecular weight and
the TOC distributions of naturally occurring organics.

Figures 5-7 gives the yields for the other three THMs as a
function of molecular weight for the period September 1977
through January 1978. With each bromine atom added, the
mean yield decreases and the precursor organics are of lower
molecular weight. The maximum yield of CHCl3 was 10-11
ug/L per mg/L TOC at molecular weights of less than 5000,
while the maximum yields for CHCl,Br, CHCIBr,, and CHBr3
were 9.7, 4.5, and 0.36, respectively; all were formed at mo-
lecular weights less than 1000.

On the average, 75% of the THMs formed from chlorination
at pH 10.8 of Iowa River water was derived from organics of
less than mol wt 3000 (Figure 8). The cumulative distribution
of Figure 8 indicates that both the fraction of less than mol wt
1000 and the heavier humic substances are important in the
formation of trihalomethanes. The fraction less than mol wt
1000 has been cited as including fulvic acid compounds (8).

Overall yields of total trihalomethanes (TTHMs) varied
from 2.3 to 7.2 ug/L TTHM per mg/L TOC. There was a slight
tendency for the sample from below Coralville Reservoir to
cause higher TTHM yields than that above (significant at the
90% confidence level, z = 1.9432 in a paired ¢ test). The effect
could be due to biological degradation and sedimentation of
the higher molecular weight compounds, which were generally
less reactive. TTHM concentrations varied from 52 to 177 ppb
with a mean of 104 ppb in samples that were concentrated 2.5
times. The effect of impoundment was not dramatic on THM
formation.

The average reactant ratios plus or minus 1 SD were as
follows: 0.04 £ 0.01% of the TOC present in the concentrated

a HIGHWAY 218, DOWNSTREAM
i 0 HIGHWAY 0, UPSTREAM

S| et 0 COMPOSITE, DEC. 1977 - JAN. 1978
X
58
3l P
[z

>|E 3p

1

s f

o

w2t

s

- Y

T a

®

r 1F

@ a

AA§ o &
A
0 gﬁ o PAF L ABle 1) 1 dfh ammo
1

1o ([FR&
30 >50

<1 2

3 5 10
MOLECULAR WEIGHT, (10%)
Figure 6. Dibromochloromethane yield vs. molecular weight
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sample reacted to form THMs; 1.1 £ 0.4% of the chlorine
reacted; and 24.1 + 11.5 ug/L of bromine reacted, between 5.0
and 20% of bromide present. As more chlorine is used in
chlorination, the chlorine reactant ratio of 1.1% would be ex-
pected to decline. Reactivity is greatest for bromide, which
was shown to interact with small organics (mol wt <1700) to
form CHClyBr, CHCIBr,, and small amounts of CHBr3. Hy-
pobromous acid can be formed initially via the oxidation of
the bromide ion by chlorine and has been shown to be more
reactive than hypochlorous acid (17).

Volume 13, Number 9, September 1979 1137



Conclusions

Ninety percent of the organics in the Iowa River during
October 1977 to January 1978 were less than mol wt 3000,
while approximately 7% were less than mol wt 1000. Sev-
enty-five percent of the THMs formed were derived from
organics of less than mol wt 3000, and 20% on the average were
derived from compounds of less than mol wt 1000. In general,
total trihalomethanes were formed in the molecular weight
ranges where the greatest concentration of TOC was detected,
but yields of TTHM were larger for the organics less than mol
wt 1700. Chloroform was primarily a product of chlorination
of precursors less than mol wt 5000, but the brominated
THMs formed from smaller organics, less than mol wt 1700.
Effects due to impoundment were not dramatic, but some
tendency was observed for greater THM yields downstream
from the Coralville Reservoir.
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® Compounds capable of reverting base pair substitution and
frame shift mutants of Salmonella typhimurium are intro-
duced in some drinking waters during transportation from
treatment site to the consumers.

The disclosure of the presence of halogenated hydrocarbons
and other potentially carcinogenic compounds in drinking
waters has caused public concern with respect to the quality
of drinking waters. Generally recognized dimensions of the
chemical problem in drinking waters are (a) man-made
chemicals that find their way into drinking water sources from
pollution and (b) compounds formed during chlorination of
water supplies. The data presented here show a third and
potentially important dimension of the problem, which con-
cerns the introduction of mutagenic/carcinogenic substances
in the distribution process.

Experimental

Three medium sized water supplies, each representing
different raw water sources, wastes/discharges entering the
raw water, treatment processes, and distribution lines, were
selected for this investigation (Table I). From each water
supply, four samples (raw water, finished water, and two
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samples from different locations within the supply network)
were obtained. All the samples within a single water supply
were collected on the same day and transported to the labo-
ratory in wet ice. Samples were sterilized by filtration through
sterile 200-nm Millipore membrane filters.

. Concentration of chemicals from the drinking waters was
performed in the field using flexible polyurethane foam col-
umns (1, 2). Foam columns have been shown to effectively
concentrate trace quantities of a wide variety of chemicals
from water (2-5). Chemicals were recovered from 60 L of
finished and 30 L of raw water. Following exposure to water,
foam columns were wrapped in aluminum foil to protect from
light and transported to the laboratory in wet ice. Each foam
column was eluted successively with acetone (20 mL) and
benzene (75 mL). The combined eluate was passed through
a sodium sulfate bed to remove residual water and evaporated
to 1 mL by rotary evaporation. The mixture was evaporated
to dryness with prepurified grade nitrogen and redissolved
in dimethyl sulfoxide for mutagenicity assay.

For detection of mutagens, the Ames Salmonella typhi-
murium assay (6), with strain TA100 as base pair substitution
mutant and strain TA98 as frameshift mutant, was employed
after minor modifications. Low concentrations of mutagenic
substances in unconcentrated waters were determined by
preparing minimal glucose agar with the test water; thus, test

0013-936X/79/0913-1138$01.00/0 © 1979 American Chemical Society



Table . Details of the Water Supply System Studied

probable nature of
distribution line

intermix of copper, cast iron,

phosphate, activated carbon addition, cement-lined ductile iron, and

asbestos cement

cement-lined ductile iron

cast iron

supply type of
system geograph raw H20 raw H20 treatment
code location source pollution provided 3
A Southeast Ohio River industrial aeration with lime and ferric sulfate,
waste and
sewage filtration, chlorination, and
fluoridation
B Midwest lake papermill activated carbon, lime, alum, ferric
waste sulfate, ammonium sulfate, filtration,
chlorination, and fluoridation
Cc Midwest ground water uncontaminated lime, ferric sulfate, sulfuric acid,

source

chlorination, and fluoridation

sampling
dates

2-2-78

3-13-78

3-16-78

# Not necessarily in the proper order of treatment.
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Figure 1. Mutagenic activity of unconcentrated raw water, drinking waters at treatment site, and two samples of distributed waters from supply
system AP in S. typhimurium, strain TA100. The data represent response with 1, 10, and 20 mL of test water/assay. The increase in the number
of revertants at distribution sites A and B over drinking water at the treatment site is best observed at the test water concentration of 20 mL/assay,

and is significant at p < 0.05

water was present in the bottom agar, whereas bacteria and
activation mix (when added) were present in the agar overlay.
Modification of the Ames assay in this manner permitted
incorporation of as much as 20 mL of test water in the assay.
To substantiate the expected low reversion rates with un-
concentrated drinking waters, efforts were made to obtain
dose-response data. The volumes of drinking water tested
were 1, 10, and 20 mL/assay. Mammalian metabolic activation
of the compounds present in water was achieved by incorpo-
rating rat liver homogenate (S-9) derived from male
Sprague-Dawley rats induced with Aroclor 1254. Standard S-9
addition was 50 uL/assay. Mutagenicity assays on all four
water samples from one water supply were carried out si-
multaneously, together with a distilled—-demineralized water
control to determine spontaneous reversion, and positive
controls using known mutagens recommended by Ames (6)
and benzo[a]pyrene (5 ug/assay). The assays were performed
in quintuplicate and results expressed as an average. A
probability of 0.05% or less in the Student ¢ distribution was

considered to represent a significant increase in revertants
above spontaneous.

The chemical concentrates prepared from water, using
polyurethane foam plugs as sorbent, were evaluated using
conventional plate incorporation assays and spot tests with
Salmonella strains TA100 and T'A98 as described by Ames
(6). Studies showed that mutagens and/or toxicants were not
introduced in detectable quantities from the solvents used for
column elution and from polyurethane foam. Due to limitation
on the volume of the concentrate, the assays were performed
in duplicate only.

Results and Discussion

Assay of the unconcentrated raw, treated, and distributed
water samples from the water supplies coded as AP and CH
revealed that mutagens were being contributed by the dis-
tribution process (Figures 1 and 2). On the other hand, the
samples obtained from the water supply coded as WH were
not mutagenic to any of the tester strains (data not shown).
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Figure 2. Mutagenic activity of unconcentrated raw water, drinking waters at treatment site, and two samples of distributed waters from supply
system CH in S. typhimurium strain TA100. The data represent response with 1, 10, and 20 mL of test water/assay. The increase in the number
of revertants at distribution sites A and B over drinking water at the treatment site was best observed at a test water concentration of 10 mL/assay
(except for site A, + S9, where 20 mL of water/assay gave optimum increase). Level of significance for the increase, p < 0.05

The treatment processes employed at the water supplies
AP and CH caused a reduction in the mutagenicity of raw
waters in Salmonella strain TA100. However, upon passage
of the treated water from these sites through distribution
pipes, a consistent and significant increase in the level of
mutagenicity beyond the levels found in raw waters was noted.
The increase in the number of revertants attributed to the
distribution process at the water supply AP was 140 for dis-
tribution site A and 85 for site B, for 20-mL sample volume.
The mutagens introduced were active without liver enzyme
activation. With the distributed water from the water supply
CH, the increase in the number of revertants was relatively
more pronounced at the test water volume of 10 mL/assay. At
this concentration, the increase in revertants in distributed
samples over treatment site samples was 120 for distribution
site A and 45 for site B. The mutagens introduced at site A
were partially inactivated by liver enzymes. However, the
number of revertants at site B almost doubled in the presence
of S-9, demonstrating the presence of mutagen(s) requiring
mammalian metabolic activation. The dose-response profiles
shown further confirm the presence of mutagenic compounds
in the distributed samples. Strain TA98, which detects
frameshift mutations, did not show a mutagenic response with
unconcentrated waters from water supplies AP or CH in the
presence or absence of mammalian metabolic activation.

None of the water samples showed detectable quantities
of histidine when assayed by the enzymatic method of Hassall
(7). The assay permitted detection of as low as 1 ug/mL of
histidine. We feel, therefore, that the increase in the number
of revertants seen is due to the presence of mutagens in
drinking waters. The mutagens introduced in the distribution
process are not volatile in nature (e.g., trihalomethanes, vinyl
chloride, etc.), since such compounds would be lost during
vacuum filtration of the test waters and/or maintenance of the
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minimal glucose agar prepared with test water, at 47 °C in
order to pour into plates.

It might be argued that the drinking waters at the treatment
site contain more residual chlorine than do the waters reaching
the consumer, and this may be responsible for the reduction
in the number of revertants in the treatment site sample. If
chlorine was present in the water in high enough concentration
to exhibit toxicity, one would expect a decrease in the number
of revertants with an increase in the volume of water in the
assay. The dose-response data show that this was not the case.
Generally, an increase in the volume of test water in the assay
was accompanied with an increase in the number of revertants.
Therefore, the decrease in the number of revertants in
drinking waters at the treatment site was clearly due to the
removal of mutagens during treatment and not due to the
influence of residual chlorine.

The organic mixtures concentrated by foam plugs from raw
and drinking waters from the water supplies AP and CH were
nonmutagenic to Salmonella strain TA100. The concentration
of the organic mixtures used in the assay represented 100-1000
mL of water. High concentrations of the concentrate were
toxic to the bacteria. Since mutagenic activity toward strain
TA100 was detected in the unconcentrated samples, this
demonstrates the inability of polyurethane foam to recover
these mutagens. The organic mixture recovered from the
distribution system samples of water supply CH exhibited a
strong mutagenic response in strain TA98 after activation by
liver enzymes (Figure 3). It should be mentioned that muta-
genicity toward strain TA98 was not detected in unconcen-
trated samples. The mixture from as little as 100 mL of water
caused a more than sixfold increase in the number of rever-
tants in the plate incorporation assay. Mutagenic activity was
not detected in the spot test, which suggests that the mutagens
were nondiffusible in aqueous media. Since these mutagens



600

- 1 Mutagenic Activity Originating From Supply Network

500 [—
400 —

300 —

200 —

Mean Colony Count in TAS8

100 -

]
A A A A A A S
|

=
-

\ N
s N
NN 8§l
—-59+89 -S89 +89 -S9 +S9 -S89 +89 -89 +S9
Spontaneous Raw Water Site A Site B

Drinking Water at Drinking Water
T Site C

Figure 3. Mutagenicity of chemical concentrates of different waters
from water supply CH. Chemicals were recovered from water by
sorption on polyurethane foam columns. The data shown represent
mutagenic activity with 0.1 mL of concentrate, representing 100 mL
of test water/assay. An increase in the number of revertants at distri-
bution sites A and B over drinking water at the treatment site is signif-
icant at p < 0.05 '
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were not present in either raw water or finished water at the
treatment site, they were clearly introduced from the distri-
bution process. Mutagenic compounds active in TA98 were
not detected in the organic concentrates prepared from the
samples from water supply system AP. In agreement with the
results obtained with unconcentrated waters, the organic
concentrates of water from the water supply WH were non-
mutagenic to Salmonella strains TA98 and TA100.

The data presented here show that the water distribution
process is able to introduce two different classes of mutagens.
One class, which responds to the base pair substitution re-
vertible strain TA100, does not adsorb on polyurethane foam
and acts without metabolic activation. Compounds of this
class are probably polar and of low molecular weight since they
could be detected by incorporation in the bottom agar (min-
imal agar). We have observed that when the Ames mutagen-
icity assay is performed by preparing minimal glucose agar in
the test water, although it allows incorporation of large
quantities of water, it becomes less sensitive toward mutagens
with limited diffusibility in the aqueous media (e.g., polycyclic

aromatic hydrocarbons). The second class, which responds
to the frameshift mutant TA98, requires metabolic activation
and can be recovered from water by adsorption on polyure-
thane foam. They are probably high molecular weight, non-
polar compounds, since they fail to exhibit mutagenicity in
the spot test and when incorporated in the bottom agar.

Several possible events may account for increased muta-
genesis in water after distribution. Mutagenic compounds
could be leached from the interior surface of municipal water
tanks and pipelines, which are frequently coated with coal tar,
a mixture containing proven animal carcinogens. Addition of
polar compounds is unlikely by this mechanism because of the
expected rapid depletion of such compounds. Efforts to link
the mutagenic responses reported here to the nature of the
coating within the pipes in each distribution system were
unsuccessful because only incomplete information could be
obtained on the coating practices employed. Synthesis of
mutagens during water distribution as a result of chemical
reaction, e.g., reaction of residual chlorine with organics, ox-
idation, etc., or microbial action may also be possible, It is
conceivable that distribution pipe walls may support microbial
growth and these microorganisms may convert inactive
chemicals into mutagens and/or synthesize new mutagens.
Synthesis of some strong mutagens by microbial action has
been noted in other environments (8).
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B Using ESCA (electron spectroscopy for chemical analysis)
and atomic absorption spectroscopy as analytical techniques,
we show that naturally occurring sulfides are excellent ad-
sorbers for aqueous solutions of Hg2* and Hg?. The Hg con-
centration in chlor-alkali effluent can be decreased dramati-
cally to less than 100 ppt.

Mercury pollution of natural waters by man’s activities
(1-3) has created severe problems in many countries of the
world. It has been estimated that the land-derived flux of
mercury to the oceans is four times the preman level (4). In
addition, an increased use of coal and geothermal steam for
electrical generation will, without further abatement mea-
sures, increase mercury (and other heavy metal) contamina-
tion of the atmosphere and hydrosphere. Of particular recent
ecological concern has been the mercury pollution from in-
dustrial plants and their associated dump sites (2).

Although mercury losses from these plants have been re-
duced greatly in the last decade (5,6), economical and efficient
methods must be devised to decrease further losses to the
environment. Because the solid-solution adsorption reaction
is known to control many heavy ion concentrations in the
environment, we looked for a common economical mineral to
adsorb Hg from such industrial waste. Pyrrhotite (FeS) and
pyrite (FeSy) ores seemed ideal candidates for a number of
reasons. Mercuric ions have a large affinity for sulfide, as ev-
idenced by the solubility product for HgS and a preliminary
adsorption study on heated pyrite (7). Iron sulfides are com-
mon and economical minerals to mine throughout the world
and are usually quite accessible in localities where mercury
contamination is dominant. For example, most massive sulfide
mining operations (Pb, Zn, Cu) separate and discard huge
amounts (thousands of tons) of iron sulfides yearly. Iron sul-
fide and its oxidation products should pose little pollution
threat if dumped into contaminated waterways. If mercury
exchanges for surface lattices sites, the displaced iron and/or
sulfur is precipitated by natural processes.

Three separate sets of adsorption experiments have been
carried out. In the first two experiments, 0.1 to 1.0 g of pow-
dered (<200 mesh) pure Sudbury pyrrhotite or pyrite was
stirred in deionized distilled water in polypropylene or boro-
silicate beakers for approximately 2 h to obtain equilibrium.
The pH was adjusted to between 4 and 9. Solutions of HgCly
were added to the stirred FeS to give initial Hg concentrations
between 1 and 200 ppm in a first study and 20 and 100 ppb in
a second study. In the second study, large concentrations of
Cl~ were added to simulate chlor-alkali waste. At selected
times, 10-mL aliquots were removed and centrifuged to re-
move any iron sulfide powder. The samples were then ana-
lyzed for mercury by cold vapor chemical (8) or graphite fur-
nace flameless atomic absorption methods (9).

To show the great utility of the ESCA technique for
studying metal sorption on solids directly, and to study further
the effect of chloride ion concentration, a third set of experi-
ments was performed. High grade pyrrhotite and pyrite ores
were cut into small pieces with a 1-cm? surface and then
ground and polished. Each sulfide plate was washed thor-
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oughly in acetone and deionized distilled water and air-dried
prior to ESCA (XPS) analysis for surface trace impurities of
silica (SiOy), mercury, chlorine, etc. A review of this ESCA
technique has been previously published (10-12). The theory
of ESCA and its recent applications in surface analysis have
been critically reviewed by Hercules (13-15). These plates
were then placed in 500 mL of various concentrations of
merecuric chloride or elemental mercury (Hg?) at pH 4-7. After
a specific time in solution, each plate was carefully removed
from its reaction solution and dipped five times in fresh
deionized water to remove unadsorbed, adhering Hg ions (10,
16). Each plate was then air-dried and analyzed using the
ESCA technique for the following elements: Hg, Cl, S, Fe, C,
and O.

The data for the mercuric ion uptake in the first experiment
are summarized in Figure 1. The data indicate an adsorption
process, as the mercury loss from solution is proportional to
the weight of powdered FeS and the initial mercury ion con-
centration. The Langmuir adsorption expression (17) was
used to determine the maximum adsorption capacity (X,
3.55 X 10~2 mol of Hg/mol of FeS) and the adsorption con-
stant (b, 6.05 X 10%) for the FeS powder. The equilibrium re-
sults fit well to the Langmuir adsorption equation and ad-
sorption isotherm. The good linear fit to the Langmuir
equation indicates a sorption process proportional to sorbent
surface area and sorbate concentration at constant pH.

Table I summarizes the Hg uptake at much lower Hg con-
tents for both Hg2* and Hg? with FeS and FeS,. These results
are notable for two reasons. Firstly, with the exception of Hg?®
on FeS, over 95% of the Hg is removed from solution in all
cases. Secondly, the adsorption is not decreased by the chlo-
ride ion concentration. This result contrasts with previous
studies involving the removal of mercury from solution by
other materials where increasingly greater Cl~ content re-
duced the mercury adsorption from solution (18).

The ESCA results using both pyrrhotite and pyrite plates,
at a solution pH of ~4 (HgCly? species dominant) and variable
sodium chloride content (0, 100, 1000 ppm), are shown in
Tables II and IIL. These results show that for each initial
mercuric ion concentration and constant time of reaction, the
sorption rate of mercury increased with increasing chloride
concentration, especially at low initial Hg concentrations.
Mercury sorption rates on iron sulfide minerals thus do not
follow a simple cation hydrolysis relationship as previously
suggested for oxides (19). The highest Hg intensities corre-
spond to near monolayer coverage. In the ESCA studies, little
chloride and no sodium ions were detectable, although the
initial solution concentration of NaCl was as large as 1000
ppm. This indicates that the mercury sorption is highly spe-
cific.

A sulfide plate studied at pH ~7 (Table II) produced a
much lower sorption rate with respect to the results at pH ~4.
This again indicates the pH influence upon sorption rates (see
also Table I). It was also found that pyrrhotite sorbed much
larger weights of mercury ions than pyrite, assuming equiva-
lent initial mercury, sodium, and chloride ion concentrations.
Thus, surface lattice sites and solubility differences are im-
portant sorption reaction parameters.
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Table I. Results of Hg?* and Hg® Adsorption by 1-g Iron Sulfide Minerals

[Hg]
initial,
Hg species and mineral type?2 pH ppb
A. Hg?*-FeS 44 20
6.5 20
9.8 20
46 20
7.0 20
9.7 20
44 100
6.5 100
9.5 100
4.6 100
6.7 100
B. Hg%-FeS 45 30
-FeS, 45 30
C. chlor-alkali plant waste-FeS
CA 1 55 2000
4.4¢ 2000
CA 2¢ 6.2 5
4.4c¢ 5

lci| [Hg] % Hg
initial, final, reduction
ppm ppb in solution

0 0.14 99.3

0 0.35 98.3

0 1.00 95.0

100 0.12 99.4

100 0.40 98.0

100 0.45 97.8

0 0.57 99.4

0 15 98.5

0 4.30 95.7

100 0.60 99.4

100 1.3 98.4

0 5.1 83.0

0 0.10 99.7

>1000 60 97.0

>1000 40 98.0

<100 0.10 98.0

<100 0.05 99.0

2 100 mL of solution shaken for 1 h, and then allowed to settle 1 h before analysis of the supernatant. ® Nontreated chlor-alkali processing water. € pH adjusted

by dropwise addition of 1 M HCI. ¢ Treated chlor-alkali processing water.

Table ll. ESCA Study of Mercury Adsorption on Iron Sulfides; Variation with Chloride Concentration

mineral solution
init Hg concn, ppm 2 type b PH
A. Hg?* reactions
0.02 FeS 4
0.10 FeS 4
FeS 4
FeS 4
FeS 7
1.0 FeS 4
FeS 4
0.02 FeS, 4
0.10 FeS, 4
B. Hg-H,0 equilibrium reactions
0.03 FeS 5.7
FeS, 5.7
FeS, 5.7
C.Hg° FeS
FESQ

Hg 4f peak area

react. intensity (X 10%) @ 5

time, init chloride concn, ppm

min ¢ 0 100 1000

1440 3.6 29.4 38.7

5 0.42 0.47

60 0.82 212 7.30

1440 30.6 56.9 69.5

1440 23 6.0 23
60 53.0 43.8 38.2

1440 40.6 40.6 52.4

1440 1.0 74 9.4

1440 14.00 10.0

2880 2.54

5760 18.6

5760 16.0

2880 313

5760 32.8

2500 mL of Hg solution used.  Cut pyrrhotite or pyrite ore. ¢ Mineral plates dipped five times in fresh water to remove Hg solution. ¢ Peak area intensity for

50 scans of Hg 4f.

Several pyrrhotite and pyrite plates reacted in elemental
mercury (Hg®) and in elemental mercury in water (Table IT)
were also studied by ESCA for sorption rates; pyrite appears
to be a superior adsorber for Hg®. An earlier study of Hg®
solubility in water at 22 °C indicated an equilibrium mercury
content of ~25 ppb (20). It is apparent that iron sulfide min-
erals concentrate mercury ions and atoms from extremely
dilute mercury solutions, efficiently and specifically.

Process water samples (CA1 and CA2) were collected at a
large chlor-alkali plant in Canada, and Hg adsorption was
studied using both iron sulfide powder and plates. The ad-

sorption results (Tables IC and III) are consistent with those
using our prepared mercury solutions. The ESCA results
(Table III) indicate that a significant amount of mercury in
the 500-mL 5-ppb solution is removed, and the powder results
(Table IC) show that this Hg content is reduced to <0.1 ppb.
The ESCA results again indicate that the sorption rate in-
creases with decreasing pH.

Some recent studies on mercury in fish in Quebec indicate
that the natural existence of sulfide minerals, such as pyrite
and pyrrhotite, may be a factor in reducing the availability of
mercury to biota in otherwise sensitive areas. In contrast to

Volume 13, Number 9, September 1979 1143



pH~4-0,22°C
Initial Hg%'soln 100 mg

_—— o 30 mg
80 s B . 5mg
e 0-5mg
60
£}
E
R
§40
?
. ———
3 //
P .
g 20 /
I
<]

025 050 075 10
(Sorbent) wt FeS (gms)

Figure 1. Mercuric ion adsorption on powdered FeS in 500 mL of so-
lution. The time of reaction in each case is 30 min

Table lil. ESCA Study of Mercury Sorption by Iron
Sulfides from Chlor-Alkali Processing Waters

chlor-alkali reaction peak area
processing iron sulfide time, intensity
solution type 2 ore ® he Hg 41 (X10%) d
1. CA 1 (pH ~5.5) FeS 1.0 1.1
240 3.0
48.0 6.9
CA 12 (pH ~4.0) FeS 4.0 nil
240 4.5
48.0 27.5
FeS, 24.0 7.0
2. CA 2 (pH~8.2) FeS 6.0 0.83
240 2.10
CA 2¢ (pH ~4.0) FeS 4.0 27.3
24.0 71
48.0 19.3
FeS; 24.0 27

2 As per Table II. © As per Table Il. © As per Table Il. ¢ As per Table II. ¢ pH
adjusted by dropwise addition of 1 M HCI.

accepted theory, the mercury concentration in fish (21) was
lowest in regions unaffected by point sources with the highest
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sediment mercury concentrations. This supposed anomaly
can be explained by the presence of relatively high concen-
trations of sulfide minerals in the regions with the highest
sediment mercury concentrations.

Our results of mercury adsorption on iron sulfides indicate
the potential use in eliminating both mercuric ions and ele-
mental mercury atoms from polluted natural waters, indus-
trial waste, and process waters. The observed residual solution
values compare to levels in ocean water (~5 ppt) and rain (~1
ppt) (22). A more detailed investigation involving the most
efficient design of a pilot plant and related chemical param-
eters to best use iron sulfide ore is in progress.
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NOTES

An Experimental Evaluation of Atmospheric Nitrosamine Formation

William A. Glasson

Environmental Science Department, General Motors Research Laboratories, Warren, Mich. 48090

B It has been suggested that carcinogenic nitrosamines can
be formed in the atmosphere from ambient NO, and amines.
A long-path infrared study of the reaction of dimethylamine,
NO, and NO, has been carried out at various parts per million
levels of the reactants to test this suggestion. It was found that
low concentrations of dimethylnitrosamine were formed at
rates independent of the amine concentration. Further ex-
periments showed that the amine was adsorbed on the cell
walls and that nitrosamine formation was probably proceeding
heterogeneously. Using the data of this investigation and the
results of a recent EPA study, it was shown that homogeneous
nitrosamine formation in the atmosphere should not pose a
significant health hazard, although further work will be re-
quired to establish whether nitrosamine formation on aerosol
surfaces could result in a significant health risk.

The discovery of the suspected carcinogen (1) dimethyl-
nitrosamine (NDMA) in the atmosphere in several areas of
the U.S. (2) has led to concern that the reaction of ambient
NO, with amines to form nitrosamines could pose a health
hazard. Although it was shown that airborne NDMA was due
to local chemical manufacturing processes in some of these
areas, it has been suggested that automotive NO, emissions
should be reduced to minimize this possible health hazard (3).
A recent survey of several areas of the U.S. (4) found nitro-
samine in only one location. The level found was about 0.1
ppb. The Environmental Protection Agency (EPA) has
studied the reaction of NO, and dimethylamine in air (5).
They found that NDMA does form, but that the rate of the
reaction based on amine disappearance was too slow to be of
importance in the atmosphere, considering the fact that
NDMA rapidly photolyzes in sunlight. The EPA study was
repeated in the present work to verify their conclusions about
atmospheric NDMA formation.

Experimental

The study was carried out in a long-path infrared cell (6)
(3-m base path, 614-L multiple-reflection stainless steel) at
a temperature of 35 °C and a total pressure of 760 Torr. Di-
methylamine was an Eastman Kodak product, and di-
methylnitrosamine was a product of Chemical Procurement
Laboratories. Nitric oxide was a Matheson product, while
nitrogen dioxide was prepared on the vacuum line by the
thermal oxidation of nitric oxide. The concentrations of
NDMA and dimethylamine were determined by measuring
their infrared absorptions at 9.9 and 8.7 um, respectively.

Results and Discussion

Various mixtures of dimethylamine (DMA), NO, and NO,
were reacted in the dark. The disappearance of dimethylamine
and the formation of dimethylnitrosamine were studied. The
results are given in Table I.

In every experiment, NDMA was observed in substantially
smaller amounts than the amount of dimethylamine lost. The
NDMA formed amounted to an average of 6.3% of the lost
amine in dry air and 7.3% in the presence of 2200 ppm of
added H20. Examination of the corresponding concentration
vs. time plots provides further insight into the chemistry of
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Table I. Reaction of Dimethylamine, NO, and NO, in
Air2

[DMAlo, [NOJo. INO2Jo, [DMAJ? loss, [NDMA],
ppm ppm ppm ppm ppm
4.8 2.0 1.2 1.99 0.15
13.5 2.0 1.9 3.91 0.23
7.2 21 2.0 5.90 0.38
3.7 2.0 2.0 2.91 0.15
5.1¢ 241 2.0 1.75 0.15
7.5¢ 20 1.9 5.45 0.20
4.0° 2.0 2.0 2.70 0.26

2 Reactions carried out in the dark at 35 °C and 760 Torr total pressure for
100 to 400 min in cylinder air. * Refers to DMA that disappeared from the gas
phase. ©Experiments carried out in the presence of 2200 ppm of added
Hy0.
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Figure 1. Reaction of dimethylamine with nitrogen oxides: (O) di-
methylamine; (®) dimethylnitrosamine

NDMA formation in these systems. A typical plot is given in
Figure 1. After an induction period of about 40 min, NDMA
formation proceeds at a constant rate for the remainder of the
reaction period, while the amine concentration decreases by
about 80%. This behavior is inconsistent with that of a ho-
mogeneous gas-phase reaction. Rather, the data in Figure 1
are consistent with a mechanism involving adsorption of the
amine on the cell walls, followed by NDMA formation and
subsequent desorption. It was verified that dimethylamine
adsorbs on the cell surfaces by carrying out a control experi-
ment. The amine (10.2 ppm) was added to the cell, and the
same rate constant for amine disappearance was observed
independent of the presence or absence of added NO,. Thus,
the amine adsorbs on the cell wall and then probably reacts
with nitrous acid, formed from NO and NO; dissolved in the
water layer at the surface (adsorbed from trace amounts of
H40 in the cylinder Ny and Oy), according to Reaction 1:

HNO; + (CH3)oNH — (CHj3),NNO + H,0 (1)

The nitrosamine then desorbs from the wall into the gas phase
where it is detected. The constant rate of NDMA formation
would then correspond to the rate of desorption. The “miss-
ing” amine undoubtedly is adsorbed on the walls either as the
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amine, NDMA, or other (unknown) products.

Grossly, the results of this investigation agree with those
of the recent EPA study (5). In that study, dimethylamine
disappeared from the system while NDMA was formed. The
EPA investigators did not calibrate their system for NDMA,
but merely assumed that one molecule of NDMA was formed
for every molecule of amine that disappeared. They did not
investigate the possibility of heterogeneous reactions. The
conclusion of their study stated that the rate of homogeneous
NDMA formation in the atmosphere was insignificant, based
on their rate data. Since the results of the present study have
shown that NDMA formation occurs at only 6 to 7% of the rate
of amine disappearance, these results not only support this
conclusion, but also strengthen it.

It is possible that nitrosamine formation could occur on the
surface of airborne particulate matter, since the heterogeneous
nature of the reaction has been demonstrated in the present
study. In general, the low levels of atmospheric amines would
tend to militate against this possibility. In local areas of high
atmospheric amine content (sewage disposal plants, stock-
yards, etc.), this possibility cannot be completely disregarded.
However, the results of a recent study (7) have shown negli-
gible quantities of NDMA in the atmosphere of a sewage-
treatment plant near Baltimore, Md.
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Organochlorine Insecticide Residues in Deep Sea Fish from

2500 m in the Atlantic Ocean

Richard T. Barber*
Duke University Marine Laboratory, Beaufort, N.C. 28516
Stanley M. Warlen

National Oceanic and Atmospheric Administration, National Marine Fisheries Service,

Southeast Fisheries Center, Beaufort, N.C. 28516

m Eleven organochlorine insecticide residues were measured
in the livers of Antimora rostrata, a deep sea fish collected
from 2500 m in 1972, 1973, and 1974 off the east coast of the
United States. Compounds present were p,p’-DDE, p,p’-
DDD, p,p’-DDT, o,p’-DDT, and dieldrin, while six com-
pounds were not detectable. The ratio of p,p’-DDT to p,p’-
DDE decreased from 2.17 in 1972 to 1.00 in 1974. The mean
concentration of total DDT residues in the fish livers for the
entire period was 7.06 mg/wet kg, similar in magnitude to the
concentration of DDT residues found in lipid-rich livers of
Atlantic cod (Gadus morhua) from shallow waters of the At-
lantic coast of Canada.

Organochlorine insecticide residues have spread over the
face of the globe to the extent that they are detectable in the
biota of both poles. Initial analyses of one deep ocean fish by
Teal (1) and a few by Meith-Avcin et al. (2) reveal that the
lipid-rich deep sea fish have detectable concentrations of some
organochlorine compounds. A 1971 National Academy of
Sciences report entitled “Chlorinated Hydrocarbons in the
Marine Environment” (3) predicted that 25% of all the orga-
nochlorine material produced would eventually enter the
ocean; in the same year, Woodwell et al. (4) presented a global
flux model that predicted the organochlorine concentrations
in the atmosphere, ocean, and sediments through the end of
this century. The Woodwell model (4) is now recognized as
having some incorrect assumptions because of the limited data
available at that time, and modified predictions have been
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made by Bidleman et al. (5) and others using recent data. One
theme of the NAS report and the Woodwell model (£) is that
the deep ocean sediment will be the major final accumulation
site of the organochlorine compounds that enter the atmo-
sphere. The proportion of the total material that will reach
this reservoir and the rate of degradation in seawater and
sediments remain in doubt, but the importance of the deep
ocean sediments as the final reservoir seems undisputed
(5-7).

Species of bathydemersal fish such as Antimora rostrata
are permanent residents of great depths, and they feed by
rooting in the sediment for infaunal animals (8) and cropping
epifaunal animals. These fish are exceptionally rich in lipids;
the livers of Antimora rostrata are 85% lipid on a dry weight
basis (7). Organochlorine compounds in the prey and in the
sediment ingested along with prey would be partitioned into
the lipid fraction of these long-lived and slowly metabolizing
fish. Antimora rostrata is found throughout the world’s
oceans at depths of 1000 to 3000 m (9-11), and at greater
depths other species with similar lipid content and feeding
habits are present. The final accumulation of organochlorine
residues in deep ocean sediments and the properties of the fish
living there suggest that the lipids of deep sea fish may be a
reservoir that should be specifically considered in organo-
chlorine flux models. This note reports the concentration of
organochlorine insecticide residues in Antimora rostrata
collected from a single location on 3 successive years to doc-
ument the insecticide levels present in this species of deep sea
fish.
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Experimental Procedures

The fish analyzed for this study were collected in July of
1972, 1973, and 1974 from a depth of 2500 m off the east coast
of the United States. The collection site was 34°18.2’N and
75°32.6'W, which is beneath the mean axis of the Gulf Stream
and on the upper continental rise about 50 km southeast of
Cape Hatteras. The fish were collected by a standard otter
trawl net; the net tows lasted 2 h and covered a distance over
the bottom of 4 to 10 km. As the trawl was brought on board,
the cod end of the net was prevented from touching the ves-
sel’s side or deck and the contents of the cod end were dumped
into enamel pans. The fish were sorted and each one was fro-
zen in aluminum foil at —80 °C in an ultralow temperature
freezer.

In the laboratory the livers were dissected out and a 20 to
30 g piece was prepared for extraction according to the pro-
cedure given in Duke and Wilson (12). The tissue was ex-
tracted for 4 h with hexane in a Soxhlet apparatus. Extracts
were concentrated and partitioned with acetonitrile. The
acetonitrile was evaporated to dryness at 38 °C, and the
residues were eluted from a Florisil column. The 6% ethyl
ether in petroleum ether eluate was analyzed for aldrin,
p,p’-DDD, p,p’-DDE, o,p’-DDT, p,p’-DDT, heptachlor,
heptachlor epoxide, lindane, and mirex, while the 15% ethyl
ether in petroleum ether eluate was analyzed for dieldrin and
endrin. Residues were identified and quantified from elec-
tron-capture gas-liquid chromatograms. Most analyses were
done using a column of DC-200. A second column of mixed
QF-1 and SE-30 was used to confirm the identification of
dieldrin and p,p’-DDD. Pesticide extraction p values were
used for residue identity confirmation as suggested by Bow-
man and Beroza (13). Additional confirmation of residues and
analysis of PCB compounds were obtained from subsamples
of two livers of the same Antimora rostrata analyzed by R. W.
Risebrough, Bodega Marine Laboratory.

Operating conditions for the Varian Aerograph gas chro-
matograph, Model 2840, were as follows—columns: 1.8 m X
6.4 mm o.d. (2mm i.d.), Pyrex glass, packed with 3% DC-200
and a 1:1 ratio of 6% QF-1 and 4% SE-30 all on 60/80 mesh
Gas-Chrom Q; temperature: injector and detector, 210 °C;
oven, 180 °C; carrier gas: prepurified nitrogen at a flow rate
of 60 mL/min.

The lower limit of detectability for the residues in the fish
livers was 0.01 mg/wet kg. Recovery rates were determined to
be greater than 85% for all the residues found in the livers, but
the data reported here do not include a correction for percent
recovery.

Results and Discussion

Six compounds (aldrin, heptachlor, lindane, endrin, hep-
tachlor epoxide, and mirex) were not detected in the Antimora
rostrata livers. The concentrations of the five compounds that
were detected are given in Table I.

Relatively large proportions of undegraded p,p’-DDT and
0,p’-DDT were present in the Antimora rostrata livers in
1972, indicating that thesé compounds were relatively rapidly
transported to the benthic environment. Since Antimora
rostrata does not occupy depths shallower than 500 m, the
residues present in these fish must have been transported to
depth before accumulation in fish. Giam et al. (14, 15) re-
ported that in coastal fish from the Gulf of Mexico the ratio
of p,p’-DDT to p,p’-DDE decreased from 2.8 in 1971 to 0.16
in 1974. The decrease in this ratio was interpreted by Giam
et al. to indicate that the supply of undegraded p,p’-DDT was
reduced between 1971 and 1974, but that continual degrada-
tion in the marine environment occurred. In the deep sea
Antimora rostrata, the ratio of p,p’-DDT to p,p’-DDE was
2.17 in 1972 and decreased to 1.00 in 1974.

Table I. Organochlorine Insecticide Residues in mg/
Wet kg in Antimora rostrata Livers

specimen no. p,p’-DDE p,p’-DDD p,p’-DDT o0,p"-DDT ZDDT dieldrin

1972
30 1.98 0.77 4.54 0.24 7.53 0.03
31 0.69 0.35 1.76 0.13 293 0.02
32 1.56 0.67 2.81 0.29 533 0.01
33 1.58 0.69 3.48 0.18 593 0.01
X 1.45 0.62 3.15 0.21 543 0.02
s 0.54 0.19 117 0.07 191  0.01

1973
404 1.14 0.35 1.46 0.12 3.07 0.01
405 0.55 0.21 0.79 0.07 162 0.01
407 3.28 0.65 2.61 0.20 6.74 0.03
X 1.66 0.40 1.62 0.13 381 0.02
s 1.44 0.22 0.92 0.07 263 0.01

1974
400 0.58 0.27 1.34 0.13 232  0.01
402 2,53 0.72 2.70 0.21 6.16 0.03
403 12.45 2.48 11.58 0.80 2731 0.01
X 5.19 1.16 5.21 038 1193 0.02
s 6.37 117 5.56 037 13.46 0.01

There is very little information for direct comparison with
our Antimora rostrata data, since few deep ocean organisms
have been analyzed for pesticide residues. Teal (1) reported
a concentration of 1.13 mg/wet kg of p,p’-DDE in a rattail fish,
Nematonurus armaturus, collected from 5500 m in the
western North Atlantic at 25°N latitude and 62°W longitude
in 1974. This concentration is similar to the range of p,p’-DDE
concentrations, 1.45 to 5.19 mg/wet kg, measured in Antimora
rostrata from 2500 m.

The PCB concentrations in the Antimora livers were ana-
lyzed by Risebrough et al. (7); the livers contained about 1/3
as much PCB as total DDT (DDE + DDD + DDT); the PCB
concentrations were 3.8 to 12.5 ug/lipid g. We do not believe
that the presence of the lower levels of PCB in our Antimora
samples significantly interfered with the quantitation of the
insecticide residues. Duke and Wilson (12) did not find PCBs
to interfere with their quantitation of DDT and its metabolites
in fish livers. Also, Sims et al. (16) found that ZDDT analyses
of cod fish tissues that had included compensation for the
presence of PCBs gave results that were an average of 26%
lower than analyses of aliquot samples not compensated for
PCBs.

Organochlorine residues in cod livers from the Atlantic
coast of Canada determined by Sims et al. (16, 17) had a mean
concentration of total DDT residues of 5.6 mg/wet kg com-
pared with the mean concentration in the livers of Antimora
rostrata of 7.05 mg/wet kg. The similarity of the mean con-
centrations is striking, since the cod inhabit relatively shallow
continental shelf waters. In the cod livers analyzed by Sims
et al. (16, 17), there were increases in residues in fish that were
collected from waters near large population centers such as
Halifax, Nova Scotia. It would be possible to collect Antimora
rostrata from 2500 m at various sites along the continental
margin of the east coast of North America to determine
whether or not population centers such as New York were
affecting the concentration of residues in the fish on the ad-
jacent deep sea. We predict that an elevation associated with
population centers would not be detectable because strong
horizontal dispersion of residue concentrations by the currents
that parallel isobaths and sweep the continental margin (18)
would eliminate such horizontal heterogeneity along the coast.
The amount of information available on the insecticide resi-
due content of bathydemersal fish is meager; only 11 indi-
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vidual deep sea fish have been analyzed. In view of the im-
portance assigned to deep sea sediments as the final accu-
mulation site of these compounds, the lipid-rich fish that live
in close association with those sediments merit attention.
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CORRESPONDENCE

SIR: In your February issue, C. Chakoumakos, R. C. Russo,
and R. V. Thurston present 96-h LCs acute copper toxicity
data for “Cutthroat Trout (Salmo clarki) undet Different
Conditions of Alkalinity, pH, and Hardness” under nine
combinations of these parameters (ES&T, 13, 213-9 (1979)).
Data of this type are of great interest because they are cited
by the EPA in regulatory actions, standards and guidelines,
and environmental risk classification of chemicals. However,
there are enormous differences between the effects of copper
and other essential trace metals observed in these tests and
those on aquatic life in the real environment.

The reason for such differences may be found in the con-
ditions of the experiment, which are not designed to replicate
anything in nature nor to indicate the actual risk to the envi-
ronment, but are designed to place chemicals into neat and
tidy categories for regulatory administrative purposes. It must
be noted that, under the test conditions, the copper com-
pounds in the water are highly unstable and undergo reactions
of hydrolysis, association and precipitation. Specifically, in
these tests a strong solution of a copper salt is mixed contin-
uously with the water entering each experimental tank. The
mean holding time in each tank was only 5 h, during which
time from 8 to 22% of the copper was precipitated, according
to Table III. This table indicates that the percentage of copper
precipitated correlates poorly with alkalinity, hardness, or pH.
This seems to betray evidence of inadequate experimental
control.

Even overlooking this uncertainty, the practical application
of such data appears to be limited to a situation such as that
in a stream receiving a discharge of soluble copper. The tox-
icity data would then apply within a stream length repre-
senting the flow of water in 5 h. At points more remote from
the point source, there would be a further reduction of copper
concentration and a further change of speciation of the copper
accompanied by a reduction of toxicity.

Because of the instability of the copper species under the
experimental conditions of this study, the entire analysis of
metal speciation in this publication is suspect, as is the attri-
bution of degrees of toxicity to these species.
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There are published studies by competent investigators of
toxic effects of metals under natural environmental conditions
on numerous aquatic species. One wonders what purpose is
served by highly contrived test conditions that appear to be
favored by regulatory agencies. These place an undue onus on
minor discharges or spills that are, in fact, of little actual
consequence to the environment.

In conclusion, I would like to suggest that a possible reason
for the inability to control the rate of precipitation of copper
in these experiments may be the presence of uncontrolled
small amounts of suspended matter in the water. Suspended
particles behave as nuclei for precipitation. Suspended matter
is always present in natural waters and it greatly reduces the
toxic risk of copper to aquatic life.

S. B. Tuwiner
50 East 41st St.
New York, N.Y. 10017

SIR: Dr. Tuwiner appears to raise two points about the
subject paper. The first relates to a time factor required to
reach equilibrium and the transitory nature of that equilib-
rium in natural environments. Equilibrium for the copper
system studied was effectively attained far short of the tank
water residence time. We based our calculations on the total
soluble copper under the conditions specified.

His second point relates to oversimplifications of the
complexities of natural aquatic systems that result from
placing chemicals “into neat and tidy categories for regulatory
administrative purposes”. We believe Tuwiner is expressing
recognition of a point already illustrated in the subject
paper.

. C. Chakoumakos
Department of Chemistry
University of Maine at Farmington
Farmington, Maine 04938

Fisheries Bioassay Laboratory
Montana State University
Bozeman, Mont. 59717
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INDUSTRY TRENDS

Matthey Bishop, Inc. (Malvern, PA)
has dedicated its new $10 million
Catalyst Systems and Equipment Di-
vision facility.

Moore Systems, Inc. (San Jose, CA)
has shipped the second of three com-
puter systems to the Metropolitan
Water District of Southern Cali-
fornia.

Neptune AirPol Inc. (Englewood, NJ)
will furnish 4 venturi scrubbers to
pulp/paper mills; they will control
emissions and collect valuable salt cake
at the rate of 20 Ib/t of pulp pro-
cessed. ‘

Air Products and Chemicals, Inc. will
supply to Indianapolis, IN, the largest
U.S. wastewater disinfection system to
usc ozone to complement an OASES®
oxygen-activated  sludge system.
Startup is scheduled for 1981. Ca-
pacity is 6380 Ib/d of ozone.

Peabody International has acquired
Spunstrand, Inc. (Scattle, WA), a
manufacturer of filament-wound
ducting for the ventilation and mining
industrics.

Research-Cottrell’s Hamon Cooling
Tower Division will design/construct
a $1.4 million cooling tower for Colo-
nial Pipeline Co., near Atlanta, GA. It
will be a 3-cell, mechanical draft fa-
cility to cool 56 000 gpm.

Barnard and Burk, Inc. (Pasadena,
CA) and Energy Recovery Research
Group (Portland, OR) have embarked
on a project to convert scrap tires into
usable energy products, along with
other solid wastes. A proprictary py-
rolysis technique is the key.

Continental Controls & Equipment Co.,
Inc. (East Brunswick, NJ) has pur-
chased the Allith Liquid/Liquid Sep-
arator Division of Smith-Jones, Inc.,
and is marketing a separator that the
firm says meets EPA requirements.

General Resource Corp. (Hopkins,
MN) says that its Air Purification
Methods subsidiary has developed a
new, cnergy-cfficient dust filter. A
75% power requirement reduction,
with a 99.9% collection efficiency, is
claimed.

Peabody N.E. will be general con-
tractor for the Taunton, MA, water
treatment plant; contract value is
nearly $6.3 million. Capacity will be
12 million gpd of drinking water.

Scientific Systems Services, Inc. (SSS)
has purchased land near Mclbourne,
FL, todesign, develop, make, and test
computer software systems for pollu-
tion control and other applications.

Chem-Nuclear Systems, Inc. (Bellevue,
WA) has a $1.8 million contract to
work on a process to purify contami-
nated water in the containment
building of Three Mile Island (PA)
Unit 2.

Mitsubishi Heavy Industries, Ltd.
(Japan) will provide incineration fa-
cilities and a stcam turbine generator
to the Yokohama Municipal Govern-
ment; the steam will deliver 11 500 kW
of power.

Versar, Inc. (Springficld, VA) has
formed the Environmental Planning
Division out of what was its former
wholly owned subsidiary, EnviroPlan,
Inc.

Analytical Bio Chemistry Laborato-
ries, Inc. (Columbia, MO) is offering
services in contract aquatic toxicology
and other related ficlds.

Dames & Moore (Toronto, Canada)
developed criteria to be used in se-
lecting sites for fossil and nuclear
power plants, for the Canadian Dept.
of Environment.

Fnvironmental Testing Services, Inc.
(Roanoke, VA), a firm specializing in
SO» removal and fabric filter consul-
tation, has been purchased by John
McKenna and Gary Greiner, and will
continue activitics as before.

The Atomic Industrial Forum ( Wash-
ington, DC) warned that, without nu-
clear power, the gasoline lines of mid-
1979 could have been much worse, and
said that nuclear “displaced™ needs for
470 million bbl of oil for last year.

Clevepak Corp. (White Plains, NY)
has changed the name of its wastewa-
ter acration system manufacturing
unit to Acrocleve Division.
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A new water sampler
for toxic substances.

The new Model 2100 Sampler
has been specifically designed for
sampling all types of effluent for
priority pollutants, but is equally
well suited for general applica-
tions. Samples are collected in
individual glass bottles and do not
contact any substance that can
contribute to the background.
Sampling is accomplished by the
use of a high speed peristaltic
pump. There are no cumbersome
metering chambers or valving sys-
tems to clean or cause cross-
contamination.

The Model 2100 Sequential
Sampler features microprocessor-
based electronics that provide a
new dimension in programming
versatility. Any sample volume
from 10 to 350 ml can be collected
on a timed or flow proportioned
basis, at heads to 22 feet and line
lengths over 44 feet.

For details on the Model 2100
and all its other features, send for
a descriptive brochure or phone

toll free: [800] 228-4373

(continental U.S.A. except Ne-
braska). 1SCO, 3621 N.W. 36th
Street, Lincoln, NE 68524.

ISCO

Water monitoring instrumentation

See us in Booth 719 at WPCF
CIRCLE 4 ON READER SERVICE CARD
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Biospherics Inc. (Rockville, MD) has
cxpanded its laboratory services to
provide aquatic toxicology testing for
industrial clients, crediting EPA
guidelines with the need for such ex-
pansion.

Olin Corp. (Stamford, CT) will in-
crease its capacity to produce HTH®
dry chlorinator swimming pool
chemicals by 45 million 1b/y, in a $40
million plant expansion at Charleston,
TN.

Vestal Laboratories (St. Louis, MO)
says that there is a commercially
available cooling tower additive, which
is known as Ty-lon® A-35, that effec-
tively kills the bacteria that are sup-
posed to cause Legionnaires Discase.

The Syracuse Research Corp. (Syra-
cuse, NY) has received a 3-year,
$300 000 grant from the National In-
stitutes of Health to study the fate and
action of dichlorobenzidine in mam-
mals.

Southern California Edison Co. and
Riverside Cement Co. have agreed on
a power cogeneration project that
should eventually save the equivalent
of 197 600 bbl/y of imported oil.

From the solar energy industry, 20
companies have submitted proposals
to the Solar Energy Research Institute
(Golden, CO) to build the world’s
largest photovoltaic power system for
two small villages in Saudi Arabia.

Aeroglide Corp. (Raleigh, NC) has
installed the first industrial drier spe-
cifically adapted for the drying of
green sawdust and whole tree chips as
an economical fuel.

Research-Cottrell has a $15 million
contract to design/engineer/fabri-
cate/construct the largest fdbric filter
system purchased in the U.S. to
date—ncarly 13000 bags—for
Houston Lighting and Power Co.

LFE Environmental Analysis Labora-
tories (Richmond, CA) has an EPA
qualification to analyze bulk asbestos
samples for school districts in the
uUsS.

Stone & Webster Engineering Corp.
(Boston, MA) will design/build a fa-
cility that will allow Great Northern
Paper Co. (East Millinocket, ME) to
burn bark and other waste products
and save more than 400 000 bbl/y of
oil.

Brown and Caldwell Consulting Engi-
neers has designed a $12.5 million ex-
panded sludge handling project, which
has been accepted by the City of
Portland, OR.

Flakt, Inc. and Flakt Canada Ltd. have
five contracts for a unique pneumatic
dense-phase ash and dust conveying
system (DEPAC); total value is $3
million. They will be used at power
plants.

Chicago Bridge & Iron Co. (Oak
Brook, IL) will purchase the Envi-
ronmental Equipment Corp. (Austin,
MN). Terms were not disclosed.

Apollo Technologies Inc. is the new
name for Apollo Chemical Corp. The
company is headquartered at Whip-
pany, N.J.

Gilbert/Commonwealth (Jackson, MI)
will conduct energy studies, for the
Dept. of Energy, at gaseous diffusion
plants located at Portsmouth, OH, and
Paducah, KY.

Environmental Data Corp. (Monrovia,
CA) has become a wholly owned sub-
sidiary of Thermo Electron Corp.
(Waltham, MA).

-

*Trademark Technicon Corp.

The cAuto Analyzer® )
is the standard

and cALPKEM
rebuilds the standard.

% Rebuilt AutoAnalyzer instruments
% Full line of accessories & supplies
sk Applications Engineering

cALPKEM Corporation

14625 S.E. 82nd Dr., Clackamas, OR 97015
503-657-3010 or 800-547-6275

Microscopic
Proof

Coagulant
Dosage Control

Our Zeta Potential approach
helps you establish the most
effective coagulant dose at
minimum chemical cost.
Ask for bulletin AM761.

ZETA-METER, INC.

1720 FIRST AVENUE, NEW YORK,N.Y.10028
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Opacity monitor plus

The plus is a combination sensor-
blower weather cover designed for
outdoor mounting in the most severe
industrial environments. The model,
number 1100, is designed to meet
current applicable state and federal
requirements. It can monitor opacity
from several different types of emission
sources: industrial boilers, baghouses,
electrostatic precipitators, and incin-
erators. Dynatron 101

MS for VC processing

This mass spectrometer package is
designed for continuous monitoring
and rapid analysis of vinyl chloride
monomer in the atmosphere. It is able
to tolerate the harsh environmental
conditions encountered in petro-
chemical plants. CVC Products 102

Sequential event recorder

The recorder is able to monitor up to
60 alarm signals emanating from dry
contacts, series string contacts, or

voltage. DATAcap 103

Fuel oil viscometer
The viscometer increases burner effi-
ciency and contributes to compliance
with mandatory emission require-
ments. The unit can withstand vibra-
tion, temperatures to 300 °F, and
pressures to 200 psi. Output is a 4-20
mA signal, proportional to viscosity.
Brookfield Engineering Laboratories
104

Stack sampling train

The emission-parameter-analyzer
stack-sampling train permits the user
to sample industrial-and utility gas
streams at isokinetic rates both accu-
rately and simply, states the manu-
facturer. The system consists of a
control unit, sample unit, and pitobe
(probe) assembly. Andersen Sam-
plers 105

Ned)
PRODUCTS

Sample fraction collector

This new accessory to the company’s
liquid chromatographs permits the
user to collect automatically selected
fractions of samples for analysis.
Hewlett-Packard 106

T HYGROMETER

Dew-point hygrometer

This industrial model, System 1200A,
is portable and suitable for panel
mounting. Measurements are absolute,
and outputs are continuous. Typical
span is 80 to —40 °F at an ambient
temperature of 80 °F. It is designed for
applications where continuous readout
with good accuracy is required. Gen-
eral Eastern 107

Dust collectors

Three different sizes of downdraft
bench dust collectors for grinding,
buffing, assembly, and packaging op-
erations are nominally rated at 1600,
3200, and 4800 ft3 of air per min with
an air cleaning efficiency of 99+%.
American Air Filter 108

Tube settling system

Designed for a variety of industrial and
municipal applications, the heart of the
system, according to the manufactur-
er, is BIOdek 19060, material from
which trickling filters are made. The
cross-fluted design of the filter pro-
vides up to four times the equivalent
detention time of conventional sys-
tems. Munters 109

Companies interested in a listing in this
department should send their releases
directly to Environmental Science &
Technology. Attn: Products, 1155
16th St., N.W., Washington, D.C.
20036

Need more information about any
items? If so, just circle the appropriate
numbers on one of the reader service
cards bound into the back of this issue
and mail in the card. No stamp is
necessary.

Remote pH probes

The one-piece probe, which does not
require an outboard amplifier to
compensate for conventional signal
loss, is designed to provide accurate pH
readings regardless of probe-to-mon-
itor distance, cable age, ground, or
humidity and temperature effects.
McNab 110

Baghouse filter

This “quick-connect” filter bag is so
designed that clamps, studs, and
thimbles are not needed to fasten down
the bags in dust collectors. Installation
time is reduced by up to 80%. Bag-
house Accessories 111

Sludge blanket indicator

The unit gives quick and accurate
measurements of sludge depths, vol-
umes, and pockets in settling tanks or
ponds. The data generated can be used
to maintain a good sludge-manage-
ment program, especially in waste-
water treatment plants. KDO Com-
pany 112

Ozone monitor calibrator

The instrument is a UV photometric
ozone calibration system. It weighs less
than 35 1b, has an alphanumeric dis-
play of 16 characters, and an ex-
tremely stable ozone generator with a
variable output control. Columbia
Scientific Industries 113

Nitrate analyzer

This on-line instrument continuously
performs measurements of dissolved
nitrate in aqueous solutions. Features
include simple calibration, real-time
analysis, automatic standardization,
and adjustable high/low set points.
Delta Scientific Products 114
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Measuring open channel flows an
water levels is our business—what’s yours?

Whatever your business—you know it well or you wouldn't be in it.
We've been in the water measurement business for over 65 years.
Some of our customers have used the same original Stevens instru-
ment for over 50 of those years—our quality speaks for itself.

If you have a need to measure open bodies of water for sewage,
irrigation, stream gaging, or ground water studies—even in difficult
locations like manholes and small diameter wells—let us make your
business into our business. You could find it a satisfying way of
solving your water measurement problems.

' 3

Here are just some of our products:
Send for a catalog
of our complete line.

Model 61R

Total Flow Meter

For achart record Type F Recorder

and totalized Low cost unit for
volume of flows recording levels, flows
through flumes and many other

and weirs. moving elements.

| =y

Type A-71 Recorder
For long term (up to
6 months) unattended
recording of levels.

Simultanegus record-
ing of precipitation
or temperature
with level, plus
other features.

s 7000 Series
3 Digital Recorders
: Punched tape
Porcsan | ooy
enameil'edlvors! Z (ation.t’empera-
‘ sta 9§99| v ture, etc; optional *
or easy visual = «
:

reading of
water levels.

encoding modules |
for telemetering

& -:'°‘E applications.

Send today for FREE BULLETINS on Stevens instruments
STEVENS Water Resources Products
LEUPOLD & STEVENS, INC.

P.O. Box 688, Dept. U-51

Beaverton, Oregon 97005, USA

Telephone 503-646-9171, Telex 36-0683

CIRCLE 5 ON READER SERVICE CARD

1152 Environmental Science & Technology

Dust and fume collector

The cartridge filter unit is designed for
small and medium size applications. It
is well suited for fine dusts and light
dust loading applications, with 99.9+%
particle removal, the company claims.
Ammerman Co. 115

GC/MS

This benchtop gas chromatograph/
mass spectrometer features a direct
insertion probe, glass-lined jet sepa-
rator, digital temperature control of
seven areas, and a turbo-molecular
pump. Hewlett-Packard 116

Horizontal centrifugal sump pumps
Series 2400 pumps handle acids,
caustics, salts, solvents, and abrasive
slurries at capacities to 1000 gal/min,
heads to 180 ft, and temperatures to
300 °F. Vanton Pump & Equipment
117

Conductivity meter

The multirange conductivity meter
uses a microcircuit to achieve linearity,
and has a relative accuracy of 2% on
any of the four ranges measuring from
0.1-10 000 uQ. The metal-alloy elec-
trodes in the cell never need re-
plating. DMC Electronics 118

X-ray spectrograph

The portable unit comes equipped with
an attachment for easy handling of
powder and liquid samples to be ana-
lyzed. The attachment is especially
useful for rapid sample handling of
ores, slurries, and other industrial
sampling applications. Pitchford Sci-
entific Instruments/Hankison 119

Meteorological sensors

The Model 2001 transmuter features
a fivefold reduction in power require-
ments; voltage transient protection;
operation from —30 to +65 °C; and
ease of access to test points and ad-
justments, among others. Circuit
boards are available for wind speed
and direction, temperature and dif-
ferential temperature, and others.
Meteorology Research 120



High-density temperature monitors

The new thermocouple and RTD
temperature monitors arc capable of
monitoring from 6-30 points. The
units provide independent alarm and
shutdown functions and lincar digital
readout and incorporate three-channel
plug-in modules to provide high-den-
sity packaging. Rochester Instrument
Systems 121

Two-way, three-way solenoid valves

The valves arc designed for micropro-
cessor applications, and have power
levels of 0.02-1 W. They are designed
to handle vacuum and low-pressure
fluids. and gases of all types. Angar
Scientific 122

Rotary vacuum pump
The single-stage pump is suitable for
industrial rough vacuum applications
between 760 and 100 Torr. Busch
123
Gas sensing system
The unit is of modular design, suitable
for sensor location in hazardous arcas
with the modular channels located
centrally. Each module is self-con-
tained with its own power supply,
meter readout, test [acilities, dual
alarms, fault circuit, and relay func-
tions. Gasvu Instruments 124

Cascade air sampler

The unit acrodynamically sizes parti-
cles into nine fractions, has a flow rate
of 2.8-28.3 L/min, and has a high
capacity preimpactor that eliminates
particle bouncing and reentrainment.
The unit meets OSHA and EPA de-
sign requirements for respirable/
nonrespirable particle fractionation.
Gelman Sciences 125

Liquid-level switches

The switches, mounted in compact
bottle-type housings, are suitable for
external installation on tanks and
containers where access to the interior
is not practical. Gems Sensors Divi-
sion/Transamerica Delaval 126

Data acquisition, handling system

This high-speed system is designed to
complement the increased speed
capabilities of current model gas
chromatograph/mass spectrometers.
Columbia Scientific Industries 127

Organophosphonate test kit

The kit is designed to determine the
phosphonate concentration in boilers
and cooling towers. The test requires
no acid digestion, boiling, or additional
instrumentation. Results are obtained
in minutes. Ecologic Instrument 128

Ozone contactors

This modular ozone system is designed
for cyanide destruction, and finds ap-
plication in electroplating, mining, and
other industries with effluents con-
taining cyanide. It is fully automatic
and has a capacity of 10-2000 gpm.
U.S. Ozonair 129

Ay

ENVIROTECHNICS, INC.

SPECIALIZING IN SERVICE
TO MINING AND ENERGY INDUSTRIES
OF THE WESTERN UNITED STATES

The Selas Silver

Metal Membrane Filter...
when you can't

| tolerate a slip up

The Selas Silver
Metal Membrane
Filter outperforms
organic membrane
filters. Free bro-
chure describes
such major benefits
as thermal stability,
physical integrity,
high chemical com-
patability, and high
volume thru-put.

Air, water and land quality studies
tEnvironmental analysis
Background and compliance monitonng
Meteorological monitoring
Site Indexing & evaluation

Contact Selas Corporation of America,
Huntingdon Valley, PA 19006,
(215) 672-0400, Telex: 083-4323.

selzs

FLOTRONICS" DIVISION

Envirotechnics, Inc.
ROOSEVELT, UTAH 84066

SALT LAKE CITY, UTAH (801) 364-0084
i DENVER, COLORADO (303) 623-8090
CASPER, WYOMING (307) 266-6235
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NO, analyzer. Flyer sheet describes
Model 235 NO/NO analyzer that
works on principle of chemilumines-
cence. Applications for stack gas,
diesel exhaust, and others. Scott En-
vironmental Systems 151

Particulate sampler. Bulletin No.
1178-244 lists Series 244 dichotomous
samplers (virtual impactors) for sam-
pling particulate matter. The tech-
nique was originally developed by
EPA. Sierra Instruments, Inc. 152

Inversion/wind detectors. Echosonde®,
which detects air temperature inver-
sions often responsible for pollution
cpisodes and wind field characteristics,
is described. Radian Corp. 153

Problem solving. Brochure explains
services in environmental problem-
solving, and doing so with the least
necessary expenditure of funds. Mon-
santo Environmental Services 154

Dust control. Form GB describes TDC
1000 model, which combines cartridge
filter technology with small capacity
for intermittent dust collection. Torit
Division, Donaldson Co., Inc. 155

Water conservation/reuse. Bulletin
525-1 describes clarification tech-
niques and corrosion/deposit control
at coal preparation plants. Water
conservation/reuse is an aim. Zimmite
Corp. 156

Noise protection. Brochure describes
preassembled and portable acoustic
personnel enclosures to protect people
from unacceptable noise levels. Noise
Control Products Inc. 157

Chromatography. TLC brochure is a
guide to products for thin-layer chro-
matography. Other data are included.
Schleicher & Schuell, Inc. 158

Exhausters. Catalog CBE-378 lists
line of multi-stage centrifugal blowers
and exhausters. Many applications:
can range 100-25000 inlet cfm;
pressures to 18.5 psig; and vacuums to
16 in. Hg. Hoffman Air & Filtration
Systems 159

Fly ash collection. Brochure, “Air

Pollution Control for Industrial
Coal-Fired Boilers,” is a case study of
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a precipitator installation. Fly ash

collection and low power consumption

are featured. United McGill Corp.
160

Extractor. Bulletin G-1929-A1 fea-
tures an oil solids extractor that sepa-
rates oil-in-water emulsions and re-
moves suspended solids through a
separation medium. C-E Natco 161

Air monitoring. Bulletin 07-0005M
describes systems that monitor air for
flammable and toxic components in
enclosed spaces. Many different gases
can be measured. Mine Safety Appli-
ances Co. 162

Permitting services. Brochure de-
scribes services for obtaining permits,
preparing environmental impact
statements, and other work for mining,
power, and water resource projects.
Harza Engineering Co. 163

Chromatogram plotting. Publication
5953-1408 tells how to plot chro-
matograms automatically with a spe-
cial computer terminal system. High
resolution is provided. Hewlett-Pack-
ard 164

Biofouling control. Data sheet de-
scribes potassium ferrate (K;FeO,),
which may have applications for bio-
fouling control, disinfection, and
coagulation. Carus Chemical Co., Inc.

165

Wastewater treatment. Publication B
568 describes wastewater treatment
system using the basic oxidation with
new design features, including a
unique integral clarifier. LIGHT-
NIN® is the trade name. Mixing
Equipment Co., Inc. 166

Companies interested in a listing in this
department should send their releases
directly to Environmental Science &
Technology. Attn: Literature, 1155
16th St., N.W., Washington, D.C.
20036

Need more information about any
items? If so, just circle the appropriate
numbers on one of the reader service
cards bound into the back of this issue
and mail in the card. No stamp is
necessary. .

Sulfur determination. Bulletin No.
AB-21 tells about a fast, simple
method of determining the sulfur
content of diesel and heating oils.
Analysis time is less than 2 min/sam-
ple. Fisher Scientific Co. 168

Water services. Brochure 1-32,
“Creative Technology for Environ-
mental Health,” describes products/
services for protecting drinking water,
purifying products, treating waste-
water, and many other tasks. Calgon
Corp. 169

Materials safety. Brochure describes
a list of safety data for 370 materials
found in many industrial plants. Prices
for data lists are given ($195/set).
General Electric 170

Precipitator voltage. Bulletin describes
AVCON 2000, an automatic voltage
control system for electrostatic pre-
cipitators; it compensates for changes
in gas/particulate conditions. Envi-
rotech/Air Quality Control Group
171

Chemical services. Catalog describes
specialty chemicals and preparations
for environmental and other work, sold
in special, premeasured units for a
particular job or experiment. Chem
Service, Inc. 172

Vacuum pumps. Bulletin VP-97 ex-
plains selection, applicability, and uses
of Liquid Ring Vacuum Pumps.
Croll-Reynolds Co., Inc. 173

Fabric filters. Bulletin DCB-312B lists
line of Dracco® fabric filter dust col-
lectors, which work up to 550 °F. Wide
selection of cloth media is available.
Fuller Co. 174

Bacteria cultures. Brochure tells how
DBC Plus™ Dried Bacteria Cultures
are being used in domestic wastewater
facilities. Grease is eliminated, solids
scttle better, many other advantages.
Flow Laboratories, Inc. 175

Maintenance services. Brochure ex-
plains services for maintaining equip-
ment on a comprehensive basis; could
apply to wastewater treatment sys-
tems, also. B 1 F, a unit of General
Signal 176



Professionals in Chemistry 1978

... the fifth report in this series on the people who make up the chemical profession.

Professionals in Chemistry 1978 contains a wealth of employment and educational data of
particular interest to academic administrators and faculty members, industrial managers and
personnel specialists, individual chemists and chemical engineers, career counselors and young
men and women contemplating — or preparing for — a career in chemistry.

Among the topics discussed in the latest report are:

¢ The chemical profession
—numbers of scientists and engineers
—characteristics
—unemployment

Professionals in
Chemistry

1978

A Comprehensive Report on:

o Salaries
—trends
—inflation

Characteristics - -
Remuneration o Chemical education
Employers —trends in degrees granted
Minority Chemists —degrees granted to women and minorities
Supply/Demand

—estimates of degrees to be granted
—schools granting the Ph.D. in chemistry

&

OFFICE OF MANPOWER STUDIES
AMERICAN CHEMICAL SOCIETY
WASHINGTON, D.C.

o Supply/Demand
—new entrants

—plans of new graduates
—academic job openings

A complete set of Professionals in Chemistry includes five issues:
PIC 1978 as described above
PIC 1977 including a special report on postdoctoral fellows and an analysis of job switching
PIC 1976 including a special report of the growth of the chemical industry and future employment of chemists
PIC 1975 including a special report on salaries of women chemists and chemists’ salaries compared with those of
other professions
PIC 1974 including a detailed study of the growth of the profession

Special Issues Sales/American Chemical Society
1155 16th Street, N.W., Washington, D.C. 20036

Please send me __
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Please sendme ____ complete sets of Professionals in Chemistry (1974-1978) at $44.00 each.
O Mail to address on reverse. OPaymentof$____ enclosed.

O Mail to address below. O Please bill me.
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Toxicology. Toxicology Newsletter,
Vol. 5, No. 1, tells about automated
equipment for analysis of toxics and
gives information of general interest to
toxicologists. Technicon Industrial
Systems 177

Analysis. Two catalogs list books on
analysis by spectroscopy, chemical
methods, chromatography, and many
other techniques. Reference books and
students’ textbooks are listed, too.
Heyden & Son Inc. 178

Coal services. Brochure, “Upgrading
Coal for the Future,” covers prepara-
tion, washability, analysis of coal.
Hazen Research, Inc. 179

Primary standards. Literature release
describes primary standards that can
be prepared for 92 chemicals, many of
which are environmental contami-
nants. Over 170 standards presented,
as is material on permeation devices.
Analytical Instrument Development,
Inc. 180

Combustion control. Brochure tells
about benefits and features of Series
7150 Trim-Trol electronic combustion
control that company says can achieve
“substantial fuel cost savings.”
Cleveland Controls, Inc. 181

Adsorbents. Technical Publication
IE-254 describes laboratory column
procedures for testing Amberlite®
polymeric adsorbents. Loading, re-
gencration, and other technical mat-
ters are discussed. Rohm and Haas Co.

182

Fabric filters. Booklet 610 describes
Pulse-Jet fabric filter dust collectors
with no moving parts. Bags are easily
replaced, dust readily dislodged for
future disposal. UOP Inc. 183

Gas analysis. Product data sheet de-

scribes JUNIOR MODELS 510 and

610 gas analysis apparatus for meth-

ane, CO, hydrogen sulfide, sludge di-

gestion gases, others. Burrell Corp.8 A
1

Fans and blowers. Brochure covers
complete RT line of fans and blowers
with capacities to 600 000 cfm, usable
in temperatures up to 600 °F. Needs
less horsepower; services many indus-
tries. Garden City Fan & Blower Co.

185

Swimming pool cleaning. Brochure
cexplains how diatomite filter powders
are especially suitable for filtering and
cleaning swimming pool water, and
why they cost less. Witco Chemical-

. 186
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Hydrocarbon detector (water). Bulletin
announces a hydrocarbon detector for
monitoring process streams, plant ef-
fluent, and boiler condensate. Can
alarm as low as 5 ppm. AMSCOR
187

Ton chromatography. Applications
Note 15 explains use of ion chroma-
tography to analyze combustion
products of gasoline, fuel oil, diesel,
sewage sludge, and coal for Clean Air
Act compliance. Dionex Corp. 188

Monitoring/control. Brochure tells
how conductivity/resistivity mea-
surements facilitate monitoring/con-
trol for boiler operation, rinse-water
purity, power generation, and many
other needs. Foxboro Analytical/
Balsbaugh Center 189

Inline flowmeters. Brochurc covers
fixed and retractable inline flowmeters
and gives ranges, specifications, di-
mensions, ordering codes, and other
pertinent information. Digitool 190

Flocculants. Product Bulletin No. 1-
300/78 describes SANDOLEC floc-
culants for wastewater treatment.
They arc polyelectrolytes and have
many industrial/municipal applica-
tions. Sandoz Colors & Chemicals
191

Clean Air Act. Monograph by Bradley
Raffle explains prevention of signifi-
cant deterioration, nonattainment, new
sources, and many other aspects of the
Clean Air Act. TRC 192

Heated hoses. Booklet tells why heated
hoses are needed, for example, to
sample gases, transfer chemicals, dis-
pose of wastes, and perform other
tasks. Importance of thermal insula-
tion is stressed. Technical Heaters, Inc.

193

Flowmeters. Brochure describes

pulse-jet top-access fabric filters with

efficient bag cleaning. Engincering

services with turn-key capabilities are

also set forth. Johnson-March Cor;;.4
1

Filtration. Platc and frame filtration
can help to clean water 1o sterilization,
if necessary, collect valuable solids, or
simply clean water. Particles 10 0.1 pm
can be collected, brochure says. Star
Systems Filtration Division 195

Low-flow estimation. Important to
estimate pollutant drainage. Method
applicable to other areas. Bulletin 117.
Publications Sales, Geological Survey

of Alabama, P.O. Drawer O, Univer-
sity, AL 35486 (write direct).

Mined land recovery. Film: “New Life
for Ruined Land: Expanding the
Frontiers of Environmental Re-
search.” Office of Public Affairs, Ar-
gonne National Laboratory, Argonne,
IL 60439 (write direct).

Ozone disinfection. “Effect of Partic-
ulates on Ozone Disinfection of Bac-
teria and Viruses in Water,” by Otis J.
Sproul, et al., EPA-600/2-79-089.
U.S. EPA, Municipal Environmental
Research Laboratory, P.O. Box 19069,
Cincinnati, OH 45219 (write direct).

Oil spill cleanup. How it was done off
Prince Edward Island, Canada. EPS
3-EC-79-5. Publications Coordinator,
Environmental Impact Control Di-
rectorate, Dept. of Environment, Ot-
tawa, Ontario KIA OC8, Canada
(write direct).

Residential solar energy. Stresses
heating/hot water. Many reports on
performance. U.S. Dept. of Energy,
Technical Information Center, P.O.
Box 62, Oak Ridge, TN 37830 (write
direct).

Swedish environment. “Environmental
Policies and Problems in Sweden,” by
Valfrid Paulsson, director-general of
Swedish Environment Protection
Board. FS 58. Swedish Information
Services, 825 Third Ave., New York,
NY 10022 (write direct).

Clean Air Act and RCRA. Two book-
iets explain each act and company
policy. Corporate Communications,
Union Carbide Corp., 270 Park Ave.,
New York, NY 10017 (write direct).

Waste treatment. Film, “An Invest-
ment to Protect,” tells how Hinsdale,
IL solved wastewater treatment plant
problems and brought its plant up to
cxpectations. John T. Rhett, U.S.
EPA, Washington, DC 20460 (write
direct).

Plutonium. “‘Plutonium-239 and Am-
ericium-241 Uptake by Plants from
Soil,” EPA-600/3-79-026. Environ-
mental Monitoring and Support Lab-
oratory, U.S. EPA, P.O. Box 15027,
Las Vegas, NV 89114 (write direct).

Uranium determination. “Radiometric
Mcthod for the Determination of
Uranium in Water,” EPA-600/7-
79-093. Environmental Monitoring
and Support Laboratory, U.S. EPA,
P.O. Box 15027, Las Vcgas, NV
89114 (write direct).



aved)

BOOKS

The Brain: The Last Frontier. Richard
M. Restak. 418 pages. Doubleday &
Company. Inc.. 245 Park Ave., New
York. NY 10017. 1979. $12, hard
cover.

This book is a compendium of cur-
rent knowledge of the brain—-how it
works and how it is influenced by nu-
trition, environment, heredity, and
drugs. The author chronicles animal
studies, human data on malnutrition
and its effect on brain size and intelli-
genee, and how possibly inheritable
brain central-processing activities may
underlic heart discases and some can-
cers, which also have environmental
clements.

Nuclear Disaster in the Urals. Zhores
A. Medvedev. vii + 214 pages. W. W,
Norton & Co.. Inc., 500 Fifth Ave.,
New York, NY 10036. 1979. $12.95,
hard cover.

Did an atomic disaster, involving
radioactive waste, occur in the south-
ern Urals in late 19577 One leading
British authority says, “No.” but the
author offers much documentation
that suggests that an accident may,
indeed, have taken place. This docu-
mentation includes accounts by people
who were in the arca at the time, as
well as information gleaned from
“sanitized™ scientific papers on the
subject. The author himself is in exile
from the U.S.S.R. and is now living in
Lingland.

Handbook of Sludge-Handling Pro-
cesses: Cost and Performance. Gordon
L. Culp. x + 228 pages. Garland
STPM Press, 545 Madison Ave., New
York, NY 10022. 1979. $22.50, hard
cover.

This book presents a single, com-
prehensive compilation of data on
performance, capital costs, opera-
tion/maintenance costs, and energy
needs for sludge processing units.
Most, if not all, aspects of sludge
handling are covered. Many alterna-
tives are considered. This volume is
part of the Garland Water Manage-
ment Series.

Aerosol Measurement. Dale A.
Lundgren et al. xxiv + 716 pages.
University Presses of Florida, 15 N.W.
15th St., Gainesville, FL 32603. 1979.
$45, hard cover.

Here, there is explained how to
classify acrosols and analyze them.
Origin and behavior of acrosols are
considered, as well as numerous
mcthods of measurement. Under-
standing of acrosols is extremely im-
portant to the knowledge and control
of air pollution.

N-Nitrosamines. Jcan-Picrre Anselme,
Ed. x + 204 pages. Marketing Man-
ager. Books Dept.. American Chemi-
cal Society, 1155 1o6th St., N.W.,,
Washington, DC 20036. 1979. $22.50,
hard cover.

N-Nitrosamines. Hardly a house-
hold word. But these compounds are
suspected of being potent carcinogens
and. indeed, have often come out pos-
itive on mutagenicity tests. They are
produced in many ways, but a princi-
pal way is through nitrite reactions in
food. Their chemistry, reactivity, and
other aspects are considered in this
book, which is No. 101 of the ACS
Symposium Series.

The Passive Solar Energy Book: Fx-
panded Professional Edition. Edward
Mazria. xiii + 687 pages. Rodale
Press, Inc., Organic Park, Emmaus,
PA 18049.1979.$24.95, professional
hard cover: $12.95, hard cover: $10.95,
paper.

The house itself and its immediate
surroundings can themselves be “col-
lectors™ and utilizers of solar energy.
But in order to achieve that desirable
aim, one must design the house, and
orient it to its surroundings, in certain
ways. This book explains how to do
these things in the most rational way
and provides much technical data and
comprehensibly  worded, detailed
how-to-do-it instructions and recom-
mendations.

A Perspective of Environmental Pol-
lution. M. W. Holdgate. x + 278
pages. Cambridge University Press, 32
East 57th St., New York, NY 10022.
1979. $35, hard cover.

Who's Got The
Experience In
DUST
CONTROL?

MC-1080 Aire-Vac Shaker Collector
drawing off fumes from induction furnaces.

Ask Anyone Who Owns
A Griffin Collector!

Amax Zinc Martin-Marietta
Aramco McDonnell-
Armco Steel Douglas
Bendix Corp. Medusa Cement
CPC Int’l. Miller Brewing
Central Foundry  Mobil Chemical
Certainteed Prod. Monsanto
Chloride Metals  Morrison-Knudson
Copperweld Steel Mueller
Coming Glass National Lead
Dow Chemical Nestle’
Eastman Kodak  Owens-Coming
FMC Chemical Penn-Dixie
Folger Coffee Pfizer
GAF Chemical Proctor & Gamble
GTE Sylvania Ralston Purina

General Electric
General Motors
Gen'l Tire

& Rubber
Gold Kist
Goodyear
Harshaw Chemical
Hercules
Hughes Tool
Life Savers
Lone Star
M & M Mars

Shell Oil

St. Joe Lead
Teledyne National
Texas Industries
Triple/S Dynamics
Uncle Ben’s Foods
Union Camp
Uniroyal

U.S. Gypsum
Wean United
Webster Foundry
Williams Patent

Hundreds more.
List supplied on request.

For 27 years dust control has been our
business...and our only business. Griffin dust
collectors, designed and manufactured in
our own plant. are meeting demanding
requirements in over 20.000 installations.
world wide. We have systems for every need.
versatile in design. featuring lasting quality.
efficiency and economy.

For a fast answer to your dust
problem, call us at
315/635-9971 or write to

Griffin

Environmental, Inc.
One Ecology Park. P.O. Box 86
Baldwinsville. New York 13027
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This book cxplains how a given
matcerial becomes a pollutant. It de-
scribes pollutant pathways and prin-
cipal environmental changes that these
pollutants could cause. Other pollution
aspects are considered, but perhaps the
main thesis is that if important pre-
vention measures are taken now, on a
worldwide basis, then pollution need
not be a threat to the future of man-
kind.

Environmental Impact Assessment:
Principles and Applications. Paul A.
Erickson. xiv + 395 pages. Academic
Press, 111 Fifth Ave., New York, NY
10003. 1979. $26, hard cover.

This book cxplains how to assess the
impacts needed in preparation of im-
pact assessments, as required by
NEPA. That would include physical
cnvironment, social, institutional, and
many other impacts. The structure and
function of the environmental impact
assessment itself are discussed in de-
tail.

The Solar Decision Book: A Guide for
Heating Your Home with Solar Ener-
gy. Richard H. Montgomery, Jim
Budnick. 283 pages. John Wiley &
Sons, 605 Third Ave., New York, NY
10016. 1979. $12.95, paper.

This book tells how to do it, from
negotiating an intelligent loan and
pricing the job. to full installation of
the system. Energy storage is also
covered. How to determine what
components are needed and what sys-
tem size should be used are topics of
discussion. Technical and numerical
data arc also presented.

Proceedings of the Water Reuse
Symposium. 3 vols., 2400 pages. total.
AWWA Research Foundation, 6666
West Quincy Ave., Denver, CO 80235,
1979. 815/set.

The symposium was held in Wash-
ington, DC, in March. It covered water
supply augmentation, industrial re-
cycling/reuse, aquaculture, wetlands,
municipal and agricultural reuse,
health/quality considerations, and
many other similar and related
Lopics.

Energy Technology VI: Achievements
in Perspective. 1168 pages. Govern-
ment Institutes, Inc., P.O. Box 5918,
Washington, DC 20014. 1979. $38.
This volume contains 112 papers
presented at the 6th Energy Technol-
ogy Conference and Exposition and
was cdited by Richard F. Hill. It covers
anthracite, environmental problems,

THE ONLY

CONSTANT

RATE

SYRINGE. ,

Designed for
Carbon Analyzer iniets,
this CR-700 Constant Rate
Syringe isthe only instrument

¥ otitskind...and priced atless
than $100.

Its unique micrometer setting

device assures precise volume selec-
/ tion and the spring-loaded plunger de-
liversidentical injection rates, regardless of
operator skill. Let us ship yours today.

fusion, “‘gasohol,” nuclear, oil shale,
and many other subjects involved in
and closcly related to present and fu-
ture encrgy sources.

Liquid Filtration. Pcriodical publica-
tions in three units. The Mcllvaine
Company, 2970 Maria Avenue,
Northbrook, IL. 60062. All three units,
$390/year.

This series goes exhaustively into
liquid filters. There are descriptions of
lilter types. properties and uses, spec-
ilications with photos, industry data
and applications, and much other im-
portant and pertinent information.

A Manual for the Use of SBA’s Pollu-
tion Control Financing Guarantees.
James H. McCall, Robert P. Feyer.
112 pages. Council of Pollution Con-
trol Financing Agencies, 10960 Wil-
shire Blvd., Suite 1806, Los Angeles,
CA 90024.1979. $15, paper.

This manual tells how a creditwor-
thy small business can obtain funds for
pollution control, on much the same
advantageous basis that major na-
tional corporations can. Small Busi-
ness Administration (SBA) guarantees
are involved, and rates can average 7%.
In some cases, tax-cxempt industrial
revenue bonds can be issued. Repay-
ment averages 20 years. Projects
costing $75 000-5 million have been so
financed.

Hazardous Waste Report. Periodical.
Aspen Systems Corp., 20010 Century
Blvd., Germantown, MD 20767.
$194/year; special rates may be
available.

This report will cover enforcement,
spill and hazard arcas, litigation,
Washington news, state news, industry
casc historics, and many other matters
of which any industry affected by
hazardous waste problems should be
cognizant.

Municipal Sludge Compost Design.
220 pages. Information Transfer, Inc.,
9300 Columbia Blvd., Silver Spring,
MD 20910. 1979. $25.

This work covers compost technol-
ogy, material handling equipment,
federal rulings and guidelines, compost
facility design, pretreatment require-
ments, and other topics pertinent to

Call toll-free, 800-648-5950 for the
dealer nearest you, or write for
free catalog to Hamilton Co., PO.

this composting effort.
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Box 10030, Reno, NV 89510; tele-
phone (702) 786-7077.

HAMILT®N

DER SERVICE CARD

Estimating the Hazards of Chemical
Substances to Aquatic Life. STP 657.
283 pages. ASTM Sales Service Dept.,
1916 Race St., Philadelphia, PA
19103. 1979. $19.50.

This work has, among its other aims,
the objective of helping companics



NEW!

UPDATED!
EXPANDED!

A totally revised edition
of the best selling
single publication

ever produced by ACS

Cleaning Our
Environment
A Chemicel
Perspeciive

New chapters on

© analysis & monitoring
o toxicology
o radiation

Updated coverage on
o air

o water

o solid wastes

e pesticides

Essential reading for:

® educators

o researchers

o legislators

© administrators

© and a great refresher for
environmentalists

Special Issues Sales
American Chemuizl Society

1155 16th St.

Washington, D.C. 20036

Prices:

1-9 copies ... .. $9.50 each
10-49 copies $8.50 each
50 or more . $7.50 each

Enclose $1.50 per order for handling and postage.
California residents add 6% state use tax.

Please send me copies of Cleaning
Our Envir — A Chemical i

Name

Address

City

State Zip

0 My payment is
enclosed

01 Bill me

comply with certain TSCA require-
ments. It covers toxicological effects,
pollutant concentration in the envi-
ronment, hazard assessment, and test
procedure evaluation.

The Effect of Nitric Oxide Emissions
on Photochemical Smog. W. B. Innes.
314 pages. Purad Inc., 724 Kilbourne
Dr., Upland, CA 91786. 1979. $12.

The author notes that NO,, in fact,
helps to reduce photochemical smog
and takes issue with A. J. Haagen-
Smit that NO increase this smog. He
suggests that rational, minimal NO,
controls, together with “common
sense” hydrocarbon control measures,
say, for cars, would actually do more
to minimize smog than would an ex-
pensive, fuel-consumptive NO, con-
trol installation.

The Beaches Are Moving: The
Drowning of America’s Shoreline.
Wallace Kaufman, Orrin Pilkey. 336
pages. Doubleday and Co., Inc., 245
Park Ave., New York, NY 10017.
1979. $10.95, hard cover.

Beaches erode and wash out from
under houses and hotels. The authors
propose that this is not caused neces-
sarily by freak storms or “acts of God,”
but simply that the sea level has long
been rising. But the urge to live right
near the beach does not take these
facts into account. How to choose a
safe site and to tell dangerous from
safe development are two of the topics
discussed.

Advances in Photochemistry. Vol. III.
James N. Pitts, Jr. et al. xii + 538
pages. John Wiley & Sons, Inc., 605
Third Ave., New York, NY 10016.
1979. $35.95, hard cover.

Many aspects of photochemistry are
covered here. However, there are some
of great environmental importance.
These include behavior of the hydroxyl
radical in air, under sunlight, in the
presence of organic compounds.

Environmental Health Criteria 8: Sul-
fur Oxides and Suspended Particulate
Matter. 108 pages. WHO Publications
Centre USA, 49 Sheridan Ave., Al-
bany, NY 12210. 1979. About $6,
paper.

The most important route of human
exposure to sulfur compounds is
through inhalation, on which this book
concentrates. Most of this sulfur comes
from combustion of fossil fuels. This
work considers the matter of human
cxposure, and looks into biological
action of thesc pollutants.

EPA:

right way,
wrong way.

Wrong wait until state or local
agencies, or private groups target
your manufacturing or process plant
water/waste effluents for EPA com-
pliance.

I’Ight call West Coast Technical
Service, Inc., a private, totally equip-
ped analytical lab—one qualified
by the EPA—to perform organic
analyses strictly according to EPA
Protocol.

We'll analyze your wastes accord-
ing to your needs—an assay for
selected chemicals, a priority pollu-
tant screening, or a full survey for
all organic pollutants to the pars-per-
billion level. Your confidential results
from a certified, authoritative third-
party lab will provide a valid baseline
record of your waste disposal.

easy Way our computerized

GC-MS instruments and library of
spectra are ready to serve you—and
we make it easy.
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Samp|e-pak Our program
lends you the sample bottles and ice
chest, and we meet your samples at
the airport every morning. (Our clients
are nationwide; local pickup daily in
Southern California.) Head off contro-
versy--know what's in your discharge.
Call us today, find out about our other
industrial analytical services, too.

West Coast
Technical
Service, Inc.

17605-D, Fabrica Way, Cerritos, CA 90701
(213) 921-9831 (714) 523-9200
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NEW-Tape Recordings on
TOXIG SUBSTANGES GONTROL

[0 Monitoring Toxic Industrial
Substances

4 Speakers
Length: 2 Hours, 30 Minutes

B. N. Ames
Detection & Hazards of Environmental
Carcinogens/Mutagens
W. G. Thilly
Gene Locus Mutagens: Human Health Hazards
Which Could Be Monitored in the Workplace
R. A. Hites
GC/MS Analysis of Wastewater and Receiving Water
V. A. Fassel
Determination of Trace Inorganic Toxic Substances
in Industrial Environments by Inductively Coupled
Plasma-Atomic Emission Spectroscopy

PRICE: $19.95 (cassettes only)
(Postpaid, includes printed copies of slides used)

Iniversi 0 n‘lmplemen’mﬁonofthe‘tmdc :
Substauws Control Act”

RICE: $19.95 cassettes
(Postpai& mcludes printgd copies af sl’xdas used)

: Chemiml Carcinogens
] Methods for Risk Assessment O 5 Speakers
" 5 Speakers M Lengt.h 2 Hours, 44 Minum
: 2 Hy , 25 Minut
Lengt ours, inutes ﬂ. H Fm
E. L. Becker : Purpose af Symposium y ’
Significance of Risk Assessment 'B. Carroll :
N. Ashford Toxic Substances List — What, Why, ﬂow For
Risk Analysis in the Context of the Law : Whom -
L. Benner, Jr. ‘W. F. Malone .
A Risk Analysis Progress Report Oocup&ﬁonnl Canmr Contml and vaunﬁun f
W. D. Rowe ‘N. Meade
Assessing Risk to Society : Actual V8. Ameptable Rlsh from Album
C. R. Shaw ‘W. S. Wood
Toxic Substances Control — The Human Element : Bngineeting Approach to Control ofChemiml
PRICE: $19.95 (cassettes only) i Caminnsen Expos
(Postpaid, includes printed copies of slides used) PRICE: $19.95 (cassettes only)
. (Postpaid, includes printed copies of slides used)

0  Biological Effects of

Envu-cnmenta Pollutants . .
l : PRICES: $19.95 per title (Postpaid)
5 Spﬁﬂkﬂl‘l o
I.engxh. 2 Hours, 4&antes !

D. B. Menzal ‘ SPECIAL — $49.95 Any Three Titles (Postpaid)

Extrapolatlon of Envimumemal To:dcolosy from

Ma ; ORDER FROM: (California residents

%le of Nonhumm Primates- in Buvlmnmantnl e American Chemical Society addd 6% stale uze tax:)
- Pollulmn Research i 1155 Sixteenth Street, N.W.
J- D, Washington, D.C. 20036
: Hea!th EqéactsofA!rPolluhon‘ Couu'o!led Studias in Dept. AP
J.F. s:m - o

Long-’l'ermlLaw-Lewl luvesﬁgaﬁons of Name

Environmental Pollutants -
G Bolser Address

Physical Pro_Ferﬁes of Elements &Oompoundt asa |

Function of Temperature, and Changes with Agein

Bwloglcal Systems Gity Stits Zip

PRICE: $19.95 (cassettes only) -
(Postpaid, includes printed copies of slides used) (Allow 4 to 6 weeks for delivery)




September 18-19 Concord, Calif.
Sewage Sludge Composting Confer-
ence. Energy Resources Co., Inc.
(ERCO)

Write: Jan Connery, ERCO, Inc., 185
Alewife Brook Parkway, Cambridge,
Mass. 02138

September 19-21 Cincinnati, Ohio
National Symposium on Wastewater
Aerosols and Disease. U.S. Environ-
mental Protection Agency

Write: Virginia Hathaway, JACA
Corp., 550 Pinctown Rd., Fort Washing-
ton, Pa. 19034

September 23-26 Las Vegas, Nev.
The 6th Annual National American
Society for Quality Control: Energy
Division Conference. The American
Society for Quality Control

Write: F. B. Hyland, Westinghouse,
P.O. Box 1313, Pensacola, Fla. 32596

September 23-26 Los Angeles,
Calif.
1979 Mining Convention. The Ameri-
can Mining Congress

Write: American Mining Congress,
1100 Ring Building, Washington, D.C.
20036

September 23-26 Detroit, Mich.
Toxic Substances in the Human Food
Chain: Implications for Public Health
Practice. The Michigan Public Health
Association

Write: University of Michigan Exten-
sion Services, Conferences & Institutes,
412 Maryland St., Ann Arbor, Mich.
48109

September 23-26 Chicago, Ill.
The 9th North American Thermal
Analysis Society Meeting. The North
American Thermal Analysis Society
Werite: Barbara Fabricant, Glass Ther-
mochemistry R&D, Owens-Corning Fi-
berglas Technical Center, P.O. Box 415,
Granville, Ohio 43023

September 24-25 Chicago, IIl.
Fuels Use Planning: New Strategies.
The Energy Bureau Inc.

Werite: Robert Nash, Executive Director,
The Energy Bureau Inc., 41 East 42nd St.,
New York, N.Y. 10017

September 24-28 Chicago, IIl.
Design, Installation and Operation
Criteria for Solar Energy Systems
Symposium. The Institute of Gas
Technology

Write: Kathy Fisher, IGT, 3424 South
State St., Chicago, I11. 60616

PS8
MEETINGS

September 24-28 Las Vegas, Nev.
The 15th American Water Resources
Conference. The American Water
Resources Association

Write: The American Water Resources
Association, St. Anthony Falls Hydraulics
Laboratory, Mississippi River at Third
Ave., S.E., Minneapolis, Minn. 55414

September 27-28 Denver, Colo.
Health Effects of Air Pollution.
American Medical Association and
the Colorado Medical Society

Write: American Medical Association,
Department of Environmental, Public and
Occupational Health, 535 N. Dearborn
St., Chicago, Ill. 60610

September 28 Chicago, lll.
Air Quality Conference. The Illinois-
Indiana Bi-State Commission

Write: Jeanne Millin, Projects Coordi-
nator, Illinois-Indiana Bi-State Commis-
Ziggb(l)ne East Wacker Drive, Chicago, IIl.

October 1-3 Washington, D.C.
Waterpower ’79. The International
Conference on Small Scale Hydro-
power. The U.S. Army Corps of En-
gineers and the U.S. Department of
Energy

Write: Waterpower 79, 1129 20th St.,
N.W_, Suite No. 511, Washington, D.C.
20036

October 2-4 Columbus, Ohio
4th International Symposium on Pol-
ynuclear Aromatic Hydrocarbons.
Battelle’s Columbus Laboratories
Write:  Alf Bjorseth, Symposium
Chairman, Battelle’s Columbus Labora-
tories, 505 King Ave., Columbus, Ohio
43201

October 2-4 Manhattan, Kans.
An International Symposium on Grain
Dust. The United States Dept. of Ag-
riculture, the Grain Elevator and
Processing Society, and the National
Grain and Feed Association

Write: B. S. Miller, U.S. Grain Mar-
keting Research Laboratory, 1515 College
Ave., Manhattan, Kans. 66502

October 2-5 Syracuse, N.Y.
The 9th Northeast Regional Meeting
of the American Chemical Society. The
American Chemical Society

Write: R. J. Conan, Jr., Dept. of
Chemistry, LeMoyne College, Syracuse,
N.Y. 13214

Volume 13, Number 9, September 1979

October 3-5 Wilmington, Del.
Stormwater Management Alternatives:
A National Conference. The University
of Delaware Water Resources Center
and the U.S. Dept. of Interior Office
of Water Research and Technology

Write: Conference Administration,
University of Delaware, Water Resources
Center, 42 E. Delaware Ave., Newark, Del.
19711

October 3-5 Kansas City, Mo.
The 4th National Passive Solar Con-
ference. The International Solar En-
ergy Society

Werite: The 4th National Passive Solar
Conference, P.O. Box 1643, Jefferson City,
Mo. 65102

October 3-5 Cherry Hill, N.J.

The American Association of Textile
Chemists and Colorists 1979 National
Technical Conference. The American
Association of Textile Chemists and
Colorists (AATCC)

Energy and environmental issues will be
discussed. Write: AATCC, P.O. Box
12215, Research Triangle Park, N.C.
27709

October 3-5 Gatlinburg, Tenn.
Biotechnology in Energy Production
and Conservation. The U.S. Depart-
ment of Energy and the Oak Ridge
National Laboratory

Write: Oak Ridge National Laboratory,
P.O. Box X, Oak Ridge, Tenn. 37830

October 4 Boston, Mass.
Hazardous Waste Management: Re-
quirements of the Resource Conserva-
tion and Recovery Act. New England
Research, Inc.

Write: New England Research, Inc., 15
Sagamore Rd., Worcester, Mass. 01605

October 7-10 Daytona Beach, Fla.
Advances in Particle Sampling and
Measurement. The Southern Research
Institute

Write: Kenneth Cushing, Southern
Research Institute, 2000 Ninth Ave.,
South, Birmingham, Ala. 35205

October 7-11 Charlotte, N.C.
1979 Joint Power Generation Confer-
ence. The American Society of Me-
chanical Engineers

Write: The American Society of Me-
chanical Engineers, United Engineering
C&r)l}gr, 345 East 47th St., New York, N.Y.
1

(continued on page 1164)
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Grow With GCA...

GCA Corporation is a growth-oriented manufacturer of
instruments, equipment and systems oriented to a wide
cross-section of industries and markets throughout the
world. GCA/Technology Division, a major contractor in
environmental engineering, research and instrumentation
development to industry and government agencies, is
experiencing a large expansion program in the environ-
mental services area. As a result of this growth, we plan
to immediately augment our staff by the addition of full
time professionals with the following experience:

ENVIRONMENTAL
MARKETING SPECIALISTS

Immediate openings exist for individuals to develop new
environmental services business in commercial and/or
governmental sectors with emphasis on air and water
qualit)‘, and toxic and hazardous waste planning and
control.

Applicants should have a minimum of 3 years experience
in a marketing or related capacity, be highly adept in
developing client relations and new business, be skill-
ful in coordinating with Technical Program Managers
and possess good oral and written communication skills.
Principal emphasis will be placed upon technical and
marketing experience. Positions report directly to the
Marketing Manager.

Complete fringe benefits. Salary commensurate with-
background and experience.

Please forward your resume to Mr. Leonard M.
Aschenbrand, or call collect at (617) 275-9000. Inquiries
will be treated in a confidential manner.

A Burlington Road
Bedford, Massachusetts 01730

an equal opportunity employer m/f

GCA CORPORATION
Technology Division

I MISCELLANEOUS

CLASSIFIED SECTION W POSITIONS OPEN |

CLARKSON COLLEGE
OF TECHNOLOGY

Graduate Program in Environmental
Science and Engineering
Applications are invited for research and
teaching assistantships at the Master's and
Ph.D. levels. A B.S. in engineering or science
is required. Research opportunities exist in the
areas of applied limnology, ecological mod-
eling, potable water treatment, and wastewater
processes. Financial aid ranges from
$8000-$9500. For information and application
forms write: Dean, Graduate School, Clarkson
College of Technology, Potsdam, N.Y. 13676.
Affirmative Action/Equal Opportunity Em-

ployer.

POSITION AVAILABLE
AIR POLLUTION CONTROL DIRECTOR

Requires: B.S. Degree in Engineering,
Chemistry, or allied field with 5 years experi-
ence in the field of air pollution control. Re-
sponsible for engineering, field enforcement,
administration and technical services provided
by a staff of 13. All inquires confidential. Send
resume and salary requirements, before
October 1, 1979, to:

Civil Service Director
Canton Civil Service Commission
City Hall Annex, Canton, Ohio 44702

SOUTHEAST

Our 11 offices in NC, SC, GA specialize in Engi-
neering and Environmental positions from 16K to
30K. Aggressive, confidential, Fee-Paid Service.
Send resume with salary info to: Walt Loescher,
BEALL PERSONNEL, PO Box 4006, Anderson, S.C.
29622.

October 29-30, 1979

—MONITORING CONFERENCE —
BENEFITING FROM ENVIRONMENTAL MONITORING
Ground Water, Surface Water & Air Monitoring
Key Bridge Marriott, Arlington, VA
Sponsored By
Geraghty & Miller Inc./American Ecology Services, Inc.

For More Information Contact:
American Ecology Services, Inc.
127 East 59th Street New York, N.Y. 10022 (212) 371-1620

CLASSIFIED
ADVERTISING
RATES

Rate based on number of inser-
tions used within 12 months
from date of first insertion and
not on the number of inches
used. Space in classified adver-
tising cannot be combined for
frequency with ROP advertising.
Classified advertising accepted
in inch multiples only.

uUnit 1T 3T 6T 12T 24-T
1inch $63 $60 $58 $56 $54

(Check Classified Advertising
Department for rates if adver-
tisement is larger than 10"'.)
SHIPPING INSTRUCTIONS:
Send all material to

Environmental Science
& Technology

Classified Advertising Department
25 Sylvan Rd. South
Westport, CT. 06880

(203) 226-7131
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SSIFIED SECTION POSITIONS OPEN

ENVIRONMENTAL
PLANNER

In Colorado, Platte River Power Authority
seeks a graduate from an accredited college
with a degree in environmental planning or
related discipline to coordinate and supervise
environmental monitoring and mitigation ac-
tivities in connection with the Authority’s en-
ergy production and transmission facilities and
operations. Requires at least two years ex-
perience involving coal-fired power plant en-
vironmental activities. Liberal paid benefits
include medical and disability insurance plus
retirement. An equal opportunity employer.
Send resume to:

Mr. William J. Slimak
Director of Engineering
Platte River Power Authority
Timberline & Horsetooth Roads
Fort Collins, Colorado 80525

SENIOR HYDROLOGIST

Preferably with advanced degree plus strong
background in field of groundwater hydrology
for work relating to environmental assess-
ment, hydrologic flow into underground
openings, contamination of ground and
surface water as a result of solid waste
disposal, land reclamation and others.
Equal Opportunity Employer

Please send resume to:

F. T. Davis, Director
Environmental Technology Division
Colorado School of Mines
Research Institute
P.0. Box 112, Golden, CO 80401

ANALYTICAL
CHEMIST

We seek individual experienced in GC-MS
techniques. Your responsibility will be priority
pollutants analysis. Join staff of dynamic new
organization. Salary: $20-25M.

Write in confidence to:

Herbert Burnett, Director

F Testing L ies, Inc.
1248 White Plains Road
Bronx, New York 10472

An Equal Opportunity-Affirmative Action Employer.

POSITION AVAILABLE
AIR POLLUTION
CONTROL ENGINEER

Requires: B.S. Degree in Engineering with E.LT.
or P.E. Responsible for permit review, source
inspections and other engineering functions of
an Air Pollution Control Agency. All inquiries
confidential. Send resume and salary require-
ments before October 1, 1979 to:

Civil Service Director

Canton Civil Service Commission
City Hall Annex
Canton, Ohio 44702

ENVIRONMENTAL
ENGINEER

If you are an Environmental Engineer who:
—is interested in all phases of environmental engineering, including air,
water and solid waste control
—has a B.S. in Civil, Chemical or Mechanical Engineering plus a M.S. in
Environmental Engineering
—has a minimum of 3-5 years of work experience, preferably in an in-
dustrial or consulting engineering firm
—seeks challenges with an industry leader which is building for the
future on a record of solid growth

Anheuser-Busch is looking for you!

We have a position available at our St. Louis Corporate Headquarters
for a qualified individual who fits the above requirements. The successful
candidate will become a member of our corporate Environmental
Engineering and Resources Department and will have as typical
assignments:

—Analysis of environmental requirements for new and expanded
manufacturing facilities of several types

—Procurement of environmental approvals and permits for these
facilities
—Environmental compliance monitoring

—Process design of all types of environmental contrals, including air
pollution control equipment and wastewater treatment/pretreat-
ment facilities

—Consultation with operating personnel on pollution control problems
and determination of solutions

—Evaluation of the impact of regulatory proposals on coporate opera-
tions

We offer an excellent starting salary and complete company paid fringe
benefits, including dental plan. Interested and qualified applicants should
send a resume, outlining education and income history in confidence to:

Anheuser-Busch, Inc.
Manager-Salaried Employ
Department J-5-S
721 Pestalozzi St. Louis, MO 63118

An Equal Opportunity
Employer
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CLASSIFIED SECTION W POSITIONS OPEN

Tomorrow’s Energy is Today’s Challenge

ENVIRONMENTAL
SPECIALIST

Midwestern energy corporation needs an experienced professional
for a highly responsible position in the environmental field. Candidates
should have experience in monitoring and evaluating environmental
policies, laws, regulations, proposed legislation and public opinion
pertaining to the utility industry.

The person selected will have a technical background with demon-
strated interest in policy issues, and will have strong written and oral
communication skills, including the ability to testify at environmental
hearings. Competitive fringe benefit package and salary commen-
surate with experience.

If this position is well suited to your background and career expec-
tations, APPLY TODAY. Send your resume including salary history
in confidence to:

Employment Supervisor

Wisconsin Power
& Light Company

P.O. Box 192
Madison, Wisconsin 5370l

An Equal Opportunity Employer m/f

U.S. ENVIRONMENTAL
PROTECTION AGENCY

The Environmental Sciences Research Laboratory, Environmental Protection
Agency, located in Research Triangle Park, North Carolina, currently has openings
for candidates with academic degrees in engineering and the physical sciences
to conduct research to detect, define and quantify air pollution and its effects on
urban, regional, and global atmospheres. It is desirable that candidates have some
experience in air pollution research and possess good verbal and written com-
munication skills.

Salaries range from $19,263 to $32,442 commensurate with experience. The
positions are in the Federal Civil Service with the customary fringe benefits.

Send resumes to:

€0 Administrative Officer
5 Environmental Science Research
§' Laboratory, MD-59

Research Triangle Park, N.C. 27711

K cm“‘

YTy

A
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MEETINGS (continued)

October 7-12 Houston, Tex.
The 1979 Annual Conference of the
Water Pollution Control Federation.
The Water Pollution Control Federa-
tion (WPCF)

Write: WPCF, 2626 Pennsylvania Ave.,
N.W., Washington, D.C. 20037

October 9-11 Gaithersburg, Md.
The 4th Annual Conference on Mate-
rials for Coal Conversion and Utiliza-
tion. The National Bureau of Stan-
dards

Werite: Kathy Stang, Room B348, Ma-
%‘;;IZ Building, NBS, Washington, D.C.

October 9-11 Gatlinburg, Tenn.
The 23rd Oak Ridge National Labo-
ratory Conference on Analytical
Chemistry in Energy Technology. The
Oak Ridge National Laboratory

Write: W. S. Lyon, Technical Program
Chairman, Oak Ridge National Labora-
tor: .OP.O. Box X, Oak Ridge, Tenn.
3783

October 10-12 New Orleans, La.
The 1979 Marine Technology Society
Exhibition and International Confer-
ence. The Marine Technology So-
ciety

Write: The Marine Technology Society,
Headquarters Suite 412, 1730 M St.,
N.W., Washington, D.C. 20036

October 11-13 Monterey, Calif.
The 23rd Annual Western Occupa-
tional Health Conference. The Amer-
ican Occupational Medical Associa-
tion

Write: B. H. Bravinder, Executive Sec-
retary, P.O. Box 201, Alamo, Calif.
94507

October 15-17 Jekyll Island, Ga.
The 3rd International Symposium on
Aquatic Pollutants. The American
Institute of Biological Sciences and the
U.S. EPA

Write: Donald Beem, American Insti-
tute of Biological Sciences, 1401 Wilson
Blvd., Arlington, Va. 22209

Courses

September 13-14  Washington,
D.C

Plant Energy Conservation. The As-
sociation of Energy Engineers

Fee: $330 (member); $385 (nonmem-
ber). Write: Association of Energy Engi-
neers, 464 Armour Circle, N.E., Atlanta,
Ga. 30324

(continued on page 1167)



professional consulting services directory

GAS ANALYSES
MASS SPEGTROMETRY

GAS CHROMATOGRAPHY

AIHA Accredited
L Write for brochure
&

] LLOB

/2 )NALYTICAL
IR ERVICE

i el

47 Industrial Road « Berkeley Heights, NJ 07922

Phone: (201) 464-3331

SONICS
INTERNATIONAL, INC.

Over 20 years industrial service
All projects designed to meet your
objectives
Stationary/Ambient Air Quality Studies
OSHA/Industrial Hygiene Applications
Water/Wastewater Quality Studies
Other services available
Class | Liquid Waste Disposal Wells
Oil Field Water Quality Studies

| Houston, TX (713) 479-6084
Dallas, TX (214) 631-4411

ENVIRONMENTAL PLANNING lllﬂ

THE O
( ) APC ENGINEERS
CORPORATION A% %)’ & CONSTRUCTORS

 Cadre engineered CUSTOM Structural Baghouses for Hot Gas
& Abrasive Applications

« Cadre Special-Design Fume & Fly Ash Collection Units -
Shop Assembled

* Retrofit SPECIALIST of large existing Baghouse Systems

* Experts in correction of air flow or difficult duct design for reduction
in pressure drop through laboratory & scale modeling

* Feasibility & cost trade-off studies with use of
Cadre’s Computing Center

PLEASE CONTACT  TERRY BARTLETT  THE CADRE CORPORATION
PO BOX 47837 = ATLANTA, GEORGIA 30362 » (404) 458-9521

TURNKEY AIR POLLUTION CONTROL SYSTEMS

COMPLETE ENVIRONMENTAL SERVICES

 REGULATORY GUIDANCE  HAZARDOUS WASTE

o AMBIENT MONITORING CHARACTERIZATION & CONTROL
o METEOROLOGY & DIFFUSION MODELING o PROCESS/CONTROL ENGINEERING
o ENVIRONMENTAL IMPACT STATEMENTS o ENERGY SYSTEMS STUDIES

o ORGANIC/INORGANIC ANALYSES o STACK TESTING

GCA offers 20 years experience serving Industry & Government.
GCA CORPORATION
. ‘A Technology Division

( ;( : A Burlington Road, Bedford, Mass. 01730

(617) 275-9000

For information contact
Marketing Manager

PROBLEM SOLVING for_
INDUSTRY and
GOVERNMENT |
@ AIR » WATER o SOLIDS o NOISE « ODOR
o Measurement © Permit Planning
. e Impact Assessment. ©_Jnformation Systems. \
o Control o Modeling
The Research Corporation
I n of New England |
125 Silas Deane Highway + 18515 East Orchard Rd.
Wethersfield, Ct. 06109 ::;- '3.:?” e
bigceidisd ? (303) 779-4940 )
® envirooyne
encineers

222 West Adams St.» Chicago, lllinois 60606
(312)263-0114

A Professional Consulting Services Firm
Transportation » Environmental
Food Engineeringe Energy e Civil/Sanitary

Systems Studies and Design

offices in principal U.S. cities

SYSTEMS/SERVICES/STUDIES

S ————————————, ENVIRONMENTAL CONSULTANTS INC

Consulting - Impact Assessments

Ambient/Source Testing

ANALYTICAL TESTING AND

SAMPLING SERVICES:

EPA—Drinking water

Certified bacteriological testing

N.P.D.E.S. Permit

EPA consent decree

Workplace environments

Stack emissions—particulates

Particle identification and sizing

Process Quality Control

Research and Development

USING:

Gas chromatography/Mass spectrometry;
Atomic Absorption Spectroscopy; Infrared
spectroscopy; Microscopy; TOC; E.P.A. and

Quality Assurance Audits
Monitoring - Modeling - PSD
BACT Review
Analytical Laboratory Services

Environmental Monitoring & Services Center
Environmental & Energy Systems Division
2421 West Hilicrest Drive
Newbury Park, CA 91320

(805) 4986771

‘L‘ Rockwell International

where science gets down to business

OSHA certified methods.

SPECIALIZING IN CONSULTATION—PLANNING
SERVICE TO MINING
AND ENERGY 391 NEWMAN AVE
INDUSTRIES OF THE CLARKSVILLE, INDIANA 47130
WESTERN UNITED STATES 812-282-8481

Air, water, and land quality studies ¢ Environ-
mental analysis ¢ Background and compliance

AIR—WATER—ENERGY

monitpring . Meteprological monitoring ¢ Site STACK & EXHAUST TESTS
indexing & evaluation "GOIN‘SULTANG o LABORATORY
articulates » Aerosols  Odor ¢ Organics
ENVIROTECHNICS, INC. Industrial Hygiene Tests « Waslge
ROOSEVELT, UTAH 84066 G.C., I-R & A.A. Analyses
Postal Box 355 801 ¢ 722 « 3827 “TEST IT FIRST SO YOU REALLY

KNOW WHAT THE PROBLEM IS"

RECON SYSTEMS

TESTING
ODOR{ DISPERSION MODELING
T "\\CONTROL ENGINEERING

Box 842 (201)
Somerville, N.J. 08876 685-0440

ROSSNAGEL & ASSOC.
‘-f ‘ LFE ENVIRONMENTAL —————

ANALYSIS LABORATORIES DIVISION . .
Engineering & Testing Consultants
Air and Water Pollution e Radiochemistry Medford, N.J. (609) 654-1441
Geothermal Surveys ¢ Industrial Hygiene Charlotte, N.C. (704) 333-8411

el g A Atlanta, GA. (404) 377-4248
2030 Wright Avenue, Richmond, CA 94804 i\
(415) 235-2633 South Euclid, OH. (216) 777-5500
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POLLUTION ABATEMENT

Custom engineering
and construction

of pollution
abatement facilities.

POLLUTION ABATEMENT GROUP

& BAKER BROS.

OVISIUN (1 $7STHMS ENLINELHING, AND AR ACT A

International Headquarters Telex 924 328

professional consulting services directory

(617) 3441700 CAMPANELLI PARKWAY STOUGHTON. MASS 02072

Breedlove Associatesinc. | FENSS Y (elllcplel
Environmental Consultants ) TeChnC)losy Inc.
) A The Air Pollution Specialists
~DegoR ana Bl Rerits « Research and Consulting «
* Reclamation Programs o Source Emissions Testing .

e Aquatic System Restoration
® Environmental Monitoring
® Analytical Laboratory

® Bioassay

e Control Device Efficiency o
¢ Continuous Source Monitoring ¢
* Ambient Monitoring ¢

o Environmenital Licensing ¢ Fuel Additive & Automotive Testing ¢
e Limnological Studies Route 611, Plumsteadville, PA 18949
o Environmental Impact Statements 215 — 766-8861

2600 Cajon Blvd.,San Bernardino, CA 92411
(904)-376-2320 714 - 887-2571
618 Northwest 13th Avenue 1290 Combermere St., Troy, M| 48084
Gainesville , Florida 32601 313 - 589-295{!

Monsanto

Environmental Services ~ J

® SOURCE & AMBIENT AIR TESTING

DIFFUSION MODELING
ENGINEERING ® GC/MS-EPA PRIORITY POLLUTANTS
CONSULTATION o g/0aNALYTICAL LABORATORY

TREATABILITY STUDIES

INDUSTRIAL HYGIENE SURVEYS/
ANALYSES

MONSANTO RESEARCH CORPORATION
80X 3 STATION 8

OAYION OHIO 45407

ATIN DB NECSON (513) 268 3411 4

FOR THE SENSIBLE SOLUTION
TO WATER POLLUTION

Ground Water
T\ Associates, L.,
Adinl

JAaL mc Inc. Water Supply Geologists and Engineers
YA ﬁ;/\rlg 234 AMITY ROAD (RT 63) * Hydrogeological Investigations
6 BETHANY CONN 06525 * Iron Removal by VYREDOX Process
* Hydrocarbon Bioreclamation
TELEPHONE CLARENCE H ROY.PhD PO Box 280 '
(203) 3930190 President Westerville. Ohio 43081 Linden New Jersey
614/882-3136 Arlington Massachusetts
1501 N Broadway
BROWN Walnut Creek
AND CALDWELL CA 94596
CONSULTING ENGINEERS | 1415) 937 9010
ENVIRONMENTAL ENGINEERING Engineers Since 1902 An Employee Owned Company
Source Control ® Waste Treatment ® Solids Handling Complete Design of
S a.R::Jdc:d:O;;a::mV ond R"“"L";’ Becovery " Environmental Facilities
rati nsultation aboratory An; " g 5
T hiviee Sirce1on e Sorvays USA Greenville SC 29506  Houston TEX 77207
ST e FrEr TR RTP NC 27709 Riyadh Saud: Arabia

d) WALK, HAYDEL & ASSOCIATES, INC.

Complete Environmental Services

Refineries, Chemical Plants
Fertilizer Facilities, Pipelines, Docks,
Oil & Gas Offshore Facilities, Terminals
600 Carondelet St..New Orleans.La. 70130

504:586 8111
Boton Rouge Lo ) Mobile Ala

SMALL PARTICLE ANALYSIS

BY ELECTRON MICROSCOPY

| ERNEST F. FULLAM, INC.

P 0. BOX 444 - SCHENECTADY, N.Y 12301
TELEPHONE 518.785-5533
SUPPLIER OF
ACCESSORIES FOR
WRITE FOR CATALOG

S ol 5& HAVENS AND
LAB/;:A:;m:s |ch. EMERSON, INC.

545 C St.  Franklin Lakes, N. J. 07417 i i
ommerce St Franklin Lakes, N Environmental Engineers

. Ahlonlc Absorption » Opticsl Emission Cleveland, OH  Saddle Brook, NJ
* Chemical o X-ray Spectrometry 2 1
Complete Analytical Services for Atlanta, GA St. Louis, MO
Environmentsl Studies & Pollution Control

Consuiting Englneers
Arr Pollution Control
Orainage & Floog Control
Industrial Waste

|

SCHNEIDER ‘

CONSULTING ; e

ENGINEERS ;
1
\
L

water Pollution Control

Vel.z"ASSOClATES

Charies R Veizy A 355 Main St Armonk NY 10504
Mineois, NY / Babyion

ENVIRONMENTAL AND FACILITIES
PLANNING, DESIGN, AND CONSTRUCTION MANAGEMENT
FOR INDUSTRY AND GOVERNMENT

98 VANAN"" M ROAD, BRIDGEVILLE, PA. 15017
(412) 563-6100

(S

WATER R vork

WASTEWATER Bricsipne

SOLID WASTES Jhe
Bpitiat

222 S Awversde Plaza Chicago 60606

GREELEY "

ENGINEERS

HANSEN ——

LAB SAFETY

Send for 1979 Catalog
LAB SAFETY SUPPLY CO.
\__P.O.Box 1368, Janesville, Wl 53545

E NTROPY
NVIRONMENTALISTS, INC.

AIR POLLUTION MEASUREMENT
IS OUR BUSINESS

P.O. Box 12291
Research Triangle Park, N.C. 27709
919-781-3550

USE THE CONSULTANTS' DIRECTORY

RATES PER ISSUE

UNIT I:&‘ps ll:::]l“: Your card may appear in

- every Issue for one year

b 1) col P $ 33 every issue for six months

} ;;:: Iﬁl: 3;1) (consecutive  issues), or

2 . 1 col 69 pos every other issue for one

9 % cul 130 118 vear (alternate 1ssues).
1 1ol 130 118 Send vour copy to:

Diane €. McGrath
ENVIRONMENTAL SCIENCE & TECHNOLOGY

25 Sylvan Rd. South Westport, ("I 06880

or call her at 203-226-7T131.
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MEETINGS (continued)

professional consulting services directory

September 17-19 Nashville, Tenn.

COMPLETE ENVIRONMENTAL SERVICES: Control, Operation, and Management
Environmental impact assessments. . . Pollutant emis- of BIOIOglcal WaStewater Treatment
2 sion, air quality & water quality monitoring . .. Dis- Plants. Vanderbilt University
Meteorological field studies & conspl:e!'t?rllognsee}fltilc?sa.tescénia;;tEcomglcal consulting - - - B F06612$23295.SWN:I(’.‘ Vanderbilt UniVCrSity,
ENVIRONMENTAL SCIENCES DIVISION P. 0. Box 5888 3;’;35 » Station B, Nashville, Tenn.
(303) 758-1122 Oenver, Colorado 80217
September 18-20 New Orleans, La.
Orlando Laboratories, Inc. Wastewater Treatment Facilities for
P.O.Box 8008 + Orlando, Florida 32856  305/843-1661 Sn}?llfcomv:/ll{llnftgss. TélgAU.S. FEPA
ENVIRONMENAL ANALYTICAL SERVICES Cont(:ole?ﬁc ;’ 6’ Box 828 R;;gl{\?illenﬁ?
RADIONUCLIDES-WATER-WASTEWATER-OIL-GAS , Inc., P.O. Box 828, , Md.
FOOD-VEGETATION-AIR-SOIL-SEDIMENT 20851
ASSISTANCE WITH METHODS EVALUATION STUDIES September  18-21 Minncapolis,
Minn.
@mﬁ&“@ /e rvice 1 y and Process Develop ‘ Control of Particulate Emissions
1ICC Indlstrial Waste Water Control (Lecture course). U.S. EPA.
Liquid and Solid Incineration . itos : % 2
P“:’g ram_s . Air Pollution Control T F-e ¢ $88[. Vlt/.r{tel. RﬁISD"gB AllJl' gdlélgzn
o Consulting engineering In-plant Control and Process Modifications TAINING INSHHULE; med, Lo, »
water o air ¢ solid waste Environmental Impact and Permits Environmental Research Center, Research

Triangle Park, N.C. 27711

@ Air testing
® Analytical lab services CATALYTIC September 20-21 New York, N.Y.

CHAGRIN FALLS, OHIO 44022 ; '
(216)247-5000 |NC. Innovative and Alternative Technology
Arlington, TX  «  Charlotte, NC Assessment. U.S. EPA

Los Angeles, CA « Minneapolis, MN Consaultants o Engineers  Canstructors No fee. Write: US. EPA, c/o JACA

Portland, OR  «  Windsor, CT Envi 1 §) Divi i i
sor, o montal S e Svorpqratlon, 550 Pinetown Rd., Ft.
Philadelphia, Pa. 19102, 215-864-8000 ashington, Pa. 19034
- Charlofte, N.C. 28210, 704-542-4220
THE MOGUL CORPORATION L oo s 1005 042535200l | Gontember 24-28  Cincinnati, Ohio

Liquid Chromatography: Separation

Plus Spectroscopy. The Finnigan In-
Woodward-Clyde "A‘ stitute

CAMP DRESSER & McKEE INC. Consultants Fee: $625. Write: Ann Woolley, Finni-

Offices Throughout the US . . . gan Institute, 11750 Chesterdale Road,
e Conter Plasa * Site Selection Studies Bldg. No. 5, Cincinnati, Ohio 45246

Boston. Massachusells 02108 i |mpad _Assessment P

Evaluation October 1-3 Washington, D.C.

» Decision and Risk Analyses Preparation of Environmental Impact

e Environmental Field and Statements. The George Washington

CDM Laboratory Studies University
Fee: $435. Write: Director, Continuin
environmental engineers. sclentists. Sgzldré)lz‘;‘eer:lsagsas;}s;:err::czgg182 Engincering Education, George Washg.
planners. & management consultants ington University, Washington, D.C.

*Other oftices in Chifton. NJ e Washington. D C.
Anchorage. AK e San Diego. CA ‘ 20052

October 3-5 Albany, N.Y.
Air Management. Airtechnical En-

DAMES & MOORE terprises, Inc.

UNITED STATES

Fec: $345. Write: Thomas Cutter

TESTING co |Nc Engineering and Environmental Consultants Seminar Director i\irtecﬁniﬁ?ﬂ E}lntcr:
Complete Sampling & . prises, Inc., 29-28 41st Ave., Long Island
Analytical Services: G hnical and Envir | Engineering City, N.Y. 11101

« Water & Wastewater Analyses Envi Impact A i

« Priority Pollutants Meteorology and Air Quality Monitoring October 10-12 Washington, D.C.

» Bench Scale Modeling Water Pollution Control Engineering Air Pollution Control Equipment: Op-

: f;‘:ﬁ:lﬁ:f‘:y;%ne Modelling and Numerical Analyses eration and Maintenance. The George

« Aquatic & Marine Bioassays Permitting and Licensing Consultation Washington University

Fec: $430. Write: Director, Continuing

Home Office 1415 Park Avenue, San Francisco o Denver 5, : ot =
Hoboken, N.J. 07030 s VS At Engincering Bducation, George Wash
(201) 792-2400 Offices in Principal Cities Throughout the World J 20% 52 ¥ shington, L.t

USE THE 2 Jewel Drive Wilmington, Mass. 01887

' sHaznrdous Waste Studies
CONSULTANTS
= 0il Pollution Research

DIRECTORY lanormien :;.I;s‘:;).;;-awo (continued on page 1168)
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Institute of Environmental Sciences
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Accurate combustion control with MSA Oxygen
Analyzer helps industry save scarce fuel.

Since its introduction in 1975, the
Model 803 Oxygen Analyzer from
MSA has received a warm welcome
from combustion engineers across in-
dustry. Wherever fuel is burned for
process heat, power generation or
manufacturing, fine tuning of excess
air in the combustion process pays big
dividends. It used to be difficult to get
reliable readings in the hot, dirty con-
ditions in the stack. But the Model 803
O, Analyzer is changing all that.

Located right on the stack, the
Model 803 gives you the shortest pos-
sible sampling line. It operates hot so
that gases are kept above their dew-
point. That minimizes plugging prob-
lems and increases time on line with-
out shutdown. The analyzer measures
oxygen directly—not just an effect of

MSA Oxygen Analyzer
goes to “energy college’

The engineering department of a
southern college conducts seminars to
help industry improve their boiler oper-
ating efficiency. During the lecture por-
tion, the Model 803 Oxygen Analyzer
demonstrates the theory of excess air
control; then the professor takes the
group of boiler operators and super-
intendents to a nearby industrial plant
to observe this combustion control
theory in operation.

The class analyzes the combustion
gases from the boiler with the Model
803 and correlates the analysis to Orsat
tests. Conditions are deliberately
varied, and effect on excess air and
efficiency noted.

The fast response and trouble-free
operation of the 803 verifies classroom
data and confirms how simple it is to
continuously maintain the correct ex-
cess air ratio.

oxygen. So it produces a high-level
signal. And its sensitivity holds through
the full 0.19 to 219, O, range.

Many users have commented on the
803’s speed of response when furnace
operating conditions vary. Prompt cor-
rective action saves them fuel and
avoids pollution incidents.

Flue gas analysis
goes portable.

The popular Model 803 is now also
available as the 803-P Portable O,
Analyzer. The 20-pound unit is com-
plete in a single case with handle. It
offers the same high levels of accuracy,
measuring O, from 0.1%, to 219. The
logarithmic scale provides highest
accuracy at the lowest concentration
levels.

While measuring flue gas excess oxy-
gen is a major application, inert gas
generators, heat-treating atmospheres
and other combustion processes can
all benefit from its use. You just plug
it in at the test location,
and within 20 minutes
you’re ready for accu-
rate analysis of com-
bustion oxygen level.
Adjustments in ratios
are recorded in seconds}
for fast correction of %
fuel/air imbalances.

How can we help you?

MSA has experienced instrumenta-
tion engineers in your area who can
review your needs and make specific
proposals for your plant. They can also
provide details on other MSA instru-
ments for stack emission monitoring,
health and safety analysis systems and
air quality monitoring. Check the
Yellow Pages for the nearest MSA
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Multi-plant air analysis
shows how to shave

fuel costs.

In the dim, dark past when fuel was
cheaper than controls, boiler operators
didn’t mind losing a little heat in the
form of excess air. It was heated and
then carried its Btu’s right out the stack,
but it didn’t bother the burning rate
or the operation.

Now, that “little heat” can add up
to a loss of thousands of dollars every
month. More and more industrial boiler
operators are turning to oxygen moni-
toring and control as a cost-efficient
way to reduce fuel consumption.

FUEL$

One multi-plant company studied
the effect of increasing boiler efficiency
from 19 to 59, for four classes of
boilers. The figures showed, for exam-
ple, that a 29, improvement for a
100,000-1b boiler would offer savings
of $3,000 per month when fuel was 26¢
a gallon. At that rate, the cost of con-
trols could be paid off in a matter of
months.

Today, saving fuel is not just a
matter of economics—it can be the
difference between operating or shut-
ting down in cold weather.

As a bonus, efficient combustion
processes are less likely to create air
pollution problems from the stack.

office or write MSA Instrument Divi-
sion, 600 Penn Center Blvd., Pitts-
burgh, Pa. 15235.

Make sure /check MSA
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