


RAC on-stack transmissometer *

RETROREFLECTOR
ASSEMBLY

sk Meets or exceeds all
performance specifications
outlined in the Federal Register,
Vol. 40, No. 194, dated 10/6/75.

This advanced electro-optical system
measures from 0 to 100% opacity in
stack gas streams . . . provides direct
readouts with accuracy of +3%.

The RAC on-stack transmissometer accurately measures stack
gas stream opacity by means of a modulated light beam. A
highly precise instrument, with patented design/operating
features, this dual-beam monitoring device uses more simpli-
fied optic and electronic subsystems than competitive units.
Its advanced design assures optimum optical performance . . .
minimizes operating problems as well as normal service/
maintenance requirements.

STACK WALL

RETROREFLECTOR OPTICAL HEAD

\WEATHER
HOOD

BLOWER

TYPICAL INSTALLATION

STACK SAMPLING SEMINARS

Since 1970, RAC has sponsored an annual
series of 2-day, technical, practical seminars
on stack sampling parameters & procecurss
(EPA methods). Write for descriptive folder. :
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The RAC transmissometer features a unique chopper design
and a solid-state automatic control circuit. These components
make the system insensitive to ambient light, provide continu-
ous recalibration (every 0.1 second), and automatically com-
pensate for light and temperature changes as well as aging/
drift in the electronics. In addition, the system’s calibration
can be verified easily, while the unit is operating, by a unique
system response test kit with four NBS filters.

Once properly installed, this compact, lightweight (37 Ibs)
system normally requires no further on-stack adjustments.
The optical head and retroreflector units, after fine alignment.
are locked in position by external threaded connections to
assure a vibration-free installation.

A variety of accessories—including blower units to protect
the optics (when required), computer interfacing, remote
strip-chart recorder, fail-safe shutter, remote control panel,
linearizer-integrator, window soiling alarm, retro alignment
tool, and a system response test kit with NBS filters—are
available to enhance the RAC transmissometer’s inherent ca-
pabilities for optimum performance with minimum attention.

For details, send for BULLETIN 2700.

‘RESEARCH APPLIANCE COMPANY

Route 8, Gibsonia, Pennsylvania 15044

Environmental Instruments [ Laboratory Products
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The Calgon Adsorption Service.”

It controls organic pollution
and recovers matenials
worth real dollars.

Carbon adsorption of dissolved
organic materials from wastewater
(including toxic and refractory
compounds) is one of the most cost-
effective methods now available.
Calgon has packaged its carbon
adsorption expertise into compact,
modular treatment units that we
install, maintain, and can even
operate on your property for a
preagreed-on service fee. No major
capital investment for you. We can
be operating in as little as 45 days
after the service agreement is
completed.

As a bonus, Calgon Adsorption
Service users find that they can
often realize benefits from the
treatment that help to pay the
operating costs or improve overall
waste-treatment efficiency.

CONDENSATE RECOVERY —
By removing organic con-
taminants, condensate can be
reclaimed. Recycling this highly
purified water cuts down feed-
water, chemical treatment, and
energy costs.

PRODUCT RECOVERY —There's
often enough valuable organic
material in a wastewater stream to
justify recovery for return to the
process. Calgon Adsorption Ser-
vice systems concentrate the
organics in the granular carbon
from which they can be recovered.
Alternatively, contaminated prod-
uct streams can be processed for
removal of contaminant so the
product stream can be recovered.

IMPROVED BIO SYSTEM
OPERATION — By reducing the
concentration of organic mate-
rials—some of which may be toxic
to the biomass—in a waste stream
before it goes to an existing bio-
logical treatment unit, a Calgon
Adsorption Service system can
increase efficiency greatly. The
adsorption system also can be
used to upgrade the effluent from
a biological plant.

TOXIC CHEMICALS REMOVAL
— New waste-discharge and safe-
water laws drastically reduce the
allowable levels of a number of
toxic organic compounds. Many of
them can be effectively removed
by carbon adsorption.
PROTECTION OF WATER-
TREATMENT RESINS —Carbon
adsorption ahead of resin columns
maintains water treatment

efficiency, by removing organic
materials which degrade resins.
CONTACT CALGON for details
on how waste treatment can pay
extra dividends. Call:

(412) 923-2345 in Pittsburgh.
(713) 682-1301 in Houston.

(314) 863-3201 in St. Louis.

(415) 369-4684 in Redwood City,
California.

(201) 526-4646 in Bridgewater,
New Jersey.

Or write for brochure to Calgon
Adsorption Systems, Calgon
Center, Pittsburgh, Pa. 15230.

The Water Managers

COLRON

SUBSIDIARY OF MERCK & CO.,INC.
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if you work in...

m Air Pollution

n Wastewater Analysis

m Suspended Solids Analysis (EPA)
m Stack Sampling

m Gas/Liquid Purity Analysis

m Cell Harvesting

m Biomedical /| Biochemical Analysis
®m Radioimmunoassay

m Liquid Scintillation Counting

you really need

-m Better Particle Retention
u Higher Temperature Capability
m Better Chemical Resistance
m Higher Filtration Rates
m Higher Loading Capacities
m Better Stability

Reeve Angel brand Glass Fiber Filters and
Media are made of 100% borosilicate glass.

They are chemically and biologically inert. For
critical sampling you get excellent retention of
sub-micron and micron particles. In filtration you
get higher flow rates, much better chemical and
biological resistance, freedom to work at tem-
peratures to 500 °C, a lower-cost, highly effective
substitute for membranes in most applications.

Reeve Angel brand Glass Fiber Filters and
Media offer a non-aging material with superior
optical properties. Binder-free, they provide an
ideal matrix for impregnation with reactive
chemicals, enzymes, dyes, etc. and are highly
useful as, e.g., paper chromatography, electro-
phoresis media.

You can get Reeve Angel brand Glass
Fiber Filters and Media from selected dealers.
WHATMAN INC. A member of the
Whatman Reeve Angel Group—9 Bridewell Place,
Clifton, New Jersey 07014 = (201) 777-4825.

Write today for your Science Folder on
Reeve Angel brand Glass Fiber Filters and Media!

-w -
v v

m Whatman
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CURRENT RESEARCH

Identification of organic compounds in unbleached treated
kraft paper mill wastewaters 555

L. H. Keith

Organic components of wastewaters from two paper mills were
identified by GC-MS. Each mill used a different waste treatment
process, but the effluents were qualitatively similar. Both mills were
resampled after two years, and although concentrations varied, the
same compounds were present.

Acute and chronic toxicity of hydrogen suflide to the
fathead minnow, Pimephales promelas 565

L. L. Smith, Jr.,* D. M. Oseid, and L. E. Olson

Toxic effects of H,S to the fathead minnow were determined.
Chronic exposure to eggs of 0.004 mg/I. adversely affected growth,
survival, and fertility. Exposure of juveniles to 0.008 mg/I. had the
same effects. Sensitivity of juveniles increased with increased
temperature.

Improving mass transfer characteristics of limestone
slurries by use of magnesium sulfate 569

W. A. Cronkright* and W. J. Leddy

Data are presented showing that mass transfer coefficients for
limestone scrubbing slurries are improved by addition of MgSOy4.
Efficiency of scrubbing is increased by eliminating the need for
limestone dissolution during the absorption process. The MgS05°
ion pair is responsible for the increased efficiency.

Photochemical aerosol formation. SO,, 1-heptene, and NO,
in ambient air 573

P. T. Roberts and S. K. Friedlander*

Aerosol formation studies were done in a large Teflon bag irradiated
by sunlight. Distributions of sulfur with respect to particle size and
total aerosol sulfur and carbon were measured as a function of time.
Sulfur particle distribution was bimodal about 0.2 um.

Fate of crude oil spilled on seawater contained in
outdoor tanks 580

D. C. Gordon, Jr.*, P. D. Keizer, W. R. Hardstaff, and
D. G. Aldous

Crude oil spills on outdoor tanks of seawater were monitored by
fluorescence spectroscopy. About half the oil formed tar balls or
was stranded on the tank sides. Less than 5% entered the water
column and sediment, but the concentrations found are potentially
harmful to some marine organisms.

Sources of polonium-210 in atmosphere 586
H. E. Moore*, E. A. Martell, and S. E. Poet

Tropospheric aerosol residence times determined by 2'°Po/21°Pb
ratios are concluded to be in error. Complementary sources of
atmospheric 2'%Po, other than from decay of 222Rn, are discussed.
These sources account for most 2'°Po found in the troposphere.

* To whom

should be a
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Oxidation of contaminative methane traces with radio-
frequency discharge 591
D. L. Flamm* and T. L. Wydeven

Trace levels of methane in oxygen were oxidized by an 11.8-mHz

glow discharge. Effects of power, flow rate, concentration, and

pressure were studied. No organic reaction products were found in
the treated gas stream.

NOTES

Evaluation of continuous mercury monitor on combustion
sources 595
R. Statnick*, R. Grote, and R. Steiber

Studies were made on a continuous Hg analyzer of Hg emissions

from a coal-fired utility boiler and an oil-fired experimental burner.

Analyses were performed without dilution of flue gas, and with
minimal interference from other gases.

Average tropospheric concentration of carbon tetrachloride
based on industrial production, usage, and emissions 596

A. P. Altshuller

Anthropogenic contribution of CCly to the troposphere can be
computed from world-wide production and usage patterns. Current
levels of CCl, are estimated at 60-80 ppt, and increasing at about 1
ppt per year. These estimates are compatible with reported ambient
air measurements.

Coping with spills of silicone fluids 598
T. S. Cox and D. N. Ingebrigtson*

Simulations of polydimethylsiloxane fluid spills were made. Sliding
friction of rubber wet with the fluids was measured, and cleanup
procedures were evaluated. It is concluded that these fluids behave
much like motor and mineral oils, and can be treated similarly.

CORRESPONDENCE

Development of a portable polarograph for determination of
aldehydes in automotive exhaust and production plant
samples 601

J. D. McLean

Determination of nitrate in water samples using a portable
polarographic instrument 601

R. H. Philp, Jr.

Credits: 519, U.S. Army Engineer Waterways Experiment Station; 522, Dow Corning; 524,
ES&T's Julian Josephson; 531, NOAA Atlantic Oceanographic and Meteorological Labs
(Miami, Fla.); 532, 536, 537, Salt River Project (Phoenix, Ariz.); 547 (two photos), Athena
Studios (Princeton, N.J.)

Cover: Salt River Project (Phoenix, Ariz.)



LEAKAGE PREVENTION=ENERGY CONSERVATION

Bay State Gas Co., supplier of liquified natural
gas to 12 communities in the Springfield
(Massachusetts) area, insures leak-tight handling
and control of precious LNG by using SWAGELOK
Tube Fittings at critical connections throughout its
storage facility in Ludlow, Massachusetts.

Control panels, recording and measuring
instruments, dehydration and absorption equipment,
gas analyzers and LNG pumps all demand the
reliability and safety of SWAGELOK connections.

Valving is equally important...and WHITEY
Valves with SWAGELOK end connections are used
for exacting flow control functions. Three-way, air
operated models are integrated with an alarm system
which provides for automatic shutdown of the entire
plant in case of emergency. Hand operated valves
furnish positive on-off service for the plant’s dew
point moisture analyzer.

Leak-proof, energy saving connections for your
fluid system are locally available from your full
service SWAGELOK Tube Fitting distributor.

Suoepee”

Tube Fittings

Crawford Fitting Company. 29500 Solon Road, Solon, Ohio 44139
Crawford Fittings (Canada), Ltd.. Ontario ©1975 MARKAD SERVICE CO./all rights reserved C-43
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Philips SO, moni

90days,
0%,

90years?

The first Philips SO, monitor is
installed inthe U.S.

...over 60,000 data hours later
this Philips SO, monitor is still on

duty, still producing 90-95%
valid data on an annual basis.

High quality means high performance: 95.9% average recovered data from
a 12 station 83 monitor system. Record covers a 10 month period. The data
above was validated by a multi-point external calibration using the following
schedule: 24 hours, 7 days, 45 days.

512 Environmental Science & Technology

tors:

Thisiswhy . ..

Philips designed the monitor
around a 90 day scheduled
maintenance program

90 day unattended operation,
together with 90 day scheduled
maintenance establishes the
hasis for Philips unequalied field
performance and for its broad
acceptance. Implied by these
tough field performance criteria
are design standards of the high-
est level. Today, seven years after
the introduction of the PW9700
SO~ monitor, Philips remains the
only manufacturer to offer 90 day
standards for unattended opera-
tion and for scheduled mainte-
nance—no one else is even close.

Design criteria that make the 90
day scheduled maintenance
program possible include . ..

Highest quality components.
Components selected for the
monitor must pass a quality assur-
ance program to satisfy the
necessary MBTF for 90 day un-
attended operation. Success of
this program is attested by the
more than 2500 monitors now in
the field worldwide and routinely
reporting a 90% or better data
recovery.

Automatic regeneration of re-
agent. A constant level coulo-
melric cell with automatic regen-
eration of reagent provides for a
6 month life of the electrolyte.

Philips designed the monitor
around a built-in data quality
program

Continuous data validation. Auto-
matic. daily systems zero” and
dynamic span+ checks are made




to assure continuously validated
information from the monitor.

Philips monitors getoffto a
good start

The Philips monitor is installed
and made operational at the cus-
tomer's facility by a Philips
service engineer. The instrument
isreleased to the customer only
after the system has been verified
as meeting specifications. This
service is provided to the custo-
mer as part of the purchase price.

Philips nationwide service
organization assures prompt
local support

Our 12 month field warranty
brings prompt on-site service to
the customer as required . . . and y
atno cost to the customer.

Philips highly trained service 1981

engineersoperate from 14 service Philips has every reason t

offices throughout the nation. believe that its first U.S. momtor
On-going schooling programs for  will be operationally effective in
these engineers assure up to the 1981, the year in which all moni:
minute competence in their tors must be EPA equivalent. This
performance. is why equivalency for oui 1969
Philips support assures model was important; we war}ted_
continuing performance those many companies and insti-

- : tutions who had purchased the
At the time the equivalency A
document was published, our PW9700 to be able to achieve

PW9700 SO, monitor had been the use that was originally built

superseded by the PW9755 (see into this instrument . . . and this is
below) and was no longer in why our present customers can

: o be confident thatin 1981 they
n...Philips, - il T
Fer;’:‘;f;'garked o'n'EZrSSYiQhe will still be achieving 90-95%
orior to the promulgation of the valid data on an annual basis.
document. to bring the PW9700

2059?

Stillin use? Probably not. But as
the first 90 day monitor for the
control of ambient air quality, the
PW9700 will have long since
earned its place in history.

1976 Valid year to purchase your
first (or 90th) Philips SO, monitor.
Call us today (914-664-4500) and
ask for the EQP Group (Environ-
mental Quality Products). They'll
be glad to get things moving
foryou.

Philips Electronic Instruments, Inc.
750 South Fulton Avenue,

Mount Vernon, New York 10550

A North American Philips Company

in line with future requirements,
and filed for equivalency on
behalf of this instrument.

Philips listens to its customers
After extensive field experience
and component design improve-
ment programs. Philips, in 1976,
introduced an updated version of
the PW9700. the PW9755—even
though the older model still has
no peer for field performance.

.
PW9700

PHILIPS

=

PHILIPS
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When ion exchange
makes sense,
so does Chem-Seps.

You want specific answers on waste
stream and water supply problems.
And Chem-Seps has them.

Since we’re the only company

that designs, tests, builds and

installs all three types of

ion exchange equipment,

we can be objective in recommending
cocurrent or countercurrent,

fixed bed or continuous.

Your situation determines our solution.
That’s why it makes sense

to call Chem-Seps.

{Continuous systems for acid waste
removal, cooling tower chromate and
zinc recycling, ammonia and nitrate
clean-up and recovery,

large scale municipal water softening
and other situations where either
high loading or high thruput

are necessary.

~w Fixed bed systems for

process water demineralization,
nitrate removal,

acid clean-up and other situations
with low to high loading

in all ranges of flow.

R

<
®  CHEM-SEPS
the new alternative.

CHEM-SEPS

SUBSIDIARY OF FOSTER WHEELER CORPORATION
CHEMICAL SEPARATIONS CORPORATION [ 729 OAK RIDGE TURNPIKE, OAK RIDGE, TENNESSEE 37830 (] TELEPHONE AREA 615/483-7426
CIRCLE 9 ON READER SERVICE CARD
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EDITORIAL

Air standards’ standstill

The Clean Air Act of 1970 mandated an inflexible
sequence of events, to be accomplished within a rigid
timetable. This was followed by the promulgation in 1970 of
the present six air quality standards for carbon monoxide,
hydrocarbons, nitrogen oxides, oxidants, particulate matter,
and sulfur dioxide. The sequence involves (1) publication of
air quality criteria and control technology documents, (2)
publication of the proposed standard, (3) time for public
response, (4) promulgation of the standard, and (5) the
requirement that the states submit plans for their
implementation to EPA for approval.

Although the first four of these steps are relatively rapid
and painless, the last step has been long drawn out and
traumatic. This trauma has made EPA so gun-shy of following
the prescribed sequence and timetable for air quality
standard promulgation and revision, that, since 1970, no new
air quality standard has been promulgated and no major
revision of the original six standards has been made, despite
accumulating evidence that both these types of actions are
badly needed.

The remedies for this situation are to

(1) force the Administrator to periodically update, and,
where necessary, revise his air quality criteria and control
technology documents, obtain public response, and
repromulgate the air quality standards and

(2) make the required sequence and timetable more
flexible by allowing the EPA Administrator to set the
timetable.

The status of Congressional action on the Clean Air Act is
that no change in the sequence or timetable is included in the
proposed 1976 amendments, nor is there any provision that
would force updating and review of present air quality
standards. The prospect of a change in the amendments at
this late date seems remote.

The EPA National Air Quality Criteria Advisory Committee
has completed a chapter-by-chapter review of the six air
quality criteria documents, noting which need updating or
revision, and why; and has requested an EPA timetable for
accomplishing such updating and revision. However, EPA has
announced its intention to terminate this committee’s
activities by June 30, 1976. Therefore the prospect of a new
look at our 6-yr-old air quality standards, and at their 8-yr-old
supporting documentation, presently appears very dim
indeed.

Arthur C. Stern
Chairman of the Air Quality Criteria
Advisory Committee that advises the EPA
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The Easiest
Way totest
ater

...SpectroKit™
Reagent Systems

Now you can be sure of reliable, on-the-
spot results. Fullyillustrated instructions
and unique chemical packaging make
Bausch & Lomb SpectroKit™ Reagent
Systems easy, accurate, dependable to
use. Compact for the lab—perfect for the
field.

Just sample, react and read . . . as easy
as 1-2-3

Test for:

Alkalinity Hardness (EDTA)

Carbon Dioxide Iron

Chloride Nitrogen (Ammonia)

Chlorine Nitrogen Nitrate
(Free and Total) Nitrogen Nitrite

Chromium Phosphate
(Hexavalent) Sulfate

Copper Turbidity

Dissolved Oxygen

Ask for information on our other

water testing systems—

® Laboratory Reagents and Standards

® Portable and Laboratory Spectropho-
tometers (15 models)

® Applications Laboratory Assistance

® Water Technology Manual

For complete information contact Bausch & Lomb,
Analytical Systems Division.

BAUSCH & LOMB (@)

ANALYTICAL SYSTEMS DIVISION
25-06-2 8| Linden Avenue, Rochester, N.Y. 14625.

Sold in US.A. only by
Fisher Scientific and VWR Scientific.
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LETTERS

It’s your health

Dear Sir: Your editorial (ES&T, De-
cember 1975, p 1101) was fresh and to
the point. Your admonishment to read
Assistant Editor Lois Ember’s special re-
port was well taken. She did a great job of
amalgamating diverse and difficult
subjects into a cogent, readable article.
The theme “It's your health’’, the impor-
tance of toxic substances, and the ap-
parent lingering interest of Congress may
suggest the desirability or need for your
kind of lucid reporting to focus attention
on that complicated issue. Or have you
already done so and I've missed it!

Industrial, commercial, and urban de-
velopments here have done much to im-
prove economic and social conditions.
The value of tourism, its impact on mi-
gration within the country, and developing
environmental conflicts pose opportuni-
ties for societal choice. Establishing
methodologies for environmental impact
assessment, taking into consideration
strong cultural concerns for littoral eco-
systems, landscape, and historical mon-
uments, makes fact finding for political
action in this fast-developing country fun
and hard work. Lois Ember’s article will
give us more help in assisting our Yugo-
slav colleagues to sort out issues and
develop perspectives for environmental
protection. A “‘message’’ on toxic sub-
stances would be welcome.

John T. Middleton
United Nations Development Programme
Istarska 6-51000 Rijeka, Yugoslavia

Ed: John T. Middleton was formerly the
Commissioner of NAPCA, the National Air
Pollution Control Administration, prede-
cessor of the U.S. EPA.

Impact of chlorination

Dear Sir: After much thought reviewing
all of the presentations at the Oak Ridge
conference (ES&T, January 1976, p 20)
there are two significant thoughts | would
like to express.

The 15-minute chlorine demand of a
raw water supply (potable) should be a
water quality parameter. For example, if
this chlorine demand is in excess of 5
mg/l the raw water should be rejected
because it is too polluted.

As for the value of wastewater disin-
fection practices, many experts view this
as a wasted effort. Not so! Several years
of applying the disinfection requirement
in California reveals that the value of a
disinfection system as a pollution moni-
toring and control device is well worth the
effort, in addition to the benefits from its
value as a formidable barrier in the spread
of waterborne disease.

Any wastewater treatment plant oper-
ator, when confronted with an effluent
coliform requirement, soon finds out—
usually to his great surprise—that the
disinfection process is all but a complete

failure unless all the treatment plant unit
processes are functioning properly.

It is quite probable that the most im-
portant benefit of a wastewater disinfec-
tion facility is its value as a pollution
monitoring device.

Therefore, one of the major benefits of
wastewater disinfection is the fact that its
efficiency is a measure of pollution con-
trol. If we cannot achieve disinfection
efficiently, we are not solving waterways
pollution.

Geo. Clifford White
San Francisco, Calif. 94118

Legal opinions

Dear Sir: John P. Hills has done an able
job of summarizing existing legal deci-
sions and opinions (ES&T, March 1976, pp
234-238), but has gone beyond his
mandate and existing knowledge in ad-
ducing fluorocarbons as an example of
infinite harm. Numerous people have tried
to prove that the entire population of the
Earth is at risk in this case. This is simply
not so.

Even if the entire hypothesis is correct,
the population at risk remains essentially
the small group of fair-skinned blonds. If
one adds to this the recent finding of John
Eddy (reported in Science 191, 1159, 19
March 1976) of several historical periods
during which, if the theories to date are
correct, the ozone must have been de-
pressed to levels comparable with the
forecast effects of continued fluorocarbon
release for centuries, yet without any re-
corded biological impact, the whole
matter becomes much too nebulous to
warrant action at this time.

Finally, it should be noted that the in-
cremental risk of waiting until better in-
formation is available has been shown to
be trivial. | submit that this is not an ex-
ample of a case in which immediate ac-
tion is warranted, but rather of one mer-
iting a Scottish verdict of not proven.
Present talk of an enforced moratorium on
fluorocarbon release is very little short of
vigilante justice.
James P. Lodge
C I in At ph
Boulder, Colo. 80303
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The specter of cancer

Dear Sir: In the Special Report (ES&T,
December 1975, p 1116) the author
cannot be blamed for mentioning that NCI
scientists had reported that counties
having copper, lead, or zinc smelters had
higher than normal lung cancer mortality
and that the scientists had suggested
airborne arsenic might be the cause. She
should also have noted, however, that the
NCI authors cited no arsenic data, either
for smelters or ambient air, to support
their speculation.

The fact is that copper smelters ac-
count for most of the arsenic intake of the



non-ferrous smelting industry. It is also a
fact, derived from NCI data, that more
copper smelting counties rank below the
national average lung cancer death rate
than above.

K. W. Nelson
ASARCO, Inc.
New York, N.Y. 10005

Groundwater

Dear Sir: In a recent issue (ES&T,
March 1976, p 226) you noted enteric vi-
ruses from human wastes have been de-
tected in ground water, apparently lea-
chates from sanitary landfills containing
disposable diapers.

In a recent year-long intensive study of
California roadside and recreation area
litter, the Institute for Applied Research
survey teams found one or more dispos-
able diapers in 3.4% of 324 roadside
locations and 2.9% of 208 recreation
areas. This rather high incidence was
particularly disturbing in that some loca-
tions were close to streams or rivers that
were direct sources of drinking water in
downstream locations. Those concerned
with quality assurance of groundwaters
would do well to investigate the potential
contribution of contaminants from road-
side and reaction area litter.

Daniel B. Syrek
Institute for Applied Research
Carmichael, Calif. 95608

Groundwater

Dear Sir: | applaud the view expressed
(ES&T, March 1976, p 226) that ground-
water is one of this nation's most precious
resources and must be protected from
contamination and depletion. For many
years our laboratory has been actively
engaged in developing suitable methods
for monitoring viral contamination and,
indeed, for eliminating such contamination
where it may occur. (See details in ‘‘Vi-
ruses in Water,"” Amer. Publ. Hith. Assoc.
Monograph, 1976.)

However, there is an error of fact. It is
true, as mentioned in our feature (ES&T,
December 1975, p 1124) that we have
been concerned about the possible viral
contamination of leachates of sanitary
landfills [ Appl. Microbiol. 28, 232 (1974)].
In spite of our concern, we have not de-
tected any viruses in such natural lea-
chates in the small testing program done
a few years ago. The available evidence
on testing leachates generated from ex-
perimentally infected lysimeters in our
laboratory as well as in lllinois by Engle-
brecht and in California by Cooper leads
me to the belief at this time, that virus
contamination of groundwater is unlikely.
Nevertheless, the potential exists. How-
ever, much more widespread monitoring
is required before we can say whether a
problem of any significance exists from
the disposal of virus-infected diapers in
landfills.

Joseph L. Melnick

Baylor College of Medicine
Houston, Texas 77030

In the lab, in the plant, on the
lake, or down by the river—take
along Hach’s new Portable Dis-
solved Oxygen Meter. It gives
+1% accuracy—Ilaboratory
accuracy anywhere you want to
useit.

Its membrane electrode (Clark
type polarographic) is EPA ap-
proved for DO measurement. The
electrode method gives excellent
results even in polluted, turbid,
or highly colored water.

The meter gives direct read-
ings from 0-10 and 0-20 mg/| DO
with the standard membrane; 0-5
and 0-10 mg/l DO with the high
sensitivity membrane. A built-in
pressure compensation system
allows readings to be made at
depths to 230 feet. Water temper-
ature is automatically corrected
by a temperature compensation
thermistor.

Write to find out more about
Hach’'s rugged Portable Dis-
solved Oxygen Meter.

CHEMICAL COMPANY
Firstin Water Analysis
P.0. Box 907 » Ames, lowa 50010 U.S.A.
Phone: 515-232-2533 TWX: 910-520-1158

And: Hach Europe S.A./N.V.
B.P. 51,5000 Namur 1, Belgium
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Put
your lest

lesl.

Use Hach’s new Voluette™ Ampule
Standards System. It’s a simple way
to verify the accuracy of your water
and wastewater tests—by the reli-
able “‘standard additions’ method.

Hach Voluette™ Ampule Stand-
ards are available for over 30 im-
portant tests—from acidity to zinc.
These solution standards are pre-
mixed and calibrated to close toler-
ances. Each carton of 16 standards
includes a certificate stating its
type, specific value, tolerance
specifications, recommended stor-
age conditions, and instructions.

To use Hach’s “standard addi-
tions” procedure, all you do is add
a measured amount of standard to
the water sample with Hach’s Mi-
cromatic™ pipet. Then read the
concentration difference be-
tween the original sample and the
sample plus standard. The per cent
of standard recovery indicates test
accuracy. If you get 90-100% recov-
ery of the standard, your sample re-
sult is considered valid.

Don’t leave your water and
wastewater test results to chance.
Prove accuracy with Hach’s Vol-
uette™ Ampule Standards—they're
stable, disposable, inexpensive.

For more information, write:

- CHEMICAL COMPANY
Firstin Water Analysis

P.0.Box 907 - Ames, lowa 50010 U.S.A.
Phone:515-232-2533 TWX: 910-520-1158

And: Hach Europe, S.A./N.V.
B.P. 51, 5000 Namur 1, BELGIUM
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COMBUSTION CONTROL* HEALTH & SAFETY « ENVIRONMENTAL* PROCESS

New-generation oxygen
analyzer for combustion
control cuts emissions,
pays itself off in months.

Unburned fuel going out your stack
means pollution. But just as important, it
means you are wasting expensive fuel.
Accurate monitoring of excess air will per-
mit you to save fuel and avoid the loss of
Btu's up your stack.

MSA's new Model 803 Oxygen Analyzer
was designed to solve many of the prac-
tical operating problems that you face in
accurate monitoring of O, in hot, dirty
flue gases.

The Model 803 sensor cell mounts
directly on the stack for shortest possible
sampling line. It operates hot to keep all
gases above their dew points and minimize
plugging. The stabilized fuel sensor mea-
sures oxygen—not an effect of oxygen—
so it produces a high-level signal. It ana-
lyzes 0.1% to 21% O,. The lower the oxygen
concentration, the better the readability
on its logarithmic scale.

Users of the Model 803 Oxygen Ana-
lyzer have commented on its fast response
to changes in furnace operating conditions.
And its close matchup between oxygen
readings and theoretical calculation of O,
content gave them fuel savings that paid
for the analyzer quickly.

One chemical company made a com-
prehensive study of heat loss. They found
that oxygen analysis with the zirconium
oxide cell, the type used in the Model 803,
overcame the operating problems and the
need for frequent maintenance found in
other types of sensors.

They also reported to their operating
group that use of such an analyzer for
excess air control could save about $/,500
a month, if the efficiency of a 200,000-1b/hr
boiler was increased by just 1%. This cal-
culation was based on 26¢ fuel oil, 335 days
of 24-hour operation per year.

If you need a dependable, accurate
oxygen analyzer that stays out of trouble
and saves you fuel, get details on the
Model 803.

Circle No. 37
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SO,, NO and CO analysis in stack gases
made simpler, more

MSA now offers custom-designed Stack
Analysis Systems which include a com-
pact extractive sample acquisition and
conditioning system. You have a choice
of free-standing cabinets or wall-mounted
housings, and provisions are available for
single-point or multipoint sampling, or for
one or more contaminants.

The analysis train starts with a specially
designed 5-micron shielded-filter probe
mounted directly in the stack. The heat-
traced sampling line is maintained at a
temperature high enough to keep the sam-
ple gas above the dew point, so that any
water vapor remains in the vapor state.
The sample is quenched quickly and dried
after it enters the conditioning system, with-
out any appreciable loss of SO, content.
The entire sampling train is built of corro-
sion-resistant materials to minimize both
maintenance and possible contamination.

The cooled gas sample then passes

Versatile infrared
analyzers monitor every-
thing from solvent vapors
to carbon monoxide.

MSA introduced the LIRA Infrared Ana-
lyzer over 20 years ago, and we find new
applications for it every year. One reason
is the instrument’s unique ability to select
a specific component out of a mixture of
gases (or liquids) and record its concen-
tration quickly, accurately and depend-
ably over a broad ambient temperature
range. Another reason is the flexible design
of the LIRA. We can offer a wide choice
of cell lengths and materials, peripheral
readout equipment and types of housings.

Among the LIRA systems we have sup-
plied for pollution control are:

® A stack analysis system for 0-2000 ppm
SO

¢ Air monitoring network of LIRA detec-
tors for CO.

* An automobile-emissions screening in-
stallation where LIRA analyzers are
combined with instruments and readout
meters for CO, HC, and NO in exhaust
gases.

Some typical health-and-safety and
process applications in current use include:

accurate.

through a series of filters which removes
the balance of the particulate matter.
Finally it enters the analyzer through a
selector valve and flowmeter. Several dif-
ferent analyzers can be provided with a
conditioned sample from this system, and
the system is provided with a bypass flow
to minimize sample transport time. MSA
can provide high-reliability analyzers for
continuous monitoring of SO,, NO, CO
CO,, total hydrocarbons and solvent vapors.
The typical unit shown here uses a LIRA*
Infrared Analyzer, calibrated for analysis
of SO, in the 0-2000 ppm range. Zero and
span gas test connections are provided for
easy calibration check.

For heavy dust-loading applications—
BOFs, cement kilns, cupolas, blast fur-
naces—MSA offers special heated filter
systems. There are also pressure switches
or gages to indicate plugged sample lines,
and automatic back purge of traps, probes
and sample lines is provided.

The MSA"™ Stack Analysis System can
be interfaced with any recording, alarm
or computer readout; and composition
signals can be used with flow rates to cal-
culate mass emissions in pounds per hour.
Discuss your needs with an experienced
MSA instrument specialist.

For details circle No. 38

¢ A 5-point CO, detection system to ‘pro-
tect brewery workers.

e An 8-point system for 0-2000 ppm ace-
tone in air.

¢ A 10-point system for 0-1000 ppm meth-
ylene chloride in air.

e Multipoint halocarbon gas detection and
alarm system for 0-3000 ppm CHCI,F.

* A S-point system for 0-200 ppm of tri-
chloroethylene (in combination with an
MSA Model 1-500 Combustible Gas
Detector).

e Multipoint CO, detector for process
control in the 15-35% range, on a lime
kiln.

¢ CO, detection at 0-100 and 0-1500 ppm
range to guard LNG liquefaction equip-
ment from plugging.

These are just a few of the thousands of
LIRA analyzers in every type of industry
today. There has to be a reason. Check it
out for your OSHA, stack monitoring,
process control or air monitoring problems.

Circle No. 39

Ask us for details.

Get the latest literature on the MSA
monitoring instruments described here.
Circle the appropriate Reader Service
Number. MSA Instrument Division, 400
Penn Center Boulevard, Pittsburgh, Pa.
15235.




INTERNATIONAL

Sweden has come up with projections
of what some pollution control costs
from 1975-1980 would be in that
country. For sewage treatment, for
example, an investment of $446-667
million (based on 1 Swedish Krona =
$0.23) would give Sweden's entire
urban population tertiary treatment.
$222 million more would provide a
quaternary filtration step. Municipal
solid waste disposal, to give
compacting, treatment, and the like,
would require $56-67 million.
Measures to reduce vehicle exhaust
could cost $92 million; industrial
pollution control measures $690-805
million, and energy conservation with
air pollution control for fossil-fueled
district heating and power production,
$333 million. Cost figures are in 1974
constant prices.

An international effort, the Middle
Atmosphere Program, is to be
mounted during 1979-1984. MAP is
being designed to study the atmosphere
between the tropopause and 100 km
that will embrace the stratosphere and
mesosphere and the lowest portion of
the thermosphere. The major
experimental technique will be remote
sensing using the U.S. Spacelab and
other orbital and geostationary sensors.
Sponsors include COSPAR, WMO,
IAGA and URSI.

WASHINGTON

Federal, state and local government
expenditures for environmental quality
control totaled $7 billion in fiscal
1973-74 according to a Bureau of
Census report. Of this total, $4.6 billion
was spent on water quality control, $2
billion on solid waste management and
$297.4 million on air quality control. In
October 1974, the various governments
employed the full-time equivalent of
225 562 people: 93 842 in water quality
control; 124 191 in solid waste
management and 7529 in air quality
control. These are the latest Bureau
figures available.

EPA has found asbestos fibers in the
drinking water of Boston, Philadelphia,
Atlanta, San Francisco and Seattle. The
findings of a 10-city survey are
preliminary, Andrew Briedenback,
assistant administrator for water and
hazardous materials, cautioned, and
more sampling must be done. The level

CURRENTS

of contamination and the source(s) are
unclear. Initial samples contained
asbestos but subsequent samples have
been asbestos-free. The EPA is testing
the drinking water of some 30 cities
and the results of these surveys should
be available in a month or two. In
another asbestos matter, a Fort
Lauderdale, Fla., building wrecking firm
was convicted in the U.S. District Court
in New Orleans for violating EPA rules,
under the Clean Air Act, for the safe
removal of asbestos insulation from a
building being demolished.

NIOSH has alerted producers of
styrene-butadiene copolymer resins,
latex and elastomers to potential health
hazards associated with synthetic
rubber production. The National
Institute for Occupational Safety and
Health recently held a meeting to
assess the problem. Currently, 32
companies with 42 plants scattered
throughout the U.S. are known to be
involved in the production of synthetic
rubber; not known are the numbers of
workers exposed to the potential
hazards. To date, four cases of
leukemia have been reported in
production workers in one Texas plant,
and an additional three or four possible
cases at another Texas plant have been
reported to NIOSH. Several types of
cancer, heart disease and diabetes
mellitus were found in rubber workers
in an Ohio plant.

The Army Corps of Engineers denied
two of three filling permits for
development of Marco Island, Fla. At
stake were 2039 acres of mangrove
wetlands that the Deltona Corp. (Miami,
Fla.) had sought to fill for residential

development. In his denial, a significant
policy change for the Corps, the Chief
of Engineers, Lt. Gen. W. C. Gribble, Jr.,
said the proposed filling would
‘‘constitute an unacceptable adverse
impact on this aquatic resource.”’ In
another matter, the Corps is using a
species of carp, the herbivorous White
Amur, to control underwater plant
growth. A rigidly controlled large-scale
field test is being conducted in Lake
Conway near Orlando, Fla. Several
state agencies and the Corps will
monitor the aquatic ecosystem to
determine if any changes occur
following the carps’ introduction.

Under the Energy and Conservation
Act, the Federal Energy Administration
is required to set energy conservation
targets for the 10 most energy intensive
manufacturing industries. The date for
which maximum feasible improvements
attainable for each industry by January
1, 1980 must be established is
December 22, 1976. The top-ranking
energy-intensive two-digit SIC industry
in the manufacturing category is
chemical and allied products. The
Manufacturing Chemists Association
(MCA) has been consolidating data from
chemical companies, and reporting
energy conservation achievements to
the FEA since 1975. In its most recent
report for the calendar year 1975, the
MCA declared a 4% reduction in
energy consumption, over the base
year 1972, for 107 reporting chemical
companies.

President Ford signed into law rail
legislation that, among other things,
directs the Interstate Commerce
Commission to investigate the rail rate

Controlling underwater plant growth




structure of recyclable or recycled
materials vis-a-vis the competing virgin
materials (see ES&T, May 1976, p 440).
The act, P.L. 94-210, the Railroad
Revitalization and Regulatory Reform
Act, was signed into law in February.

In a move to minimize improprieties in
the construction grant program, the
EPA has published an audit guide that
codifies and updates auditing practices
in light of new regulations. The guide, to
be used by EPA auditors and CPA firms
under contract to EPA, will assist in
auditing the grant funds spent in
planning, design and construction of
wastewater treatment facilities in the
U.S. It has been estimated that by fiscal
1977, resources assigned to auditing
construction grants will have increased
eightfold and that the types of audits
performed will be expanded to include
pre-award in addition to the interim and
final audits now performed.

STATES

California is taking a look at how
environmental regulations effect its
energy needs. Established about one
year ago, California’s Energy
Resources Conservation and
Development Commission (CERCDC) is
required to submit a comprehensive
report to the governor and the
legislature early next year. With an
operating budget of $10 million for
fiscal year 75 and $23 million for fiscal
year 76, and 275 staffers, CERCDC is
contracting for more than 15 studies.
The environmental regulations study is
being performed by the Stanford
Research Institute; other projects will
be looking at European experiences
and experiments in electric utilities’
rate structures, and energy options for
major industries in California whose
natural gas deliveries are being
curtailed.

Two thousand acres of Oregon’s coast
have been set aside as the nation’s
first estuarine sanctuary. Deeds to the
acreage on the South Slough of Coos
Bay were passed to The Nature
Conservancy from Georgia-Pacific
Corp. Oregon and the Conservancy are
still negotiating with 33 other property
owners to bring the total sanctuary
acreage to 4000 acres. Eventually the
sanctuary will revert to the Oregon
State Land Board and become a mecca
for saltwater and other wildlife studies.

Michigan’s Gov. William Milliken
recently signed into law legislation
banning polychlorinated biphenyls for
all purposes other than electric
transformers and capacitors. The act
prohibits the manufacture, sale, and
use of products containing more than
250 000 ppm of PCBs by July 1, 1976
and 1000 ppm by January 1, 1977. This
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Michigan governor Milliken

concentration is further lowered to 100
ppm by January 1, 1978, but the
director of the Dept. of Natural
Resources may prescribe lower
maximum concentrations if public
health and safety is deemed in danger.
The law also requires proper labeling of
products containing PCBs and prohibits
the disposal of solid or liquid waste
resulting from PCB use except in
conformity with rules to be established
at a later date.

Implementation of Chicago, lll.’s
transportation control plan has
resulted in a 14% decrease in carbon
monoxide being discharged via vehicle
exhausts in the city’s downtown area.
This decrease translates to 14 tons/day
of carbon monoxide not being
discharged to the air. The control plan
bans on-street parking on selected
streets in the downtown area.

Three southeast Texas counties are
the beneficiaries of space age
technological fallout. The Gulf Coast
Waste Disposal Authority, responsible
for sewage treatment in Harris,
Galveston, and Chambers counties, is
cooperating with NASA’s Johnson
Space Center (Houston, Tex.) and
NASA'’s contractor, the Boeing Co. in
conducting a year-long experiment that
will monitor that area’s treated water
quality. NASA and Boeing have built a
trailer-mounted automated water
monitoring system whose evaluation
begins this month. This system will
electronically monitor dissolved
oxygen, total oxygen demand, TOC,
bacteria, chlorides, temperature,
turbidity, hardness and pH, among other
parameters, in the treated water. The
system will process data from 20
commercially available water sensors
and four NASA-developed sensors.

Arizona and ERDA have signed the
first federal/state energy cooperative
agreement. Under the Memorandum of
Understanding, which remains in effect
for five years, Arizona may identify
regional needs, skills and resources in
energy-related matters and then submit
specific proposals to ERDA for funding,
technical assistance or other support.

The agreement provides the framework
under which the development of new
energy sources and the improvement in
energy conservation can take place.

Washington’s new computerized air
monitoring and reporting system
completed its first year of operation, a
fact reported in the 1975 Annual Report
of the state’s natural resources and
recreation agencies. This system
continuously collects data from six
primary air mass stations and sends the
information to the Dept. of Ecology at
Olympia. A survey undertaken during
the report year, an assessment of the
impact of the 1972 State Model Litter
Control Act, showed a 60% reduction
in litter statewide. Also during the
report year, the Dept. of Ecology
adopted motor vehicle noise regulations
effective July 1, 1975, and
environmental noise regulations
effective September 1975.

MONITORING

How do you assure that the unleaded
gasoline you sell meets EPA
requirements? One way is with a
Varian (Palo Alto, Calif.) Techtron 200
atomic absorption spectrophotometer
(AAS) installed in a motor home which
is also a mobile laboratory. Ron Sublett
and Dan Cameron of Ashland Oil Co.,
Inc. (Ashland, Ky.) travel in such a

Checking lead in gasoline

motor home-cum-laboratory to
Ashland’s more than 1400 service
stations, and use the Varian AAS to
perform fast, accurate quantitative
analyses of lead in “'gas," in order to
assure quality. "'Gas’’ is monitored for
lead contamination from refinery to
pump. Sublett calls the system
“expensive, but one that has produced
areal savings in time and money."’ He
has logged thousands of miles in doing
field gasoline tests.

TECHNOLOGY

Performance of the powerful sodium-
sulfur (Na-S) battery could be
enhanced by new ceramic membranes,
the most promising of which seems to



be a zirconium phosphosilicate, the
ACS Centennial Meeting heard. H. Y.-P.
Hong of the Lincoln Laboratory of Mass.
Institute of Technology (Lexington,
Mass.) sees this membrane as solving
some of the problems hindering
development of the lightweight, rapidly
recharged Na-S battery, especially for
use in electric automobiles. The
membrane’s job is to allow sodium
atoms at at least 300 °C, which
become positively charged, to pass
through while it filters out electrons.
The new membrane allows passage in
all directions, improving efficiency;
previous membranes cut efficiency by
allowing sodium passage in only two
directions.

A demonstration garbage-to-fuel plant
of 10 tpd, or more (eventually 30 tpd)
should be on stream at Baytown, Tex.,
this month. Built by Wallace-Atkins Oil
Corp. (ES&T, March 1974, p 197) for
J-Mar Energy, Inc., of Baytown, the
plant would start by using waste bark,
and then process municipal waste from
a suburb of Houston, Tex. According to
Lyle Atkins of Wallace-Atkins Oil, the
plant produces hydrogen by a highly
proprietary catalysis-electronic method
that breaks down organic waste and
reforms it into desired organic fuels and
char in a five-reactor system. Atkins
told ES&T that each reactor uses 0.27
W of power, produces no air, water, or
noise pollution, and yields glass and
metal values.

Disposal of wastes from a lime wet
scrubber system on the world’s largest
coal-fired power plant that uses one is
being accomplished by means of the
Calcilox sludge stabilizer technique of
Dravo Corp. (ES&T, July 1975, p 622).
The scrubber, which started up in May,
and is to remove about 99.5% of

Reservoir

particulates and 92% of SO,, was
supplied by Chemico Air Pollution
Control Co. to Pennsylvania Power Co.,
which will use the Dravo stabilizing
technique. The scrubber and sludge
stabilization systems work at Unit 1 of
Penn Power's Bruce Mansfield Power
Generating Station (Shippingport, Pa.).
The sludge will be slurried six miles to
Little Blue Run Valley, after Dravo
system treatment, and form an inert,
soil-like material behind the largest
earth and rockfill embankment in the
eastern U.S. Aged, the material could
support up to 4.5 tons/ft2.

To handle hard-to-treat propylene
oxide (PO) wastewaters, Malcolm
Pirnie, Inc., working at the
Brandenburg, Ky., plant of Olin Corp.,
devised a system that adjusts pH of PO
wastewater with carbon dioxide and
settling of limestone solids. PO
wastewaters must then be cooled and
equalized, as much non-PO
wastewaters. The two wastewaters are
then mixed and sent to activated sludge
aerators, treated biologically,
flocculated, and clarified; effluent can
be discharged. Biological waste solids
and limestone precipitate are gravity-
thickened, blended with lime sludge and
fly ash, dewatered by vacuum filters,
and disposed to a clay-lined landfill site
with a 6.5-yr life. The idea is to meet
1977 rules of average 2500 Ibs/day of
BODs (peak, 4870 Ibs/day) and 4165
Ibs/day of total suspended solids (peak,
8370 Ibs/day).

High-density ammonium nitrate is
produced with less expensive pollution
control system than prill towers
require. This production is now
commercial for the first time in the
U.S., with a facility that Ferro-Tech, Inc.

Pipelines to reservoir

wi
Ny

OIL & WATER
ouT

instruments
will die
—unless you
protect them!

Balston® Coalescing Filters
Keep Them Alive.

Dead instruments can cause
havoc in your plant: product ruined,
production halted, your time
wasted, money down the drain.

But, it doesn't have to be that
way. The most common cause of
pneumatic instrument failure—oil
and moisture in the air line—can
be prevented—economically—
with Balston Coalescing Filters.

Balston's patented, disposable
Microfibre® Filter Tubes are guar-
anteed to remove all harmful con-
taminants from instrument air lines
at whatever flow rates you need.
And, we'll help you select

a filter housing perfect for

your application.

If you're using anything but Balston
Filters, you're not protecting in-
struments adequately, or you're
paying far too much for any protec-
tion you are getting, or both!

Want to keep your instruments
alive? Want to see proof that
Balston Filters work better for less?
Just phone or write Balston

at Dept. EST-10.

BALSTON, ..

P.0. Box C, 703 Massachusetts Ave.

Lexington, Massachusetts 02173

(617) 861-7240 - (617) 862-7455
@ Telex 92-3481
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NOW YOU CAN BUY
SAMPLING HOSES

ANY WAY you want!
INDIVIDUALLY!

THERMAL

HEATING INSULATION

ELEMENT

STEEL
BRAID

N f\\‘\ «
\; - NREINFORCED

&’ NEOPRENE RUBBER
TEFLON CORE

For customers with specific needs, we can
provide Heat/Line Hoses in any length,
completely assembled with fittings and
electrical connections, ready to use. Avail-
able in high-temperature model (up to
400°F) or medium-temperature model (up
to 250°F).

SCUFF
RESISTANT
JACKET

IN SERIES! /e

STAINLESS STEEL
COUPLINGS

POWER
COUPLING

Hoses with modular systems are designed
for customers whose needs vary and who
therefore prefer hoses they can connect
together to make any length they want. This
model features internal power conductors
and provides power leads at both ends. The
unique construction makes it possible to
connect several hoses hydraulically in series
while electrically in parallel. Hoses may also

be used separately.

', - For the first time,
I /] ‘ large volume users
I can buy high-heat
ORN bulk sampling hose

¢ in lengths from

100’ to 1000°. Bulk
hose is designed
for firms who don’t
know their require-
ments in advance
and therefore prefer
tocutthelengththey
| need from stock.

= ol

Want more data? Write for full

details about our complete line!
TeCHNICaL

H
!‘Eliﬁlﬂl'lm HeaTeRrs

1730 First St., San Fernando, Ca. 91340
(213) 361-7185
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designed and built for a diversified
producer of nitrogen fertilizers in the
Southwest. The plant’s design rate is
400 tpd of 6 X 12 mesh granular
product. Concentrated hot melt of
ammonium nitrate is combined with
cooled granular recycle (2:1 recycle-
product ratio) in a hooded and vented
inclined plane that has an oscillating
scraper. Pollution control is by a system
incorporating wet scrubbers. Ferro-
Tech says that the plant provides higher
product quality at lower capital and
operating costs.

The first continuous, integrated pilot
plant conversion of coal to synthetic
gas in the U.S., was demonstrated at
Rapid City, S.D., by Continental Oil Co.
(Conoco, Stamford, Conn.). The product
was pipeline-quality gas for residential
and commercial use, and was made
from raw lignite coal from North
Dakota. The plant was developed by a
Conoco subsidiary under contract with
ERDA and the American Gas
Association (AGA). Recently, the plant
ran for more than 7 days at full design
capacity of 32 tpd of lignite.
Advantages are moderate pressure
requirements, high thermal efficiency,
production of synthesis gas amenable
to methanation, and absence of phenol
or tars produced. Full carbon utilization,
simplified sulfur cleanup, and no need
for an oxygen plant are also features of
the system.

INDUSTRY

According to The Electric Utility
Industry Clean Air Coordinating
Comnmiittee, the Clean Air Act and
amendments to it could cause sharp
increases in electricity bills. *‘No
significant deterioration’” (NSD)
regulations for power plants being built
between 1975-1990 would add more to
these bills. Moreover, a nuclear
moratorium could raise bills in lower-
cost areas (West and Northeast) to
equal higher costs (central regions). For
example, in the Northeast, the Clean
Air Act could add $37/household/yr to
electric bills, and NSD could add $2
more. In Texas, by contrast, Clean Air
could add $1765, and NSD, $860 more.
These figures, based on constant 1975
dollars, were compiled for the
Committee by National Economic
Research Associates (Washington,
D.C.) in a study.

Osmonics, Inc. (Hopkins, Minn.), has
helped a candy manufacturer reclaim
sugar from his plant’s wastewater,
according to D. Dean Spatz, Osmonics’
president. In recognition of its
achievement in the application of
reverse osmosis (RO) for sugar
reclamation in the food industry,
Osmonics received the Putnam Food
Award. This award is given every 2

years to recognize innovations
introduced over the previous 2 years,
and is based on the innovative
contribution by the manufacturer, as
well as the breadth of application, and
significance to the food industry.
Osmonics is also in the pilot stage of
using RO to recycle cooling tower and
boiler blowdown, Spatz said.

Dow Corning has developed an
alternative to PCB-containing
transformer liquids (askarels) that will
be found in a silicone liquid (ES&T,
February 1976, p 123). This fluid is
known as Dow Corning 561 transformer
liquid, which the company says is an
environmentally safe alternative to
askarels used in power transformers
where fire safety is essential, and
which is being offered commercially for

Transformers: Silicones, not PCB's

the first time. The liquid is chemically
identical to polydimethyl siloxane
liquids made for almost 30 yrs by Dow
Corning. What is new are the very tight
specifications for electrical use to
which the liquid is compounded. The
firm says that “561" ratings are good to
excellent for fire/explosion hazard, and
excellent for electrical performance
(dielectric) and environmental safety.

Hoechst-Uhde Corp. (Englewood
Cliffs, N.J.) received an EPA contract
for a feasibility study for converting
vinyl chloride monomer (VCM),
chlorinated solvent, and other
chlorination process wastes into carbon
tetrachloride (CCly), by use of the
Hoechst AG (Frankfurt, W. Ger.)
““Chlorolysis’’ process. The study would
involve a regional concept, and would
allow for wastes from process plants,
as well as toxic wastes containing
oxygenated compounds. Also, by-
product hydrochloric acid would be
converted into chlorine for recycling to
the Chlorolysis process. This
technology is now in use by Hoechst
AG, and a new plant (Frankfurt, Ger.)
with a capacity of 50 000 metric tons/
yr of product is to be in operation this
year.
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personal subscription to

ENVIRONMENTAL SCIENCE AND TECH-

NOLOGY. Provides monthly information on
environmental management.

research and technology involved in water,
air, and waste chemistry. Also includes
news of political and industrial aspects of
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What goes / up thej chimney?

Dollars. Millions, if you’re unnecessarily forced to burn clean fuel
or to scrub out SOa.

You can stop wishing for a more efficient method.

ERT’s Supplementary Control System puts control over
your fuel costs in your own hands. It's a dynamic method which
allows you to effectively synchronize your stack emissions with
local meteorological conditions. AIRMAP®, our weather-predict-
ing, air quality modeling and monitoring system, calls for SO:
emission reduction only when adverse conditions threaten your
compliance with ambient air quality standards. You can thus
optimize your plant and system performance, meet standards,
and avoid unnecessary fuel costs or capital expenditures. In most
cases, it’s by far the most economical way to stay below ambient
standards. And it's the only proven dynamic emissions control
system that’s available commercially.

Tobone up on our controlsystem, call Joseph S. Kent, Vice
President, at our Concord headquarters, (617) 369-8910. And for
further information on our total environmental services, contact
Buzz Bernard, ERT, Inc., 69 Virginia Rd., Concord, Mass. 01742.

ENVIRONMENTAL RESEARCH & TECHNOLOGY, INC.
CONCORD, MASS. = CHICAGO * LOS ANGELES = WASHINGTON, D.C.

CIRCLE 20 ON READER SERVICE CARD
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OUTLOOK

The call for water reuse

Why the long face? That despondent
feeling? Have the water pollution control
(wpc) laws and regulations, especially P.L.
92-500, been getting to you? Well, you
cannot expect to get much help with your
problem from alcohol or aspirin, but Joe
Moore of the University of Texas/Dallas,
former program director of the National
Commission on Water Quality (NCWQ),
suggested a course you can take. He re-
minded the general session of the Water
and Wastewater Equipment Manufactur-
ers Association’s (WWEMA, McLean, Va.)
Fourth Industrial Pollution Conference and
Exposition that if you feel that changes in
P.L. 92-500—or other laws, for that
matter—are in order, you should talk to
your candidates for public office while
they are still in candidate status, this being
an election year. Candidates, Moore
noted, listen to what people, especially
prospective constituents, have to say.
After elections, a defeated candidate
would be of little help, and a successful
candidate, i.e., Congressman, Senator,
Governor, or what have you, becomes far
more difficult to approach.

The WWEMA conference at which
Moore made this cogent point was held at
the end of March at Houston, Tex. Its
general theme was resource recovery—
case histories for the 1970’s; however,
many other topics concerning technology,
regulations, and advances in wpc were
also covered. Another important subject
discussed was whether or not it is really
economically feasible to try to reach
1983, or “‘best available” (BATEA) goals,
or whether it is more advisable to hold to
1977 ‘“‘best practicable’” (BPCTCA)
milestones, and give economics and
technology a chance to catch up and
move ahead. About 1300 people heard
more than 50 papers presented at the
generally, though not exclusively, indus-
try-oriented conference, and had a chance
to see over 70 exhibits.

Will and wealth

Converting pollutants to non-pollutants
is an exercise in changing matter, which
one can do, as opposed to creating or
destroying matter. However, as confer-
ence chairman Allen Baker of Hercules,
Inc. (Wilmington, Del.), reminded the
general session, this changing of matter
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requires “‘will and wealth,” with wealth
being the challenging word. He observed
that no responsible company throws away
wastes that it can use or convert to
something useful. The question that
arises, he noted, is, ‘‘Have you made the
product more valuable than the cost of
your investment in waste collection and
conversion?”’

Baker characterized wpc, for example,
as a “sacred domino.” However, in the
present industrial/economic climate, as
energy is also a sacred domino (and al-
most never can one convert waste without
using energy), so is the profit picture. He
said that today’s sacred domino could be
tomorrow’s sacrifice, and that balancing
this sacredness and need to sacrifice
becomes a moving target, particularly if
the conversion of wastes—which takes
dollars and energy—is undertaken to
make useful by-products, or simply to
meet environmental and social goals.

Should BATEA be delayed?

One general consensus appeared to
evolve from the conference, and that is
that 1983 “best available" or BATEA in-
terim goals are unrealistic, at least when
viewed from the economic vantage point
of the present. Fortunately, P.L. 92-500
provided for creation of the NCWQ, which
has completed a 2.5-yr, $17.2 million

Conference chairman Baker
“Balancing sacred dominoes"’

study aimed at developing mid-course
corrections.

Joe Moore made it quite clear that
standards for 1983 should not be rolled
back. What he recommended was a roll-
back of the 1983 date, possibly for 5-10
years, provided that limitations are revised
to update 1977 ‘“best practicable"
(BPCTCA) requirements. Nevertheless,
compliance with 1977 standards, maybe
with extensions (to 1980, for example), or
even waivers on a case-by-case or cate-
gory-by-category basis is called for, and
industry seems to “‘buy” this concept,
perhaps with threats of contention or ex-
pressions of fatalistic resignation from
some quarters. Moreover, Moore said that
toxic pollutants should be controlled by no
later than 1980.

Moore’s general description of P.L.
92-500, however, was somewhat less
than complimentary. He complained that
the statute is complicated, and poses a
critical risk that the law’s application will
collapse *‘for lack of administrative abil-
ity,”” and especially because of difficulties
brought about by decisions rendered in
recent court cases. He warned that the
administrative structure cannot sustain the
actions that EPA has taken up to now, and
continue to push ahead. He also observed
that water quality improvements have
stemmed principally not from P L. 92-500,
but from previous laws and programs, and
that no assessment of the benefits of
92-500 can be made without careful
monitoring.

Voices from industry

Comparing P.L. 92-500 to the Apollo
moon program, Arthur Goeschel, presi-
dent of Calgon Corp. (Pittsburgh, Pa.), a
major carbon systems supplier, likened
striving for wpc goals to a trip to Jupiter
(1977), to Pluto (1983), and to the nearest
star (zero pollution discharge goal or ZPD,
1985). Citing calls for re-examination of
the law, Goeschel predicted that it will be
amended with BATEA requirements sub-
stantially modified or eliminated. He ex-
pects that BPCTCA will, for all practical
purposes, become the standard for a
considerable number of years, and that
the ZPD goal will essentially be dropped
as impractical.

Goeschel foresees that these changes



It was heard loudly and clearly at the WWEMA
conference this year. So were recommended
mid-course corrections for P.L. 92-500

“will not spell disaster for the wastewater
equipment industry.” He noted that
whatever happens to P.L. 92-500, “‘there
can really be no turning back the goal of
creating a better environment.” Goeschel
said that this goal, however, would be
approached from a ‘‘sounder philosophi-
cal base," and that the crux of this philo-
sophical base is to aim for elimination of
environmental health hazards, rather than
for aesthetic objectives.

The equipment user's view—that of a
principal chemical company—was pre-
sented by R. E. Chaddock, executive co-
ordinator of environmental affairs for
Hercules, Inc. Chaddock called upon
equipment supplier to stand ready to
render quick, reliable assistance when
equipment goes awry. He complained of
how his own company was not only em-
barrassed—but also fined—for non-
compliance when repair help was not
rapidly forthcoming, and echoed plant
personnel suggestions that perhaps the
supplier should share in the responsibility
when equipment proves to be at fault.
Chaddock recommended closer coordi-
nation between suppliers, users, and
regulatory agencies to nip wpc problems
in the bud before they get out of hand.

As for P.L. 92-500, Chaddock told the
conference that after 1977 goals are
reached, the chemical industry recom-
mends

* reassessment of U.S. waters to de-
termine the extent to which required water
quality has been achieved

e where the necessary quality is
achieved, no further wpc technology need
be added, except to maintain that quality

¢ where the necessary quality is not
achieved, wpc facilities should be in-
stalled to achieve required quality.
Chaddock said that this approach would
be the most cost-effective, and called for
a cooperative relationship between EPA
and the chemical industry, rather than the
adversary approach that results in so
much court action and wastes govern-
ment and industry manpower.

Resource recovery

As stated above, one main conference
theme was resource recovery, and Alex
Himsley, president of Himsley Engineering
Ltd. (Toronto, Canada) explained how ion

exchange can be made more efficient in
recovering metals, recycling water, and
treating turbid liquids without clarification.
Himsley's approach involves a novel de-
sign of a fluidized-bed ion exchanger that
ensures equal residence time in the sys-
tem for all resin particles, regardless of
their size or settling rate.

Resource Conservation Co. (RCC,
Renton, Wash.) is marketing a vertical-
tube, falling-film vapor-compression
evaporator that purifies up to 98 % of the
water in a waste stream for recycling to
an industrial process. Typical installations
require less than 90 kWh/1000 gal of re-
covered water—an energy reduction of
at least 25% —and wastes are reduced
to a slurry of less than 3% of original
waste stream volume, according to RCC.
The company’s system is in use with
cooling towers, and is being tested in pulp
and paper plants. Chemical recovery from
dilute streams is also possible, according
to the firm, which says that sales and or-
ders for the system now exceed $13
million.

For ammonia recovery, CH2M Hill
(Redding, Calif.) announced up to 99%
efficiency (for 10-6000 ppm) by a closed
air cycle stripping and acid absorption
system with no calcium carbonate scal-
ing, temperature, or air pollution prob-
lems. On the other hand, Houston Re-
search, Inc. (Houston, Tex.) explained to
the conference how ozone can be used to
break metal cyanide complexes, and
collect resultant metal oxides in a sludge
with a view to metal recovery.

Monitoring and treatment

For monitoring simplification, General
Automation, Inc. (Anaheim, Calif.) took the
position that special minicomputers can
streamline wastewater monitoring, anal-
ysis, control, and treatment applications,
even to the operation of devices such as
controlling values and actuators. The
Sparling Division (El Monte, Calif.) of En-
virotech Corp., described its new ob-
structionless flow meters, and Hydrolab
(Austin, Tex.) told ES&T that it should be
marketing a compact monitoring system
that can handle numerous parameters,
while it eliminates the need for a whole
array of different monitoring instruments.

On the municipal front, Aubrey La
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Some commission
recommendations

« Maintain the July 1, 1977 date
for compliance with uniform
treatment requirements by industry
and publicly-owned treatment
works, but provide some flexibility
to grant extensions, and even
waivers, on a case-by-case and
category-by-category basis.

« Keep the 1983 goals, but post-
pone requirements for uniform
technology application for 5-10
yrs, pending assessment of water
quality improvement progress and
results by a new NCWQ by 1985.
« Meet 1983 goals by application
of 1977 requirements to all dis-
chargers; revisions of 1977 limi-
tations; immediate imposition of
limitations for elimination of toxic
pollutants in toxic amounts; new
source performance standards for
all new point source discharges;
upgrading of permits for dis-
charges into waters of limited
quality; and application of control
measures to combined sewer ov-
erflows, urban stormwater runoff,
and agricultural and non-point
sources.

* Decentralize regulatory and
administrative functions of the
national program by selective
certification of states, if their plans
and programs for point and non-
point source control are satisfac-
tory.

* Assure 75% federal financing
for priority treatment needs ($5-10
billion/yr) for 5-10 yrs.

* Redefine pollutant discharge
elimination goals to stress con-
servation and reuse of resources.
e Allow flexibility in applying
treatment or control measures to
irrigated agriculture after an in-
ventory of the problem, and sup-
port salinity alleviation projects to
reduce salt loads from sources
other than man’s activities.

Fargue, assistant manager of the Surface
Water Section, Houston Public Works
Department, told ES&T that the $6 million
Houston Water Treatment Plant Alum
Dewatering Facility (built with no federal
funds) is working on doubling its present
daily solids-handling capacity of 60 000
Ibs/day. Also, the conference was re-
minded that the world’'s largest con-
struction program, managed by EPA’s
Office of Water Program Operations, has
obligated $8.4 billion as of last December
31, leaving $9.6 billion to be obligated,
pursuant to P.L. 92-500.

It might well be that one day, municipal
and industrial water treatment will provide
ZPD. Such a situation would, of course, be
ideal. However, this goal, now slated for
1985, will probably not be achieved until
technology provides economical means
of total water recycling and profitable
conversion of polluting wastes to useful
by-products. JJ
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In the protoplasmic muck aeons ago,
Nature learned how to tap the sun’s radi-
ant energy and re-package it into more
usable energy forms—wood, coal and oil.
And ever since he learned to make fire by
rubbing two sticks of wood together, Man
has thoughtlessly been squandering Na-
ture’s bioenergy gifts. These once-abun-
dant carbonaceous fuels are becoming
scarce, and Man must now search for
renewable alternative sources to support
his civilization.

At two recent meetings—one held in
Florida this past January and the other in
Washington, D.C. in March—the exploi-
tation of untapped energy sources was
discussed. Concepts put forward included
the development of terrestrial and oceanic
energy farms—the intense “harvesting”
of energy through the process of photo-
synthesis—and the utilization of urban and
industrial wastes, and agricultural and
forestry residues for fuel, food and
chemicals.

The bioconversion process, a two-step
procedure, simply ihvolves the creation
of biomass via photosynthesis, and the
subsequent transformation of this matter
into gaseous/liquid/solid fuels to provide
heat and electricity. Enzymatic hydrolysis,
anaerobic fermentation, pyrolysis (de-
structive distillation) and direct combus-
tion are the basic conversion processes
for which much of the technology is al-
ready known. More exotic technologies
such as biophotolysis may become fea-
sible in the future.

According to EPA estimates, solid
waste alone could supply between 1-
12%, depending on the economics, of the
nation’s energy requirements for the near-
and mid-term future, and biomass (organic
matter grown for energy) has an even
greater potential, perhaps making the U.S.
totally independent of foreign energy
sources over the long term.

The potential total energy production
from biomass has been variously esti-
mated at a conservative 3 quadrillion Btu's
(quads) annually by the year 2000 and 10
quads by 2020 (ERDA’s Solar Energy
Definition Report, 1975), to a high of 15
quads in the year 2000 (Project Indepen-
dence Report, 1974). And once the pro-
duction and conversion problems are
ironed out, the potential for bioconversion
appears to be limited only by the public's
perception of future energy alternatives.

Waste-as-fuel technologies

Theoretically, bioconversion tech-
niques can simultaneously solve, or at
least minimize, waste disposal and the
attendant pollution problems while pro-
viding solid supplemental fuel, or new
conversion products—Iliquid or gaseous
fuels, sugar, protein and fertilizer. These
man-designed technologies may rid cities
of their burgeoning solid wastes and, at
the same time, open up new sources of
revenue.
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The magnitude of urban waste gener-
ated annually is overwhelming. An EPA
estimate places the quantity at 135 million
tons/year, of which approximately 80 %
or the equivalent of 400 000 barrels of oil
is in a form suitable for energy recovery.
According to Dun & Bradstreet, the re-
covery of energy and materials will be the
nation’s number one growth industry in the
last quarter of this century.

Waste-as-fuel technologies are avail-
able for the prudent utilization of those
commodities now thrown away. For ex-
ample, waterwall incineration is being
used in the Chicago Northwest Incinera-
tor, modeled after the Martin incineration
system widely used in Europe; in the
Saugus, Mass., refuse-energy plant soon
to be completed; and in the fully operating
Nashville, Tenn., thermal transfer unit.

Another technology—prepared waste
as supplementary fuel for co-firing with
coal or oil—has been successfully dem-

onstrated at the St. Louis/Union Electric
plant (see ES&T, May 1976, p 430), a
project that is soon to be expanded into a
profit-making commercial venture. And
this very same technology is spreading to
Ames, lowa, and Chicago, Ill. A variant
method—solid waste co-combusted with
sewage sludge—is being tested, under
EPA funding, at the St. Paul/Seneca
Treatment Plant Sludge Incinerator. And
the investigation of fluidized-bed com-
bustion, again under EPA sponsorship, is
now underway.

Another physical process, pyrolysis,
the destructive distillation of wastes to
produce gases, oils and char for use as
boiler, residential-heating and motor fuels,
is being demonstrated in Baltimore, Md.
(see ES&T, February 1975, p 98),
Charleston, W.Va., and San Diego, Calif.

Slow but sure

Biological processes available to
convert solid wastes to useful products
include fermentation and enzymatic hy-
drolysis. Anaerobic digestion can trans-
form organic solid wastes to methane-
ontaining gases. Under an ERDA con-
act, design and construction plans for
igesting 50-100 tons/day of municipal
olid wastes are being drawn up by Waste
lanagement, Inc. at its Pompano Beach,
Fla., facility. The Institute of Gas Tech-
nology (IGT) has built a 400-liter digester
at its Chicago facility that is being used to
demonstrate the feasibility of accom-
plishing biogasification of municipal solid
waste and sewage solids to a methane-
rich product gas. IGT's project is at the
pilot-plant stage.

A bench-scale effort at the Dept. of the
Army's Natick (Mass.) Laboratory is, with
EPA support, being conducted to dem-
onstrate the feasibility of enzymatic hy-
drolysis of the cellulosic materials found
in the urban waste stream (see ES&T,
November 1975, p 1011). Here, the con-
version product is glucose, which can be
further manipulated to a single-cell protein
or ethyl alcohol.

Certain industries, sugar refining and
paper products, for example, are reusing,
albeit in an altered form, their formerly
discarded wastes as a means of reducing
both their pollution problems and their
dependence on externally obtained fuels.

In pursuit of Btu’s

Preliminary studies are underway to
estimate the quantities of forest, field crop
and animal wastes potentially available for
bioconversion. Institutional, technical,
economic and environmental variables
associated with the large-scale conver-
sion of these residues to fuels, fertilizers
and chemicals are also being delineated.

To minimize their disposal headaches,
lumber companies are using most of the
slash and mill residues that they formerly
discarded to heat and power their mill
operations. These companies are even
studying the economics and ecology of
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fits any multi-component air-pollution
monitoring problem.

With such a wide variety of requirements
associated with air pollution monitoring,
you may be surprised to learn there's a
single solution that fits them all.

The Philips Multi-Component Air
Pollution Monitoring System.

You decide exactly what you need.
Which pollutants and parameters you
want to monitor. Within which environ-
mental limits. Whether or not you need
automatic operation. At a single location
only or as part of a network. What type
of data transmission, if any, you need.

We deliver the system that fits the
problem.

The secret to the Philips system's
versatility is its modular design. Standard
measuring modules are provided for
pollutants such as SO,, H,S, NO, NO,
CO, O3 and particulate matter. The
appropriate units . . . supported by
sampling, calibration, supply, control and

priues|  Philips
Environmental
Protection

communication elements . . . are all
housed in a monitoring station of
appropriate size and construction. Space
is also provided for meteorological
modules.

All modules are designed to operate
continuously and automatically for at least
three months, without need of attention
Data communication can be over
switched or leased telephone lines, or by
radio links. When your needs change,
you simply change the modules.

Simple? Of course. Let us send you
free details.

Please direct all enquiries to:
Philips Electronic Instruments, Inc.,
750 South Fulton Avenue,
Mount Vernon, N.Y. 10550.

. enquiries outside U.S.A., to:
Philips Industries,
Pollution Monitoring Department,
Building TQ 111-4,
Eindhoven, The Netherlands.

CIRCLE 14 ON READER SERVICE CARD

A Philips multi-component air monitor within
typical weatherproof housing. This forms part
of the Dutch national air monitoring network

PHILIPS



uprooting the stumps and roots that now
remain after trees are toppled; they hope
to be able to use these “‘wastes’ as fuel
directly or as the feedstock for other fuels
and chemicals.

The biogasification of animal wastes by
using small-scale, on-site digesters to
produce methane gas for cooking and
lighting, and a nutrient-rich residue that
can be used as a feed supplement for ru-
minant animals or as a fertilizer, is a
technology being considered for farms in
the U.S.

Elsewhere in the world, a cow-dung
biogas plant, the Gobar Gas Plant, was
built in India in 1939. Today, India is con-
sidering the installation of 100 000 of
these farm-size digesters. China already
has about 500 000 in operation, and
Korea is installing 50 000.

Energy farming

One side of the bioconversion coin, the
better utilization of civilization’s wastes,
would add only incrementally to near- and
mid-term energy supplies. The flip side of
the coin, energy from biomass, would
offer the most significant future source of
fuels. An intentional increase in the
worldwide rate of carbon fixation could be
achieved through the establishment of
land and open-ocean farms. The intense
cultivation of rapidly growing plants and
trees such as canes and conifers, ad-
junctive to existing agricultural and for-
estry operations or as de novo energy-
farming enterprises, could serve as en-
ergy feedstocks. Frequently harvested,
this biomass could be converted to fuels,
sugars and proteins.

Fresh water environments could also
be used for the aquaculture of algae and
the nefarious water hyacinth. NASA has
shown that the hyacinth, once thought
only to be a fouler of water ways, is able
to “digest”” sewage and can thus help
clean up sewage lagoons. Harvested,
dried and ground into meal, these plants
can be blended into corn sillage and fed
to cattle. Alternatively, the harvested
hyacinths can be converted, via fermen-
tation, to methane gas. The hyacinth, now
man’s bane, may yet turn into a booming
industry.

Large floating artificial meshes or rafts
of plastic lines have been used as the
“land” on which marine life forms have
been grown. The rapidly growing giant
California kelp, sargassum and plankton
have been shown to be suitable feedstock
for the production of methane gas, fertil-
izers, chemicals, and food.

Although the ability to grow biomass for
energy has been proven, the economics
of energy farming—both the direct and
indirect costs—still need to be carefully
worked out. And although major environ-
mental benefits may accrue from the use
of biomass as the energy source in lieu of
the traditional hydrocarbon fuels, studies
are needed to assure that adverse effects
are not inadvertently introduced.
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Urban and industrial wastes
+ Solid wastes

* Sewage sludge

* Process discharges

Agricultural & forestry wastes
¢ Crop residues

* Manures

¢ Slash

« Mill residues

Land & fresh water energy farming
* Field crops

* Trees

= Pond and lake plants

Open ocean farming
¢ Seaweeds
= Plankton/fish

Gaseous fusls
¢ Methane

¢ Low-Btu gas
» CO/H,

Liquid fuels
+ Alcohols
* Oils

Solid tuels

* Refuse-derived fuels
* Plant residues

s Logs

e Char

Associated products

* Fertilizers

¢ Animal feeds

* Sugars

* Chemical feedstocks
s Minerals

Anticipated products

« Hydrogen

* Fixed nitrogen

« Special hydrocarbons

The problems, benefits

Some potentially grave problems,
whose resolutions may be difficult if not
impossible, can even now be surmised.
For example, the reflectivity over huge
areas of the earth’s surface may be al-
tered by rapidly growing plants raised for
biomass. To fertilize the surface-floating
ocean farms, the nutrient-rich waters of
the cold ocean depths could be pumped
to the surface. Will world weather modi-
fications occur as a direct result of altered
temperature and reflectivity over enor-
mous terrestrial and oceanic areas spe-
cifically dedicated to energy farming?

If large land masses are devoted to
single crop horticulture, will the absorp-
tion of moisture in these areas be modi-
fied with accompanying loss of nutrient-
rich soil and increased water pollution?
What happens to the established eco-

logical structure in areas whe
crop farming is introduced? If |
merly used for ground cover
harvested for bioconversion,
erosion be accelerated?

To profitably establish oce
huge areas of the marine enviro
have to be utilized. Is this the b
the world’s oceans? Even mol
can international cooperation
massive scale be achieved?

On the benefits side, the use
and biomass grown especially |
most definitely reduces air, wate
pollution. If prime land is set as
growth of edible crops and It
shelter and other essential purp
energy crops will have to be
marginal or infertile land. The co
benefit is then reclamation of ¢
or eroded lands. It is even pos:
with prudent planning, the dev
of energy farms will have the ¢
effect of stabilizing global we:
terns.

Certainly, bioconversion tecl
offer the assurance of future fuel
chemical supplies. For the U.S.
highly industrialized countries, i
both the petroleum leverage t
nations now enjoy, and the ha
sociated with advanced coal an
technologies—especially the d
of fissionable materials. For t
World countries, bioconversic

_small farms and villages self-st

and an improvement in the qua

A bright sunny future

Public awareness of the
hazards inherent in nuclear ene
nologies is resulting in, if not ¢
groundswell against, at least ¢
growing opposition to this form
production. Advanced coal tect
while they permit the expanded |
nation’s vast coal reserves, c
them some potentially serious
environmental and occupational
Conservation measures alone, e
U.S. public could be convince
need, cannot solve the country
problems. In addition, the search
insulation materials and the cor
of better insulated buildings w
culating air systems can result
pational and indoor air pollutior

And so, with the problems atte
increased utilization of coal, the
limitations and potential prot
conservation efforts and the
possibility of a non-nuclear future
may yet witness the enhanced L
of biomass for energy. The c:
course, is that the social, econ
stitutional, environmental and r
technical problems can be iron
its brightest, bioconversion offer
renewabhle and clean cnircec
t



THERMO ELECTRON SO, 6°NOxy AMBIENT ANALYZERS

You’ll love Thermo Electron ambient air analyzers
because they are so easy to leave. Both the NOx
and SO, models are uniquely suited for long-term, un-
attended monitoring. Neither requires consumables.

Both are free of interference, highly sensitive, linear
over their entire range and accurate to = 1%. And
both meet or exceed all EPA standards.

MODEL 43 SO, AMBIENT ANALYZER Using pat-
ented pulsed fluorescence, Model
43 singles out and excites only
SO, molecules. This unique prin-
ciple of operation eliminates hydro-
gen cylinders and generators, wet
chemicals and flames. And pro-
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'7E Electron

vides lower operating costs and greater reli-
ability, while returning sensitivity ranging from 2
ppb to 5 ppm.

MODEL 14D NOx AMBIENT ANALYZER Thermo
Electron’s Model 14D utilizes two chemilumines-
cent NO and NOx reaction chambers — but only
one photomultiplier tube and one set of preampli-
fication electronics. The result? Sensitive, accurate,
interference-free measurements of
low NO-NO,-NOx concentrations
. . . meeting or exceeding all Fed-
eral standards.

Thermo Electron Ambient Ana-
lyzers. Leave one soon. You'll loveit.

CORPORATION

Environmental Instruments Division

101 First Avenue

Waltham, Mass. 02154
Telephone 617/890-8700 Telex 92-3323

“Leaveé em

Model 43 SO2

Model 14D NOx
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NOAA oceanographers are getting hard data
that should help to resolve the controversy
concerning what might result from . . .

...Dumping sewage sludge in the ocean

There it is—a huge blob of noxious
dark sludge oozing along the bottom of the
ocean toward Long Island and New Jersey
beaches like the pseudopods of a mon-
strous, slimy amoeba. Authorities have
closed the beaches indefinitely, forbidding
any taking of fish or shellfish; large areas
of adjacent waters are biological deserts,
and—

Hold everything! As you were!

This scenario should not occur, NOAA
Cdr. R. Lawrence Swanson who heads the
New York Bight Project (NYBP) of the
Marine EcoSystems Analysis (MESA)
Program, based at Stony Brook, N.Y ., told
ES&T. Indeed, a short time after sewage
sludge is dumped at the designated New
York Bight site, there is very little evi-
dence that the sludge was ever dumped
there. To be sure, organic material-rich
muds are detected, but they may be
composed partly of dredged material
(DM), or even material of natural origin, as
well as sewage sludge. Most of this ma-
terial is found to the north and west of the
sewage sludge dump site, in a topo-
graphic depression at the head of the
Hudson Shelf Valley. ‘‘Contaminating
materials cannot necessarily be specified
as having come from sewage sludge, or,
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for that matter, other waste materials,"”
Cdr. Swanson said.

Volatile issue response

MESA became an operating entity
under the National Oceanic and Atmo-
spheric Administration (NOAA) in 1972;
the MESA/NYBP started up in August
1973. One of the original MESA missions
was to assess effects of marine contam-
ination, with emphasis on ocean dumping.
However, by December 1973, sewage
sludge dumping (SSD) had become a very
volatile issue, the response to which led
to allocation of more dollars to SSD
studies than were originally planned. This
fiscal year 1976, $3.4 million are ear-
marked for the project, of which ap-
proximately 75% was for ocean dump-
ing-related research. All told, the project
directly employes about 20 people, (both
uniformed NOAA Corps and civilians). It
depends heavily on scientific involvement
of other NOAA laboratories on the East
Coast. Close cooperation exists between
NOAA and the EPA, especially EPA's
Region Il office (N.Y.,N.J., P.R., and V...
The MESA/NYBP operations office is at
Floyd Bennett Field (Brooklyn, N.Y.).

A study such as the MESA/NYBP in-

zht Apex

|
!
|
|
2

|
ontours in feet ‘5nd (meters)

volves intensive oceanographic survey-
ing, and the NOAA Ship GEORGE B.
KELEZ acts as the main platform for such
surveying and data acquisition. From the
KELEZ, up-to-date electronic instruments,
built by InterOcean Systems, Inc. {San
Diego, Calif.) provide conductivity (salin-
ity), temperature, light (turbidity), depth,
dissolved oxygen (DO), and pH data. Also,
the ship sends down and retrieves probes
with Rosette samplers made by General
Oceanics (Miami, Fla.). These samplers
furnish temperatures by means of re-
versing thermometers, and water samples
collected in Niskin bottles. Data readouts
are on printed paper and "mag’ tape:
water goes to the chemistry laboratory.

In addition to shipboard data acquisi-
tion, instruments on buoys, capable of
being left unattended for as long as 90
days, acquire salinity, pressure (depth).
temperature, and current velocity data that
are made computer-compatible. Time is
given in Greenwich Mean or “Z" Time,
and positioning is by a Raydist (Hampton.
Va.) four-party range-range, or circular
grid system. A new type of buoy system.
to gather data in real-time, with one time
“flag''/h, is being built and evaluated by
NOAA's Electronics Development Labo-
ratory (Rockville, Md.), with a view to
synoptic data collection that would also
involve much more intensive water and
sediment quality monitoring than is being
done at present. Data will be made pub-
licly available.

Why is there no dark blob?

Cdr. Swanson explained why. He told
ES&T that the sewage sludge at the New
York Bight Apex site consists of about
5% solids and 95% water. Its density is
less than that of water. The material does
not sink as a unit; rather, it fractionates
and is distributed throughout the water
column, rapidly losing its identity. For this
reason alone, the dark blob will be found
only in scare stories. Another reason is
that the dumped sewage sludge is carried
off by currents and eddied about. Thus,
one can hardly identify sludge, much less
look for the feared dark blob, even though
in 1974, for instance, 131 million ft° of
raw and digested sewage sludge, 138
million ft2 of DM, clean earth, and fly ash,
80 million ft* of waste acid (about 5%
dissolved solids), and 28 million ft3 of



Site study. NOAA Ship GEORGE B. KELEZ on its way to visit a dumping area

cellar dirt and construction debris were
dumped.

Nevertheless, adverse effects were
noted in the New York Bight Apex. For
example, fin rot on certain fish, and ex-
oskeleton erosion and gill clogging on
crabs and lobsters have been observed.
The U.S. Food and Drug Administration
banned the taking of inner New York Bight

shellfish because of high Escherichia coli

counts. Also, adult surf clams are no
longer found near the several dumping
sites; and DO is often down to about 30 %
of saturation, and nutrients are present in

high abundance. In the topographic de-
pression of the Hudson Shelf Valley near
the sites, high concentrations (3-5 %) of
total organic carbon (TOC), and of heavy
metals were found, and some muds with
about 2% TOC have occurred within 0.5
n mi of some Long Island beaches.
Pathogens were also in evidence.

Use the same site until 1981

Since plankton in the dump site vicinity
produces about 370 of carbon/m®/yr, the
area cannot be characterized as a bio-
logical desert. To be sure, the area is

contaminated; however, by no means
does all of this contamination originate
from SSD and DM, acid waste, and cellar
dirt dumping. Much of it comes from the
Hudson River, air pollution fallout such as
uncaptured power plant fly ash, and waste
disposal activities not associated with
dumping. All these other contamination
sources can and do mask those originat-
ing from sewage sludge dumping.
Naturally, the marine environment
cleanup effort would be better served if
SSD were phased out, as indeed it is
supposed to be by 1981. However, seri-
ously cleaning up the Hudson and East
Rivers, New York Harbor, and Raritan Bay
(N.J.) would probably be of equal, if not
greater help, Cdr. Swanson said. How-
ever, he told ES&T that since dumping is
to be eliminated by 1981; since there is no
proof satisfactory to public health au-
thorities that a health threat is posed to
people using Long Island or New Jersey
beaches; and since the feared dark blob
from SSD never materialized, NOAA does
not recommend relocation of dump sites
to presently clean areas of the Middle
Atlantic shelf. Such an action may be
politically expedient, but costly ($5 mil-
lion/yr) and ineffective for water-quality
improvement because of large pollutant
influx from shoreline outfalls, rivers, and
embayments. Rather, NOAA suggests
using the existing dump sites until the
1981 ocean dumping phaseout. J

FIELD-PROVEN
TOC-TOD ANAI.YZERS”

Talk to the people who have more
of them in the field than anyone else.

If you're evaluating TOC-TOD analysis equipment,
make sure you talk to the people who pioneered
lonics. With nearly 10 years in
the field, lonics has installed hundreds of units
throughout the world that operate successfully

the technology ...

on-line, day in and day out.

NEW!

Dissolved oxygen system
that outperforms all
others In activated
sludge applications.

The Model 9407 DO elec-
trode system features auto-
matic self-cleaning and cali-
bration checking functions.
The Mackereth DO probe
has large surface areas that

.

Air Pump Inlet

Sample Discharge

It's a fact that in each major comparative evalua- !
tion test which included our 1236A TOD or

1218 TOC analyzers, lonics was chosen every
time. Why? Because lonics analyzers are truly field
proven...in user-oriented equipment design; in
reliability and accuracy; in dependable field serv-
ice; in solid, cost-effective performance.
Compare the features, compare the product,
compare the service, compare the company . ..
you'll choose lonics ... . first in TOC-TOD
technology.

® Economical corrosion proof reaction system

® No cooling water required ® Proven combus-
tion efficiency ® Rapid response time ® Ability to
handle high salt samples ® Multiple stream capa-
bility ® Automatic zero adjustment

are continuously scoured by
the pumped sample.
Developed by EIL in England
and exclusively distributed
by lonics, Inc. in the U.S.A.

Liquid Level

L Al Inject

Sensor

65 Grove Street
Watertown, Massachusetts 02172
Telephone (617) 926-2500
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ES&T’s Stan Miller finds that electric utilities

have installed certain environmental safeguards

because their officials also want clean air and clean water;
however, they find uniform federal guidelines and
regulations of little value to site-specific requirements

The current thrust of Federal energy
policy is to increase the use of domestic
fuel resources. Low-sulfur western coal
is largely an untapped domestic resource
and a new energy development of this
type will severely impact that part of the
u.s.

On one hand, utilities, in their opinion,
find both justification and need for fossil-
fuel development in the Southwest. The
Western Energy Supply and Transmission
Associates (WEST), an unincorporated
organization of 22 public and investor-
owned electric utilities, provide electricity
in all or part of 11 western and south-
western states. They have filed with the
Federal Power Commission their planned
expansions for the next 10 years, as re-
quired by law.

On the other, environmentalists are
concerned with threatened air quality,
strip-mining effects, and decrease in
visibility—from 160 miles today to per-
haps 40 miles—if and when expansions
occur.

A big issue, largely unresolved at this
time, is whether this coal will be stripped
and shipped to eastern users or stripped
and burned on the spot to generate elec-
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tricity for transmission across interstate
boundaries to users locally and as far
away as Los Angeles and San Diego.

What, of course, is badly needed for
power plant development decision-mak-
ing are superregional air emissions data
for the entire Southwest. It is important to
know not only the contribution to air
quality from individual power plants but to
be able to assess the overall effect that
new power plants might add to an area
already burdened with existing power
plants.

Recently, baseline monitoring for the
Southwest has been renewed; it goes by
the name, Western Area Environmental
Monitoring Study. The EPA Environmental
Monitoring and Support Laboratory (EMSL)
in Las Vegas, Nev. (ES&T, December
1975, p 1109) is performing a 5-year
monitoring study; it involves more than 50
airborne monitoring systems.

Earlier, the Department of the Interior
conducted a Southwest Energy Study in
1970, which measured total air, water,
and land impacts of existing and proposed
plants in the Four Corners area. Also, a
joint ambient air program with eight
monitoring stations was started by the

utilities at the Four Corners and San Juan
stations in 1972 and is still going on.

But it is likely that complete monitoring
data will neither be available nor evalu-
ated before decisions on expansions are
finalized. It is also important to note that
this monitoring activity will be the first
time EPA has obtained its own baseline
data for the superregional area of the
Southwest, including many states of
WEST involvement. However, monitoring
activity on a more local basis has been
performed for many years by local agen-
cies and independent consultants.

This development is needed; there can
be little doubt. Dr. Chauncey Starr, pres-
ident of the Electric Power Research In-
stitute (ES&T, January 1975, p 13), says,
*'Coal-derived fuels and nuclear sources
must account for most of U.S. electric
power production for the next quarter
century." He continues, *'Substantial de-
pendence on foreign fuel sources is un-
desirable for reasons of national security,
balance of payments, and unforeseeable
costs. Therefore, electricity generation
options must concentrate on indigenous
fuel resources, which, between now and
the year 2000, are principally coal and
uranium.”’

Putting the clean energy potentially in
perspective, Starr says, ‘‘Advanced
technological concepts such as fusion and
solar energy cannot play an important
electricity production role before the year



2000. Although most scientists and en-
gineers actually working on the develop-
ment of these new concepts fully agree
with this point, unfortunately, the lay public
has been grossly misled by others to be-
lieve that such novel approaches are
viable in the near term as alternatives to
coal and nuclear power."”

This position was reiterated recently by
the Electric Edison Institute (EEI), a prin-
cipal national association of investor-
owned electric utility companies, and the
National Coal Association (NCA), the na-
tional association of commercial coal
producers and allied interests. In a joint
statement EEIl president W. Donham
Crawford and NCA president Carl Bagge
said that the demand for electricity will
continue to increase, and that the utilities
must meet this demand by expanded use
of coal and faster growth of nuclear
power.

By 1984, they said, 781 million tons of
coal a year will be required for making
electric power, almost twice as much as
last year—and this assumes the predicted
growth of nuclear power. If nuclear power
is delayed, they said, the demand upon
coal will be even greater. In its report,
“Economic Growth in the Future,”” EEI
describes several scenarios including high
growth, moderate growth, and low growth.

It is being published by McGraw-Hill, Inc.

Some of the major power plants in the
Southwest include Mohave, Navajo, San
Juan, Cholla, Kaiparowits (whose con-
struction was cancelled this April) and, of
course, Four Corners (ES&T, June 1974,
p 516). Their experiences in protecting
the environment are noteworthy.

Mohave and Four Corners

Operated by Southern California Edison
(SCE), the Mohave plant has two units
of 790 megawatts each for a total plant
generating capacity of 1580 megawatts
—equivalent to the electricity needs of
about 1.5 million people. Bechtel Corp.,
the major architectural-engineering (a-e)
firm, started construction on the plant,
which includes C-E boilers, in 1967. Unit
1 started up in the Fall of 1970, Unit 2 six
months later.

Mohave is unique; it is the only power
plant in the U.S. that uses slurry coal as
fossil-fuel input. The slurry is about 50 %
finely divided coal and 50% water. The
coal comes from the Black Mesa area,
which has been leased by the Peabody
Coal Company from local Indian tribes. It
is transported by pipeline for a distance of
nearly 275 miles from Black Mesa, near
Kayenta, Ariz., via an 18-inch pipeline that
is owned by the Black Mesa Pipeline
Company, a subsidiary of the Southern
Pacific Railroad. The trip takes three days;
it begins at an elevation of 6500 ft and
ends at an elevation of 700 ft.

On arrival at the Mohave plant, the
slurry is stored in four working tanks that
provide a smooth, uninterrupted flow of
fuel to the boilers. From these tanks the
slurry is pumped into centrifuges that

SAN ONOFRE
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Miles

Major southwest power plants at a glance

Fossil fueled stations
MOHAVE station 2 units totaling 1580 megawatts

operated by Southern California Edison

participating companies
SCE (56%)
Los Angeles Dept. of Water & Power (20%)
Nevada Power Company (14%)
Salt River Project (10%)

NAVAJO station 3 units totaling 2250 megawatts
operated by Salt River Project

participating companies
Salt River Project (21.7%)
Los Angeles Dept. of Water & Power (21.2%)
Arizona Public Service (14.0%)
Nevada Power Co, (11.3%)
Tucson Gas & Electric Co. (7.5%)
U.S. Bureau of Reclamation (24.3%)

FOUR CORNERS station 5 units
totaling 2085 megawatts

operated by Arizona Public Service

units 1, 2, & 3, wholly owned by APS, totaling
575 000 kw
units 4 & 5 participating companies
SCE (48%)
APS (15%)
Public Service Co. of New Mexico (13%)
Salt River Project (10%)
El Paso Electric Co, (7%)
Tucson Gas & Electric (7%)

SAN JUAN station 4 units totaling 1700 megawatts
operated by Public Service Co. of New Mexico

participating companies
Public Service Co. of New Mexico
Tucson Gas & Electric Co

first unit operating, second end of 1976, three & four, late
70's early '80's

CORONADO fossil fuel generating station 3 units
totaling 1050 megawatts

to be operated and wholly owned by Salt River
Project
unit 1 to be operating by April 1979

unit 2 to be operating by April 1980
unit 3 not yet determined

Nuclear fueled stations

SAN ONOFRE nuclear generating station 3 units
totaling 2650 megawatts

operated by SEC
unit 1 started in 1968, 2 and 3 to be operational
in 1982

PALO VERDE nuclear generating station 3 units
totaling 3800 megawatts

operated by Arizona Public Service

units to be operating by 1982, 1984, and 1986
participating companies

Arizona Public Service (28.1%)

Southern California Edison (15.4%)

Salt River Project (28.1%)

Public Service Co. of New Mexico (10.2%)

El Paso Electric Co. (15.8%)

Arizona Electric Power Cooperative, Inc, (24%)
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produce a force of 1000 G's to separate
the coal from the water. Approximately
75% of the water is removed, enough to
permit combustion of the coal.

Geographically, the Mohave plant is
about 90 miles south of Las Vegas, the
point being that it is still in the state of
Nevada, but more importantly in Clark
County. After construction was started,
Clark County imposed an SO, emissions
regulation of 0.15 Ibs of SO,/miillion Btu,
eight times more stringent than the EPA
new source performance standards
(NSPS) (1.2 Ibs of SO,/million Btu) for
new electric generating plants.

In January 1973, the Mohave Gener-
ating Station was granted a variance to
provide for full compliance, by December
1976, with Clark County emissions regu-
lations (subsequently amended to July
1977). This variance provided for the in-
stallation and testing of SO, emission
scrubbers.

The State of Nevada legislators upset
the regulatory apple cart by looking into
the regulations and the extremely high
cost to the public implied by the regula-
tions. When the state legislature realized
that the Clark County regulations were
eight times more stringent than EPA's
NSPS they put a 2-yr moratorium on
meeting emissions standards to allow
time for thorough review of the emission
standards and their relation to ambient air
quality.

Meanwhile, the Mohave experience
reveals that SCE made a decision in 1970
to test eight different pilot scrubbers with
four different chemicals. One of those
was a 1 megawatt-size scrubber which,
by now, has become known as the Weir
horizontal scrubber, named after Alex-
ander Weir, Jr., the inventor, who is prin-
cipal scientist for air quality at SCE.

In 1972, SCE and Salt River Project
(SRP) proposed a full-scale program to
test two scrubbing modules, each larger
than had ever previously been built any-
where in the world. Each was to scrub
one-fifth of the total air flow from one of
the two units at the Mohave plant. In
power plant parlance this flow is referred
to as a one-fifth slip stream. Simultaneous
with the Weir scrubber evaluation was an
evaluation of the UOP vertical turbulent
contact absorber (TCA), again on a one-
fifth slip stream, equivalent to about 170
megawatts of power generation. The
testing decision became known as the
Mohave-Navajo test program, the Navajo
plant being operated by the Salt River
Project with main business offices in
Tempe, Arizona, although the plant is lo-
cated at Page.
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SRP director of communications and
public affairs, Stanley E. Hancock, says
that the Mohave-Navajo test scrubber
evaluation was jointly paid for by the
participating companies and agencies of
the two plants and was based on a kilo-
watt distribution—the split being 60%
Navajo and 40% Mohave. He says it was
a voluntary program and cost about $30
million. Testing lasted 1.5 years, and was
started on the Weir horizontal scrubber on
January 16, 1974 and on the UOP vertical
on November 1, 1974, delayed from the
spring of 1974 because of a fire during
startup in January 1974. Testing was
completed on the horizontal on February
9, 1975 and on the vertical on July 1,
1975.

Mohave station superintendent Greg L.
Fraser, a former tank commander with
service in the ltalian and African cam-
paigns during World War II, says that the
plant investment is $234 million. **To put
scrubbers on the entire flow stream of the
Mohave plant would necessitate an addi-
tional investment of many millions of
dollars,” Fraser says. The plant employs
about 250 people, and 80 are at the plant
at all times. He indicated that putting
scrubbers on the two units for full rated
emissions would not only increase the
capital outlay but estimates that his
present maintenance staff of 150 people
would have to be increased by as much as
60%.

Mohave is a base-load plant and oper-
ates routinely between 60% and 70% of
rated capacity, on an annual basis. Power
from this plant is transmitted via station
switchyard facilities to a transmission
system from which it flows into the elec-
trical system that supplies the south-
western U.S. ;

SCE research scientist Dr. Dale Jones
says that the cost of constructing and
testing the two scrubbers ($30 million)
included $1.8 million fire damage repair
to the UOP vertical. He indicates that the
space requirement is 15 ft by 28 ft for the
horizontal and 18 ft by 40 ft for the verti-
cal. He also says that there is a lower
tonnage of steel on the horizontal system,
resulting in lower capital costs.

When ES&T visited the Mohave plant
last September, the Weir scrubber had
been sold at salvage value, disassembled,
and reassembled and refurbished for
further evaluation on Unit 5 of the Four
Corners plant, near Farmington, N. Mex.,
which is operated by the Arizona Public
Service Co. (APS).

The five units at Four Corners are
equipped with various pollution control
equipment. Originally, Units 1, 2, and 3

were equipped with mechanical collec-
tors capable of removing 77% of ash.
However, with the construction of Units 4
and 5, and the advancement of control
technology, APS retrofitted Units 1, 2, and
3 with wet scrubbers at an estimated cost
of about $5 million. A Chemico system
was added to these units at a final cost of
approximately $30 million (ES&T, June
1974, p 516).

The scrubbers meet particulate re-
moval regulation (99.2%) and inadver-
tently remove approximately 30 % of the
SO, because of the inherent pH control
and alkalinity of the ash. The result is a
relatively clean stack with a vapor plume
only visible during the cold winter months.

Units 4 and 5 are currently operating
with electrostatic precipitators removing
97 % of the particulate matter. Additional
control of both particulates and SO, are
required by state and federal agencies.
The first stage of this program is the
testing of the horizontal scrubber from
Mohave.

APS vice-president T. G. Woods, Jr.,
says that testing began this February on
unit 5 operating on coal with 22% ash and
0.6-0.75% sulfur. One objective, Woods
says, is to operate as continuously as
possible for a minimum of 6 months
testing and operational evaluation. The
purpose of the testing is the determination
of the commitment that will be made for
SO, removal, and also the technical and
economical feasibility. Woods also
mentioned that one difference between
the two scrubbers is energy use. The
horizontal scrubber requires less energy
in its operation than the vertical design.

But SCE is not enamored with the use
of scrubbers on its plants. Nor is APS for
that matter. Dr. Raymond E. Kary, man-
ager of the environmental management
department, says Arizona Public Service,
which has had costly experience with
scrubbers at the Four Corners Power Plant
in northwestern New Mexico, takes ex-
ception to the EPA claims. He described
APS' pioneering efforts to develop low-
sulfur coal beds of the Southwest.

The original cost estimate for the
scrubbers for the plant’s three original
units was $5.5 million, Kary said. But the
final cost skyrocketed to $30 million,
because of last minute design changes,
delayed deliveries, unproductive overtime,
and unavailable equipment and materials,
he added. "When we add the installation
cost, the cost of the money over 30 years,
and the O & M costs over the same peri-
od,” Dr. Kary pointed out, “‘the scrubbers
would cost APS customers up to $546
million."’
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The installed value for each kilowatt at
Mohave is $147/kW, including the cost of
electrostatic precipitators for fly ash re-
moval. In general, western coal is less
than 1% sulfur, averaging 0.5% sulfur.
The WEST consensus questions the need
for scrubbers for removing SO, from
plants utilizing low sulfur western coals.
It would take an additional $50-100/
kilowatt to put on scrubbers that would
push the cost of power generation to
$400-500/kilowatt; there would also be
higher operating costs, including more
maintenance to service the units.

Pullman Kellogg, formerly the M.W.
Kellogg Co., one of the tall stack builders
(ES&T, June 1975, p 522) has an exclu-
sive license to build the Weir scrubber in
the U.S., West Germany, and Japan. At
press time, only one order had been
placed. At the same time, all participants
in the Mohave-Navaijo test program could
obtain a royalty-free license on the
scrubber, meaning that the operators and
owners of these plants can contract for
the equipment with any other a-e firms.

Navajo

Operated by the Salt River Project, the
Navajo plant is newer than the Mohave
plant; its environmental safeguards are
also noteworthy. There are three units at
the Navajo plant; unit 1 started operation
on May 30, 1974, the second nearly a year
later—specifically on April 3, 1975—and
the third unit started this April. Again, the
a-e firm is Bechtel. Construction began in
1970 and each unit has a 775 ft stack built

by the tall stack builder Pullman Kellogg.

Navajo, the largest electric generating
plant in the state of Arizona, where only
15% of the land is privately held, is

classed as an existing source rather than
a new source and hence not regulated by
EPA new source performance standards.

Navajo station superintendent is Dean
Johnson, but Navajo plant environmental
supervisor, Mike Webb, a chemist from
Arizona State University, was ES&T'’s
guide. Like Mohave, the Navajo plant gets
its coal from the Black Mesa, which is
only 75 miles from the plant; the coal is
transported by the BM&LP (Black Mesa &
Lake Powell) railway. The trains are el-
ectrified; they travel 24 hours/day. The
BM&LP railroad cost nearly $75 million,
and was constructed by Morrison-Knud-
sen Co., (Boise, Idaho).

The coal that is delivered is about 0.5 %
sulfur and 8.0% ash. It is ground to the
consistency of flour before burning in the
C-E (Combustion Engineering) boilers.
With the Navajo plant being 4360 ft above
sea level and tall stacks dispersing its
emissions at an elevation of 5135 ft, one
might still ask what the emissions will be.

The EPA, based on the application of a
NOAA model, promulgated regulations
required 70% SO, removal. SRP chal-
lenged the regulations in Federal Court
since SRP recognized that such models
were subject to potential inaccuracies in
modeling and input data. As a result of
litigation and discussions with the federal
agencies involved, an agreement was
reached that the degree of SO, removal
required at Navajo should be established
by a scientific method of testing. Ac-
cordingly, SRP initiated an SO, monitoring
program to provide actual field data and
to develop analytical procedures to de-
termine SO, ambient concentrations im-
pacts.

In September 1974, Rockwell Science

Center and their subcontractors, Meteo-
rology Research Inc. and Systems Ap-
plications Inc., began monitoring SO,
emission and ambient concentrations at
Navajo and in the surrounding area. The
field program, which was conducted from
September 1974-February 1975, was
comprehensive and included not only SO,
measurement noted above, but plume
tracking by aircraft and collection of de-
tailed meteorological data.

The reductions and processing of all
data were monitored by EPA-RTP as well
as an independent consultant. Also, EPA
was involved in the establishment of an-
alytical procedures as were SRP and
Bechtel Power program manager for Na-
vajo. The cost for this study was $2 mil-
lion. The principal conclusion of this
monitoring program is that no SO, re-
moval is needed to meet federal ambient
SO, standards. Resolution of program
results are now registered with the EPA
regional administrator.

Hancock explains that NSPS require-
ments are not applicable to the Navajo
plant. Ground breaking for construction of
this plant was in April 1970, prior to pro-
mulgation of federal NSPS regulations of
August 31, 1971. On the other hand,
Hancock says that the state of Arizona
differentiates between existing and new
generating stations. The state also re-
quired annual testing of emissions control
devices. The state of Arizona views the
three units at Navajo as one stationary
source and the state has a sliding scale for
particulate emissions based on unit size.

According to the calculations of Rich-
ard F. Durning, a professional engineer
and staff consultant of the Salt River
Project, there are 7000 X 108 Btu/h/unit.
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Delivering coal. The BM&LP railway runs
24 h/day bringing coal from the Black
Mesa to the Navajo plant, a distance of 75
miles

536 Environmental Science & Technology

The heat input for the three units would be
on the order of 21 000 million Btu/h and
the allowable particulate emissions would
be 0.60 Ibs/h/million Btu, based on a 24-h
arithmetic average. Durning also says the
needed controls depend on the ash con-
tent of the coal. For coal with 8% ash the
needed control would be 99.1% whereas
for coal with 13% ash the removal would
be 99.46%.

The three units at the Navajo plant
represent an investment of $659 million
of which more than $200 million has been
budgeted for environmental protection and
safeguards. The electrostatic precipitators
alone cost more than $40 million. Con-
ventional scrubbers on the Navajo plant
units could come to an additional cost of
$100 million, if installed. Southwest utility
decision-makers are not unreasonable in
asking for the rationale behind spending
such large sums of money to provide
protection to the ambient air for periods
of concern that amount to only a few days
per year. They make their point, but will
it be heeded?

For cooling purposes, the plant may
use up to 34 000 acre ft of water each
year and takes that water from Lake
Powell. The efficiency of a fossil-fuel
power-generating plant is 38 %, because
of the limitations of Carnot cycle effi-
ciency. The remaining 62% of the energy
is not available for electric power gener-
ation, and is rejected to the ambient air via
cooling towers and the stacks. Each unit
has a bank of two cooling towers. Built by
the Marley Co. (Mission, Kansas), these
plant towers cost nearly $9 million.

Also in Page, Arizona, is the Glen
Canyon hydroelectric plant. Its generating
capacity is 980 megawatts. The Glen
Canyon Dam blocks up the water of the
Colorado River for as far as 186 miles
upstream; in essence, it filled in the can-
yon. The Glen Canyon Dam was started in
1956 during the Eisenhower administra-
tion, and the last bucket of concrete was
poured in 1963. It started producing
electricity in 1964.

But the Navajo plant will be generating
2.5 times the electricity of its hydroelec-
tric neighbor. One of the big users of the
Navajo electricity is the federal govern-
ment. Its Bureau of Reclamation gets
24% of the power and plans to use it for
the Central Arizona Project. Some of this
electricity will be used to pump water to
Phoenix and Tucson, the latter being one
of the largest cities in the U.S. that has no
natural flow of water!

The Navajo plant is located on 1021
acres of land leased from the Navajo tribe.
Peter MacDonald is chief of the tribal
council, which meets at Window Rock,

Arizona. Although the water for the plant
is taken from Lake Powell, it is important
to note that there is no discharge to the
lake. The cooling water is softened before
use and after use is placed in holding
ponds that cover 125 acres. The evapo-
ration rate in that part of the U.S. is on the
average 8 ft/year. Also, there is an ash
disposal area of 765 acres.

Starting last September, the ash col-
lected by the electrostatic precipitators is
hauled away from the plant by Cement
Transporters, Inc. (Phoenix). Then, The
Tanner Co. of Phoenix incorporates the
material in their concrete formulations,
similar in concept to the process of IU
Conversions Systems, Inc. (ES&T, Octo-
ber 1972, p 874).

The plant uses approximately 24 000
tons of domestic coal each day when all
three units are operating at full load. On a
Btu basis, this is equivalent to 90 000
barrels of imported oil. Webb says that the
Black Mesa coal costs about $3/ton. As-
suming that oil costs $15/barrel, its cost
would be $1.35 million/day, but the cost
of the coal would only be $0.072 million
each day. In other words, based on those
costs, the Navajo fossil-fuel generating
station could save $1.278 million each
day on fuel costs alone, and also produce



clean electric power from a noninterrup-
table domestic source of fossil fuel.

San Juan & Cholla

Located in northwestern New Mexico,
the San Juan project involves four coal-
fired units totaling 1700 MW. Operated by
the Public Service of New Mexico, in
conjunction with Tucson Gas & Electric
Co., Unit 1 is now in operation, and Unit 2
is under construction. The third and fourth
units, each 500 MW, are scheduled for
completion in 1980.

The units have Foster Wheeler boilers,
provide 99.8% removal of fly ash by
electrostatic precipitators, and will re-
move 90 % of the SO, from stack gases.
The coal is 18% ash, 0.8% sulfur, and
10% moisture. Unit 1 cost more than
$107 million, and unit 2 cost $80 million.
The SO, removal systems will add $40
million to the final cost of each unit. Ari-
zona Public Service Co. is expanding its
Cholla Power Plant in northern Arizona,
with two 250 MW units to be completed in
1978 and 1979. A fourth unit (350 MW) is
slated for operation in 1980.

Kaiparowits

Without any question, the most con-
troversial development in the Southwest

Cooling water. At the Navajo plant such
water, taken frorn Lake Powell, is
placed after use in holding ponds that
cover 125 acres

was the planned Kaiparowits power plant
on federal land in southern Utah. With 4
units totaling a 3000 megawatt generating
capacity, it would have been the largest
coal-fired power plant in the world. This
April, utility companies withdrew their
backing for the plant. Originally, the first
unit was planned for 1980, a second for
1981, and the full plant by 1982.

William R. Gould, executive vice
president of Southern California Edi-
son—the project director for Kaiparo-
wits—said, "It didn't die slowly; it was
beaten to death by the environmentalists.”
(The battle lasted 13 years.)

The plant would have been located in
an otherwise inaccessible area of south-
ern Utah. WEST utility men go to remote
places to build their generating stations
because the areas have underground coal
supplies. It is more economical for the
customers using electric power in the
Southwest to receive that power from
mine-mouth, coal-fired power plants.

Recoverable coal reserves in the
Kaiparowits Plateau are 15.2 billion tons.
About 1.8 billion tons of coal reserve lie
within the lease holding of the project
participants. The plant would take about
12 million tons annually of raw coal from
four underground mines.

Utah governor Calvin L. Rampton called
the project’s demise, '‘A serious blow at
the attempts of the U.S. to secure energy
independence."”

Environmentalists warned that the plant
would be located within a 100-200 mile
radius of the Golden Circle of National
Parks and monuments. This impact area
includes eight national parks, 26 national
monuments, three national recreation
areas, and two historic sites, in addition to
numerous primitive areas, de facto wil-
derness areas, Indian sacred grounds, and
state parks, according to one environ-
mentalist's tabulation. This scenic area is
under the jurisdiction of the Bureau of
Land Management or the Navajo Tribal
Council. Visibility is usually very high and
noise levels are minimal.

What about nuclear?

One of the largest nuclear power plants
in the U.S. will be the San Onofre plant
(near San Clemente, Calif.) of Southern
California Edison and San Diego Gas and
Electric Co. Construction of the second
and third units began last year; nuclear
fuel is to be loaded in 1980, and the sec-
ond of three units is scheduled to begin
operation in 1982. The first 450 MW unit
was initially operated in 1968. Each of the
units is rated at 1100 megawatts for a total
generating capacity of 2650 MW. Palo
Verde is 3810 MW.

APS is also project manager and op-
erating agent for the proposed 3810
megawatt Palo Verde Nuclear Generating
Station to be built 50 miles west of
Phoenix. Completion dates of the three
1270-MW nuclear units are 1982, 1984,
and 1986. Other participants include: Salt
River Project, Southern California Edison,
Public Service Co. of New Mexico, El
Paso Electric Co. and Arizona Electric
Power Cooperative, Inc. Favorable action
on APS’ application for a construction
permit, may see the project get underway
this spring.

The only other non-nuclear planned
project is that of the Coronado generating
station. Wholly owned by SRP there will
be three 350 megawatt units. Construc-
tion began in August 1975. It will be lo-
cated on private land in northeastern Ar-
izona.

Looking ahead

Fifteen years ago, a fossil-fuel power
plant could be built for about $100-
150/kilowatt of generating capacity. At
that time, the argument against nuclear
energy was that it was too expensive, on
the order of $1000/kilowatt of generating
capacity.

But what has happened since then is
that the cost of a fossil-fuel power plant,
what with all the environmental safe-
guards, has escalated to the comparable
cost of a nuclear plant. The remaining
difference is that a nuclear plant takes a
longer lead time from ground breaking to
operation than a fossil-fuel plant.

But recent development in the South-
west can be put into the perspective of
economics. The Mohave station repre-
sents an investment of $147/kilowatt of
generating capacity, The Navajo plant,
constructed somewhat later, represents
about $300/kilowatt of capacity. The
Kaiparowits plant is in the $900-1000/
kilowatt range. The proposed Coronado
plant will cost $1000/kilowatt.

Key utility officials fail to see the need
to remove SO, from the burning of west-
ern low-sulfur coal, and why controls need
be the same for this coal and high-sulfur
eastern coal. What is the rationale for
transporting low-sulfur western coal to
eastern utilities? Transportation costs only
add to the price of this coal and might
jump the price to about $20-25 per ton.
$20/ton of coal is equal to $6/bbl of oil on
the same heating value basis.

On the record, utility officials also al-
lege that eastern utilities justify the pur-
chase of the low-sulfur western coal on
the assumption that no SO, removal is
needed. Again, where is the logic in re-
quiring western utilties to scrub?
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FEATURE

Factors infiuencing plume opacity

Previously unrecognized uncontrollable variables such as the
angle of the sun, the time of day and the geographic location
of the power plant greatly influence smoke plume opacity

Alexander Weir, Jr., Dale G. Jones, and
Lawrence T. Papay
Southern California Edison Company
Rosemead, Calif. 91770

Numerous experiments on the removal of particulate matter
with electrostatic precipitators and wet scrubbers have been
conducted at the 1580 MW coal-fired Mohave Generating Station
at South Point, Nev. It was established that opacity is not a
function of particulate grain loading alone, but is influenced by
a number of other independent variables, some of which are
beyond the control of the operator of the stationary source. Thus,
mass emissions cannot be determined by opacity measurements
alone.

The experimental data, including plume opacity observations
by trained smoke observers, were obtained in conjunction with
11-ft and 32.5-ft diameter stacks and fly ash particles of similar
shape having 0.95 and 2.5 u mean diameters. Mass emissions
of particulate matter ranged from 0.004-0.40 gr/scf. The data

FIGURE 1
Effect of mass concentration on opacity
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Air Pollution Technology, Inc.
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indicate that it is possible for opacity to vary from 14-87 % with
a 32.5-ft diameter stack at a constant mean particle diameter
of 2.5 u and a constant mass emission rate of 0.05 gr/scf.

This paper presents the quantitative effect of a number of
independent variables on opacity. It also shows that the use of
opacity measurements by regulatory agencies to determine the
degree of particulate emissions is contrary to the laws of nature,
regardless of the laws of man.

Variables affecting opacity

There are a number of variables that affect opacity other than
the mass emissions of particulate matter. These variables can
be divided into two categories: Those variables that are a
function of the control equipment and can be “‘controlled” by
the operator or the designer; and those variables beyond the
control of the operator (see box).

Control equipment could be installed to influence plume
opacity as a result of controllable variables, but opacity standards
would still reflect the influence of five other “‘controllable”
variables in addition to mass emissions.

Light-scattering theory (see Reference 1 Additional reading)
predicts opacity values within a reasonable degree of accuracy
over a range of mass emissions (from 0.004-0.4 gr/scf) and
large variations in mean particle sizes compared with the ob-
servations of trained observers.

In this paper the theory is used to quantitatively determine the
effects of changes in a single parameter on opacity, while all
other factors are held constant. Several arbitrarily selected
conditions were used as a basis for conducting this parametric
study. In the figures that follow, the opacity that corresponds to
this nominal set of conditions is indicated as a black dot on a
curve generated by variations in a single parameter. By using
the Halow-Zeek equation and making certain assumptions, the
opacity corresponding to the arbitrarily selected conditions (see
Table 2 for "‘black dot’ values) is 85%.

Controllable variables

Mass concentration of particulate emissions was the first
parameter considered. A Functional Opacity-Mass Relationship
for an Asphalt Concrete Plant was recently reported by the EPA
in the Federal Register. These EPA data have been replotted in
Figure 1, which also shows the predicted opacity-mass rela-
tionship beginning with the “‘black dot"" conditions typical at the
Mohave Generating Station. Note that for the coal-fired power
plant, as the grain loading approaches a large value, the opacity
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asymptotically approaches 100%. Conversely, as the grain
loading approaches zero, the opacity asymptotically approaches
zero. In coal-fired power plants, opacity is thus not a simple
linear function of mass emissions as EPA published for as-
phalt-concrete plants.

Figure 1 indicates that at a grain loading of 0.05 gr/scf, the
EPA data suggest an opacity of 6%, while at the same grain
loading the opacity at the coal-fired power plant would be 85%,
as indicated by the black dot. This large difference is accounted
for by the influence of variables other than the concentration of
mass emissions.

One important independent variable is the diameter of the
stack, which fixes the path length that light traverses during
penetration of a smoke plume. The larger the diameter, the
greater the path length over which light is scattered by smoke
particles, and the greater the apparent plume opacity.

The size of the particulate matter in the smoke plume is an-
other variable that has a pronounced effect on opacity. If 50 %
of the particles by weight are larger than a given size (and the
remaining 50 % by weight smaller than a given size), then the
characteristic size is called the mean particle size. At a given
grain loading, the smaller the mean particle size, the greater the
number of particles in a given volume of gas and the greater the
degree of light scattering and resultant opacity.

Deviation from the mean size is another important variable.
Particle size distribution can be measured with a sampling device
called a cascade impactor that separates the particles into dif-
ferent sizes. By weighing the amount of particles collected for
each size range, the weight fraction of particles can be deter-
mined as a function of particle size. Most particle size distribu-
tions for coal-fired power plants can be plotted as a straight line
on log probability paper, corresponding to a gaussian distribution
of the ratio of particle diameter to the mean particle diameter.
Thus, the geometric standard deviation from the mean particle
size can be defined as the ratio of the particle size at 84 wt %
to the mean size, or also the ratio of the mean size to the particle
size at 16 wt %. If all the particles are the same size, the geo-
metric standard deviation is one, but increases as more particles
are found in size categories different from the mean size.

For mean particle diameters of 2.5 u and larger, the smoke
plume opacity is minimum at a geometric standard deviation of
one, and increases as the deviation increases. This is because
of a larger percentage of small particles fall between 0.2-2.0
u (the most effective size range for light scattering). For a mean
particle diameter of about one micron, the converse is true. The
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opacity is a maximum at a geometric standard deviation of one
since all the particles are within the optimum light-scattering size
range. As the deviation increases, an increasing fraction of
particles fall outside the optimum light-scattering size range, and
the opacity decreases. Therefore, for the small particles (0.95
1) opacity decreases as the deviation from the mean particle
size is increased, while for large particles (2.6 u) the converse
is true.

Stack gas temperature is also an important factor. One con-
venient measure for mass emissions of particulate matter, which
is reported in the literature and frequently used for comparisons
between different coal-fired power plants, is grain loading, or
grains of particulate matter per standard cubic foot. If such a
measure is used, then variations in the temperature of the stack
gas will influence the relationship between standard cubic feet
and actual cubic feet of stack gas. The higher the stack gas
temperature, the higher the ratio of actual to standard cubic feet,
and the lower the particle concentration per cubic foot, thus
decreasing the opacity.

Uncontrollable variables

One of the important variables that is determined by the
characteristics of the fuel and not controllable by a power plant
operator is the density of the particles emitted. The less dense
the particulate matter, the greater the number of particles at a
specified grain loading and the greater the opacity. Variations
in particle density between 2.0-4.0 g/cm?® can occur for coal-
fired power plants because of the different chemical nature of
the ash, which varies with the geologic location where the coal
is mined. It is important to point out that standard techniques of
measuring particle density by displacement may not be valid for
many types of fly ash particles because of surface inclusions
and/or formation of hollow ash spheroids during the combustion
of coal. Variations in opacity from 60-90%, owing to normal
variations in particle density alone, would not be considered
unusual.

Still another uncontrollable particle property that influences
opacity at a given mass emission rate is the particle index of
refraction. Typical power plant fly ash particles have an index
of refraction of about 1.5. Mohave fly ash particles have an index
of refraction of 1.6 (measured by microscopic examination with
selected immersion oils). A range in refractive index from
1.4-1.6 corresponds to a difference in opacity from 77-95%.

The color of the plume and the color contrast ratio between
the plume and the sky is another uncontrollable variable related



TABLE 1

Effects of geographic location and calendar
date on opacity

Kauna Point, Key West, Grantley Harbor,
Hawalii Florida Alaska
Latitude 19° 02'N 24° 33N 65° 16'N
Angle of
Sun at time
of maximum
opacity
June 21 855" 89.0° 48.0°
Dec. 21 4/.5° 42.0° 1.0°
Percent opacity
under “black
dot”
conditions at
maximum opacity
June 21 86.4% 86.8% 68.6%
Dec. 21 67.5% 64.5% 14.5%

Note: The opacity at sunrise or sunset is 14.0% at all three loca-
tions.

to the type of fuel burned. Even if all factors such as mass
emissions and particle size are the same, the opacity of a
“black’ plume against an overcast background will be different
from the opacity of a “‘white’’ plume against an overcast back-
ground. If the overcast is white, the “‘black’’ plume will have a
higher apparent opacity than the “‘white" plume. If the overcast
is black or dark grey, the opposite situation will prevail.

Plume color is caused by the nature of the particulate matter
in the plume. Silica or glass-like particles produce ‘‘white”
plumes while carbon or light-absorbing particles produce
“black” plumes. Because of combustion temperatures achieved
in coal-fired power plant boilers, the particles in the plume are
generally glass-like in nature, and the plume is generally “‘white”
in color.

Data have been obtained for a white plume viewed against
a blue sky background. If the sky were a white overcast color,
a white plume would tend to disappear and could only be seen
by a brightness difference between the plume and the overcast.
There are no data upon which to base a prediction of the opacity
of a white plume on an overcast day. Similarly, a white plume
on a clear day viewed against a dark background (such as a
forest-covered mountain) will produce a different opacity than
the same white plume viewed against a blue sky. The color of
the background thus has a significant effect on the opacity of
a white plume.

Seasonal variations in ambient airborne particulate matter
(caused by wind or other factors) tend to change the color of the
sky. Daily variations in sky color resulting from sunrise/sunset
effects, photochemical smog or changes in weather conditions
all influence the opacity of a white plume without any change
in the mass emissions of the plume itself. Such factors are dif-
ficult to quantify since no data for white plumes are available for
correlating Ringelmann number to color contrast ratio as a
function of background color.

Another uncontrollable factor related to the type of fuel burned
is the water vapor content of the flue gas. While it is generally
recognized that water is one of the products of combustion
emitted by oil-fired power plants, it is not always recognized that
large quantities of water also result from the combustion of coal.
Specifically, the combustion of a coal containing 10% ash would
result in over five times (by weight) as much water as ash being

Variables influencing plume opacity

Controllahle facto

Mass emission of particulate matter

« Mean particle size

« Deviation from the mean size

« Stack diameter

« Stack gas temperature

« Stack velocity and other factors influencing plume
dispersion

Uncontroliable factors

(Related to type of fuel burned or process involved)
« Particle density

« Particle index of refraction

= Water vapor

« “Color” of the plume

(Related to human observer, ambient weather
conditions and movement of earth about the sun)
Wind speed

« Wind direction

Wind turbulence

Ambient air temperature and humidity

“Color” of the sky

Distance of observer from stack

Non-level terrain

Observer offset angle

Time of day

» Day of year

« Longitude of stack

Latitude of stack

“EPA allowable” human error

Sun angle

formed. If a wet scrubber were used to remove the ash, addi-
tional water would be introduced in the gas so that the gas would
be saturated with water vapor at 120-130 °F leaving the
scrubber. While not adding water, an electrostatic precipitator
will not remove any water vapor from the gas.

Ambient temperature and humidity conditions can result in
the condensation of some of this water vapor and there are no
presently available scientific methods with which an observer
can distinguish between the degree of opacity caused by the
presence of the condensed water vapor and the opacity caused
by the presence of fly ash. This factor is interrelated with the
variables of wind direction, velocity, and turbulence and no at-
tempt has been made to quantity it in this report.

Unlike previously discussed variables that were quantitatively
related to opacity, variables such as stack and wind velocity are
more difficult to quantify. Although it is not difficult to measure
either stack or wind velocity or wind direction, plume opacity
is measured by a human observer, and the appearance of the
plume in the atmosphere is subject to atmospheric conditions
such as turbulence and velocity. Haythorne and Rankin, de-
scribing the effects of these variables, said: *‘The velocity of the
exhaust gas and the external wind conditions also will have
obvious effects. In a still atmosphere the particulates may build
up increasing opacity. In a high wind particles may be dispersed
so that there may be no opacity at all even though the same
volume of particulates is emitted.” It is also obvious that the wind
direction will have an influence on the opacity with observations
parallel with the flow of the plume giving higher values than
observations made perpendicular to the flow. This “‘path length
effect” is similar to the effect of stack diameter presented
previously.

Because of the many combinations of stack velocity, wind
velocity, wind direction, and atmospheric turbulence that exist,
no attempt has been made to quantify these interrelated vari-
ables.

The position of the sun

An important category of uncontrollable factors that influences
plume opacity is the position of the sun and the observer with
respect to the plume.

The degree of plume opacity seen by an observer depends
critically on the scattering angle through which incident light is
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reflected and refracted from the particles in the smoke plume.
This *‘scattering angle’" and other geometric relationships are
presented in Figure 2. The maximum opacity would be seen
when looking at the sun through the plume and the minimum
opacity would be seen when the plume is observed with the sun
directly behind the observer. The closer to the stack that the
observer stands, the more he must tilt his head upward toward
the sky and the greater the opacity (because of the decreased
light-scattering angle). A remote observation, on the other hand,
gives a low reading and is another reason why an opacity mea-
surement is not a reliable indicator of mass emissions.

Another variable affecting plume opacity is non-level terrain.
Occasionally, the sun is in such a position relative to the stack
that power plant equipment obscures a view of the plume at a
distance of two stack heights from the base of the stack. Al-
ternatively, coal-fired power plants are sometimes located near
the edge of a cliff or near elevated terrain. In these cases, an
observer must usually make an observation at a location elevated
or depressed with respect to the base of the stack. This influence
on the light-scattering angle has been calculated for an observer
at two stack heights from the base of the stack.

The variation in opacity with changes in the elevation of the
observer are more pronounced at low sun angles in the winter
than at high sun angles in the summer. Also, the opacity in-
creases as the observer position is depressed with respect to
the base of the stack. Depending on sun angle, aircraft obser-
vations would normally indicate a lower opacity than would be
seen on the ground. The effects of distance from the stack would
be a severe problem, however, in making airborne observations.

If opacity changes when an observer moves closer to the
stack at a fixed sun angle, then the opacity obviously must also
change when the sun angle changes as the sun moves across
the sky relative to a fixed observer position. If all opacity readings
are made with the sun directly behind an observer who is two
stack heights from the stack, then on June 21st at latitude 35°,
the sun angle varies between 0° at sunrise or sunset and 79°
at the time of maximum opacity. The opacity correspondingly
varies between 18% at sunrise or sunset and 85% at the
maximum sun angle when all other variables are held constant.

This sun angle effect is illustrated in greater detail in Figure
3, where the variation in opacity, as seen by a perfect observer,
is plotted as a function of the time of day. Figure 3 is computed
from data presented in the Nautical Aimanac and Sight Reduction
Tables for Air Navigation to obtain the angle of the sun as a
function of the time of day. Knowledge of the latitude, longitude,
and time zone in which the power plant is located was also re-
quired to obtain the sun angle data. Figure 3 is plotted for the
location of the Mohave Generating Station at South Point,
Nev.

Since a perfect observer always has the sun directly behind
him, he would thus begin the day east of the stack and traverse
a circular path at two stack heights from the stack before ending
his day west of the stack. Note that this assumes no obstructions
within the circular path around the stack, which probably never
occurs at an actual power plant.

If the perfect observer returned to the Mohave site every day
of the year, and only made an observation at the time of maxi-
mum opacity (the highest sun angle), and if all other variables
were held constant for the entire year, the records of the perfect
observer would be such that the opacity would vary between
54% on December 21st and 85% on June 21st. Naturally, the
daily variations in opacity between sunrise and sunset would
occur throughout the year, with the opacity at sunrise/sunset
being 14% . The wintertime daily variation in opacity would be
less than the summertime daily variation.

Obstructions between the observer and the stack (for ex-
ample, the power plant boilers) might require that observations
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be made when the sun is not directly behind the observer (see
Figure 2). By using solid geometry to calculate the scattering
angle when the sun angle and observer offset angles are known,
the effects of making an observation when the sun is not directly
behind the observer can be calculated.

The lower the sun angle, the more pronounced the effects of
observer offset angle. If an observer looks at the smoke plume
when he is in the wrong position with respect to the stack and
the sun, the impression received would aiways indicate an
opacity that is greater than the correct value. This is especially
pronounced when the sun angle is low and is more likely to occur
in the winter than in the summer.

It was previously indicated that observations should be made
with the wind at right angles to the direction of observation, since
the EPA has established that the observation point should be
“‘perpendicular to the plume.” However, it also should be noted
that this set of circumstances—wind at right angles, sun at ob-
server's back—will only occur under certain specific conditions.

A smoke inspector who wished to make visual measurements
when the opacity of the plume was at its maximum value would
chose the time when the angle of the sun was at its maximum
value for that day. This time occurs when the sun crosses the
meridian of longitude of the observer and is referred to as *'Local
Apparent Noon"' by navigators and astronomers. However, the
time of “Local Apparent Noon"' seldom coincides with twelve
o'clock on the observer's watch. For an observer who is located
in the exact center of the time zone, this coincidence only occurs
four times a year (on April 15, June 15, September 1, and
Christmas Day). On the other 361 days of the year, maximum
opacity occurs either before or after twelve noon *‘Local Stan-
dard Time'' on the observer’s watch.

This irregular variation of the time of occurrence of maximum
opacity throughout the year at any given location is caused by
differences in the speed of rotation of the earth around the sun,
tidal action and other factors. However, the time of maximum
opacity occurrence can be calculated for any given day by use
of information presented in the Nautical AlImanac and knowledge
of the local longitude.

FIGURE 3
Effect of time of day on opacity
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TABLE 2
Relative effects of variables on opacity

Resultant
change in
opacity with
all other
The effects of latitude Typical variables
; 5 s Independent “Black dot” range of held
The angle of the sun at the time of maximum opacity is a variable value variation constant
function of the latitude of the power plant or other source of
smoke plume, with greater angles (and greater opacity) occurring Particulate 0.05 gr/scf 0.01-0.20 g/  25-98%
at the lower latitudes. grain loading scf
If a power plant is located at different areas within the conti- Stack 325 ft 10-35 ft 37-87%
nental U.S.—all other factors remaining constant—the opacity diameter
values for a power plant in the south will always be higher than Mean 264 0.9-10 96-34%
those seen by the same observer under identical conditions and particle size '
at an identical power plant in the north. This effect is the result - o
of higher sun angles in the southern latitudes. If national opacity De‘tl:z::"llhe 0 1558 e
standards were applicable, a power plant in Alaska would ob- fhaai size

viously have less difficulty meeting the regulations than an | 2
identical power plant in Florida. Particle 15 14-16 77-95%
Figure 4 indicates quite clearly that visual opacity is not an index of

indication of the amount of pollutants being emitted from a sta- relfaction

tionary source. With all other variables being constant (grain Particle 2.2 glec 1.5-5.0 g/cc 93-51%

loading, particle size and density, and stack diameter) opacity density

can vary from 14-87 % depending on the geographic location Stack gas 270 °F 130 °-350 °F 91-82%

and time of day. If power plants located in Hawaii and Alaska are temperature

considered, these effects are even greater. Stack velocity 90 ft/s 70-130 ft/s s
Table 1 presents the opacities that would exist if power plants 0 o i

were located at Kauna Point, Hawaii; Key West, Fla.; and Wa‘l;rn;l:lso;' W B:14%

Grantley Harbor, Alaska. The opacity at the time of maximum stack gas
opacity on June 21st in Alaska is almost the same as the opacity

on December 21st in Hawaii (68.5% vs. 67.5%). However, the ~ C°lor ©f the Wiite Wlsobink: = -
o o N o plume
opacity in Hawaii increases to a maximum of 86.4% in the .
summer, while in Alaska the opacity decreases to 14.5% in the Wind speed Zero Zero to 70 mph =
winter. The winter opacity in Alaska, even at the maximum daily Wind direction Perpendicular o~ +180° —
opacity, is just slightly greater (14.5% to 14.0 %) than the opacity observation
at sunrise or sunset. direction
The opacity in summer at Key West would be slightly greater Wind turbu- Zero Zero to £30% —
(86.8-86.4 %) than in Hawaii even though the latitude is greater. lence
This is because the maximum sun angle in summertime occurs Ambient air 70 °F, 15% —10 °F to 130 s
when the latitude is equal to the declination of the sun (23° tempera- RH. °F
26.5'N in 1975). The latitude of Key West (24° 33'N) is closer ture and 0-100%
to this value than the latitude of Kauna Point (19° 02'N). humidity R.H.
Color of the Blue Blue to —
FIGURE 4 sky overcast
Effect of geographic location and time Distance of 2H, 0.5-50 Hg 92-74%
H observer
of day on opacity froin ‘elack
100 Effect of Level +20% Hg 84-86%
Key West, nonlevel
9% H? % terrain
{ )
& e Sun angle 79° 0-90° 18-87%
Time of day 11:30 AM 4AMto 7 PM 18-85%
%‘ 70 (PST)
g = Day of year June 21 at January 1 to 55-85%
b maximum December 1
8 Seattle, sun angle at maximum
s 50 Wash. sun angle
o (Dec. 21)
20 Geographic 114° W. Long. +15° of Lat.. 83-85%
location— time of time of
30 longitude max. sun maximum
angle sun angle
20 Observer 0° 0-60° 85-88%
offset angle
10 Geographic 35° N. Lat. at 25°N.Lat.to  79-88%
- location— max. sun 48% N.
. s 3 ! v latitude angle Lat. max
5:00 9:00 1:00 5:00
AM AM M M sun angle
Local standard time Allowable Zero Zeroto £15%  70-100%

human error opacity
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Summing up

The prediction of plume opacity by using light-scattering
theory and measurements in the stack gas at Mohave were in
agreement with the observations made by trained observers.
A parametric study of the effects of independent variables on
plume opacity by using the same light-scattering theory has
shown that plume opacity can vary from 14-87 % depending
only on the geographic location of the source and the time of day,
with all other factors such as particulate matter emissions re-
maining the same. This implies that the EPA New Source Per-
formance Standard for plume opacity (20 %) is not consistent
with the particulate matter emissions standard (0.1 b/ 108 Btu)
for all power plant locations or times of day and days of the year.

The relative effects of the 24 variables are tabulated in Table
2. As can be seen, there is an extremely wide variation in pos-
sible values of opacity, even when the mass emission of par-
ticulate matter remains unchanged. It is concluded that opacity
measurements are not indicative of the mass emissions of
particulate matter, and that mass emissions cannot be accurately
determined from opacity observations. The use of an opacity
standard to enforce a mass emission limitation is therefore dif-
ficult to justify on a technical basis.

Additional reading

Halow, J. S., and Zeek, S. J., "Predicting Ringelmann Number and
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3, Summer, 1974, p 457.
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Control systems on municipal
incinerators

Federal and state particulate matter emissions
standards dictate the use of electrostatic
precipitators, fabric filters, or scrubbers

Norman J. Weinstein and Richard F. Toro

Recon Systems, Inc.
Princeton, N.J. 08540

Even a modern well-designed and operated municipal incin-
erator cannot meet federal and state regulations for particulate
matter emissions without an air pollution control system. Federal
emission standards in effect require a control efficiency of at
least 93% on a weight basis, but design bases are normally
higher because of uncertainties and opacity requirements. To
achieve the necessary efficiency, all particles larger than 1-3
u must be removed, effectively eliminating the simple air pol-
lution control systems traditionally used on incinerators.

Electrostatic precipitators, fabric filters, and certain types of
scrubbers appear to be the only commercially available devices
that have the capability to meet current emission standards for
incinerators. Newer forms of these devices, including charged
droplet scrubbers and high-velocity wet precipitators, may have
advantages over more conventional devices, but these have not
yet been commercially demonstrated for municipal incinerator
applications.

Electrostatic precipitators

Not until 1969 were electrostatic precipitators applied to
municipal incinerators in the U.S., although they had previously
been used in Europe and Japan. Almost all new thermal pro-
cessing facilities built since 1969, however, have used elec-
trostatic precipitators for particulate emission control (Table 1).
Although the design efficiencies for incinerators shown in the
table are less than normally required for coal-fired steam boilers,

extraordinary attention to all design and construction details is
still required to ensure continuing high-efficiency performance.
Mechanical and electrical designs are as important to adequate
electrostatic precipitator performance as the basic size pa-
rameters. With careful design and operation, efficiency re-
quirements for “‘dry catch” particles (filterable at 121 °C) can
be met.

Corrosion resulting from acidic gases can be a problem in
precipitator operation. The gas temperature must be maintained
high enough to avoid acid condensation on cold surfaces. Hot
air purging and preheat burners to minimize acid-gas contact
with cold surfaces during shutdown and startup, and sufficient
insulation of metal surfaces exposed to outdoor conditions are
especially important in corrosion prevention. Hopper heaters
are useful in avoiding corrosion and bridging problems resulting
from moisture deposition in flyash.

Scrubbers

Simple devices such as baffled-water-spray chambers tra-
ditionally used to protect duct, stack, and fan materials, are in-
adequate as scrubbers to meet modern particulate emission
control requirements, but they can still be useful for flue gas
cooling. Much more sophisticated devices are needed to effi-
ciently remove particles in the important 1-5 u size range.

Various techniques are used in scrubbing, but all rely on
“wetting" the particle with water to increase its size and permit

TABLE 1. Some ESP installations at thermal processing facilities in the U.S. and Canada

P
Gas Gas Resi- a:‘:‘: Pressure  Effi-
Capacity, Furnace Gas flow, temp, velocity, dence ACFM/ Input, dropin. ciency,
Plant TPD typed ACFM °F FPS time,s ft’ KVA H,0gage wt%
Montreal 4 x 300 ww 112 000 536 5.5 3.3 6.2 35 0.5 95.0
Stamford 1 x 220 Special R 160 000 600 6.0 33 6.6 57 0.5 95.0
Stamford 1 x 360 R 225 000 600 3.6 5.0 4.5 225 0.5 95.0
Stamford 1 x 150 R 76 000 600 3.8 4.9 4.6 75 0.5 950
SW Brooklyn 1 x 250 R 131 000 550 4.4 3.2 6.7 47 2.5 94.3
So. Shore, N.Y. 1 x 250 R 136 000 600 5.6 33 6.8 33 0.5 95.0
Dade City, Fla. 1 x 300 R 286 000 570 3.9 4.0 5.7 48 0.4 95.6
Chicago, NW 4 x 400 Ww 110 000 450 219 4.6 5.5 40 0.2 96.9
Braintree, Mass. 2x 120 Ww 32 000 600 3.1 4.5 5.5 19 0.4 93.0
Hamilton, Ont. 2 x 300 ww 81 000 585 3.5 5.4 3.9 70 0.5 98.5
Washington, D.C. 6 x 250 R 130 800 550 4.1 3.9 4.9 T 0.4 95.0
Eastman Kodak 1 x 300 Ww 101 500 625 3.4 5:5 3.8 106 S 97.5
Harrisburg, Pa. 2 x 360 ww 100 000 410 3.5 8.1 5.0 40 0.2 96.8
Saugus, Mass. 2 x 750 wWw 240 000 428 o 7= R o e 97.5

4 R = refractory-lined; WW = waterwall.

Note: Except for capacity, data refer to design parameters for one precipitator; several may exist
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ier removal from the gas stream. The efficiency of a par-
ilar type of scrubber on a given particle size can be related
ne energy used to force the gas through the collector and to
ierate the water sprays. This energy usually is supplied by
s supplying pressure to the gas stream (gas motivated) in
turi or orifice scrubbers; or by pumps supplying pressure to
water stream (liquid motivated) in jet ejector or impact
Jbbers. The energy required in either case represents a very
rificant incinerator operating cost.
since scrubber water requirements are high, recirculation
isually practiced, both to minimize makeup water and the
ount of wastewater to be treated. The ratio of recycle to
<eup water is determined by the quantity of particles to be
1oved; by the tolerance of the scrubber design to the con-
itration of both soluble and insoluble materials in the water,
ch tend to buildup with increased recycling; and by the
sunt of water evaporated or otherwise lost.
ncinerator stack gases contain gases that dissolve during
ubbing and cause the water to become acidic. As a result,
n stainless-steel scrubbers have been known to corrode.
refore, pH control by the addition of alkali must be practiced.
3 has two other important effects: First, undesirable acidic
es such as hydrogen chloride, hydrogen fluoride, and sulfur
jes are removed to some degree; and second, some carbon
«ide (CO,) is removed, which increases alkali consumption.
r removal of CO, may also have an important regulatory ef-
t. Since emission standards are based on a 12% CO, con-
t, the lower CO, content exiting from a scrubber may require
aven lower actual particulate emissions rate. The regulations
not clear on this matter.
Several venturi scrubbers have been applied to incinerators
operating data see Figure 1). It would appear that a pressure
p of at least 22-32 mm Hg (12-17 in. H,0) is required to
lieve the Federal standard. A *‘clear stack™ (0.07 g/scm or
3 gr/scf) may require more than 37 mm Hg (20 in. H,0), al-
ugh the scrubber water vapor plume tends to reduce this
uirement by masking the opacity. The visible water vapor
me is exempt from opacity regulations.
Nastewater from the scrubbers can be used to quench the
1ace residue prior to treatment or disposal, thereby reducing
h water and treatment costs.

wic filters

3aghouses are widely used in industrial applications, but only
3w have been built for refuse incineration in the U.S. and
ope. In this device, the particle-bearing gas stream is passed
ugh a fabric-filter medium of woven or felted cloth that traps
particles and allows the gas to pass through the pores of the
ric. Although the pores are as large as 100 y, sub-micron
ticles are captured because particles collect on the cloth to
n a fragile porous layer that effectively decreases the pore
2. For various economic and practical reasons, fabric filters
usually constructed in tubular form (bags) and several bags
housed together in a steel vessel, the baghouse.

‘he design of fabric filter baghouses depends on several
ameters:

» choice of fabric (based on gas temperature, humidity, and
ticle characteristics)

» size-length, diameter, and number of bags (based on an
airically obtained air flow-to-cloth area ratio, and mechanical
isiderations)

» method of cleaning (based on particle characteristics and
dor preferences)

» method of precooling the gases to the operating temper-

‘e.

operate continuously, the filter must be intermittently cleaned
manual or mechanical means or pneumatic shaking. The
odged particles fall to a hopper where they are removed by
ew or other types of conveyors.

‘or dry catch particles, there is no apparent reason why fabric
irs will not easily meet any existing particulate matter stan-
d. The lack of significant use in incinerators may be due to
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the filters’ dramatic sensitivity to high and low temperature; large
space requirements; difficult maintenance; and significant op-
erating costs.

A pilot baghouse was operated with some success around
1959, and a recent commercial installation on a municipal in-
cinerator has apparently been operating reasonably successfully
(Table 2).

Selection of control systems

To choose among electrostatic precipitator, scrubber, and
fabric filter systems for particulate removal from incinerator
gases, several factors need to be considered. The first factor
is initial cost, including those for the cooling systems, fans, stack,
waste disposal, and other items dependent on the method of
particulate matter control. Second, operating costs, including
power, water, maintenance, labor, and waste disposal costs.
A third consideration is reliability, which must take into account
the best possible estimates for downtime, the effect of downtime
on other operations, sensitivity to upsets and ranges of operating
conditions, possible degradation of performance with age, and
problems induced in associated equipment.

Finally, environmental and other considerations, including the
ability to meet and exceed emissions standards; removal of
non-particulate matter pollutants; the effect on the air quality of
surrounding areas; the possibility of undesirable plumes; and the
availability of facilities for waste disposal need to be assessed.

The initial cost for particulate matter control systems tends
to be comparable when the complete system is considered,
including startup heaters, insulation, gas coolers, hoppers, and
conveyors for precipitators; alloy metal construction, alkali
addition, water supply, wastewater disposal, water vapor plume
control for scrubbers; and startup heaters, gas coolers, hoppers,
conveyors, and pulse air supply for baghouses. However, de-
finitive capital cost estimates are advised for system selection.

Energy requirements probably represent the single most
important difference among systems. Because of low-pressure
drop through an electrostatic precipitator, total energy re-
quirement is low, even though power is required for the corona
discharge and the rappers and heaters. Fabric-filter-pressure
drops are higher, requiring more energy, but the energy re-
quirement for scrubbers is by far the greatest of the three sys-
tems (Table 3).

Since all of these systems are highly automated, operating
labor requirements are essentially comparable and low when
the systems are operating properly. Maintenance material and
labor requirements for particulate matter control systems may
be very significant when design and preventive maintenance are

FIGURE1
Performance of
venturi scrubbers
on incinerators



TABLE 2. Operating and design parameters for a
baghouse on municipal incinerator

Air flow, m*/min (CFM) 5090 (180 000)

Air temperature, °C (°F) 260 (500)
Fabric glass fiber
Air/cloth ratio, m*'/min/m? 0.61 (2/1)
(CFM/ft?)
Bag size,
diameter, m (in.) 0.14 (5.5)
length, m (ft) 4.27 (14)
Number of bags (approx.) 4350
Method of cleaning reverse air
Design pressure drop, mm Hg 3.7-5.6 (2-3)

(in.H,0

TABLE 3. Comparison of energy requirements
for control systems«

Gas motivated Electrostatic

System scrubber Fabric filter precipitator
Gas pres- 28.0 (15.0) 9.3 (5.0) 1.9 (1.0)
sure drop
mm Hg
(in. H,0)
kW per 1000 m*/min (hp/1000 CFM)
Fan power 103.2 (3.92) 34.5 (1.31) 6.8 (0.26)
Pump 2.1 (0.08) — == = =
power
Electro- e = = = 15.8 (0.6)
static
power ~
Total 105.3 (4.00) 34.5 (1.31) 22.6 (0.86)
power

4 This table is based on a hypothetical calculation for ap-
proximately equivalent particulate matter removal efficiency.
It does not necessarily include sufficient fan power for all
furnace and duct pressure drops. Fan efficiency is approxi-
mately 60%. Power for heating hoppers (electrostatic pre-
cipitators, baghouses) or for tracing water lines (scrubbers)
is not included.

inadequate. Thus, differences among systems may be less im-
portant than the care that is tendered to adequate design and
operation.

Acid-dew-point corrosion of metal surfaces can be a problem
in all systems, but is more likely to occur when gases are cooled
with spray water rather than with steam boilers. Cooling with
spray water is sometimes done ahead of either precipitators of
baghouses, and is always an integral part of a scrubber opera-
tion. Increased pressure drop and plugging can be serious
problems with scrubbers or baghouses, but seldom occur with
precipitators. Problems of hopper operation, which can occur
with baghouses and precipitators, are obviously not a part of
scrubber operations. Moderate excursions of temperature may
have relatively minor effects on precipitator and scrubber op-
erations, but can have drastic effects on filter bags so that fre-
quent changes involving significant labor and downtime may
result.

The performance of all particulate matter control systems can
deteriorate. Dust buildup on either discharge or collection
electrodes will cause diminished precipitator performance.
Discharge electrodes in precipitators are subject to deterioration
and breakage, sometimes shorting out a section of the precip-
itator and reducing its effectiveness. Hopper bridging can cause
problems in both precipitators and baghouses. Tears in filter bags
can have drastic effects on baghouse performance. Deterioration
in scrubbers can be caused by failure of spray nozzles, mist
eliminators, and poor pump performance.

Dry flyash disposal, as usually practiced with electrostatic
precipitators and baghouses, is considered advantageous; but,
unless the flyash is carefully handled, a considerable amount
of fugitive emissions can occur. The removal of solids in a slurry
from scrubbers is less objectionable with incinerators than in
other applications because this system can be integrated with
the residue system for common water recycle and residue dis-
posal facilities.

Scrubbers (or wet precipitators) have at least one major ad-
vantage over dry methods of particulate matter removal: The
ability to simultaneously remove a significant portion of gaseous
emissions. However, present regulations do not require this
control; efficient, low-energy, second-stage, gas scrubbers can
be added to dry systems at a later date, if extra space and static
pressure allowance in the fans are provided.

The major disadvantage of scrubbers, in addition to the
high-energy requirement, is the formation of visible moisture
plumes and the possibility of icing and condensation problems
in the surrounding area.

Additional reading

Niessen, W. R., et al., Systems Study of Air Pollution From Municipal
Incineration. Volume |. Arthur D. Little, Inc. Cambridge, Mass. U.S.
Department of Health, Education and Welfare. National Air Pollution
Control Administration Contract No. CPA-22-69-23. NTIS Report PB
192 378. Springfield, Va., March 1970.

Stabenow, G., Performance of the New Chicago Northwest Incinerator.
Proceedings, 1972 National Incinerator Conference. New York. June
4-7, 1972. American Society of Mechanical Engineers. pp 178-194.

Ensor, D. S., and Pilat, M. J., Calculation of Smoke Plume Opacity From
Particulate Air Pollutant Properties. J. Air Pollut. Control Assoc. 21 (8),
496-501 (1971).

Fife, J. W., Techniques for Air Pollution Control in Municipal Incineration.
Am. Inst. Chem. Eng. Symp. Ser. 70 (137), 465-473 (1974).
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Future water pollution control plans will reflect

the competitiveness of this technique with
advanced wastewater treatment schemes
in terms of cost, efficiency, and management

The main differences in these types of land treatment are in the
ways that the wastewater interacts with the vegetation and soil
and in the application rates and land area requirements. A
comparison of important characteristics is presented in Table
1.

Slow-rate land treatment includes crop irrigation and slow
infiltration—two approaches with similar loadings rates and
treatment performances but with different objectives. In crop
irrigation, the objective is to maximize crop yield; the application
rate is based on crop requirements. In slow infiltrating, the ob-
jective is to maximize the application rate without sacrificing
effluent quality. The application rate is based on the hydraulic
and renovative capacity of the soil and crop.

Crop irrigation encompasses the irrigation of forest, land-
scape, and turf areas as well as food and forage crops. Generally,
the application rates are 1-3 inches per week. Nearly all of the
applied wastewater is lost to evapotranspiration. In slow infil-
tration land treatment, grass crops are used because they can
take up nitrogen and tolerate application rates ranging from 2-5
inches per week or more. Usually, the critical factor in deter-
mining the maximum application rate is either soil drainability
or nitrogen loading.

In rapid infiltration (infiltration-percolation) land treatment,
most of the applied wastewater percolates through the soil and
the treated effluent eventually reaches the groundwater. The
wastewater is applied to rapidly permeable soils, such as sands
and sandy loams, by spreading in basins or by spraying and is
treated as it travels through the soil matrix. Vegetation is not
usually used, but there are exceptions in some cases.

Application rates can vary widely—from 5-120 inches per
week—depending on soil permeability. The more permeable

TABLE 1
Characteristic Slow-rate

Soil permeability moderately slow to
moderately rapid

Wastewater lost to: evapotranspiration
and percolation

Vegetation required yes

Weekly application rate, in./wk 1-5

Annual application rate, ft./yr 2-20

Land required, acres/mgd? 56-560

Application techniques spray or surface

@ Field area only. Does not include buffer area, roads, or ditches

the soil, the greater the distance of travel must be for full treat-
ment. This distance can be vertical, horizontal, or both.

In overland flow land treatment, wastewater is applied over
the upper reaches of sloped terraces and allowed to flow across
the vegetated surface to runoff collection ditches. The waste-
water is renovated by physical, chemical, and biological pro-
cesses as it flows in a thin sheet down the relatively imperme-
able slope. Ideally, slopes have a 2-4% grade and are 100-200
ft long to provide adequate treatment and to prevent ponding or
erosion. Application rates range from 2-10 inches per week,
depending on the organic loading and the runoff quality required.
Slowly permeable soils, such as clays or clay loams, are re-
quired. Wastewater is applied near the top of the slope either
by spraying or surface techniques. Water-tolerant grasses
provide slope protection, media for soil bacteria, and nutrient
removal by plant uptake.

Soil treatment mechanisms

The soil surface and profile can provide physical and chemical
treatment of wastewater and a habitat for microorganisms that
can provide biological treatment. The capability of land treatment
systems to remove organics, nitrogen, phosphorus, ex-
changeable cations, and trace elements from applied waste-
water depends on a variety of factors.

For organics, the soil is a highly efficient biological treatment
system. Therefore, liquid loading rates for land treatment op-
erations are normally governed by the hydraulic capacity of the
soil rather than by the organic loading rate. This operational in-
dependence from BOD loading is a distinct advantage of land
treatment over conventional in-plant processes, especially in
treating high-strength wastewaters and industrial wastes.

Rapid infiltration Overland flow
rapid (sands and sandy slow (clays and clay
loams) loams)

mainly percolation surface runoff and
evapotranspiration with
some percolation

no yes

5-120 2-10

20-500 10-50 -

2-56 22-110

usually surface spray or surface
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There are limits, of course, to the organic loading that can be
placed on the land without stressing the ecosystem in the soil,
but they are unlikely to be reached with the application of mu-
nicipal wastewater. The effects of organic overloads on the soil
include damage to vegetation, severe clogging of the soil sur-
face, and leaching of undegraded organic material into the
groundwater.

The limiting organic loading rate must be defined for each land
treatment process on an individual basis, but rule-of-thumb rates
have been developed on the basis of experience. For example,
Richard E. Thomas of the EPA cites 25 pounds per acre per day
as a loading rate at which decomposition will approximately
balance organic matter accumulation. This represents a typical
BOD loading rate for rapid infiltration operations. Substantially
higher loading rates (over 600 pounds per acre per day) are used
on a short seasonal basis for rapid infiltration of industrial
wastewater. Moderately higher rates (40-100 pounds per acre
per day) have been used successfully for overland flow.

Nitrogen can be removed in land treatment by crop uptake
and harvest and by denitrification. In slow-rate land treatment,
crop uptake is the main technique, and the quantities of uptake
vary by crop. For example, corn can account for 150 pounds per
acre per year, while coastal bermuda grass can account for 600
pounds per acre per year. In overland flow denitrification is
mainly used, but crop uptake is also significant. In rapid infil-
tration, the only significant removal process is denitrification,
which must be managed by using relatively long flooding cycles
to create anaerobic conditions in the soil profile.

Although plants take up some phosphorus, the major removal
processes in all land treatment systems are chemical precipi-
tation and sorption. In overland flow, only partial removal of
phosphorus is achieved because not all of the applied waste-
water comes into contact with the soil matrix for chemical
fixation.

Exchangeable cations, particularly sodium, calcium, and
magnesium ions, deserve special consideration because high
sodium concentrations in clay-bearing soils disperse soil parti-
cles and decrease soil permeability. To determine the sodium
hazard, the sodium adsorption ratio (SAR) may be used. The SAR
was developed by the U.S. Department of Agriculture Salinity
Laboratory, and is defined as follows:

where Na, Ca, and Mg are concentrations of the respective ions
in milliequivalents per liter of water. High SAR values (>9) may
adversely affect the permeability of fine-textured soils. Other

TABLE 2
Rapld Overland
Slow-rate, Infiltration, flow,
Constituent mg/i? mg/® mgne
BOD 1-2 2-5 5-10
Suspended 1-2 1-2 8-10
solids
Ammonia 0.5-1 0.5-1 0.5-1
nitrogen as N
Total nitrogen 2-4 10-15 2-5
asN
Phosphorusas  0.1-0.5 1-8 3-5
P

2 after percolation through about 5 ft of soil
® after percolation through about 15 ft of soil
¢ after about 150 ft of runoff
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exchangeable cations, such as ammonium and potassium, may
also react with soils. Occasionally, high sodium concentrations
in soil can be toxic to plants, although the effects on permeability
will generally occur first.

Although many trace elements are essential for plant growth,
some become toxic at higher levels to both plant life and mi-
croorganisms. Retention of trace elements, such as heavy
metals, in the soil matrix occurs mainly through sorption and ion
exchange. Retention capabilities are generally good for most
metals in most soils, especially for pH values above 7. Under
low pH conditions, some metals can be leached out of soils.

Need for preapplication treatment

There are a number of sound engineering reasons for treating
municipal wastewater prior to land application, including the
following:

¢ to settle and screen out large materials

* to allow the storage of wastewater without nuisance con-
ditions

« to allow application of wastewater to food crops or to areas
with public access. Secondary treatment prior to land applica-
tion, however, is not always necessary, and in some cases, not
even desirable.

For irrigation of food crops or landscape areas, the bacteri-
ological quality of municipal wastewater must be very high to
protect public health. For irrigation of forage crops, however,
a lower bacteriological quality may be acceptable. In either case,
it is the level of bacteriological quality that should be specified
rather than a BOD or suspended solids concentration.

For overland flow or rapid infiltration in which nitrogen removal
is an objective, a relatively high BOD (possibly 50 mg/I or more)
may be desirable to promote denitrification. Wastewater that
has received prior treatment only by sedimentation, oxidation
ponds, or aerated lagoons has been applied successfully in many
cases. The need for preapplication treatment should be deter-
mined on a case-by-case basis.

Renovated water quality

Most existing land treatment systems have not been ade-
quately monitored with respect to the quality of renovated water.
On the basis of the relatively sparse data available, the expected
water quality that can be produced by the three types of land
treatment is given in Table 2. For a given type of land treatment,
the quality of the effluent that can be attained, as shown by
Sherwood C. Reed of the Corps of Engineers, is nearly the same
whether untreated, primary, or secondary wastewater is applied.
This same quality is achieved because the conventional treat-
ment processes of sedimentation and biological oxidation are
duplicated in land treatment.

There are numerous variations in land treatment systems used
today. Examples of different successful approaches used in the
U.S., and one used in Australia, are described.

Slow-rate examples

The slow-rate land treatment operation in Bakersfield, Calif.,
represents an example of surface irrigation of cropland. The city
owns 2400 acres, which it leases to a grower for agricultural
reuse of 13 mgd of wastewater that has received primary
treatment. Field corn, barley, alfalfa, cotton, and pasture grass
are grown. This system has been operating successfully for more
than 40 years, and the return to the city represents 20 % of the
annual operation and maintenance costs for wastewater treat-
ment. Current plans are to add aerated lagoons to the preap-
plication treatment and to expand the system to 4300 acres.

The city of Tallahassee, Fla., has experimented with spray
irrigation of forest and cropland since 1966. Current plans are
to spray irrigate 850 acres at an application rate of about 3
inches per week. The selected crops are coastal bermuda grass,
which is overseeded with a winter rye grass in November. The
expected nitrogen uptake of this combination of grasses is 600
pounds per acre per year.



Irrigation. After primary treatment, wastewater effluent is used
to grow crops for cattle

In west central Texas, the city of San Angelo owns and op-
erates a 5-mgd, 640-acre irrigation system. A hay crop is grown,
which is baled and sold, and an average of 500 cattle are grazed
on the pasture land. Primary treatment of the wastewater pre-
cedes surface irrigation, and about 1 week of storage capacity
is available when irrigation is not needed. Because the system
has operated successfully since 1933, the EPA is currently
studying the effects on crops, soils, and groundwater of this
operation.

Rapid infiltration examples

At Lake George N.Y., a rapid infiltration system has been in
operation since 1936. Wastewater that has received secondary
treatment is spread at a summer rate of about 30 inches per
week. In the winter the application rate is reduced to 7 inches
per week because of reduced flows (the city’s population fluc-
tuates seasonally). Spreading of the wastewater is continuous,
and when ice forms on the surface it is not removed but merely
floated by the next application.

At Phoenix, Ariz., a 15-mgd rapid infiltration system has been
constructed with pumped withdrawal. Wastewater that has re-
ceived secondary treatment is spread according to the design
criteria determined from a 5-year experimental study in which
the loading rate was 84 inches per week. The high quality of
renovated water collected through a series of wells is discharged
to an irrigation canal for agricultural reuse.

Overland flow examples

An experimental overland flow treatment system using settled
municipal wastewater has been operated by the EPA since 1972
at Ada, Oklahoma. Using a low-pressure rotating-boom appli-
cator, the wastewater is applied at a rate of about 4 inches per
week. After a runoff distance of 110 feet, the effluent was
sparkling clear, with 8 mg/I of BOD and suspended solids, and
less than 3 mg/I of total nitrogen. Full-scale operation with these
design criteria has begun in an 8-acre system at nearby Pauls
Valley, Oklahoma.

At Melbourne, Australia, overland flow is used to treat 70 mgd
of wastewater that has received primary treatment. The
wastewater is applied by surface flooding at a rate of 5.2 inches
per week. Application is continued throughout the winter season.
The system has been operated in this manner for several dec-
ades.

The economics

The costs of land treatment can compare favorably with
conventional treatment and discharge systems, depending on
the choice of design approach and criteria, the land price, and
the transmission distance to the site. A fixed, buried sprinkler
system is generally the most expensive method of application.
Considerable cost savings can be realized if moving sprinkler
systems (such as center pivot) or surface application can be

used. For example, the use of surface application for overland
flow can result in cost savings in the distribution system and in
capital and power cost savings in the pumping station.

Looking ahead

In the future it is expected that there will be increased use of
forests, marshes, and wetlands for land treatment, as well as
further investigation and use of overland flow. Wastewater ap-
plied to forests is being studied in the Pack Forest in Washington
and near Lake Arrowhead in Southern California. Both the EPA
and the Corps of Engineers are conducting significant research
projects in several climatic regions on the use of overland flow
for wastewater that has received either primary sedimentation
or oxidation pond treatment prior to application.

The renovation capacity and ultimate use of land treatment
is not yet fully understood. The implementation of land treatment
systems has been slowed by the need for research and moni-
toring of recently developed variations of land treatment pro-
cesses and by the need for answers to questions concerning the
long-term effects on the environment.

Both proper management and monitoring are required for
successful and ecologically sound land treatment systems. When
these requirements are met, land treatment can compete with
advanced wastewater treatment in many locations not only in
terms of costs, but also in the quality of the renovated water, and
in water and nutrient resource management. Thus, land treatment
can be an effective tool in water pollution control, whether it is
used in place of, in addition to, or in conjunction with conven-
tional treatment processes.
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We can tell you exactly what's i
your water. Down to the last -.:
urable m crocontammant

There’s been a lot of speculation lately
about possibly harmful viruses and
organic compounds in drinking water.
Now, with the help of the Water
Management Division of The
Carborundum Company, you can go
beyond speculation. From one source,
you can get both the highly specialized
personnel and the equipment that can
conclusively determine the presence —
or absence — of these microcontami-
nants in your water or waste water.

A total service

Almost no industries, utilities, com-
munities or other water purveyors
possess the specially-trained staff, or
equipment technology that detecting
microcontaminants demands. But
now there’s no need to make a large
capital investment for a temporary
monitoring program. Carborundum
can do it all for far less than an internal
program would cost. And do it with

experieced technicians, chemists and
virologists, and with equipment and
laboratories expressly developed for
this single purpose.

Our field technicians are expert in
the demanding tasks of taking and
preparing proper samples and ship-
ping them correctly to our labs. To
take samples for viruses, they use the
Aquella™ virus concentrator. A prod-
uct of Carborundum’s pioneering
research, it’s the only detector of its
kind. They take as many types of
samples under as many different con-
ditions, in as many locations and for
as long as necessary, to give you reli-
able, comprehensive results.

For sample analysis, Carborundum
uses only contamination-free, special-
ized laboratories for water-borne
viruses or for organic and inorganic
contaminants. After lab work is com-
pleted, the results of this meticulous
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water-monitoring program will be
forwarded to you in a final confiden-
tial report.

If you're ready to go beyond specu-
lation and if you're looking for
conclusive evidence of what your
water does or does not contain, call or
write Carborundum. Ask for further
information on full-service water
monitoring or, alternatively, equip-
ment leasing with training provided.

Find out what'’s in your water.
Down to the last measurable micro-
contaminant.

CARBORUNDUM @

The Carborundum Company
Water Management Division
P.O. Box 1054

Niagara Falls, N. Y. 14302
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environment and its control by scientific, engineering, and po-
litical means. Contributions by authors outside the full-time staff
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ferent, however, and are outlined for the convenience of
authors.
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or pollution control so that a heterogeneous readership, com-
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search manuscripts do not apply. Potential authors are en-
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the new information in a footnote. In each paper with more than one
author, the name of the author to whom inquiries should be addressed
carries an asterisk. The explanation appears on the Contents page.

Abstracts
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In general, graphs are preferable to tables, if precise data are not
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with appropriate titles and should be numbered consecutively in Roman
numeral style in order of reference in the text. Double space with wide
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CURRENT RESEARCH

Identification of Organic Compounds in Unbleached Treated

Kraft Paper Mill Wastewaters

Lawrence H. Keith

U.S. Environmental Protection Agency, Environmental Research Laboratory, College Station Rd., Athens, Ga. 30601

B Wastewaters from two kraft paper mills in Georgia were
sampled at various points in the waste treatment systems. Gas
chromatography of the organic extracts and identification of
many of the specific chemical components by gas chroma-
tography-mass spectrometry provided a “chemical profile”
of the effluents. The mills, in different geographical locations,
have very similar raw wastewater compositions but different
wastewater treatments. In spite of these differences, the
treated effluents are qualitatively similar in composition al-
though the quantities of the various components differ. After
two years the raw and treated effluents of both mills were
resampled. Analyses showed that although concentrations of
the organics varied, the same compounds are still present.

“The need to know what chemicals may escape into the
environment and at what levels they may be harmful leads
rather quickly to a realization that until one can identify these
compounds with certainty and measure their presence in se-
lected compartments of the environment, effective control of
these chemicals is essentially impossible” (7). Knowledge of
the specific chemical composition of treated wastewaters is
basic to the evaluation of the environmental impact of these
wastewaters and to the problem of analyzing and controlling
their discharge. By tracing the chemicals through the treat-
ment system one can identify which compounds are being
effectively removed and which are resistant to the treatment
in use. Any new chemicals produced during treatment are
readily apparent. Once identifications are made, the ap-
proximate concentration of each compound can be calculated
at each stage of the treatment. To our knowledge this study
represents the first attempt to characterize a wastewater
chemically, trace the dissolved volatile organics through a
treatment system, and correlate this information with the
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(Grab sample 5 hours after Sample No. 1)
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Figure 1. Waste treatment system diagram of Mill ‘A"

traditional collective pollution prarameter measurements
(BOD, TOC). The results detailed in this paper were gathered
over a six-year period and portions of them have been pre-
sented previously (2-4).

Paper Mill Treatment Facilities

Two mills, having similar processes but different waste
treatments, were used in this study. The first, Paper Mill “A”,
daily produced about 1400 tons of containerboard in March
1972 when the samples were taken. Approximately 13 million
gal of water passed through the treatment system daily. The
treatment system is diagrammed in Figure 1. The total BOD
reduction through the whole system is reported to be in excess
of 70%.

The second mill, Interstate Paper Corp., Riceboro, Ga.,
daily produced about 540 tons of containerboard in March
1972 when the samples were taken. Approximately 5.5 million
gal of water passed through the treatment system daily. The
treatment system is diagrammed in Figure 2. In the 650-acre
stabilization lagoon, the highly alkaline effluent (pH 12) first
undergoes partial neutralization to pH 10 by surface absorp-
tion of atmospheric carbon dioxide, causing precipitation of
nearly all the remaining calcium salts in the inlet section of
the stabilization basin. Lime treatment removes about 90%
of the color from the effluent. Overall BOD reduction is re-
ported to be 93%, with a concentration of about 6 mg/l. in the
lagoon effluent (5, 6).

Experimental

Sampling and Materials. Burdick and Jackson “distilled
in glass” solvents were used for all extractions. Effluent
samples were placed in polyethylene plastic containers and

Sample point No. 1
(24-hr composite)

Interstate Paper Corp. / Lime Flocculation Tank
Riceboro, Ga. S { (Retention time about 40 min.)
Lime
Addition

Sample point No. 3
(24-hr composite)

Clarifier
(Retention time about 6—8 hours)

7
Sample point No. 2
(Grab sample)

Sample point
& No. 4
(Grab sample)
P I
< J &

Figure 2. Waste treatment system diagram of the Interstate Paper Corp.
mill at Riceboro, Ga.

T Ty

Quiescent Storage Basin
VA RUNIN

(Retention time 3—6 months)

I
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immediately frozen. They were stored at —10 °C and thawed
for use as necessary.

Both mills were sampled twice. In 1972, grab samples for
chemical characterization were taken at various stages of the
treatment systems and time delays were programmed so that
a “slug” of the effluent could be followed through the treat-
ment facilities. However, quantitative analysis indicated that
the slug was missed at the outfall of Mill “A”. During the
second sampling period, in January 1974, three-day com-
posites were collected from the raw effluent and the outfalls
of both mills by automatic sampling devices. Samples were
not taken at intermediate points.

A three-day composite composed of equal volumes from the
Monday, Tuesday, and Wednesday raw wastewater samples
of Mill “A” was prepared. A second three-day composite was
composed of equal volumes from the Wednesday, Thursday,
and Friday treated wastewater samples of Mill “A”. Three-day
composities of equal volumes from the Monday, Tuesday, and
Wednesday raw wastewater and of the treated wastewater
samples of the Interstate Mill at Riceboro were prepared.
Because the stabilization pond retention time is at least three
months, no attempt was made to obtain samples of the same
slug of this wastewater. The concentrations in the 1972 grab
samples (Table II) cannot be considered “typical” because the
concentrations of the individual components vary significantly
with time. Comparison of these values with those obtained in
the 1974 sampling period (which are more “typical” because
they represent three-day composites) shows that while some
compounds varied almost by an order of magnitude, others
had very similar values.

Instrumentation

Both Varian 1400 and Perkin-Elmer 900 gas chromato-
graphs (GC) equipped with flame ionization detectors (FID)
were used. Generally, a commercially prepared (Perkin-
Elmer) 50-ft support coated open tubular (SCOT) capillary
column coated with Carbowax 20M/terephthalic acid (K 20

! .‘/m......-l
| 7
D \J ——
W = //I [l
\ METHILUTE A'T-I‘ }2‘*‘“ }‘ \ }
l N e :
C i ‘\ |
i il
o ||

Figure 3. Gas chromatograms of the methyl derivatives from Mill “A™
wastewater using (A) dimethyl sulfate, (B) diazomethane, (C) Methyl-8,
and (D) MethElute as methylating reagents
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M/TPA) was used for separation. The optimum carrier gas
flow for our GC-MS systems operating under a vacuum and
using a Gohlke jet separator (16-18 ml/min) is twice the
amount necessary for optimizing conditions with an auxiliary
GC (operating under atmospheric pressure). From 1968 to
1971, a Perkin-Elmer/Hitachi RMU-7 double focusing mass
spectrometer (MS) connected to a Perkin-Elmer 900 GC
through a Watson-Bieman separator was used. Now a com-
puterized Finnigan 1015 quadrupole MS connected to an
all-glass, single-stage Gohlke jet separator is used. Complete
descriptions of the instrumentation and our techniques for
computer matching the mass spectral data are described
elsewhere (7, 8).

Analytical Procedures

Methylation Techniques. Paper mill wastewater extracts
contain two types of extractable volatile compounds: neutrals
(predominately terpenes and their derivatives), and acidic
compounds converted to their methyl derivatives to facilitate
GC separation. The aqueous solution can be methylated di-
rectly with dimethyl sulfate and sodium hydroxide, followed
by extraction of the methyl derivatives with chloroform, or
methyl derivatives of the acid extracts can be made in a sep-
arate step using diazomethane, on-column GC methylation
techniques, or several other common methylation procedures.
Several methods were evaluated—each has its advantages and
disadvantages, but their overall effectiveness is best illustrated
by Figure 3.

A 500-ml portion of the Mill “A” wastewater from sample
point 2 (primary clarifier effluent) was made alkaline to pH
11 with sodium hydroxide and extracted with chloroform to
remove the neutral compounds. Methylation of the aqueous
layer with dimethyl sulfate was followed by re-extraction with
chloroform to remove the methylated organics. The procedure
we use (9) is a variation of that described by Bicho et al. (10,
11). After concentration in a Kuderna-Danish apparatus to
0.5 ml, 1.2 ul of the extract was chromatographed on a 50-ft
SCOT column coated with Carbowax 20 M/TPA and pro-
grammed from 100-200 °C at 4°/min with an initial 2-min
hold at 100°. The chromatogram is shown in Figure 3-A.

A 1-1. portion of the same wastewater was extracted with
chloroform at pH 11 to remove neutral compounds and then
made acidic to pH <2 with concentrated hydrochloric acid.
The aqueous layer was re-extracted with four 200-ml portions
of chloroform to remove the acids and phenols. The extracts
were combined and divided into two equal portions, each
representing 500 ml of the wastewater extract.

One portion was concentrated to near dryness in a Ku-
derna-Danish apparatus and methylated with diazomethane;
the final volume was adjusted to 0.5 ml. The chromatogram
of 1.2 ul of this sample under conditions identical to those of
the previous sample is shown in Figure 3-B.

The second portion of the chloroform extract was concen-
trated in a Kuderna-Danish apparatus to near dryness and
MethElute (trimethylanilinum hydroxide in methanol, Pierce
Chemical Co.), which methylates the sample on-column, was
added to bring the volume to 0.5 ml. The chromatogram of 1.2
ul of this sample under conditions identical to those of the
previous two samples is shown in Figure 3-D.

Another 500-ml portion of the wastewater, after extraction
of neutral compounds at pH 11, was made acidic and extracted
with four 100-ml portions of chloroform. The extracts were
combined, dried, and concentrated to near dryness as before
in a Kuderna-Danish apparatus. Enough Methyl-8 (DMF
dimethyl acetal in pyridene, Pierce Chemical Co.) was added
to bring the volume to 0.5 ml, and the solution was heated at
60 °C for 15 min in a reacti-vial. The chromatogram of 1.2 ul
of this sample, under conditions identical to those of the other
three, is shown in Figure 3-C.



Comparison of the chromatograms in Figure 3 shows that
dimethyl sulfate and MethElute are better reagents for
methylating the paper mill samples than diazomethane or
Methyl-8. Phenols, especially guaiacol, were not methylated
well with diazomethane or Methyl-8. Although extraction of
guaiacol and other phenols with chloroform is not 100%, in-
complete extraction can be eliminated as a major contributor
to the smallness of the methylated guaiacol peak (veratrole)
in the diazomethane sample because the samples for diazo-
methane and MethElute treatment came from the same ex-
tract, divided into two portions; the MethElute sample shows
a large veratrole peak. The dimethyl sulfate appears to be
equivalent to MethElute with respect to methylation of the
resin and fatty acids. However, the larger phenolic peaks in
the dimethyl sulfate sample and the absence of the MethElute
reagent peak made us decide to use dimethyl sulfate for the
remaining methylations.

GC-MS Techniques. After a sample is injected into the
computer-GC-MS system, the mass spectrometer automat-
ically scans its preset mass range every 4-5s. When each run
is complete, the computer plots a reconstructed gas chro-
matogram (RGC). To minimize the time spent identifying the
hundreds of spectra resulting from the GC-MS data output
from complex mixtures such as these extracts, we first exe-
cuted computer matching of the spectra. This was followed
by a manual comparison of the computer-matched spectra
with the reference mass spectra. Widespread use of GC-MS
spectral matching in pollutant identification requires easy
access to a central spectra library (7), rapid matching, and an
indication of the similarity of the unknown spectrum to the

reference spectrum for each match. An EPA program that
provides such information was developed using the algorithm
of a matching program described in the literature (12). This
rapid-matching program was developed jointly by Battelle
and the Environmental Research Laboratory-Athens and
utilized a CDC 6400 time-shared computer (13).

Results

Identification of Terpenes. Table I lists the individual
compounds found in the neutral fraction of the wastewater
extracts. Most of these are terpenes. The corresponding gas
chromatograms of Mill “A” extract are shown in Figure 4 with
peak numbers that correspond to the compounds in Table I.
Vertical displays of gas chromatograms of extracts taken at
consecutive points in a waste treatment system, with the
compounds identified by name or code, are called “chemical
profiles”. The compounds present and their relative concen-
trations are shown as a function of the treatment. Such a
display allows one to see at a glance the effectiveness (or lack
of it) of each step in the treatment process with respect to an
individual compound, to a class of compounds, or to all
chromatographable compounds in the wastewater, whether
they are identified or not. This information in conjunction
with the traditional collective pollution parameters (e.g., BOD
and TOC) provides a much better understanding and evalu-
ation of the effluent composition and its possible environ-
mental effects than the chemical profiles or collective pa-
rameters alone.

Two of the neutral extracts from Mill “A” were analyzed
by a Digilab Fourier Transform infrared spectrophotometer

Table I. Neutral Volatiles Identified in Both Kraft Paper Mill Effluents with Approximate Concentrations (1972)

Approximate concn. in mg/l.,
Mill “A" sample points

Approximate concn. in mg/l.,
Interstate sample points

Peak
no. Compound identified Confirmed by 1
4 Methyl trisulfide 0.003
62 Fenchone MS, GC 0.007
63 Hexachloroethane —
64 Sabinene S
65 Unidentified terpene ketone 0.055
66 Camphor MS, GC, IR  0.045
67 Unidentified terpene ketone 0.045
68 Unidentified terpene ketone 0.020
69 Fenchyl alcohol GC 0.065
70 Unidentified terpene ketone 0.025
71 Terpene-4-ol MS, GC 0.050
72 2-Formylthiophene 0.010
73  Methyl chavicol MS, GC 0.045
9 Borneol MS, GC, IR 0.275
10 a-Terpineol MS, GC 0.645
11  Veratrole MS, GC 0.020
74  2-Acetylthiophene GC, IR 0.025
75 Myrtenol 0.010
76 2-Propionylthiophene GC, IR 0.025
77 Anethole 0.007
78 Benzyl alcohol 0.013
79 Methyl eugenol GC 0.002
80 Unidentified terpene alcohol 0.006
81 Unidentified aromatic similar to 0.006
methyl isoeugenol (MW = 178)
30 Ethyl palmitate MS,GC 0.006
82 Unidentified monounsaturated 0.038
C,, fatty acid methyl ester
83 Unidentified diunsaturated C,, 0.016
fatty acid methyl ester
84 Unidentified phthalate diester =
Total 1.464

2 3 4 1 2 3 4
0.004 0.008 0.001 = = — =
0.007 0.015 0.015 0.015 0.002 0.001 <0.001

st == = = = == <0.001

— = — = = — 0.003
0.050 0.055 0.045 0.040 0.010 0.015 0.004
0.045 0.060 0.090 0.090 0.015 0.020 0.035
0.040 0.050 0.045 0.045 0.006 0.020 0.008
0.020 0.025 0.020 0.020 0.003 0.008 0.002
0.065 0.035 0.010 0.105 0.040 0.060 e
0.025 0.020 0.004 0.015 0.005 0.009 i
0.045 0.040 0.010 0.030 0.010 0.015 <0.001
0.040 0.030 = 0.030 0.010 0.020 =
0.200 0.155 0.090 0.470 0.200 0.260 -
0.700 0.625 — 0.490 0.215 0.280 0.080
0.015 0.015 0.008 0.015 0.004 0.008 s
0.025 0.030 0.025 0.012 0.002 0.004 <0.001
0.010 0.008 = 0.008 — == =
0.025 0.025 0.010 0.020 0.005 0.010 <0.001
0.012 0.008 = 0.025 0.004 0.007 =
0.001 = — — = = =
0.007 0.010 — 0.030 0.015 0.015 0.008
0.008 0.009 — 0.009 0.006 0.008 —
1.344 1.223 0.711 1.469 0.552 0.760 0.145
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Figure 4. Chemical profile of neutral volatile compounds from Mill ‘A"’
extracts of sample points 1-4 (top to bottom)

Table 1. Acids and Phenols Identified in Both Kraft Paper Mill Effluents with Approximate Concentrations (1972)

Approximate concn in mg/l.,
Mill A" sample pointsi o

Peak Compound identified as methyl derivative Confirmed

65

interfaced with a gas chromatograph (GC-IR). Spectra of the
eluting compounds are obtained “on the fly” as they are with
the GC-MS system. These analyses were helpful in confirming
the functional groups of several unidentified compounds. For
example, compounds 67, 68, and 70 were all shown to be ke-
tones. Computer matching of the mass spectra of these same
peaks had led to tentative identifications of 1-cyclohexenyl
methyl ketone, 4-nonyne, and 3-cyclohexen-1-yl methyl ke-
tone, respectively. Obviously the match for 4-nonyne was
wrong.

In low concentrations these neutral compounds are prob-
ably not significant pollutants. The chemical profile, sup-
ported by Table I, shows that the treatment systems are able
to reduce the concentration of most of these chemicals by large
factors. An exception may be the terpene ketones. Several
ketones either are not reduced in concentration or are in-
creased in concentration in short term biological oxidation
systems. Ketones 65, 67, and 68 were not significantly reduced
in concentration in the Mill “A” wastewater and two (camphor
and fenchone) were increased. An increase in the concentra-
tions of camphor and fenchone in similar instances has been
verified in an independent report (14).

Identification of Fatty Acids. A total of 17 different fatty
acids were found in the wastewaters of both mills, 15 were
identified, and two unsaturated acids remain unidentified
(Table IT). The fatty acid contents of both raw wastewaters
(sample point 1) were qualitatively similar. Seven of the eight
fatty acids present in the raw wastewaters were found at both
mills (palmitic, anteisomargaric, stearic, oleic, linoleic, ara-
chidic, and unidentified unsaturated acid #54).

More dissimilarity existed in the fatty acid content of the
two lagoon effluents (sample point 4). Ten acids were found
in both effluents (isomyristic, myristic, anteisopentadecanoic,

Approximate concn in mg/l.,
Interstate sample points

no. (parent compound) by 1
1 Furfuryl methyl ether (furfuryl) GC 0.010
2 Anisole (Phenol) 0.008
3 1,3-Dimethoxy-2-propanol —
4 Methyl trisulfide =
5 Unidentified—apparent MW = 103 0.035
6 Benzaldehyde GC 0.002
7 Dimethylsulfoxide GC —
8 Ethyl carbamate GC 0.010
9 Borneol MS, GC —
10 o-Terpineol MS, GC 0.020
11 Veratrole (guaiacol) MS, GC 2.700
12 o-Nitrotoluene MS, GC =
13 Methyl o-hydroxybenzoate 0.010
(o-hydroxybenzoic acid)
14 Methyl mandelate (mandelic acid) —
15 Dimethylsulfone GC 0.240
16 Unidentified aromatic MW = 166 0.130
17 Methyl isomyristate (C,, fatty acid) GC —
18 p-Methoxybenzaldehyde 0.055
(p-hydroxybenzaldehyde)
19 Eugenol 0.025
20 Methyl myristate (C,, fatty acid) MS, GC —
21 Unidentified aromatic, MW = 196 =
22 Unidentified nonaromatic, MW = 196 ==
23 Methyl anteisopentadecanoate MS, GC —
(C,s fatty acid)
24 Methyl 10-methyltetradecanoate —
(C, fatty acid)
25 p-Methoxyacetophenone GC 0.020

(p-hydroxyacetophenone)

2 3 4 1 2 3 4
0.005 — — 0010 — — —
— — —  0.005 0005 — —
— — — — 0.010 — —
0.005 — — — — — —
0.035 0.040 0.035 0.025 0.055 0.020 0.015
— — — 0005 — — —
— 0.055 —  0.010 0.080 0.020 0.020
0.015 0.025 0.020 — 0.080 0.020 0.010
— — — 0010 0020 0.060 —
0.002 0001 —  0.005 0020 0.115 0.002
2.400 0.360 0.170 2200 3.200 3.700 0.035
— — 0015 — — — —
0.005 — — — — — —
— — 0025 — — — —
0.400 0.400 0.055 0.240 0.540 0.400 0.130
0.090 0.050 0.005 0.050 0.030 0.160 —
_ — 0003 — — —  0.001
0.050 0.020 0.025 0.090 0.240 0.190 0.005
0.025 0.025 — — — — —
— — 0020 — — — 0,010
— 0.045 0.035 — — —
— — — 0170 0.175 0.245 0.065
— 0.010 0.020 — —  0.005
— — 0030 — — —  0.002
0.025 0.030 — 0060 0.130 0.080 0.010
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Table Il. (Continued)

Approximate concn in mg/l.,
__Mill “A” sample points

Peak Compound identified as methyl derivative Confirmed

no. (parent compound) by 1

26 Methyl pentadecanoate MS, GC ==
(C, fatty acid)

27 Methyl isopalmitate (C fatty acid) MS, GC —

28 Methyl palmitate (C,, fatty acid) MS, GC 0.070

29 Methyl palmitelaidate MS, GC 0.005
(C,¢ trans-9-unsaturated fatty acid)

30 Ethyl palmitate (C,, fatty acid) MS, GC =

31 Methyl anteisomargarate MS, GC 0.020
(C,, fatty acid)

32 Methyl 3,4-dimethoxyphenylacetate 0.050
(Homovanillic acid)

33 Veratraldehyde (vanillin) MS, GC  1.500

34 2-Methylthiobenzothiazole GC 0.035
(2-Mercaptobenzothiazole)

35 Methyl vanillate (vanillic acid) GC —

36 Acetoveratrone (acetovanillone) GC 0.420

37 Methyl stearate (C,, fatty acid) MS, GC 0.025

38 Methyl oleate MS, GC 0.470
(C,q cis-9-unsaturated fatty acid)

39 3,4,5-Trimethoxybenzaldehyde MS, GC 0.070
(syringaldehyde)

40 Methyl linoleate (C,, cis,cis-9, MS, GC  0.350
12-diunsaturated fatty acid)

41 3,4-Dimethoxypropiophenone GC 0.060
(3-Methoxy-4-hydroxy-
propiophenone)

42 3,4,5-Trimethoxyacetophenone GC 0.055
(acetosyringone)

43 Methyl arachidate 0.030

44 Dihexyl phthalate ==

45 Unidentified resin acid “A" —
methyl ester

46 Unidentified resin acid *‘B" 0.030
methyl ester

47 Unidentified resin acid “C"’ 0.100
methyl ester

48 Unidentified resin acid ‘D" =
methyl ester

49 Unidentified unsaturated fatty acid =
methyl ester

50 Methyl pimerate (resin acid) MS, GC 0.245

51 Methyl sandaracopimerate MS, GC 0.050
(resin acid)

52 Unidentified resin acid “E" 0.025
methyl ester

53 Methyl-13-abieten-18-oate MS,GC —
(resin acid)

54 Unidentified unsaturated fatty acid 0.035
methyl ester similar to araconidate

55 Methyl isopimerate (resin acid) MS, GC 0.430

56 Methyl abietate (resin acid) GC 0.370

57 Methyl dehydroabietate (resin acid) MS, GC  1.500

58 Methyl 6,8,11,13-abietatetraen- MS, GC 0.065
18-oate (resin acid)

59 Methyl neoabietate (resin acid) MS, GC 0.105

60 Methy! lignocerate (C,, fatty acid) MS, GC =

61 Dioctyl phthalate —

Totals 9.380

Approximate concn in mg/l.,
Interstate sample points

2 3 4 1 2 3 4

— — 0020 — — — o010
— 0015 0.030 — 0003
0.190 0.180 0.430 0.140 0.160 0.035 0.017
0.020 0.025 0.125 —  0.010
— — 0030 — — - =
0.025 0.040 0.050 0.030 0.120 0.040 0.001
0.075 0.090 0.080 0.090 0.365 0.150 0.003
1.700 0.450 0.410 2.100 4.400 2.600 0.070
0.025 0030 0.025 — — - =
—  0.005 0.005 — — — —
0.490 0450 0370 0.820 1600 0.860 0.120
0.065 0.045 0.110 0.100 0.100 0020 —
0.600 0.430 0.400 0570 0510 0.120 0.080
0.070 0.070 0.040 0.070 0.100 0.070 0.020
0470 0.230 0.100 0450 0.920 0.160 —
0.080 0025 — — — - =
0.050 0.050 0.050 0.090 0.200 0.130 0.005
0.035 0.030 0025 0035 0025 —  —
— — — 0070 0.075 0.130 0.020
0.055 0.095 0.100 — — - =
0.055 0.010 — — — — =
— — - = — — 0145
— 0005 0035 — — — —
0475 0570 0.800 1270 0.825 0.610 0.500
0.060 0.125 0.045 0.340 0.245 0.275 0.110
0.430 0.800 1.400 0.100 0.035 0.050 1.050
s — — 0075 — - -
0.660 0.770 0.780 4.400 1.700 1.200 0.800
0430 0.420 0.050 3.300 1.500 1.900 —
1.300 4.000 1.000 3.300 2.700 3.600 3.900
0.070 0.170 0.095 0.160 0.115 0.280 0.180
0125 —  — 1300 1200 0450 —
— 0055 0.030 — — - =
10.692 10.246 7.123 21.690 21.480 17.700 7.243

10-methyltetradecanoic, pentadecanoic, isopalmitic, palmitic,
palmitelaidic, anteisomargaric, and oleic). Six others were
found in the lagoon effluent of one mill but not the other [ethyl
palmitate (as the ester), stearic, linoleic, lignoceric, arachidic,
and unidentified unsaturated acid #54]. In both mill waste-
waters a greater number of fatty acids were found in the la-
goon effluent than in the influent. The majority of the new
compounds are saturated low-molecular-weight (C-14, C-15,
C-16) branched and straight-chain fatty acids and are prob-
ably metabolites of the lagoon biota. The only fatty acid

identification not verified by comparison of GC retention time
with a standard is the methyl ester of 10-methyltetradeca-
noate. Its identification rests solely on interpretation of its
mass spectrum (9).

Little or no work has been reported on the analyses of fatty
acids in treated paper mill effluents. We have found no pre-
vious report of odd-numbered carbon and branched fatty
acids in treated wastewaters. The presence of 10-methylte-
tradecanoic acid and ethyl palmitate, although in small
amounts, was unexpected.
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Identification of Resin Acids. A total of 13 different resin
acids (Table IT) was found in the wastewaters of both mills in
the 1972 samples; eight were identified and confirmed and five
were not identified. The resin acid contents of the finished
wastewaters were qualitatively similar for the two mills. Seven
resin acids were common to the raw wastewater extracts of
both mills and six of these were found in both finished
wastewater extracts. Differences were primarily found among
the small, unidentified resin acid GC peaks.

In addition to the isopimaric, abietic, dehydroabietic, and
sandaracopimaric acids found in a recent study by Leach and
Thakore (15), we identified pimaric, 6,8,11,13-abietate-
traen-18-oic, neoabietic, 13-abieten-18-oic, and several un-
identified resin acids. To our knowledge, neoabietic, 13-abi-
eten-18-oic, and 6,8,11,13-abietatetraen-18-oic acids have not
been reported before in kraft pulp mill wastewaters. All of
these resin acids (as their methyl esters) were initially iden-
tified by comparison of their mass spectra with published mass
spectra (16). They were all confirmed by comparison of GC
retention times and GC-MS from our instrument with stan-
dards obtained from Dr. Duane F. Zinkel, USDA Forest
Products Laboratory, Madison, Wis.

In general, most compounds decreased significantly in
concentration as the wastewater passed through the treatment
system. One exception appeared to be the resin acid content.
Some of the peaks appeared to increase in concentration. We
believe this to be the result of large variances in the concen-

tration of the organics in the mill wastewaters with time and
failure to have precisely sampled the “slug” of effluent we tried
to follow through the treatment systems.

Identification of Phenols. Eleven different phenols were
identified in the kraft mill wastewaters (Table II). Based upon
the data obtained in 1974, some correlation can be made be-
tween the percent removal of the phenols in the two waste
treatment systems and the complexity or degree of substitu-
tion of the phenol molecules. Table III lists the percent re-
moval of these phenols and shows their structures. The ana-
lytical data for the calculations were obtained from 3-day
composite samples quantitated with the aid of the Perkin-
Elmer PEP-1 computer system. The phenols are generally
more resistant to treatment as the complexity of the molecule
increases. This is especially true with Mill “A”, which has only
biological treatment, with the single exception of p-hydrox-
ybenzaldehyde, which might be produced in the aerated la-
goons by biological degradation of lignin or vanillin, The
chemical profiles of the acids and phenols from both mills are
shown in Figures 5 and 6. The peak numbers correspond to
the compounds listed in Table II. The compositions of the raw
effluents from the two mills were similar, but the treated ef-
fluent samples from the two mills exhibited more differences.

Computer-Assisted Gas Chromatographic Analyses.
Based on the compound identifications from the 1972 analy-
ses, a computer-assisted GC analysis was used to analyze the
1974 wastewater samples. GC-MS was used to verify com-

Table 111. Percent Removal of Phenols vs. Their Structural Complexity (1974)

Parent compound Identified as

Guaiacol Veratrole

p-Hydroxybenzaldehyde

Vanillin

Veratraldehyde

Acetoveratrone

Acetovanillone

Methyl homovanillate

Homovanillic Acid

Syringaldehyde

Acetosyringone

p-Methoxybenzaldehyde

3,4,5-Trimethoxybenzaldehyde

3,4,5-Trimethoxyacetophenone

% removed

Mill “A™" Interstate

Structure
OH
OCH,
96 98
(11)
@ 21 75
CHO
on
OCH
65 93
CHO
OH
OCH,
77 90
COCH,
OH
OCH,
50 2
CHALCOOH
OH
CHO. OCH
62 —
CHO
OH
O, OCH
57 67

o

CoCH
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pound identifications. Once compounds were identified,
computer-assisted GC analysis was sufficient for subsequent
qualitative and quantitative analyses. Chloroform extracts
of 1 1. of each sample were concentrated to 1.0 ml. A 300-gl
aliquot of each extract was spiked with 30 ul of a standard
solution (11 mg/ml) of acenaphthene, the internal standard,
bringing its concentration in the extract to 1.0 mg/ml. A
standard solution of acenaphthene, veratrole, methyl palmi-
tate, and methyl dehydroabietate was prepared and chro-
matographed using the PEP-1 computer system. From the
known concentrations and the measured peak areas, response
factors were calculated for each compound relative to that of
acenaphthene (veratrole, 1.49; methyl palmitate, 2.05; methyl
dehydroabietate, 2.32). Concentrations of the various phenols
and fatty and resin acid methyl esters in the samples were then
calculated by computer; we assumed that all compounds in
a given chemical class have similar response factors.

Computer analyses of the three-day composite extracts
from Mill “A” and from the Interstate mill are shown in Fig-
ures 7 and 8, respectively. Peak number designations, notation
of the presence or absence of the compound in the corre-
sponding 1972 sample, and the sum of all the concentration
values were manually added to the data printed out by the
computer.

Collective Pollution Parameters. Comparison of col-
lective pollution parameters (Table IV) indicates that BOD
removal is about 70-90% in both mill wastewaters during
treatment. TOC reduction in the treated wastewaters of both
mills probably varies between 60-90%. Because of large
amounts of suspended solids in the raw effluent of Mill “A”,
the TOC values may be erroneous. Reduction in total chro-
matographable acidic materials is about 65-80% in both mills.

The decrease of only 24% in the acidic material for the 1972
sampling of Mill “A” is probably not representative.

If treatment effectiveness is considered with respect to
classes of compounds, the phenols appear to be the most
susceptible to treatment. Reduction in the chromatographable
phenolic content of each mill was very consistent, ranging in
Mill “A” wastewaters from a 73-77% reduction. Chromato-
graphable phenols were reduced in the Interstate wastewaters
by 94-95%.

Resin acid reductions in the treated wastewaters ranged
from about 50-90%. The apparent increase in resin acid con-
tent of Mill “A” in 1972 is probably due to a nonrepresentative
grab sample.

Fatty acid content of the Interstate wastewaters was de-
creased by about 85-90%, but the overall fatty acid concen-
trations increased in both the 1972 and the 1974 samples of
Mill “A” treated wastewaters. This is probably due to the
production of fatty acids by the microbiota in the aerated la-
goons. An increase in number of branched and odd-carbon
fatty acids was also noted.

To maintain the proper perspective with respect to a mass
balance, the total volatile acidic material as well as the three
major classes of compounds comprising it is presented as a
percentage of the TOC in Table V. The total of all the volatile
acidic components in the wastewater extracts was less than
10% of the total organic carbon content of the wastewaters.
The neutral components were less than 1% of the TOC. The
sum of all the volatile components therefore is still less than
10% of the TOC. Yet this relatively small amount of dissolved
organic material probably represents the bulk of problem-
causing compounds—both toxic and taste- and odor-causing
compounds. The dark brown color of kraft pulp mill waste-

Figure 5. Chemical profile of acids and phenols from Mill “A™ extracts
of sample points 1-4 (top to bottom)

Figure 6. Chemical profile of acids and phenols from Interstate Mill
extracts of sample points 1-4 (top to bottom)
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Figure 7. Computer analysis of Mill “*A™ acids and phenols from (top) raw wastewater and (bottom) fully treated effluent (1974)

RUN

1 MILL A RAW EFFLUENT-ACIDS AND PHENOLS

INST 4 » METH@D

TIME

10.14
13.66
1670
18.48
19.10
20.08
22410

23475
24473
26451

2682
27.47

27+66
27.94
28.98
30.59
31.13
31.82
32.86
34.10
3620
41.92
44.11
44.59
45481

AREA
3.1384
1.7237

2877
4908
9.2566
«3537
13317

«4753
502457
3.0875
3+5064

«9110

+7588

<2840

«9289

«5729

«5133

+4960
4.0798
67065
3.8577

26+4614

« 3482

«5035

«4653

MILL A

INST 4 » METH@D

TIME
10.12
13.64
16.70
17.42
18.39
18.71
19.11
19.79
20.12
21.03
22.11
20.57
23.66
24.44
24.72
26.48
26.93
27.44
27.64
27.92
28.55
28.98
29.54
30.53
31.04
31.78
32.78
33.96
35.48
36.06
41.43
48417
45.48
49.59
H

N@TE:

AREA
«1291
«1732
<2452
<1129
<1112
«2002

9.9590
+ 1403
« 1804
<1711
1.83876

1.1136
«2549
+2631

1.9480
«7781

2.2860
« 3729
« 1832
«1779
«3314
+«4289
.2222
«6486
«4631
2201
8428
1.4073
<2199
<7912

2.5728
«2192
-2818
<1314

FATTY ACID METHYL ESTER AT 31.78 MIN.

50 s

RRT

1.000,
1347,
1. 646,
1.822,
1.883,
1980,
2. 184,
20220,
20350,
24450,
2.629,
24661,
20726,
26746,
2774,
2.879,
3.037,
3.087,
3.152,
3.250,
3¢366,
3563,
4.100,
44305,
40350,
40464,

S0 ’

RRT
1.000,
1.347,
1.650,
1.721,
1.817,
1.848,
1.888,
1955,
1.988,
2.079,
2.187,
2.234,
2.343,
2+421,
24450,
2626,
24671,
24723,
24743,
2.771,
2.834,
2.877,
20934,
3.031,
3.081,
3.154,
3.252,
3,368,
3.516,
3.573,
4.100,
4.368,
4.496,
kKK,

FILE 37

RF
1.4900,
2.0500,
1.4900,
1.0000,
1. 0000,
1.0000,
2.0500,
2.0500,
1.4900,
1.4900,
1.4900,
2.0500,
14900,
2.0500,
144900,
14900,
1.0000.
2. 3200,
23200,
2.3200,
2.3200,
23200,
243200,
243200,
2.3200,
2.0500,

TBTAL:

FILE 36

RF
1.4900,
2.0500,
14900,
2.0500,
1.4900.,
2.0500.,
1.0000,
2.0500,
1.0000.,
2.0500.,
2.0500,
2.0500,
14900,
2.0500,
14900,
1.4900,
2.0500,
1.4900,
240500,
1.4900,
1.0000,
1.4900,
1.0000,
2.0500,
1.4900.,
2.3200,
2.3200,
2.3200,
2.0500,
2.3200,
2.3200,
2.3200,
2.0500,
1.0000,

TOTAL:

33

c
«50S1,
3817,
+ 0463,
+0530,
1.0000,
«0382,
2949,

NAME
VERATROLE:
DIMETHYL SULFBNE:
METH@XYBEN ZALDEHYDE :
3
ACENAPHTHENE:

PALMITATE:

PALMITELAIDATE:

«0765,
<8443,
04969,
«7765,
« 1466,
« 1680,
« 0457,
« 1495,
« 0618,
« 1286,
«1243,
1.0225,
1.6808,
+9668,
6.6320,
«0872,
«1262,
«1030,

ME HOM@VANILLATE:
VERATRALDEHYDE:
VERATRONE:

STEARATE AND OLEATE:
ME SYRINGALDEHYDE:
LINOLEATE:

3, 4-DMP:

3,4, 5-TMA3

ME RESIN ACID:

ME RESIN ACIDS B,C:
PIMERATE:

SAND-P AND 13-AB-18-3
1SOPIMERATE:

AB- AND DEHYDROAB-:
6,8,11, 13-AB-¢
NEGABIETATE:
LIGNGCERATE:

14.9834 MG/L
TREATED EFFLUENT-ACIDS AND PHENGLS

3:

c
«0193,
« 0356,
+ 0366,
« 0232,
<0166,
<0412,

1.0000,
+ 0288,
0181,
« 0352,
« 3885,
«2292,
0381,
«0541,
<2914,
<1164,
«4705,
« 0558,
+0377,
+ 0266,
«0332,
0641,
<0223,
« 1335,
<0692,
0512,
«1963,
« 3278,
« 0452,
« 1843,
+5993,
+0510,
+ 0580,

«0131,

NAME
VERATROLE:
DIMETHYLSULFONE:
METHOXYBENZALDEHYDE:
MYRISTATE:
ARGMATIC M W 168:
ANTEISG C-15 :
ACENAPHTHENE:
PENTADECANGATE:

3

ISOPALMITATE:
PALMITATE:
PALMITELAIDATE:

ME H@OM@VANILLATE:
MARGARATE:
VERATRALDEHYDE:
VERATR@NE:
STEARATE AND GLEATE:
ME SYRINGALDEHYDE:
LINGLEATE:
PHTHALATE:

3,4,5-TMA:

s

ARACHIDATE:
DIHEXYLPHTHALATE:
RESIN AND FATTY ACID:
PIMERATE:
SAND-P AND 13-AB-18-:
UNSAT FATTY ACID:
ISOPIMERATE:
AB- AND DEHYDROAB-:
NE@GABIETATE:
LIGNOCERATE:

1

3.8114 MG/L

10-METHYLTETRADECANGATE UNDER ACENAPHTHENE 1S ESTIMATED AT
A CONCENTRATION OF 0.03 MG/L.

IS UNSATURATED.

PEAK

37,38
39
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41

465 47
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59
60

IN *72

YES
YES
YES

YES

YES

YES

YES

YES
YES,YES
YES

YES

YES
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NE
YES, YES
YES
YES,N@
YES
YES,YES
YES

YES

Ng

IN 72
YES
YES
YES
YES

YES
YES
YES
YES
YES
YES
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YES
YES
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YES
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YES
YES
YES
YES
YES
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YES
YES
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562 Environmental Science & Technology



Figure 8. Computer analysis of Interstate Mill acids and phenols from (top) raw wastewater and (bottom) fully treated effluent (1974)

RUN

INST 4

TIME

10.10
11.89
13.65
15.60
1666
1739
17.85
18.36
18.72
19.07
20.05
22.05
2280
23.30
23.68
24437
24.66
26441
26471
27457
28.88
2937
29.96
30.47
31.01
3173
32.78
33.60
33.98
34.54
36.23
38.77
41.98
42.80
44.62
45.92

INST

TIME
10.12

16465
18.41
19.06
20.07
22.07
22.74
24441
24.67
26445
26.89

28.96
29.51
30.02
31.06
31.72
32.74
33.91
35.98
41439
43.54

4

INTERSTATE RAW EFFLUENT-ACIDS AND PHEN@LS

METH@D 50 » FILE 35 3:

AREA RRT RF C NAME

8.3184 1.000, 144900, 1.3637, VERATROLE:

4989 1177, 10000, «0548, !

2.7822 1.351, 2.0500, «6275, DIMETHYLSULF@NE:
«2228 1.544, 1.0000, « 0245, !

«5923 1.649, 14900, «0971, METHOXYBENZALDEHYDE:

« 3927 1.721, 1.0000., « 0432, :

+5308 1.767, 1.0000, «0584, :

1.6764 1.817, 1.0000, « 1844, :

«6656 1.853, 1+4900, «1091, ARGMATIC MW 182:
9.0883 1.888, 1.0000, 1.0000, ACENAPHTHENE:

<4136 1.985, 1.0000, « 0455, :

+8961 2186, 2.0500, «2021, PALMITATE:

«2664 2.262, 1.0000, «0293, 3

« 3619 2.312, 2.0500, +0816, ANTEIS@MARGARATE:

«7918 24351, 1.4900, «1298, ME H@MBVANILLATE:

«2071 24420, 2.0500, +« 0467, MARGARATE:

77353 20450, 144900, 1.2681, VERATRALDEHYDE:

3.8972 24626, 144900, «6389, VERATRONE:

2.2447 2.656, 20500, «5063, STEARATE AND BLEATE:

1.9567 2.743, 2.0500, «4413, M@STLY LINOLEATE:
«4292 24875, 1+4900, «0703, 3,4,5-TMA:

«2510 24925, 1.0000, 0276, H

«2554 2984, 2.0500, «0576, ARACHIDATE:

«4545 3.031, 243200, «1160, ME RESIN ACID:

«5225 3.081, 243200, +1333, ME RESIN ACID:
1.1206 3.148, 2.3200, +2860, ME RESIN ACID MW 314:
7.8243 3.246, 243200, 19973, PIMERATE:

241625 3.322, 243200, +5520, SANDARACGPIMERATE:
«9214 3357, 2.3200, «2352, 13-ABIETEN-18-0ATE:
«6673 3.409, 1.0000, «0734, ]

24.6361 3.566, 2.3200, 6.2888, ISOGPIMERATE:
+8480 3.802, 1.0000, + 0933, 3
50.9977 4.100, 2.3200, 13.0176, AB- AND DEHYDROAB-:

«7900 4176, 1.0000, + 0869, :

68304 4345, 23200, 147436, 6,8,11,13-AB, NEOAB-t
+ 3696 44465, 2.0500, +0833, LIGN@CERATE:

TOTAL: 30.7714 MG/L

INTERSTATE TREATED EFFL-ACIDS AND PHENGLS

» METH@D 50 » FILE 41 3:
AREA RRT RF c NAME
«1315 1.000, 1.4900, «0220, VERATROLE:
1350, 2.0500, DIMETHYLSULF@NE:
1423 1.645, 1.4900, «0239, METHOXYBENZALDEHYDE:
«1368 1.819, 1.0000, «0154,
8+.8748 1.883, 1.0000, 1.0000, ACENAPHTHENE:
«1581 1.983, 1.0000, «0178, 3
+2320 2.186, 2.0500, +0535, PALMITATE:
2390 2¢254, 1.0000, + 0269, :
2475 2423, 2.0500, +0571, MARGARATE:
«5476 24450, 1.4900, +0919, VERATRALDEHYDE:
+ 3995 24630, 144900, +0670, VERATRONE:
«3413 24675, 2.0500, «0788, STEARATE AND GLEATE:
24720, 14900, ME SYRINGALDEHYDE:
<1394 24885, 1.4900, +0234, 3,4,5-TMA3
«2972 2941, 1.0000, +«0334,
+2021 2.991, 1.0000, <0227, :
1.6762 3.093, 2.3200, «4381, ME RESIN ACID:
13443 3+157, 243200, +«3514, ME RESIN ACID:
29344 3.257, 243200, «7670, PIMERATE:
3+ 6459 3.371, 243200, +9530, SAND-P AND 13-AB-18-:
2.8126 3.572, 2.3200, «7352, ISOPIMERATE:
11.7420 44100, 243200, 30694, AB- AND DEHYDROAB-:
+2298 4.309, 2.3200, «0600, 6,8,11,13-AB, NEGAB-:
44460, 240500, LIGN@CERATE:
TATAL: 6.9079 MG/L
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37,38
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58,59
60

IN *72
YES
YES
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NGO

IN *72

YES
YES
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Table 1V. Collective Pollution Parameter Measurements and Total Concentrations of Volatile Components in
Acid—Phenol Extracts

Concentrations, mg/I.

Mill “A” Tnterstate Paper at Riceboro, Ga.
1972 1974 1972 1974
% % % %
Raw Outfall Change Raw Outfall Change Raw Outfall Change Raw Outfall Change

BOD; 323 88 —73 320 45 —86 438 70 —84 440 52 —88
TOC 240 230 —4 350 350 0 470 200 —57 490 85 —83
Total GC organics4 9.38 7.12 —24 14.98 3.81 —75 21.69 7.24 —67 30.77 6.91 —78
Total phenols 4.96 1.15 =77 2.31 0.62 —73 5.53 0.27 —95 3.57 0.23 —94
Total fatty acids 1.01 1.46 +45 1.36 1.59 +17 1.40 0.14 —90 1.34 0.19 —86
Total resin acids 2.04 4,27 +109 10.77 1.39 —87 14.24 6.71 —53 24.37 6.37 —74

2 Related to concentrations of total gas chromatographable organic material.

waters is believed to be due to partially degraded lignin mol-
ecules. These high-molecular-weight nonvolatile compounds
form a significant portion of the balance of the TOC. Other
contributors to the TOC are the carbohydrates and, to a lesser
extent, tannins and various other highly polar or nonvolatile
compounds.

The increase in the proportion of the TOC represented by
total volatiles in the Interstate wastewaters is a reflection of
the greater decrease in the nonvolatile portion of the organic
content as compared to the volatile content. Lime flocculation
probably removed a large amount of the nonvolatile organics.

In summary, the major difference in the volatile organic
content of wastewaters from the two mills was the fatty acid
content. Whereas the fatty acids decreased significantly
during the Interstate traatment, they increased during
treatment in Mill “A”. Reductions in BOD, TOC, total GC
peak areas, and phenolic and resin acid content were similar
in the wastewaters from the two mills.
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Acute and Chronic Toxicity of Hydrogen Sulfide to the

Fathead Minnow, Pimephales promelas

Lloyd L. Smith, Jr.*, Donavon M. Oseid, and Larry E. Olson

Department of Entomology, Fisheries, and Wildlife, University of Minnesota, St. Paul, Minn. 55108

8 Toxic effects of molecular hydrogen sulfide to eggs, fry,
and juveniles of the fathead minnow, Pimephales promelas
Rafinesque, were determined in flow-through bioassays.
The 96-h LC50 of laboratory-cultured juveniles at 20 °C
was 0.0243 mg/l. H,S. Fry were approximately twice as sen-
sitive. Response with temperature in wild stock juveniles
varied from a 96-h LC50 of 0.7754 mg/l. at 6.5 °C to 0.0423
mg/l. HoS at 25 °C. In chronic exposure to HuS from egg
through two generations of laboratory-cultured stock in
flow-through bioassays, adverse effects on growth, survival,
and fecundity occurred above 0.004 mg/l. H,S. Chronic ex-
posure of wild stock up to 346 days caused adverse effects
on growth and survival above 0.008 mg/l. HoS. At compara-
ble temperatures apparent safe levels with long exposure
were five- to sevenfold lower than the 96-h LC50 for both
stocks.

Hydrogen sulfide is highly toxic to fish and invertebrates
and occurs naturally at levels that can be inimical to sur-
vival of eggs and fry (1, 2) and thereby reduce fish produc-
tion. Smith and Oseid (3) reported that concentrations
within a range commonly occurring in nature could be le-
thal to eggs and fry of several freshwater fish species. Adel-
man and Smith (4), working with northern pike (Esox lu-
cius Linnaeus), showed that egg survival and fry develop-
ment were limited by concentrations of HoS as low as
0.0060 mg/l. and Adelman and Smith (5) found that its
toxicity to goldfish (Carassius auratus Linnaeus) was af-
fected by temperature and oxygen concentrations.

Smith et al. (6) showed that reproduction of bluegills
(Lepomis macrochirus) was adversely affected by HsS con-
centrations of 0.001 mg/l. Field observations indicate that
the fathead minnow (Pimephales promelas Rafinesque)
survived over winter under very adverse conditions where
H.S was known to be present. The study reported here on

Table I. Analysis of Laboratory Well Water«

Item Concentration, mg/I.
Total hardness as CaCO, 220
Calcium as CaCO, 140
Iron 0.02
Chloride <1
Sulfate <5
Sulfide 0.0
Fluoride 0.22
Total phosphates 0.03
Sodium 6
Potassium 2
Copper 0.0004
Manganese 0.0287
Zinc 0.0044
Cobalt, nickel <0.0005
Cadmium, mercury <0.0001
Ammonia nitrogen 0.20
Organic nitrogen 0.20

4 Water taken from well head before aeration and heating,
pH 7.5.

this minnow was designed to determine the effects of HoS
on growth, survival, and reproduction at subacute levels in
the laboratory and to describe acute toxicity at different
life history stages and temperatures. Molecular HyS has
generally been considered the toxic species of sulfide and
work in our laboratory not reported here has confirmed
this assumption. At any concentration of dissolved sulfide,
the proportion of HsS is highly dependent on the pH of the
water. The present work has not encompassed a wide spec-
trum of natural waters but rather is based on a constant
laboratory source.

Materials and Methods

Fish used in acute and chronic tests were collected from
ponds in the St. Paul, Minn., area or reared in the laborato-
ry from eggs obtained from the National Water Quality
Laboratory in Duluth, Minn. Although no diseases were
noted in wild juvenile fish, prophylactic treatment on arriv-
al at the laboratory was adopted as standard practice. The
treatment consisted of neomycin or tetracycline (20 mg/l.)
for 3 days followed by methylene blue (2.0 mg/L.) for 3 days.
Test water for all bioassays was highly alkaline water from
the laboratory well (Table I).

For the acute tests, water for the controls and various so-
lutions of HsS was supplied with an apparatus described by
Colby and Smith (7) and later modified and described by
Adelman and Smith (4). Hydrogen sulfide gas was mixed
with oxygen-free water, and the mixture was then com-
bined with oxygenated water to achieve desired HsS and O,
levels in acute tests. Flow-through rate was 300 ml/min.
Egg and fry tests were conducted in 10 X 16 X 20 cm glass
chambers immersed in the 50 X 25 X 20 cm glass tanks
used for later juvenile tests. Eggs rested on the chamber
bottom near the inflow tube until hatched. Acute tests con-
sisted of one control and five HsS treatments.

Chronic tests using wild stock (chronic 1 and 2) were
conducted in glass aquaria divided in the middle to form
two chambers (a and b) 15 X 40 X 31 ¢cm and filled to 12.6 1.
Sodium sulfide solution and water were dispensed to each
chamber through apparatus described by Mount and
Brungs (7) and Brungs and Mount (8). Toxicant and water
from the diluters entered the first chamber and overflowed
into the second chamber. Duluth stock in chronic tests 3
and 4 were tested in 20-1. glass tanks each with separate in-
flow. Flow-through rate was 250 ml/min. Eggs in chronic
tests were deposited by spawning fish on concrete-asbestos
half-tiles. They were subsequently removed and incubated
on Nitex screen attached to a vertically osciilating cylinder
moving 1.5 em in 10 s. This procedure permitted incuba-
tion of eggs from multiple spawnings in the same test solu-
tion. Photoperiod was that of Evansville, Ind. [As recom-
mended by the National Water Quality Laboratory (Du-
luth): “Fathead minnow full chronic test” (revised interim
procedure 1-20-71) (mimeo)]. Chronic tests 1 and 2 consist-
ed of one control and five treatments. Each treatment was
replicated as described above. Chronic tests 3 and 4 had
one control and four treatments replicated three times (a,
b, ¢). A fourth replication (3d) was run for 80 days to deter-
mine egg survival and to hatch eggs and rear fry from the
control and each treatment to start chronic test 4. The
fourth replication of chronic test 4 (4d) was run for 80 days
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to hatch eggs deposited during the tests. Chronic tests 1, 2,
and 3 were started with 10 fish per chamber and chronic
test 4 was started with 20 fish but thinned to 10 before
spawning. After fish attained a total length of 20 mm, they
were weighed at 4-week intervals.

All HsS calculations were made from samples taken di-
rectly from each test chamber and analyzed for total dis-
solved sulfides by colorimetric analysis in accordance with
“Standard Methods for the Examination of Water and
Waste Water” (9), section 228C. Calculation of molecular
HjS was based on pH and temperature of test water and
ionization constants of Broderius and Smith (10). LC50’s
were determined graphically.

Results

Acute Toxicity of H,S. Six bioassays were conducted
with fathead minnow eggs (Table II) at temperatures from
23.8-24.2 °C, oxygen from 5.6-6.0 mg/1., and pH of 7.9. The
96-h LC50 varied between tests from 0.0291-0.0933 mg/l.,
with a mean of 0.0536 mg/l. HsS. The LC50 for the incuba-
tion period which ranged from 5-8 days had a mean of
0.0258 mg/1. HaS.

Three tests on fry started within 24 h of hatching were
run at 24 °C and 5.4-6.2 mg/l. Os. The mean LC50 varied
from 0.0208 mg/l. at 24 h to 0.0107 mg/l. H,S at 96 h. Mean
LTC at six days was 0.0093 mg/1. HyS. LC50 at 96 h varied
from 0.0100-0.0115 mg/l. HoS and LTC from 0.0087-0.0101
mg/ 1 HzS.

Bioassays were performed on juveniles at six tempera-
tures: 6.5, 7.6, 10.0, 15.0, 20.2, and 25.0 °C. LC50 at 96 h
ranged from 0.7754 mg/l. at 6.5 °C to 0.0423 mg/l. HoS at
25.0 °C (Table II). Fish used for tests at 6.5 °C were taken
in January when lake water was 4 °C. Other tests were
made on fish caught when lake temperature approximated
test temperatures.

Six acute tests were done on wild stock and four on Du-
luth stock juveniles to compare relative tolerance of the
two groups and to permit comparison of acute response and
chronic safe levels (Table II). The mean 96-h LC50 of six
tests with wild fish at 19.9-20.0 °C was 0.0554 mg/l. H,S.
Variation between tests was small and did not exceed 0.008
mg/1. Four tests run with Duluth stock at 19.8-22.0 °C were
somewhat less than half as tolerant to HoS as the wild stock
at 96 h (Table II). The mean 96-h LC50 was 0.0243 mg/l.
and the mean LTC in 8-10 days was 0.0180 mg/l. HoS.
Variation in LC50’s between tests did not exceed 0.009
mg/l. at 96 h and in LTC’s did not exceed 0.004 mg/1.

Four tests were conducted at 24 °C to determine whether
fish reared in the wild under more rigorous conditions of
competition and predation were more resistant to HoS than
fish reared in the laboratory. Eggs were collected in the

field and reared to juvenile size in the laboratory. Two tests
were conducted on these fish and at the same time two
tests were run on fish naturally reared in the pond from the
same stock and generation. No difference was found in the
96-h LC50 or LTC in 7-9 days.

Survival in Long-Term Exposure to Subacute Levels
of H,S. Chronic tests 1 and 2, each with two replications
(series @ and b), were started with wild stock juveniles
(Table III). Test 1 ran for 191 days and test 2 for 345 days.
After 51 days in both series of test 1, survival declined in
the control and all test concentrations of HyS. At 51 days
survival in 0.0140 mg/l. HsS in series a was 61% with 100%
in the control. At 191 days the respective survivals were 6%
and 65%. In series b survival through 51 days was essential-
ly the same as the control in all HyS treatments except
0.0121 mg/l., where it was substantially lower. Excessive
loss in controls made comparisons doubtful for the remain-
der of the test.

Chronic test 2, series a, had reduced survival at 0.0293
mg/l. HoS by the 37th day and thereafter, but at lower con-
centrations survival was similar to or better than the con-
trols. In series b, survival in concentration of 0.0115 mg/l.
H,S was slightly lower than the control.

Chronic test 3 with three replications was started with
Duluth stock sac fry and ran for 297 days (Table IV). In the
three replications, survival was similar to that in the con-
trols except at 0.0094 and 0.0101 mg/l. HoS where survival
was reduced to 60% and 40%, respectively, by the end of the
test. Mortality of eggs and fry held in series d of test 3 for
80 days was not consistently different from controls in any
H,S concentration up to 0.0062 mg/1. H,S.

Chronic test 4 was started with juveniles derived from
spawnings from chronic test 3 and held for 80 days (series
d) in concentrations up to 0.0062 mg/l. HoS. At 0.0120
mg/l. in series a, survival was 71% of control after 196 days
when this concentration was terminated; in series b, 76% of
control at 0.0081 mg/l. after 274 days; and in series ¢, 52%
of control at 0.0111 mg/l. after 274 days (Table IV). Maxi-
mum mortality at the highest levels was reached in 56 to
140 days and did not increase thereafter. Survival of eggs
and fry generated in test 4 (series d) was 64% of controls
after 80 days in 0.0076 mg/1. HsS.

A chronic test was conducted with three concentrations
of HyS and one control with 4-19 juvenile fish per tank for
112 days to determine the effect of fish numbers on surviv-
al and growth. The number of fish in the tanks did not af-
fect either factor.

Growth in Low Levels of H,S. Growth of wild stock ju-
venile fathead minnows in various concentrations of HeS
was observed in chronic tests 1 and 2. After 107 days in
chronic 1, series a, growth was adversely affected at 0.0140

Table Il. Acute Toxicity of H,S to Fathead Minnows«

No. of Temperature,
Stage tests Length, mm &
Egg 6 - 23.8-24.2
Fry 3 5.6—5.9 24.0
Wild juv. 1 47 6.5
1 50 7.6
1 30 10.0
1 34 15.0
1 28.5 20.2
1 28.0 25.
Wild juv. 6 34.0-38.3 19.0-20.0
Duluth juv. 4 32-39 19.8-22.0

LC50, mg/I.b
Number of
fish/chamber 24 h 96 h LTC(days)¢

20-50 - 0.0536 0.0258 (5-8)d
20 0.0208 0.0107 0.0093 (6)
40 T 0.7754 25§
40 1.0597 0.7761
40 inw 0.2040
40 - 0.0798
40 Ce 0.0477
40 iR 0.0423

7-10 0.0554 oy
11-18 0.0243 0.0180 (8-10)

apH of all tests 7.9. b Where the LC50 is for more than one test the value given is the mean. ¢ LTC value determined when
no organisms died for 24 h. d Value for total incubation period.
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Table |11, Test Conditions, Survival (Percentage), and Growth (G) of Wild Stock Fathead Minnows with
Long-Term Exposure to H,S

Test and Exposure, Tempera-

effect
la

Survival

Growth
Ib

Survival

Growth
2a

Survival

Growth
2b

Survival

Growth

days

51
191
107

51
191
107

37
345
121

37
345
121

ture, °C
19.9-20.1

19.8-20.1

21.2

21.2-21.3

0,, mg/I.

6.6

6.6

7.5-8.3

7.6-8.1

pH
7.9

1.9

7.7-7.8

7.7-7.8

H,S concentration, mg/Il. (SD in parentheses)

Control  0.0029 0.0106 0.0140 0.0190
... (0.0015) (0.0057)  (0.0069)  (0.0082)
100 84 75 61 0
65 76 68 6 0
2.23 1.99 2.24 1.87 .
Control  0.0023 0.0072 0.0091 0.0121
. (0.0015)  (0.0042)  (0.0044)  (0.0050)
100 90 100 9% 59
34 42 69 73 24
1.94 1.83 1.87 1.94 1.79
Control  0.0007 0.0036 0.0101 0.0293
... (0.0009)  (0.0018)  (0.0040)  (0.0115)
80 100 100 89 20
60 90 90 67 10
2.11 1.74 2.21 2.24 1.39
Control  0.0006 0.0015 0.0033 0.0115
... (0.0006)  (0.0012)  (0.0018)  (0.0050)
67 89 89 80 60
56 89 67 70 50
1.77 2.48 2.63 2.26 1.82

Table I V. Test Conditions, Survival (Percentage), Growth (G),

Long-Term Exposure to H,S
Test and ExposureP, Tempera-

effect
3a

Survival

Growth

Fecundity
3b

Survival

Growth

Fecundity
3c

Survival

Growth

Fecundity
3de¢

Survival
4a

Survival

Growth

Fecundity
4b

Survival
Growth
Fecundity

4c

Survival

Growth

Fecundity
4d

Survival

days

297
112
297

297
112
297

297
112
297

80

274
56
274

274
56
274

274
56
274

80

ture, °C
23.0

22.5~-22.7

22.9-23.1

22.2-22.4

24.0-24.2

23.6-23.7

24.0-24.3

24.2-24.9

0,, mg/I.

6.4-7.1

7.0-7.4

6.5-7.0

6.9-7.0

6.1-6.8

6.5-6.8

6.2-6.8

6.9-7.4

pH
7.7-7.8

7.8

¥ a4

7.8-7.9

7.7

7.7

7.7

7.8

and Fecunditya of Duluth Stock Fathead Minnows with

H,S concentration, mg/l. (SD in parentheses)

Control 0.0006 0.0018 0.0049 0.0094
— (0.0004) (0.0006) (0.0012) (0.0028)
100 90 100 90 60
1.34 1.24 1.09 1.28 0.98
1296 660 426 1512 1346
Control 0.0006 0.0016 0.0039
o (0.0004) (0.0006) (0.0015)
90 80 80 100
1.13 1,13 1.23 1.21
1701 2614 806 1804
Control 0.0007 0.0018 0.0049 0.0101
5 a (0.0004) (0.0006) (0.0016) (0.0030)
100 100 100 90 40
1.27 0.98 0.91 1.07 1.23
475 844 180 530 399
Control 0.0006 0.0011 0.0039 0.0062
B (0.0003) (0.0005) (0.0017) (0.0017)
5 62 56 61 78
Control 0.0012 0.0021 0.0053 0.0120
< 55 (0.0008) (0.0011) (0.0024) (0.0052)
100 100 100 100 0
1.19 1.16 1.23 1.05 0.65
452 906 445 334 e 5
Control 0.0009 0.0018 0.0048 0.0081
- (0.0008) (0.0008) (0.0024) (0.0038)
100 90 90 80 76
1.38 1.35 1.97 1.10 0.96
717 201 120 696 94
Control 0.0010 0.0021 0.0066 0.0111
o (0.0008) (0.0008) (0.0042) (0.0045)
90 90 80 0d 52
1.18 0.98 1.17 1.08 0.88
1461 1655 574 553 1258
Control 0.0011 0.0014 0.0027 0.0076
_— (0.0006) (0.0008) (0.0015) (0.0035)
100 79 100 85 64

a Expressed as mean number of eggs spawned per female during the entire reproductive period. » Exposure times for test
4 do not include the 80 days of treatment in test 3d. ¢ Started with eggs from test 3. d Mortality caused by low O,.
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Table V. Mean No-Effect Concentrations of H,S

(Mg/L.) for Survival, Growth, and Fecundity of Wild and
Duluth Stocks of Fathead Minnows with Application
Factors in Parentheses

Effect criteria

96-h
Stock LC50 Survival Growth Fecundity
Wild 0.0554 0.0083 0.0103
(Tests 1 & 2) (.150) (.186) i
Duluth 0.0243 0.0036 0.0042 0.0059
(Tests 3 & 4) (.148) {-173) (.243)

mg/L; in series b, at 0.0121 mg/l. HyS (Table III). In series
a of chronic 2 fish grew approximately 33% less at 0.0293
mg/l. than in the control in 121 days but no reduction oc-
curred at 0.0101 mg/l. In series b of chronic 2, percentage
increment was not appreciably different from the control at
0.0115 mg/l. HyS, and at lower levels growth was greater
than in the control. Growth was inhibited at 0.0094 mg/l.
H,S in series a of chronic 3 (Table IV). In series b and c,
concentrations of 0.0101 mg/l. and lower were equal to or
lower than controls. Reduced growth occurred in test 4 at
0.0053 mg/l. HsS in series a, 0.0048 mg/l. in series b, and
0.0066 mg/. in series c.

Reproductive Success in Long-Term Exposure.
Spawning success in chronic tests started with Duluth sac
fry did not change consistently with HoS concentrations as
measured by the number of eggs deposited per female or
total number of spawnings. For the entire reproductive pe-
riod the total number of eggs per female varied from 180 to
2614 in 4 to 33 spawnings in different HoS treatments.
Mean number of spawnings per female varied from 1.25-
13.50. Total eggs spawned per tank fell off at 0.0101 mg/l.
H,S in series ¢ because there was mortality during the
progress of the experiment. Some treatments had larger
numbers of eggs per female than the controls. In the second
cycle (chronic test 4), the number of eggs laid per female
was smaller in most cases than in the first cycle but there
was no consistent relationship between number of eggs
spawned and HsS concentration. During test 3 there was a
delay of about 20 days in the start of spawning for all treat-
ments as compared with the controls. For test 4 there was a
delay of about 40 days for the highest HyS levels but the
other treatments were equal to the controls.

Days to Hatch in Various Treatments. Some eggs de-
posited in the three series (a, b, ¢) of chronic tests 3 and 4
were hatched in the same H,S concentrations where they
were deposited and some were removed from treatments
and hatched in control water. Percentage survival of eggs to
hatch in control and HS treatments varied from 44-92% in
chronic tests 3 and 4. Eggs laid and hatched in the same
HsS concentration did not survive at different rates in dif-
ferent treatments or when hatched in control water during
chronic test 3. In chronic test 4, eggs laid in HyS and incu-
bated in control water in most cases had lower survival
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than those laid and incubated in the same HsS treatment.
Survival rate was not directly related to HeS concentration
during incubation.

The length of fry at hatch did not vary significantly with
HsS concentration during incubation in either chronic test
3ord.

Discussion

Acute toxicity of HyS to juvenile fish was greatly
changed by temperature. Between 6.5 and 25 °C a 20-fold
difference in sensitivity was noted. Eggs were twice as re-
sistant as juveniles to HyS. Juveniles were twice as resis-
tant as 5-6 mm fry.

To determine no-effect concentrations of HoS and appli-
cation factors for use with acute test results, data from var-
ious tests were combined. Application factors were calcu-
lated to determine a multiplier which could be applied to
acute tests to predict no-effect levels. Since acute reaction
of different stocks may vary, the factor will remove the ne-
cessity for chronic tests on each stock.

A mean was calculated from the highest concentrations
in each series of chronic tests 1 and 2 which had survival
and growth equal to or greater than the controls in the re-
spective tests (Table V). The no-effect levels were 0.0083
and 0.0103 mg/l. HsS for survival and growth. Means for
survival, growth, and fecundity were similarly calculated
for tests 3 and 4. The no-effect concentrations were 0.0036,
0.0042, and 0.0059 mg/l. HsS, respectively, for survival,
growth, and fecundity. Although there was a marked differ-
ence in the sensitivity of wild and cultured stock, the appli-
cation factors based on chronic and 96-h tests at the same
temperatures were very similar for each criterion of effect.
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Improving Mass Transfer Characteristics of Limestone Slurries

by Use of Magnesium Sulfate

Walter A. Cronkright* and William J. Leddy

Pullman Kellogg, Research & Development Center, 16,200 Park Row, Industrial Park Ten, Houston, Tex. 77084

B Poor mass transfer coefficients for limestone scrubbing
slurries limit the effectiveness of spray-type scrubbers in re-
moving SO, from power plant stack gases. Large resistances
in the liquid phase, due to the need for limestone or calcium
sulfite to dissolve during the absorption process, are the cause
of this inefficiency. Experimental work is presented to show
that these resistances can be largely eliminated by addition
of magnesium sulfate to the slurry, enabling an efficiency to
be achieved that approaches that of strong sodium carbonate
solution. A detailed description of the chemical processes
involved is given, accompanied by experimental data showing
the effect of sulfate addition on the dissolved scrubbing ca-
pacity of the slurries. The magnesium sulfite ion pair, MgSO°
is shown to be responsible for the increased scrubbing effi-
ciency. As a bonus, it was found that slurries containing
magnesium sulfate could be treated with air to convert sulfite
sludge into filterable gypsum.

The ideal contactor for scrubbing SO, with a slurry is a
curtain of spray that creates droplets that provide the surface
area needed for effective ahsorption, then coalesce, and drain
off to be replaced by new droplets. Spray towers and venturi
scrubbers are well-known examples of this type of scrubber.
Reactions in the liquid droplet must be very fast, however,
because its lifetime is short. When a limestone slurry is used
to absorb SOy, the limestone must dissolve and the absorbent
molecules or ions must diffuse to the surface of the droplet in
order to keep the mass transfer going; if these reactions are
slow, the efficiency of the contactor is much less than with a
more rapid-acting absorbent.

Attempts to use limestone slurries in venturi scrubbers to
remove SO, from stack gases have been very disappointing.
Work reported by Gleason and McKenna (1) and Murthy and

MgS0, +H,0 Makeup
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o }= | |
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pH Meter

Polyethylene
Filter Candle

REACTOR
(Temp. Controlled at 50°C.)

Figure 1. Process simulator

Harris (2) indicates SO, removal efficiencies of less than 30%.
More recently, calibrations performed at the EPA-sponsored
Shawnee pilot plant showed 45% SO, removal with limestone
while strong sodium carbonate solutions gave 92% removal at
the same conditions (3). Kerr (4) has correlated results from
many such studies and attributed the poor performance of
limestone slurries to large mass transfer resistances both in
the liquid film and in solids dissolution.

Results such as these have led to the use of contacting de-
vices with complex internals, like marbles and plastic balls,
to provide enough liquid surface area and residence time in
the contacting zone. These devices, however, are prone to
breakage and scaling. A more direct approach would be to
improve the mass transfer characteristics of the limestone
slurry so that venturi and spray scrubbers could be used.
Simply, this means elimination of the need for solids disso-
lution in the contacting zone and increasing the concentration
of absorbent species in the liquid phase so that rates of dif-
fusion to the liquid film are increased. This has been done in
the present work by maintaining a high concentration of so-
dium, ammonium, or (preferably) magnesium sulfate in the
scrubbing liquid.

Experimental

Materials. In the bench-scale work a dolomitic limestone
from Limecrest, N.J., which contained 83% CaCOj3 and 8.5%
MgCO3, was used. Stone from the same source was used in the
batch-type venturi tests and in continuous pilot plant run
H-1542-1B. A calcitic, New Mexico limestone supplied by the
Gallup Sand & Gravel Co., which contained 81.09% CaCO3 and
1.5% MgCOs3, was used for continuous pilot plant runs H-
1541-1D and H-1541-3E.

Magnesium sulfate was Dow Chemical Co.’s USP “Epsom
Salts” (MgS04-7H20). The sodium sulfate and ammonium
sulfate were both technical-grade anhydrous salts. Sulfurous
acid was reagent grade 6% SO, solution.

Sulfur dioxide, nitrogen, and carbon dioxide were purified
gases from The Matheson Co. The sulfur dioxide content of
blends and calibration gases was determined by titration with
sodium hydroxide after absorption in hydrogen peroxide.

Apparatus. Potentiometric titration of the clear liquid
separated from simulated or actual limestone scrubbing
slurries was performed with a Radiometer “Titrograph” re-
corder-programmer combined with a Model 26 pH meter,
Model 11 Titrator, and Model SBR syringe buret. Solutions
were protected from air oxidation by sweeping the titration
vessel with nitrogen.

Packed-tower scrubbing of SO2 with the clear liquid from
simulated slurries was accomplished with a 2-in. diameter
Pyrex column, packed to a height of 3 ft with %-in. Berl sad-
dles. Temperature was controlled by 50 °C by steam addition
to inlet gas blend. Analysis of the sulfur dioxide in outlet gas
was made with a Du Pont Model 400 Photometric Analyzer.

Process simulation was accomplished with the apparatus
shown in Figure 1. An electrically wound stainless steel vessel
of about 5-1. capacity was equipped with an eight-blade agi-
tator operated at 120 rpm and fed with limestone, sulfurous
acid, and recycled filtrate. Automatic feed controls were se-
quenced by a cam timer. Provision was made to sparge air
through the vessel when desired. Both clear liquid and slurry
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samples could be taken at any time with the net “make” of
slurry being withdrawn manually from a valve in the slurry-
pumping system at 1-h intervals. A continuous record of the
slurry pH was obtained.

Venturi and venturi-spray scrubbers are shown in Figures
2 and 3. These units operated with a recirculating gas flow of
1000 scf/min, with the SO, absorbed being made up from
weighed cylinders. The venturi pilot plant (Figure 2) was used
in batch-type tests where a charge of limestone was utilized
until depleted. The venturi-spray unit used continuous
limestone feed.

Results and Discussion

Some boundary conditions are helpful in understanding the
concept of a “dissolved scrubbing capacity” in the slurry. A
typical liquid-to-gas ratio (L/G) of 65 gal/1000 scf brings 246
L. of liquid into contact with 1190 g-mol of flue gas. When the
flue gas contains 3000 ppm SOy, there are 3.57 g-mol of SO,
to transfer or 0.0145 mol/l. If the dissolved scrubbing capacity
of the slurry does not exceed this concentration by a com-
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Figure 3. Continuous SO, scrubber
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fortable margin, the liquid will be seriously depleted, and
solids must dissolve and react with the SO, to keep the
transfer going.

In Figure 4, potentiometric titrations of clear liquids sep-
arated from two simulated slurries are compared. The two
samples were identically obtained except that one of the
slurries contains magnesium sulfate at a formal concentration
of 0.85 M. Obviously, a soluble base is titrated by the acid in
the solution containing magnesium sulfate and, inasmuch as
SO, will also react with this base, the titration represents the
dissolved scrubbing capacity (DSC) of the slurry. The DSC
is 0.035 N in the magnesium sulfate solution, but only 0.002
in the unpromoted slurry. Sodium and ammonium sulfate also
produced enhanced DSC in the slurry.

Carrying substantial dissolved scrubbing capacity in the
liquid phase of a slurry entering a scrubbing unit minimizes
the change in pH between inlet and outlet. Figure 5 shows this
effect demonstrated in the scrubbing simulator, where the
sulfurous acid injected is equivalent to 800 ppm sulfur dioxide
in a flue gas scrubbed at an L/G of 50 gal/1000 scf.

6.0

0.85M MgS0, - Promoted
50 iy

pH Conventional Slurry

40

30

0.IN HCI (i)
5 1.0 15 20
Figure 4. Titration of dissolved scrubbing capacity in 4-ml supernate
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When a packed tower is used, it is literally possible to titrate
the SOy in flue gas with the dissolved scrubbing capacity of
sulfate-promoted limestone scrubbing slurries. Table I gives
the results of an experiment where the minimum liquid-to-gas
ratio (L/G) was sought with supernatent liquid from three
such slurries. It is seen that magnesium sulfate produced the
highest DSC and remained an effective scrubbing agent at
L/G’s as low as 7.6 gal/1000 scf.

The basic species that make up the dissolved scrubbing
capacity are ions and neutral molecules that differ in identity
depending upon whether magnesium sulfate, sodium sulfate,
or ammonium sulfate is used as a promoting agent. With so-
dium sulfate, the sulfite and bicarbonate ions derived from
reaction of bisulfite ion with calcium carbonate predominate.
With ammonium sulfate, free ammonia is also present, while
with magnesium sulfate, the principal component of the DSC
is believed to be the neutral ion pair, MgSO50, based on the
following observations.

1. Initial realization of the importance of ion pairing in
magnesium sulfate solutions followed a series of experiments,
where it was found that the solubility of magnesium sulfite
increased from 0.09 M in water to 0.18 M in saturated mag-
nesium sulfate solution. Without soluble complex formation,
the magnesium sulfite solubility would be expected to de-
crease by at least an order of magnitude on addition of the
common ion, magnesium.

2. The equilibrium constant for the MgSO5 ion pair de-
veloped by Radian (5) indicates that the MgSO3° concentra-
tion is 20 time greater than the SO32~ concentration in strong
magnesium sulfate solutions.

3. Comparison of potentiometric titration curves obtained
with supernates from magnesium sulfate-promoted limestone
scrubbing slurries with those from known solutions of mag-
nesium sulfite and magnesium sulfate shows that the basic
species being titrated behave identically.

4. Further confirmation was obtained by iodometric ti-
tration of the supernates, which shows that the total sulfite
content (MgS03°, SO32~, and HSO4™) increases in a parallel
fashion to the increase in dissolved scrubbing capacity ob-
tained by adding magnesium sulfate.

The reaction sequence in an SOs scrubbing application
using magnesium sulfate-promoted limestone starts with the
ion pair, MgS0;°. Sulfur dioxide and water form H,SO; that
reacts with the MgSO,° by

HyS0; + MgS0,° — Mg?+ + 2HSO,~ (1)
When CaCOj is present, the MgS0,° is regenerated by

Mg2+ + 2HSO;;_ + CaCO;; — MgSO;;u + Ca?t +
8042~ + CO, + H,O (2)

Generally a holding tank is used in the scrubbing circuit which
provides time for the regeneration reaction to take place.

The major precipitation reaction in most scrubbing appli-
cations is

Ca?* + S032~ + %H0 — CaS03%H,0(S) (3)

Some oxidation of sulfite to sulfate takes place in the
scrubber due to the oxygen in the flue gas. This sulfate is
precipitated as CaS04-2H-0.

S0;32~ + %0 — S0,42~ (4)
Ca?* 4+ S04*~ + 2H;0 — CaS0,4-2H20 (5)

In some cases, when the rate of precipitation of CaSO;'%%H»0
is fast and oxidation is minimal, all of the sulfate may copre-
cipitate with the sulfite as the hemihydrate (6).

CaS03%H20

Ca?* + SO42_ + l/gH-_gO e CaSO4 . I/_{Hgo (5a)

Table I. SO, Scrubbing with Slurry Supernate
L/G, Feed SO,

gal/ DSC? Stoich. SO,in, out, %re-
Solution mscf  geq/l. factor? ppm  ppm moval
3.1 mol 156 0.038 2.03 1044 0 100
(NH,),50, 121 0038 1.58 1044 0 100
9.2 0.038 1.20 1044 0 100

1.2 mol 17.5 0.030 1.43 1300 0 100
Na,SO, 10.1 0.030 0.84 1300 480 63
11.8 0.030 0.97 1300 120 91

0.93 mol 13.8 0.061 2.26 1300 0 100
MgSO, 7.6 0.061 1.24 1300 0 100

- 4Dissolved scrubbing capacity. b Ratio of total equivalents of DSC
in liquid to total moles of SO, in gas.

When this happens, the liquid is unsaturated with respect to
CaS042H;0.

At steady state in a scrubbing process, the rates of precip-
itation of CaSO3%H50 and CaS04-2H;0 are proportional to
the relative supersaturation. The activity product for Ca?+
and SO42~ is given by

(Ca?*)(S05>7) = K4p(CaS03%H0) X rcaso,  (6)

Where rcaso, is the relative supersaturation. Similarly, for
Ca?* and SO42-,

(Ca?)(S0427) = K4p(CaS042H20) X reaso,  (7)

Eliminating the calcium ion activity between Equations 6 and
7 gives the formulation:

(804%7) _ Tcasoy Ksp(Ca803-1hH20) ®)
(S0427)-  rcasos  Ksp(CaS042H,0)
If activity coefficients for the SO32~ and SO4?~ ions are

combined with the ratio of solubility product constants to give
a single practical constant, Equation 8 becomes

[SO4*7]
[SO4%7]
which tells us that increasing sulfate ion concentration gives
an increase in sulfite concentration, yielding more DSC,
provided the relative supersaturations of CaSO3 and CaSO,4
remain the same.
In magnesium sulfate solutions most of the ions are tied up
as ion pairs but an analogous equation is obtained.
[MgS0,°]
[MgS0.]
The constant, ko/, can be considered the practical equilibrium
constant for the reaction

MgSO4° + CaSO31/2H20 + 3/2H20 =

MgS0;° + CaS042H,0 (11)
The function of the magnesium sulfate in the liquid is to set
the position of the equilibrium such that an appreciable

concentration of the ion pair, MgS03?, is achieved in a slurry
under steady state conditions.

r .
= TCaS0y o ©)
r'CaS04

=
= CaS0s 5 (10)
'CaSO4

Demonstration

Although it had been predicted from fundamental consid-
erations that the increased dissolved scrubbing capacity re-
sulting from magnesium sulfate in the scrubbing liquor would
turn an apparently poor liquid-gas contactor into a good one,
it remained to be demonstrated by experiment. Figure 6 shows
comparative results with a venturi scrubber using strong so-
dium carbonate solution, unpromoted limestone slurry, and
magnesium-sulfate promoted limestone slurry. From these
data, it was calculated that the overall mass transfer coeffi-
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Figure 6. Venturi scrubbing of SO,

cient with magnesium sulfate present was 3.3 times greater
than in its absence.

Table II gives the conditions and results of runs made in the
venturi-spray pilot plant at three different SO; levels. MgSO4
was added to attain the required level. To approximate a
power plant situation, MgCl, was added to simulate the effect
of chlorine in the coal. In all cases, the minimum L/G, which
would give specification SO, removal, was used. These results
demonstrate that very high removals can be obtained easily
with spray-type contactors over a wide range of SO, concen-
tration.

One further benefit from the use of magnesium sulfate is
the ability to oxidize the typical sulfite sludge produced in lime
and limestone scrubbing to a stable gypsum product which
has more favorable disposal properties. This is possible be-
cause the dissolved MgSO3° is more readily oxidized than
insoluble CaS0;%H20. The equilibrium shown in Equation
11 provides the mechanism whereby solid CaSO3%H0 is
attacked by MgSO,4° during oxidation process to resupply
MgS04° consumed by oxidation. The MgSO,° is regenerated
by the oxidation.

In the pilot plant a pressurized, air-sparged tower was used
as an oxidizer. Experiments covered a range of air superficial
velocity up to 0.4 fps, air pressure to 40 psig and slurry resi-
dence time of 0.5-2 h. Oxygen mass transfer rates approxi-
mated those expected for ionic sulfite solutions, with several
of the runs producing complete conversion of the calcium
sulfite in the slurry.

Conclusions

If a substantial concentration of magnesium sulfate is
maintained in the liquid phase of a lime or limestone slurry
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Table 11. Venturi-Spray Scrubber Results

Run number: H1541-1D H1541-3E H1542-1B

Limestone: Calcitic Calcitic  Dolomitic
(N.M.) (N.M.) (N.J.)
Gas rate, scfm 900 960 950
Liquid rate, gpm
Venturi 20 20 30
Sprays—each nozzle 10 10 15
Inlet gas composition (dry)
SO,, ppm 970 1550 3110
2, % 5 6 3
CO,, % 15 15 16
N, Bal. Bal. Bal.
Inlet slurry composition
Total solids %, w/w 10 10 10
MgSO,, mol/I. 0.40 0.49 1.03
MgCl,, mol/I. 0.18 0.09 —
DSC, eq/I. 0.021 0.024 0.10
pH 5.4-55 54-55 53-54
SO, removal, % 92.7 93.4 90.2
Calcite utilization, % 81 72 71

used in absorbing SOy, a scrubbing capability is developed by
the liquid itself. Without such dissolved scrubbing capacity,
calcium-based solids must dissolve in the gas-liquid con-
tacting zone to neutralize the SOq.

Eliminating the slow step of solids dissolution speeds the
overall mass transfer process so that less slurry surface need
be exposed or generated in the scrubbing zone and less liquid
residence time is needed to obtain satisfactory SO removal.
The rapid increases in supersaturation with respect to calcium
sulfite and calcium sulfate that occur when calcium solids are
dissolved in the scrubber are avoided, alleviating problems
associated with scale formation.

The action of the magnesium sulfate is to promote a high
concentration of the ion pair, MgSO4°, in the slurry. This fact
can be used to provide a route whereby calcium sulfite can be
economically oxidized to gypsum through intermediate con-
version to soluble MgSO;°.
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Photochemical Aerosol Formation

S0,, 1-Heptene, and No, in Ambient Air

Paul T. Roberts' and Sheldon K. Friedlander*
California Institute of Technology, Pasadena, Calif. 91125

m Aerosol formation was studied in a 96-m3® Teflon bag
containing unfiltered ambient air to which small amounts
of SOy, 1-heptene, and NO, had been added. The contents
were irradiated by sunlight. Gas phase concentrations were
monitored continuously and a rate law was determined for
the reaction of 1-heptene. By simultaneous measurements
of the conversion of SOz and the formation of particulate
sulfur, a sulfur balance was carried out on the system. The
distribution of sulfur with respect to particle size, as well as
total aerosol sulfur and carbon, was measured as a function
of time during the experiments. The rates of formation of
condensable species of both sulfur and carbon are consis-
tent with a reaction between SO, and a reactive intermedi-
ate of the O3-1-heptene reaction. The distribution of sulfur
with respect to particle size shows a bimodal distribution
about 0.2 um.

The presence of SO; in photochemically reacting mix-
tures of NO, and hydrocarbons has a marked effect on the
nature of the aerosol which forms in such systems. The
early literature on this subject is reviewed by Leighton (1).
The SO, itself participates in the chemical reactions and its
reaction products appear in the aerosol phase.

Smog chamber studies of irradiated mixtures of hydro-
carbons, NO,, and SO (2-10) are useful in the study of
such systems. Although SO, oxidation rates can be calcu-
lated from chamber data, previous investigators have not
reported mass balances for sulfur. It is important to obtain
a sulfur mass balance because oxidation rates determined
from gas phase concentrations may include losses to the
walls as well as to chemical reaction. Only Wilson et al. (11)
conducted studies with natural sunlight or in the presence
of ambient particulate matter. Such factors may be impor-
tant because indoor lamps with intensity and/or spectrum
differences from natural sunlight may promote one partic-
ular reaction mechanism over another. The presence of
particulate matter allows heterogeneous processes (includ-
ing condensation) to proceed at rates similar to those in the
real atmosphere.

Of the aerosol parameters, only condensation nuclei and
light scattering were measured in previous smog chamber
studies with hydrocarbons, NO,, and SO,;. No measure-
ment of the distribution of sulfur compounds with respect
to particle size has been made. Measurements have been
reported of the total size distribution, as a function of time,
in experiments with SOs, propylene, and O3 (12).

Photochemical reactions in polluted atmospheres have
been reviewed by Altshuller and Bufalini (13, 14). Urone
and Schroeder (15), Bufalini (16), and Calvert (17) have
written reviews specifically on sulfur reactions in polluted
atmospheres. There are diverse views regarding the relative
importance of various SO, oxidation paths. The relatively
slow rates of photooxidation of SO in air exposed to light,
and the catalytic influence of some solids and moisture on

! Present address, Chevron Research Co., Richmond, Calif.
94802.

the rate of SO, oxidation indicate that heterogeneous oxi-
dation paths are sometimes of controlling importance. In a
photochemical atmosphere such as Los Angeles, the pres-
ence of many gas phase oxidants contribute to high SO, ox-
idation rates. Calvert (17) has reviewed the possible homo-
geneous SO; oxidation paths.

Pathways of possible importance in a photochemical at-
mosphere include:

1. Metal aided catalysis of SO; oxidation in liquid drop-
lets.

2. Catalysis of SO, oxidation on the surface of soot par-
ticles (18).

3. Homogeneous gas phase oxidation of SO; by OH (19).

4. Homogeneous gas phase oxidation of SO, by an inter-
mediate of the Og, olefin reaction (12, 20).

5. Homogeneous gas phase oxidation of SO, by other re-
active intermediates (such as HO;, ROg, and RO).

Computer simulations of the 1-butene-NO,—SO; system
indicate that items 8 and 4 play a dominant role in the oxi-
dation of SOz in a system without particles (21).

Our experiments were designed to study the formation of
sulfur-containing aerosols under conditions simulating the
photochemical smog system. Small quantities of an olefin,
NO, NOy, and SO, were added to ambient air contained in
a large bag, and irradiated by sunlight. The concentrations
of the gas phase reactants were measured continuously, as
well as certain physical properties of the aerosol. The sulfur
distribution with respect to particle size was measured at
five successive times during each experiment, and a mass
balance was carried out on the sulfur.

Experimental System

The experiments were conducted on the roof of the Keck
Laboratories at Caltech in a Teflon bag (average initial vol-
ume 96 m3). The roof is 52 ft above the street level. To
make the bag, FEP Teflon film sheets (10 panels, each 54
in. X 28 ft X 0.002 in.) were heat sealed together and the
seams reinforced with mylar tape. Teflon was used because
of its transparency to solar radiation (transmittance of
greater than 75% of the ultraviolet, 92% of the visible, and
94% of the infrared) and its chemically inert nature (22).
The bag has the shape of a pillow sealed at both ends. It
was filled with ambient Pasadena air through a hole in the
end of the bag using an 11-in. diameter attic fan. The hole
was then sealed with a Plexiglas clamp, and gases under
study were added through a Teflon port at ground level on
one side of the bag. The contents of the bag were sampled
continuously through a second port. Teflon and previously
deposited particulate matter were the only materials that
contacted the air inside the bag. Ropes across a wooden
frame (held 2 ft off the ground by cinder blocks) supported
the bag (Figure 1). Air circulating under the bag kept the
maximum temperature attained inside the bag below 42
°C. The bag was held in place by a fishing net. Wind action
on the bag and the temperature gradient within the bag
kept the contents mixed during an experiment.

Chemicals were injected into the bag through the injec-
tor port with an auxiliary pump adding additional air to
speed mixing. Using this auxiliary pump, complete mixing
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of added pollutants was obtained in approximately 5 min.
Air for measurements was withdrawn continuously through
a Teflon sampling tube that reached 4 ft into the middle of
the reaction vessel. A 20-ft section of flexible black Teflon
tubing (1 in. i.d.) carried the air to a glass manifold from
which each instrument could sample for analysis. The mea-
sured response time of this sampling system was 20 s.

Continuous measurements were made of the following
parameters, recorded with a digital printer: ozone, sulfur
dioxide, condensation nuclei, bs.at, temperature, dew point,
and broad-band solar radiation. Total hydrocarbons, meth-
ane, and carbon monoxide were also measured once every 5
min through an extra Teflon sampling tube at the end of
the bag. Particles larger than 0.30 um in diameter were
measured as a function of time with an optical particle
counter. However, the particle number distribution data
obtained was not sufficient to calculate particle growth
laws in the manner of Heisler (23), because most of the
growth occurred below 0.3 um. A description of the instru-
ments and their characteristics is provided in Table I. Cali-
bration of the gas phase instruments was performed before
each series of experiments. A chemiluminescent NO, moni-
tor (Bendix Corp., Model 5513802 with a gold catalyst) also
was used in the experiments, but both the NO and NO,
modes of the instrument showed interferences from other
substances (24). Thus no values are reported for NO, con-
centrations.

The chemiluminescent O3 monitor (REM, Inc.) was cali-
brated using the California Air Resources Board recom-
mended procedure. However, in light of recent findings
(25), O3 concentrations were corrected to an absolute value
by cross-calibration with a Dasibi UV photometer (Model
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Figure 1. Diagram of the Teflon bag and supporting apparatus

1003-AH) which had been calibrated against the secondary
0Oj standard of reference (25).

The concentration of 1-heptene was determined using
the total hydrocarbon mode of the gas chromatograph. The
flame ionization detector does not respond to the oxygenat-
ed products expected with reactions of an olefin in photo-
chemical smog (26). Therefore, all changes in total hydro-
carbon response were assumed to be 1-heptene concentra-
tion changes. This assumption is validated by agreement of
the measured O3-1-heptene rate constant with the litera-
ture.

Aerosol samples were taken at the injection port using
both a 47-mm in-line filter holder and a cascade impactor.
The vaporization technique described by Roberts and
Friedlander (27), was used to measure the concentration of
sulfur in the aerosol. The term “aerosol sulfur” is used to
denote the sulfur species concentration measured by this
technique (any sulfur compound which evaporates or de-
composes below 1200 °C). A Dohrman model DC-50 Total
Carbon Analyzer was used to measure the aerosol carbon
collected on glass fiber filters by a technique described by
Grosjean (28). The term “aerosol carbon” is used to denote
the concentration of carbon containing species in the aero-
sol (expressed as carbon), not the concentration of elemen-
tal carbon in the aerosol.

The procedure for a typical experiment was as follows:
The bag was filled and emptied at least three times to re-
move residuals from the last experiment, filled about three-
fourths full (all with the fan), and the end filling-hole was
sealed off. The auxiliary pump was then used to fill the bag
completely and mix the injected pollutant gases. NO was
added first, in at least the concentration necessary to elimi-
nate any ambient Oy present; thus, any reactions of SOy or
hydrocarbon with O3 were prevented at the high concentra-
tions present before complete mixing. NO, and SO, were
added next and allowed to become mixed completely
(about 5 min) before the hydrocarbon was added. After
complete mixing of the hydrocarbon, the auxiliary pump
was shut off and the aerosol sampling train was attached to
that Teflon port. Monitoring of the progress of the bag run
was continued until the bag volume had been reduced to
about one-tenth of the initial volume. A drastic decrease in
particle number caused by wall losses was evident when the
volume was less than about 5 m®.

Summary of Experiments

Experiments were carried out in the Teflon bag with sul-
fur dioxide, nitric oxide, nitrogen dioxide, and 1-heptene. A
summary of four of the experiments, showing initial condi-

Table I. Instruments Used to Determine Concentrations in Teflon Bag Experiments

Measured parameter principle (

bscat Extinction coefficient due to light scattering (Freon)

Condensation nuclei
Particles = .3 um

Expansion cloud chamber-light scattering

(o1 Chemiluminescence reaction with ethylene (neutrally

Optical light scattering (polystyrene latex spheres)

) Instrument make and model

Meteorology Research Inc., Model 1550. Integrating
Nephelometer?

Environment One Corp. Model Rich 100

Modified Climet Instruments. Model CI-207. Particle
Analyzer

REM, Inc. Model 612 Atmospheric Ozone Monitor

buffered potassium iodide solution, later corrected to UV

photometry standard)
Total hydrocarbons,

methane, CO gases)
SO, Flame photometry (SO, permeation tube)
Temperature Thermocouple
Dew point Thermoelectric sensor

Solar radiation Broad band pryoheliometer

Gas chromatography - flame ionization detector (certified

Beckman Instruments. Model 6800. Air Quality
Chromatograph®

Meloy Labs. Model SA-120. Sulfur Gas Analyzer
YSI Tele-Thermometer Model 43-TC

EG&G. Model 880-Cl Dew Point Hygrometer®
Epply. Pryoheliometer, No. 2977

2 Loan, courtesy of Meteorology Research, Inc. ? Loan, courtesy of the California Air Resources Board.

574 Environmental Science & Technology



Table Il. Summary of Teflon Bag Experimental Conditions

'::" Hydrocarbon [:gr]r? * ";3"]? i l"p%f-'-“'
C.04 1-Heptene 0.89 0.20 0.20
C.95 1-Heptene 1.85 0.19 0.10
C.96 1-Heptene 1.66 0.10 0.10
Cc.97 1-Heptene 1.47 0.20 0.11

[sOz}o, Abgeat, k&, [03)max, T,
ppb 10~%°m %hr—1 pphm %RH °c
0. 24 0 53 45 31
39. 9.5 25-82 41 16 35
80. 145 21-99 33 14 38
86. 14.0 27-72 26 16 36

a pseudo-first-order rate constant for SO, loss: d[SO,]/dt, = —k[SO,].

tions and the resulting maximum O3 concentration, change
in bgcat, and range of the rate of SO; loss, is given in Table
II. Experiments were also run with cyclohexene, 2-methyl-
2-butene, 2,3-dimethyl-2-butene, and 1,7-octadiene as the
hydrocarbon. A few experiments were run with the addi-
tion of SO, alone to ambient air. 1-Heptene was studied
most extensively because it represents the middle range
olefins present in the atmosphere. It forms organic aerosol
and promotes formation of aerosol sulfur, and decays at a
rate that allows study over a period of 2-3 h. The olefin-1-
heptene has been found in gasoline. diluted auto exhaust,
and in the ambient atmosphere.

While the 1-heptene concentrations used in these experi-
ments were much higher than those measured in the atmo-
sphere, they were of the order of the total atmospheric hy-
drocarbon concentrations. The concentrations of O3, NO,
NOq, and SO, are comparable to ambient levels in Los An-
geles. The 15-30% relative humidity values are typical of
afternoon photochemical smog in Los Angeles. Total filter
samples for aerosol chemical analysis and impactor sam-
ples were taken at 15-20-min intervals. A complete listing
of the data is given by Roberts (29).

Estimates of the bag volume were made using the inject-
ed volume and the measured initial concentration of either
SO; or 1-heptene. For the 13 experiments shown in Table
II, the average initial volume using the initial SO, concen-
tration was 96 + 18 m?. The spread in the measurement re-
sulted because the bag was not filled to the same volume
each time. The initial volume for each experiment (calcu-
lated using the initial SOz concentration) is used to calcu-
late the initial concentrations of NO and NOs.

The measurements of gas and aerosol sulfur during runs
C.95 through C.97 were used to calculate sulfur recovery.
Table III shows that the overall sulfur recovery (the sum of
SO, and aerosol sulfur) was between 98 and 100% for the
three experiments. Each is the average of five or six total
filter samples and the corresponding gas phase SO, concen-
trations. The initial value is the SOz concentration just
after the auxiliary filling pump has been turned off. Com-
parison of the measured particulate sulfur with the calcu-
lated particulate sulfur concentration using the initial SO,
concentration and the decaying SO, concentration values
shows excellent agreement (27).

Experiments with 1-Heptene

The starting conditions and other pertinent information
for the 1-heptene experiments are given in Table II. The
variations of concentration with time of SO, 1-heptene,
03, bscat, and CNC (condensation nuclei count) are given in
Figure 2 for experiment C.95. The times of injection of the
NO, NOg, SO9, and 1-heptene are noted.

A general discussion of the features of the 1-heptene ex-
periments follows with C.95 as an example. Results for the
other experiments were qualitatively similar. The initial
decay in SO concentration, before the 1-heptene was
added, was the result of dilution from the auxiliary filling
pump. The SO, decay was slight until the O3 concentration
became larger than 5 pphm, at which point there was a

Table lil. Overall Sulfur Recovery for Three
Experiments with 1-Heptene
[SO2)0

R [sth
dnlg::llon Ppb ug/m3 1g s()rzlm3 u:::vzory
C.95 35.0 92.8 912+ 6.6 98.4
C.96 79.5 210.7 2113+ 74 100.3
C.97 85.5 226.6 226.8 + 13.3 100.1
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Figure 2. Concentration and light-scattering profiles for experiment
C.95
Average of 16% RH and 35 °C

sharp downward trend in the SO concentration. This char-
acteristic was present in each of the experiments with SOg
and is indicative of the involvement of the photochemistry
in the oxidation of SOs. The variation of the condensation
nuclei concentration in experiment C.95 was especially in-
teresting. There were three regimes of behavior of the total
particle concentration: first, the large increase in the nuclei
concentration just after the introduction of SOs; second,
another large increase in nuclei after the introduction of
the 1-heptene; and third, the sharp drop in nuclei concen-
tration accompanying the increase in SO oxidation rate
(and the increase of the O3 concentration above 5 pphm).
All three regimes were not found in all of the experiments
because in some cases the 1-heptene was introduced shortly
after the SO;. However, all experiments show the sharp
drop in the nuclei concentration at that same point. In fact,
this was also the time that the 1-heptene began to be lost at
a large rate from the gas phase, presumably by reaction
with O3. An increase in b, (decrease in visibility) usually
began about 20 min after the O3 concentration had gone
above 5 pphm.

Thus, two major regimes were observed in these experi-
ments: first, the concentrations of SOq, O3, 1-heptene, and
bgcat are constant as the NO is converted to NOy; and sec-
ond, O3 induces decay of both SO; and 1-heptene, and sub-
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sequent aerosol formation. During the first regime, new
particles are being formed at a high rate from both SO and
1-heptene; however, a sharp drop in new particle formation
is observed during the second photochemical regime. The
large decrease in new particle formation occurs just as the
oxidation rates of both SOs and 1-heptene sharply in-
creased. This observation indicates that a more condens-
able species is being formed during the second regime or
that new surface is then providing a sink for the condens-
able species so that new particle formation is suppressed.

Experiment C.04 showed that there was some aerosol
formation in the 1-heptene system without SOy, although
the increase in bgeqy occurs later than in the system with
SO, (and after the O3 concentration has reached its maxi-
mum).

Another feature of these experiments was the near-first-
order decay of the SO; concentration during the photo-
chemical regime. This is illustrated for experiment C.95 in
Figure 3 where the log of the SO, concentration is plotted
against time. The linear portion, indicating a first-order
decay in SO, concentration, extends for about an hour dur-
ing the experiment. Similar results were found in the other
runs with this system.

Experiments also were carried out with NO, NO,, SO,
and the following hydrocarbons: cyclohexene, 2-methyl-2-
butene, 2,3-dimethyl-2-butene, and 1,7-octadiene. Three
experiments were run with only SO, added to ambient air.
In the experiments with cyclohexene and 1,7-octadiene, or-
ganic aerosol formation dominated aerosol sulfur forma-
tion. There was no measurable change in the SO, concen-
tration when little O3 (less than 5 pphm) was produced in
the experiment with 2-methyl-2-butene. Experiments with
S0, alone in ambient air showed comparably slow oxida-
tion of SO, (less than 11% hr—1!).

Kinetics of Aerosol Formation

Recent studies have indicated that oxidation of SO, by
some reactive intermediate of the Oz-olefin reaction can
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Figure 3. Concentration profile for experiment C.95 showing the
near-first-order decay of SO,
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lead to the formation of aerosol sulfur (8, 12, 20). Other in-
vestigators have proposed the hydroxyl radical (19) or the
hydroperoxyl radical (30) as a major contributor to the oxi-
dation of SOz in the atmosphere. The photooxidation of
SO, is probably not an important mechanism in the pres-
ence of the above photochemical agents, based on recently
measured values of the quantum yield (31, 32).

Our results could be explained by applying a general re-
action scheme proposed by Grosjean (33) to the ozone-
SO;-1-heptene system. This reaction scheme involves the
formation of a reactive intermediate (I) from the ozone at-
tack on 1-heptene (Hp). The intermediate forms products,
some of which are condensable, either by unimolecular (i)
or bimolecular (j) pathways:

k
O3+ Hp—>1 slow, the rate-determining step

ki

I— Py i=1,N

k
I+ S0, —> Pyy + S04

kaj .
I+Rj—>P2jk Jj=2,M

This allows for N different unimolecular decompositions of
I, and M different bimolecular reactions of I with species
Rj. Each reaction can form a number of products, denoted
by Pyix and Pyji. If I reaches a steady-state concentration,

M= k[05][Hp]
2 ki + k2i[SOq] + 3 kyj[R)]

(1)

The rate of formation of product Py; can thus be written at
steady state as
d[Py]

“dr ko [1]s[SOq] (2)

kko1[03][Hp][SO,]

3 ki + k2i[SOg] + 3 koj[R;]
i J

Integration from time O to time 7', assuming [Py;] = 0 at
time O results in:

[04][Hp][SO,|

[Pai]7 = kky; dt (3)

T ki + ko1[SO] + 3 kyj[R)]
i )

Letting ag; be the fraction of Py; which condenses, the
aerosol carbon concentration is given by:

[AC21] = an[Py] (4)

If other P,;’s form aerosol, there are similar expressions.
Thus, for the total aerosol carbon (TAC) at time T

[TAC]r = }%[Aclik] + g[AC‘zjk] (5)
i T

. ’; ayikii + ag k2 [SOy] + ? asjkyi[R;] [04]

0

2 ki + ka[SOy] + T koj[R;]
1 J

For the heptene system, we also make the following sim-
plifications:

(1) There is little aerosol carbon formed in the 1-hep-
tene-NO, system without SO, compared to the system
with SOs. The results of run C.04 described earlier as well
as the work of Stevenson et al. (34), Wilson et al. (7), and



O’Brien et al. (35) show that this is a good assumption at
the concentration levels used in this study. Thus,

2 anikii + 3 anjkoj[R;] < a21k21[SO4]
i J

(2) Little of the reactive intermediate, I, reacts with
SO,. Cox and Penkett (20) have shown that there was no
measurable difference in the variation with time of the O3
and olefin concentrations, with and without SOs. Thus,

k21[SOz] « Tk1i + T koj[R)]
i 7

(3) The R; are present in sufficient concentration such
that their concentration is not depleted by reaction with I:
[R;] ~ constant with time (R; = O, is an example)

We are then left with the following expression for the
aerosol carbon concentration at a given time T

kko;

Zkii+ Zkyj[R)]
i j

[TAC]7 = OTaz,[og] [Hp][SOaldt  (6)

Thus, the aerosol carbon should be a linear function of the
integral of the product of the ozone, 1-heptene, and sulfur
dioxide concentrations. This also assumes that as; is not a
function of time.

The same type of analysis can be performed to deter-
mine the aerosol sulfur concentration at time 7'. A steady
state concentration for I implies that:

d[SO4]

dt
Making the same assumptions concerning the reactions of
the intermediate (Equations 1-3), integration from time 0

(no SO3) to time T results in an expression for the concen-
tration of aerosol sulfur:

kkai

= k2][I]ss[SO‘Z] (7)

[AS] = " aso 04l [HpI[SOd:  (®)

ki + Tkoj[R)]
‘ J

where ago, represents the fraction of SO; formed, which re-
sults in aerosol sulfur. Therefore, both the aerosol carbon
and the aerosol sulfur should be linear functions of the in-
tegral of the product of the ozone, 1-heptene, and SO con-
centrations.

The gas phase and aerosol phase measurements for ex-
periments C.04, C.95, C.96, and C.97 were analyzed within
the framework of the aerosol formation kinetic scheme. In-
tegrated forms (Equation 3) were used instead of differen-
tial forms (Equation 2) because of the continuous data for
the gas phase species. The data points shown in the figures
are computed for the midpoint of the aerosol samples taken
during the experiments. Integrations were done with a pla-
nimeter.

The 1-heptene depletion rate can be used to determine
the apparent O3;-1-heptene rate constant, assuming that
1-heptene only reacts with Oj:

d[H
4Mel _ _y10,)1Hp) )
dt
Integration from time O to time T results in:
T
[Hplo — (Hplr = [ (Os][Hpldt (10)

Figure 4 shows that the change in the 1-heptene concentra-
tion is a linear function of the integral of the product of the
O3 and 1-heptene concentrations after a short induction
period. A least-squares fit to the linear section of the data
yields an average O3;-1-heptene rate constant for these four

experiments of 13.5 X 1073 ppm~! min~!. This agrees well
with the value of Cadle and Schadt (36), 12 X 10~2 ppm™!
min~—!, measured in a contaminant-free system. Although
no other measurements have been made of the O3—1-hep-
tene rate constant, the Cadle and Schadt (36) value for the
03-1-hexene rate constant (15 X 10~3 ppm~! min~!) agrees
well with the value recently determined by Japar et al. (37)
of 16.1 X 103 ppm~! min~1.

The aerosol carbon and sulfur measurements can be used
to test the aerosol kinetic scheme using Equations 6 and 8.
Figure 5 shows the aerosol carbon concentration, as a func-
tion of the integrated product of the O3-1-heptene and SOy
concentrations, for experiments C.95, C.96, and C.97. The
linearity of the relationship over most of the range indi-
cates that, in the 1-heptene-NO-NO2-SO; system, the for-
mation of aerosol carbon is consistent with the reaction of
SO, with a reactive intermediate of the O3-1-heptene reac-
tion. The upward bend of the aerosol carbon concentration
near the end of experiments C.96 and C.97 indicates that
an aerosol carbon formation pathway different from the
one postulated in the above assumptions is becoming sig-
nificant.
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Figure 4. Reaction of 1-heptene during experiments C.04, C.95,
C.96, and C.97
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Figure 5. Formation of aerosol carbon during experiments C.95,
C.96, and C.97
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Based on the form of Equation 8, a plot of aerosol sulfur
is shown in Figure 6. There was less than 2 ug/m? of aerosol
sulfur (as SO427) in the first sample of each experiment.
The fast rise in the aerosol sulfur concentration at the be-
ginning of each experiment results from an SO, oxidation
mechanism other than the Os—olefin reactive intermediate.
However, after this short induction period, there is a linear
dependence of the aerosol sulfur concentration on the inte-
gral of the product of the O3—1-heptene and SO, concentra-
tions. The linear dependence is consistent with the as-
sumptions made concerning aerosol sulfur formation.

Equations 2 and 9 suggest that for a particular experi-
ment, the aerosol carbon and 1-heptene concentrations
would be related:

[TAC]r — [TACJo = of[Hplo — [Hpl 7} (11)

Figure 7 shows the formation of the aerosol carbon as a
function of the 1-heptene reacted. Each experiment shows
approximate linearity. The quantity, «, is the fraction of
reacted 1-heptene that results in aerosol carbon. For the
three runs this fraction ranged from 5-14%. Because most
of the aerosol carbon is formed in a reaction with SOy, «
depends on the SO, concentration.

The olefin may reaction with species other than O3, such
as O atoms, or OH and HO; radicals. SOy may also react
with these species instead of with the intermediate of the
Os-olefin reaction. The rise in both aerosol sulfur and car-
bon observed initially (Figures 5 and 6), which is not ex-
plained by our kinetic scheme, may result from such reac-
tions.

Distribution of Sulfur with Respect to Particle Size

The distribution of sulfur with respect to particle diame-
ter was measured as a function of time during the 1-hep-
tene experiments using a low-pressure, single-(round)-jet,
multistage cascade impactor (29). Design and calibration
of a low-pressure impactor has been reported in the litera-
ture (38-42). However, no investigator has reported mass
or chemical size distribution data using such a device.

The low-pressure impactor consisted of 4 stages and a
restricing orifice (operated at choke flow) upstream of the
first stage (orifice diameter of 0.008 in.). The theoretically
predicted size ranges (50% cutoff sizes) for the after filter
and four stages were as follows: less than 0.09 um, 0.09-0.20
um, 0.20-0.37 um, 0.37-0.86 um, and greater than 0.86 um
in diameter. The impactor was calibrated with polystyrene
latex spheres of diameter 0.088-0.716 um by counting the
collected spheres with an electron microscope. The experi-
mental efficiency curves for the 2d and 3d stages show good
agreement with the theoretically predicted 50% cutoff
values. Buchholz (41) found that bounce-off and wall losses
were of little importance for submicron particles in a low-
pressure impactor.

The sulfur size distribution function (logarithmic coordi-
nate for dj,) can be determined from impactor data by as-
suming that there is a particle diameter below which the
mass of sulfur can be neglected. The value of 0.02 um was
used for this purpose in constructing the bar graph distri-
butions.

To obtain a continuous aerosol sulfur distribution func-
tion with respect to particle diameter, a cumulative distri-
bution plot was prepared and then differentiated. The re-
sulting continuous sulfur distribution functions are un-
doubtedly inaccurate because of the differentiation pro-
cess; however, by redesign of the low-pressure impactor, it
should be possible to obtain more accurate continuous dis-
tribution functions.

The data for run C.95 are shown in Figure 8 both as bar
graphs and continuous distribution functions. Similar re-
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sults were found in runs C.96 and C.97. The first sample
contained a small amount of particulate sulfur (all below
0.2 um). Then a bimodal distribution developed (one mode
below 0.1 um, the other between 0.2 and 0.4 um) and the
two modes grew to larger sizes by continued conversion
from the gas phase. Runs C.96 and C.97 resulted in the
growth of sulfur to larger particle sizes than in C.95.

In the previous section, the formation of most of the
aerosol carbon and aerosol sulfur was explained by the re-
action of SOy with a reactive with aerosol carbon (compare
Equations 6 and 8). It was found that the aerosol sulfur in
the size range above 0.2 um was a linear function of the
total aerosol carbon. In fact, the ratio of the upper mode
(>0.2 um) to total aerosol sulfur is 0.33 £ 0.07 throughout
the three 1-heptene-SOs experiments. Thus, one-third of
the converted SOz appears in particles larger than 0.2 um,
and two-thirds in particles smaller than 0.2 um.

In experiments with cyclohexene, cyclopentene, and 1,7-
octadiene, Heisler (23) found that the average critical size
for aerosol carbon is in particles greater than about 0.2 um,
thus coinciding with the upper mode in the sulfur size dis-
tribution. The upper mode is probably produced by growth
of sulfur containing species along with the organic. species,
while the lower mode results from the growth of sulfur
species upon the particles formed in the initial nucleation
period of the experiment. A schematic diagram of the aero-
sol formation process is shown in Figure 9.

Summary

Aerosol formation studies were carried out in a large Tef-
lon bag irradiated with natural sunlight. Sulfur dioxide, ni-
trogen oxides, and various olefins were added to unfiltered
ambient air and allowed to react for up to 3 h. The concen-
trations used were typical of average Los Angeles condi-
tions, with the exception of the olefins. Olefin concentra-
tions were about 100 times higher than individual ambient
concentrations, although only two to five times higher than
total olefin ambient concentrations. Sulfur mass balances
during the experiments were excellent; measured gas and
aerosol sulfur concentrations accounted for all of the initial
SO, present.

The rate of formation of aerosol containing carbon and
sulfur is consistent with a reaction between SO, and a reac-
tive intermediate of the O;-1-heptene reaction. A sharp in-
crease in the SO, oxidation rate occurred when the O3 con-
centrations exceeded 0.05 ppm, and a kinetic scheme is
proposed for aerosol formation. The distribution of sulfur
with respect to particle size changed with time, eventually
becoming bimodal about 0.2 um. The concentration of
aerosol sulfur in the upper mode was closely related to the
total aerosol carbon, and probably resulted from the depo-

sition of sulfur containing compounds on the organic frac-
tion of the aerosol in the size range above 0.2 yum. Thus it is
likely that the nature of the aerosol initially present in such
systems will have a significant effect on the distribution of
sulfur with respect to particle size.

Large numbers of new particles were generated during
the early stages of the experiments, but no new particles
were generated after the O3 concentration exceeded about
0.05 ppm. Different mechanisms probably control SO; oxi-
dation for O3 concentrations above and below 0.05 ppm.
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Fate of Crude Oil Spilled on Seawater Contained in Outdoor Tanks
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Before the possible short- and long-term environmental
effects of marine oil pollution can be adequately evaluated and
predicted, detailed information on the fate of spilled oil is
required. The fate of spilled oil is very complex. Once spread
on the sea surface, oil is immediately and simultaneously af-
fected by a wide variety of processes that include evaporation,
accommodation into underlying water, biological decompo-
sition, and chemical degradation.

Within the past few years, considerable scientific attention
has been devoted to the fate of oil added to seawater. Exper-
iments have been conducted both in the laboratory (1-9) and
in the field with intentional oil spills (1, 70-12) and seeps (13).
Despite the marked variability of analytical and experimental
procedures used in these investigations, several general con-
clusions emerge: 1. Evaporation of volatile hydrocarbons is
rapid and probably accounts for the greatest loss. 2. Ecologi-
cally significant quantities of oil can penetrate into the water
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column in three principal forms: particulate, solubilized
(colloidal), and truly soluble. 3. The most abundant hydro-
carbons accommodated in seawater appear to be the medium
molecular weight aromatics (two- and three-ring compounds).
4. The relative importance of the numerous weathering pro-
cesses is influenced greatly by the composition of spilled oil
and environmental factors such as turbulence and tempera-
ture.

Our interest in the fate of oil spills has centered on the
possible levels and forms of oil pollution that can be expected
to occur in seawater and possibly affect marine organisms. OQur
initial work (4) involved laboratory experiments conducted
in separatory funnels. These experiments provided informa-
tion on the concentrations of particulate and subparticulate
oil that can be accommodated in seawater under different
experiment conditions. Realizing the limitations of laboratory
experiments of this type, we continued our work by studying



® The fate of crude oil spilled on seawater was studied in
outdoor tanks. Concentrations of oil in the surface film, water
column, and sediment were monitored for as long as three
months by fluorescence spectroscopy. About half of the spilled
oil formed tar balls or was stranded on the walls of the tank.
It is estimated that less than 5% of the oil entered the water
column and sediments. The concentration of oil in the water

column was as high as 2-3 mg/l. during the first few days. Oil
could still be detected in the seawater (about 30 ug/l.) and
sediment (about 10 ug/g wet sediment) after three months.
The concentrations observed were in the same range as re-
ported in polluted environments and are potentially delete-
rious to some marine organisms.

the fate of small oil spills in large outdoor tanks containing
sediment. Although not an exact replication, the conditions
of these experiments approach those usually encountered in
coastal environments where stranded oil is present. More re-
alistic conditions can only be obtained by studying actual
spills which poses considerable logistic problems.

Methods

Experiments were conducted in two circular tanks (1 m
deep and 4 m in diameter) placed just outside our laboratory
on the shore of Bedford Basin (Figure 1). The bottom of each
tank was covered with about 5 cm of sand obtained from a
local building supply dealer. Tanks were filled with surface
water (upper 1 m) from Bedford Basin, delivered by pump,
to within 10 cm of the top (about 8000 l./tank). Several days
were allowed for suspended matter to settle before experi-
ments were begun.

Six experiments were run (Table I). In the first four, oil was

Figure 1. Photograph of tanks in which fate of crude oil spills was in-
vestigated. Tanks are located on the shore of Bedford Basin, just outside
the laboratory

added to one tank while the second served as a control. Since
concentrations in the control tank were relatively low and
remained constant during these experiments, no control was
used in Experiments 5 and 6.

Surface film samples were collected by immersing a glass
test tube to a depth of 5.5 cm and slowly withdrawing it. The
surface of the test tube was washed twice with 5 ml of hexane
and the rinse collected in a glass bottle. This sampling tech-
nique is essentially identical to the glass plate technique of
Harvey and Burzell (14) reported to be efficient for sampling
microlayers less than 100 u thick (15). The tube collected the
surface film from an area approximately 33 cm2. Three such
samples were collected from each tank every sampling date.

Water samples were collected by quickly immersing a 1-1.
glass bottle attached to a metal rod to a depth of 0.5 m and
allowing it to fill. This device was lowered and retrieved
through that part of the surface that had the least amount of
visible oil (concentrations in water samples collected with a
siphon placed in the tank before oil was added were similar,
indicating that contamination by entrainment of surface film
was minimal). Water was transferred to glass separatory
funnels and extracted twice with 40 ml of methylene chloride.
Bottles were rinsed with methylene chloride to recover ad-
sorbed material, and the rinse was added to samples. Meth-
ylene chloride was removed in a rotary evaporator at 30 °C and
the residue taken up in 10 ml of hexane. Two water samples
were collected from each tank on every sampling date.

Sediment was collected with a siphon that, to avoid con-
tamination from the surface film, was placed in the tank be-
fore oil was added and was never removed. About 300 g of
sediment were removed from an area approximately 100 cm?
on each sampling date. Two grams were extracted with 1 ml
of distilled water and 10 ml of hexane using the procedure of
Hargrave and Phillips (16).

The hexane extracts were analyzed by fluorescence spec-
troscopy using the techniques described by Gordon and Keizer
(17). Two types of information were obtained: estimated total
oil concentrations and synchronous excitation of emission
spectra (SEES).

Fluorescence spectroscopy is not a perfect method for

Table |. Details of Six Experiments Conducted to Study Fate of Crude Oil Spilled on Seawater

Water temp., °C

Experiment Dates Start End
1 5-21 June 1973 14 19
2 3-12 July 1973 21 25
3 13 Aug.-30 Nov. 1973 24 5
42 27 Dec. 1973-Jan. 1974 2 -=1.5
5 17 June-25 Sept. 1974 19 16
6 1 Oct.—1 Nov. 1974 12 3

2 Ended prematurely when water froze and tank ruptured.

Amount and type oil added
100 ml Tia Juana crude

100 ml Tia Juana crude
700 ml Tia Juana crude
700 ml Guanipa crude

1000 ml Guanipa crude
1000 ml Guanipa crude

Notes

One tank oiled, other
control

One tank oiled, other
control

One tank oiled, other
control

One tank oiled, other
control

Both tanks oiled, no control

Single tank
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measuring petroleum hydrocarbon concentrations (18).
Concentrations obtained with this technique are only esti-
mates. However, fluorescence spectroscopy is most accurate
when used in experiments such as those discussed in this
paper when (1) the concentrations being measured are high,
(2) the origin of the hydrocarbons being detected is known and
a sample is available for calibration purposes, and (3) con-
centrations can be corrected for naturally occurring fluores-
cence observed in controls. The only serious error in the con-
centrations determined might result from changes in the
fluorescence characteristics of the oil during weathering
(evaporation, photooxidation, bacterial oxidation, and so
forth). Therefore the accuracy of concentrations probably
decreased to an unknown degree during the course of each
experiment.

All solvents were redistilled in glass and all materials were
thoroughly rinsed with solvent before use. Visual observations
were recorded and photographs taken during all experiments.
The pH was determined in Experiment 1, and oxygen was
measured in Experiments 1-3 with a Radiometer blood-gas
analyzer.

Results

Generally speaking the six experiments produced similar
results. The differences observed were due mainly to the
quantity of oil added and the duration of the experiment.
Most of the quantitative data presented originated from Ex-
periment 5 which was the most complete.

Surface Film. Within minutes after being poured on the
water surface in the center of the tank, the oil spread unevenly
over the entire surface. Some areas had a thick layer of oil
while others had only a thin irridescent film. By the end of the
first day (6-8 h after addition), the wind had driven most of
the oil to the leeward edge of the tank where some adhered to
the tank wall. After several days, the entire inner circumfer-
ence of the tank was coated with oil at and just above the water
surface. On approximately the third day, the oil slick started
to break up and form discrete streaks and blobs which in time
developed into tar balls, often around a nucleus such as a wood
chip or feather. By the tenth day, there were no visible slicks
or films. Except for tar balls, the water surface was clear. By

the end of the longer experiments (Nos. 3 and 5), the oil
coating the tank wall had become crusty on the surface. This
oil was scraped from the walls at the termination of Experi-
ments No. 3 and 6, combined with the tar balls, and weighed.
In Experiment 3, 269 g or 38% that had been added was re-
covered in this form, while in Experiment 6, 640 g or 76% was
recovered (more than half was in the form of tar balls).

Oil behaved much differently in the surface film during
Experiment 4. Oil was added when the air temperature was
—1 °C and the water temperature was 2 °C. Instead of
spreading rapidly as it did in the other experiments started
at higher temperatures, the oil spread very slowly and tended
to form large blobs. There was much less tendency to form
irridescent films.

The visual observations were closely paralleled by the
concentrations of oil detected in the surface film (Table II).
The highest concentrations occurred the first day, some ex-
ceeding 10 mg oil/cm? (corresponding to a film thickness of
about 0.12 mm). Slightly lower concentrations persisted until
Day 9. As noted visually, the distribution of oil on the surface
was very patchy; consequently concentrations at any time
during this period were quite variable as shown by the ex-
cessive standard deviations in Table II. After Day 9, when an
oil film was no longer visible, concentrations dropped sharply
and by Day 24 and thereafter they approached original
background levels.

The disappearance of oil from the surface film is also
demonstrated by the SEES (Figure 2). Guanipa crude dis-
solved in hexane yielded two well-defined peaks: one at ap-
proximately 320 nm which is produced by two-ring aromatic
compounds (naphthalenes and perhaps oxygenated deriva-
tives) and another at about 350 nm which is produced by
three- and four-ring aromatics (and as anthracene, phenan-
threne, chrysene, and perhaps oxygenated derivatives). The
peak at 280-290 nm is produced mainly by benzenes in the
redistilled hexane, though some could have come from the oil.
These two peaks were detectable in the surface film for at least
17 days. From Day 24 onward, spectra were similar to the
preoil spectrum.

Water Column. Concentrations reached several hundred
ug/l. within 30 min (Table II). The highest concentrations, 2-3

Table Il. Average Oil Concentrations, Estimated by Fluorescence Spectroscopy, Observed in Surface Film, Water

Column and Sediment During Experiment 5
Standard deviations are given in parentheses

Surface film#

Water column

Sediment

Day n ug/em? n

1 (before Oil® 5 0.1(0.05) 2
1 (30 min) 5 5659 (8500) 4
1(5h) 6 5900 (7270) 2
2 4 800 (1340) 4
3 6 1390 (2180) 4
4 6 2780 (4110) 4
5 6 1760 (2000) 4
9 6 2870 (4860) 4
17 6 164 (327) 4
24 6 0.2 (0.04) 4
31 6 1.4 (1.5) 4
45 6 0.4 (0.06) 4
59 6 0.2 (0.07) 4
73 6 0.2(0.07) 4
79 6 0.2 (0.05) 4
101 3 0.1(0.05) 2

4 Including occasional tar ball. bj.e., control.

ug/l. n ug/g wet sediment

15 (4) — _

231 (203) — _

2575 (3270) 2 13 (14)

78 (11) 2 4(3)

164 (60) 2 22 (4)
67 (5) 2 32 (6)
59 (5) 2 16 (3)
89 (25) 2 54 (55)
80 (6) 2 31(9)
66 (6) 2 74 (67)
60 (7) 2 33 (14)
41(3) 2 7(6)
25 (2) 2 8 (5)
26 (7) 2 12 (6)
21(3) 2 6(1)
34 (1) 1 13
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mg/1., occurred during the first few days. For the next 30 days,
average concentrations stayed in the range of about 60-160
pg/l. From Day 31 onward, the concentrations gradually
dropped and approximated 30 ug/l. at the termination of the
experiment (Day 101). Most of the variation in replicates can
be explained by the nonhomogeneous distribution of oil in
seawater (18, 19).

The data from the other experiments (Table I) demon-
strated the same relative changes with time, but the concen-
trations observed were directly related to the amount of oil
initially added. The initial and control concentrations in all
experiments averaged 3 and 6 ug/l.

The two characteristic SEES peaks of Guanipa crude are
also observed in the water column (Figure 3). After 5 days, the
350 nm peak (three- and four-ringed aromatics) began to drop
relative to the 320 nm peak (two-ringed aromatics) and at the
end of the experiment it was no longer visible. Therefore,
during the course of the experiment the proportion of two-ring
aromatics in the water column increased relative to the higher
molecular weight aromatics. Such an enrichment was not
observed in the surface film.

There was no detectable difference in dissolved oxygen in
Experiments 1-3 between control and oiled tanks; oxygen
concentrations in seawater remaining near saturation. In
Experiment 1, there was no observed difference in pH (8.2
8.3).

Sediments. Oil appeared in the sediment within 5 h and
concentrations tended to increase steadily during the first
week (Table IT). The highest concentrations occurred between
Days 4 and 31, thereafter they dropped. Much of the variation
between concentrations can be attributed to a nonhomo-
geneous distribution of oil on the sediment. Maximum con-
centrations were on the order of 100 ug/g of sediment, while
initial and control tank concentrations were generally less than
1 ug/g of sediment. A detectable amount of oil remained in the
sediment at the end of the experiment. The characteristic
peaks of Guanipa crude were present in the SEES obtained
at the end of the experiment (Figure 4), and, as observed in
the water column, there appeared to be an enrichment of the
naphthalenes.

0il Budget. From the concentrations listed in Table II and
knowing the dimensions of the tank, it is possible to calculate
the approximate amount of oil contained in the surface film,
water column, and sediment on each sampling date during
Experiment 5 (Table III). It should be noted that the oil
stranded on the tank wall and incorporated into tarballs is not
included in these figures. The relative amounts of these two
forms increased during experiments.

Initially, all the oil was contained in the surface film, but
the amount began to drop immediately with the onset of
weathering. It is interesting to note, however, that it was not
until after Day 17 that the water and sediment contained more
oil than the surface film. The greatest amount of oil in the
water column occurred at 5 h. From Day 4 onward, the total
amount of oil in the sediment exceeded that in the water. At
the termination of the experiment, most of the oil remaining
in the tank (except that stranded on walls or incorporated into
tar balls) was incorporated in the sediment. On Day 17 less
than 1% of the oil added could be found in the surface film,
water column, and sediment; from Day 59 onward, less than
0.1%. If we judge from the results of Experiments 3 and 6,
probably about half the added oil was stranded on tank walls
or formed tarballs during this experiment. The remaining oil
(about 50%) was presumably lost by evaporation or degraded
by biological and chemical processes.

Discussion

The environmental conditions of these tank experiments
are not an exact replication of conditions to which oil would

be exposed after a spill on natural waters. Water turbulence,
oil slick spreading, and dilution of those oil components ac-
commodated into water were reduced considerably. Due to
the presence of the tank wall, the conditions of these experi-
ments are more similar to those encountered in coastal envi-
ronments, where oil can be stranded along the shoreline, than
in open water away from land. Despite their recognized limi-
tations, experiments such as these can provide valuable in-
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formation on the possible behavior and fate of oil spills,
especially in coastal areas.

It is clear that spilled crude oil can penetrate into the water
column within minutes and that the highest concentrations
in the water will probably occur during the first few days. Oil
will take longer to reach the sediment, and the highest con-
centrations will probably not be attained until about the
second or third week after the spill (the exact time is un-
doubtedly dependent on such variables as water depth, cur-
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Figure 4. Synchronous excitation of emission spectra of sediment in
Experiment 5. General type of aromatic compound producing each peak

is identified at top

Table Ill. Estimated Amounts of Oil Contained in
Surface Film, Water Column, and Sediment of
Experiment 5 on Each Sampling Date

Oil contained in tarballs and coated on walls of tank is not included.
Judging from the results of Experiments 3 and 6, approximately half
of the oil was in these forms at the end of this experiment. Total
amount of oil initially added was 843 g

G/tank
Surface

Day film Water Sediment Total % added

1(30 706 1.8 — 708 84

min)

1(5h) 738 20.5 0.5 759 90

2 100 0.5 0.1 101 12

3 174 12 0.8 176 21

4 348 0.4 1.2 350 42

5 220 0.4 0.6 221 26

9 359 0.6 2.0 362 43
17 21 0.5 1.1 2 0.2
24 0.01 0.4 27 3 0.4
31 0.2 0.4 1.2 2 0.2
45 0.04 0.2 0.3 1 0.1
59 0.01 0.1 0.3 0.4 0.05
73 0.01 0.1 0.4 0.5 0.06
79 0.01 0.1 0.2 03 0.04

101 0.0 0.2 0.5 0.7 0.08
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rents, and tides). After about three weeks, most of the oil re-
maining at the water surface will have been incorporated into
tarballs or stranded on shore lines; no appreciable surface film
will be present. However, despite the absence of a surface film
of oil, appreciable quantities of oil will persist in the water and
sediment for at least three months. The behavior of other oils
in similar experiments and the behavior of the same crude oil
at different levels of turbulence and temperature can be pre-
dicted reasonably well (1-4).

It is impossible to calculate the exact amount of spilled oil
that entered the water column and sediment. The data listed
in Table III represent only the amounts present in the surface
film, water column, and sediment at sampling times and re-
flect the balance between the processes of supply and removal
of oil at that time. They provide little information about the
dynamics of weathering. The data in Table III, however,
suggest that most oil entering the water column did so during
the first few days: After only 5 h, at least 20.5 g had been ac-
commodated. Most likely, oil was continually introduced into
the water column during the rest of the first week, albeit at a
lesser rate, while the surface film persisted. The total amount
of oil entering the water column was probably less than 50 g
or no more than about 5% of the oil spilled. Due to weathering
in the water column (both physical/chemical and biological),
the amount of spilled oil reaching the sediment must have
been considerably less. In actual spills, the percentage of oil
entering the water column and sediments will vary according
to oil type and environmental conditions (1-4).

The ecological impact of an oil spill depends not on the total
amount of spilled oil that enters the water column and sedi-
ment but on the concentration and persistence of toxic com-
ponents (low- and medium-weight aromatic compounds) that
can cause acute or sublethal effects. The oil concentrations
observed in these experiments are similar to concentrations
observed in the vicinity of oil spills and in chronically polluted
harbors. For example, the concentrations of hydrocarbons in
polluted seawater generally range between 1 and 800 ug/l.
(Table IV). With.regard to sediments, Hargrave and Phillips
(16) report average concentrations in polluted sediment from
a Bermuda beach and Chedabucto Bay, N.S., of 329 and 143
ug oil/g wet sediment, respectively. It is difficult to evaluate
much of the oil toxicity literature because insufficient atten-
tion was given to determine the actual oil concentrations at
which biological effects were observed. It does appear, how-
ever, that the oil concentrations observed in our tank exper-
iments (Table II) and in polluted environments (Table IV)
are high enough to cause sublethal effects in phytoplankton,
lobster larvae, and snails (Table V).

Our experiments provide further evidence that the medium
molecular weight aromatic compounds in oil can readily enter
the water column and sediments and persist for relatively long
periods of time. The SEES (Figures 2-4) suggest that in our
experiments two-ring aromatic compounds persisted at least
17 days in the surface film and three months in the water
column and sediments at concentrations not exceeding those
of estimated total oil (Table II). This observation is somewhat
contrary to the inference made by Harrison et al. (11) that
naphthalene should disappear in 3-8 h, depending upon wind
conditions. The difference could be caused by either the
presence cf stranded oil in our tank experiments (which also
occurs naturally in coastal areas) or the relative insensitivity
(~1 mg/1.) of the analytical techniques used by Harrison et
al. (11).

Our earlier experiments (4) indicated that 87-98% of the
oil accommodated in seawater after seven days was in a par-
ticulate form greater than 1 um in diameter. A slightly lower
percentage, approximately 75%, was reported by Boehm and
Quinn (5) in similar experiments with a No. 2 fuel oil. Water
samples from the tank experiments were not filtered, except



Table IV. Oil Concentrations Reported in Surface
Seawater from Areas Subjected to Different Degrees
of Oil Pollution

All concentrations represent estimates obtained using fluorescence
spectroscopy except those of Ahmed et al. ( 79) determined by ir

Area Range of concentrations, ug/l Reference
Boston Harbor 816-114 (19
Halifax Harbor 72-2 (20)
Bedford Basin 60-0.5 21
Chedabucto Bay? 41-16 (22
Halifax-Bermuda <1 (18)

Section

2 Three months after Arrow disaster.

Table V. Approximate Oil Concentrations at Which
Sublethal Effects Begin to Appear in Different
Organisms

In all cases, oil concentrations in experiment containers were
estimated by fluorescence spectroscopy

Organism Sublethal effect Oil concn, ug/l. Reference
Marine Change in 50 (23)
phytoplank- photosynthetic rate
ton
Lobster larvae Rate of development 200 (24)
Intertidal snails Crawling rate 800 (25)

on Day 79 of Experiment 5. At that time, only 10% of the total
oil accommodated in seawater was retained on a 1.2-um Mil-
lipore filter. It thus appears that the ratio of particulate to
subparticulate oil changes during weathering, leading to a
predominance of truly dissolved compounds. This is pre-
sumably due in part to the removal of particulate oil from the
water by various mechanisms (adsorption to settling partic-
ulate matter naturally present in the water column, ingestion
by filter feeding organisms, such as copepods [demonstrated
by Conover (26)] which were present in the tank, and so forth).

We have no data on the behavior of the aliphatic hydro-
carbons during these experiments. They no doubt were ac-
commodated into seawater, most likely in a particulate form
or solubilized by the dissolved organic matter (27). Their
half-life in the water column must be less than that of aromatic
hydrocarbons because of their greater susceptibility to bio-
logical decomposition (28) and their tendency to associate
with particulate matter which settles.

Between 40 and 80% of the spilled oil was “stranded” (i.e.,
tarballs and coated on the tank wall), while probably less than
5% entered the water column and sediments. The stranded
oil was not isolated from the water column, contact being
maintained through wave action and a fluctuating water level
caused by evaporation and precipitation. The conditions of
these experiments could be very similar to conditions en-
countered by oil spilled in coastal environments where a large
portion can be stranded along the coastline. In the natural
environment, stranded oil is not isolated from the marine

environment. It can weather slowly and be reintroduced into
the inter- and subtidal environments by way of the sediments
(29).

Tank experiments such as these can provide useful infor-
mation on the behavior and fate of oil spills. Caution however
must be used in extrapolating results to the natural environ-
ment. The technique is particularly useful for comparing the
behavior of different oils or the effects of different environ-
mental parameters or treatments (temperature, suspended
matter load, presence of organisms, etc.). It has already been
used to study the effectiveness and toxicity of an oil dispersant
(30).
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Sources of Polonium-210 in Atmosphere

Howard E. Moore*'1, Edward A. Martell, and Stewart E. Poet

National Center for Atmospheric Research, Boulder, Colo. 80303

B Mean tropospheric aerosol residence times determined
from cosmic ray-produced isotope activity ratios, fallout, and
210po/210Ph ratios are concluded to be in error. Thus, com-
plementary sources of 21%Po in the atmosphere must exist.
Results presented substantiate dust storms, coal-burning
power plants, forest fires, and plant exudates as sources of
atmospheric 219Po. Preliminary estimates of the magnitude
of these and other possible complementary sources of atmo-
spheric 21%Po are made. The most important sources appear
to be soil particles and plant exudates, both of which are
natural sources. The largest anthropogenic source is associated
with phosphate fertilizer production. Together, the comple-
mentary sources account for most of the 21%Po in the tropo-
sphere. Thus, a shorter residence time of 4-6 days appears
reasonable.

222Rn and its radioactive daughters are used as indicators
of residence times of tropospheric aerosols. The decay scheme
for 222Rn is shown in Figure 1. Atmospheric residence times
for aerosols can be calculated from the relationship:

dNpg/dt = NaAgs — Ng(Ag+ \g) =0 (1)

where A and B represent the parent and daughter isotopes.
The mean aerosol residence time, 7, is the reciprocal of the
removal rate, Ag, by all processes such as washout, rainout,
and dry deposition. Theoretically, the activity ratio,
NpAg/N a4, for any isotopes in the series with somewhat
differing radioactive decay rates, A, can be used to determine
aerosol residence times. In practice, 222Rn/21°Pb and 21°Bi/
210Ph activity ratios generally yield residence times of a few
days (1-3), whereas 21°Po/210P} ratios yield apparent resi-
dence times of a month or more (4-6). This discrepancy has
led to contradictory conclusions regarding the occurrence of
210Pg in the troposphere and varying aerosol residence times.

If it is assumed that all of the 21°Po originates from the
decay of 222Rn in the atmosphere (7), then the divergent res-
idence times, calculated from the various activity ratios, must
represent mixing of air masses with different aerosol residence
times (6, 8). Junge (9) ascribed a residence time of a few days
to surface air and one month to the troposphere as a whole.
Cosmic ray measurements (10, 11) and fallout data (12) were
interpreted in a manner which appeared to support this con-
cept, and an increased residence time with altitude in the
troposphere has been assumed to be the case by several au-
thors.

Moore et al. (13) have shown that 222Rn/210Pb, 210Bi/210Ph,
and 210Po/210P} activity ratios, when considered separately,
each yield the same apparent residence time for all altitudes
within the troposphere. However, some divergence of resi-
dence times still exists between the various ratios. Also, a re-
cent review by Martell and Moore (14) demonstrates that the
earlier fallout and cosmic ray data yielded questionable esti-
mates of aerosol residence times and are subject to reinter-
pretation, whereas more recent data are compatible with a
tropospheric residence time of only a few days.

Although the intermixing of tropospheric air masses of
differing aerosol ages cannot be disproved by analysis of 222Rn

! Present address, Department of Physical Sciences, Florida In-
ternational University, Miami, Fla. 33199
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daughters in single air masses, a large air mass existing as an
identifiable entity for longer than a few days must spend some
time over an ocean. Equation 1 assumes a constant vertical
flux of 222Rn, and since the oceanic flux is negligible compared
to the continental flux, this assumption is not fulfilled. Thus,
all residence times calculated from activity ratios of 222Rn and
its daughters are, at best, only approximate. Those calculated
from 210Po/210Pb ratios appear to be the least reliable (see
below).

The above considerations lead us to conclude that tropo-
spheric aerosol residence times are approximately 4-6 days,
and there is mounting evidence that a large portion of tropo-
spheric 21%Po originates from complementary sources other
than tropospheric 222Rn decay. The 219Po/210Pb activity ratio
for a one-month residence time is 0.105; for a 5-day residence
time it is 0.010. If the shorter residence time is correct, the
amount of 21°Po grown from 2!°Pb in the atmosphere is ap-
proximately 10% of the total tropospheric 21°Po, and a large
majority of the tropospheric 21°Po must be due to comple-
mentary sources. The existence of such sources has been dis-
cussed by Martell and Poet (15), Martell (16), Vilenskiy (17),
Mattsson (18), and Moore et al. (19).

More direct evidence of complementary sources of atmo-
spheric 21°Po appeared desirable. Therefore, we have made
a number of measurements of 226Ra, 210Po, and 21°Pb in the
atmosphere and in surface soils (20) and have estimated that
approximately 60% of the 219Po in clear air over the conti-
nental United States is derived from the entrainment of soil
dust. Results presented in this paper show that dust storms,
coal-burning power plants, forest fires, and plant exudates are
also complementary sources of 2!°Po. Some preliminary es-
timates of the magnitude of these and other possible com-
plementary sources of atmospheric 21°Po are attempted below.

Experimental Methods and Results

Data presented in Table I consist of 21°Pb and 2!°Po con-
centrations of pine needles and grass collected near the NCAR
laboratory in August 1970. Samples representative of differing
exposures and times of growth were collected. The grass was
cut approximately 5 cm above ground level and included a
variety of wild grasses common to this mesa area. All samples
were dried at 80 °C overnight. Carriers were added, and the

!lan
(1622y)
a
IZIRn
(3.825d)
lllA'
B '(Ls'l]
218p5-0.02%| 24p, 200,
(305m) | (1.6 x10™s) (138.4d)
99.98% 8! e £8i ~F100%
(19.7m) (5.01d)
| 1
214 ] 210, /IOO‘I.I -1
(26.6m) 1004% (5} Oy,
’ ”| ! _AStable)
*'f"n’/ 118x10°% “' g
(1.32m) ! i
#(43m)
-
ZOOHQ’
(8.5m)

Figure 1. 22Rn decay scheme



Table I. 21°Pb and 2'°Po Deposited on Pine Needles
and Grass

Activity
Concn, pCl/g Ratio
Growth period® 210py, 210p,, 210p,,,210p),
A. 3mo 0.31 0.138 0.45
3 mo 0.70 0.336 0.48
4-6 yr 1.77 1.30 0.73
Dead, under tree 3.10 2.46 0.79
B. 3 mo, west side 0.35 0.093 0.27
3 mo, east side 0.45 0.224 0.50
C. 3mo 0.42 0.177 0.42
3 mo, dead 0.69 0.663 0.96
D. 3mo 0.67 0.276 0.41
2 yr, dead 0.76 0.437 0.58
E. 2yr 0.22
3yr 0.20
4-5yr 0.28 fu T
Grass, 3 mo 0.91 0.234 0.26

2 Letters designate different trees from the same area.

samples were then wet ashed with fuming HNO3 and HoOs.
To determine the enrichment factor for these isotopes de-
posited on the surface of the pine needles, the waxy coating
was removed from the needles by shaking them in a separatory
funnel with three aliquots of ethyl acetate and determining
the specific activity of 21°Pb on the combined ethyl acetate
extracts.

Data presented in Table II show 219Pb, 219Bj  and 219Po
concentrations of aerosols collected in areas of slash burning
in Oregon and near the Four Corners, N.M., power plant.
Procedures for the collection of aerosol samples by aircraft
have been described elsewhere (13). The slash-burning sam-
ples were collected using Delbag 99/98 filters, and the power
plant samples were collected using IPC 1478 filters. In both
cases, samples were collected upwind of the plume and then
in the plume by flying through the plume in a figure eight
pattern. Since it is somewhat difficult to determine the exact
boundaries of the plume, the samples do contain clear air
aerosols collected outside the plume as well as aerosols col-
lected in the plume itself. In the case of the power plant, the
upwind sample may be somewhat contaminated with plume
material since the plume was shifting with time.

Isotopic measurements were also made for a series of sam-
ples collected during a well-developed dust storm near Big
Springs, Tex., in April 1973. Results are shown in Table III.
The samples were collected using Delbag 99/98 polystyrene
microfiber filters.

Procedures for the chemical analysis and radioactive assay
of the various isotopes are described elsewhere (3). One sigma
counting errors for all the data presented are less than 10% of
the values listed.

Discussion

Complementary sources of long-lived 222Rn daughters in
the atmosphere can seriously influence their concentration
and limit their usefulness in estimating aerosol residence
times, if sampling is done in the vicinity of such sources.
Aerosols from these sources are spread many kilometers
downwind from the source and hence may become mixed with
other pollutant sources to yield a diffuse background of pol-
lutant 222Rn daughters. The isotope most drastically affected
in concentration is 2!°Po due to its low natural atmospheric
concentration and its high enrichment relative to 2!°Pb and
210Bj in pollutant sources.

Table Il. Isotopic Composition of Plume Samples

Concn, pCi/100 m3 Activity ratios

Location®

km 210Pb 21DB| 21°P0

210g;,210p,, 210p,,2105,

Slash-burning plumes

9.3u 0.93 0.61 0.036 0.66 0.04
7.4d 1.36 1.04 0.254 0.76 0.19
1.4d 1.09 1.00 0.423 0.92 0.39
11.1u 1.95 1.13 0.107 0.58 0.06
11.1d 1.46 0.84 0.135 0.58 0.09
1.4d 1.49 1.18 0.277 0.79 0.19
8.8u 0.47 0.15 0.045 0.32 0.10
7.2d 0.58 0.18 0.099 0.31 0.17
1.6d 0.56 0.51 0.179 0.91 0.32
9.6u 0.84 0.27 0.050 0.32 0.06
6.4d 1.02 0.77 0.135 0.75 0.13
0.8d 0.92 0.60 0.131 0.65 0.14

Power plant plume

9.3u 1.38 0.61 0.088 0.44 0.06
18.5d 1.98 0.67 0.367 0.34 0.19
5.6d 1.39 0.63 0.154 0.45 0.11

4 Distance: u, upwind; d, downwind in the plume.

Production figures needed to make estimates of the mag-
nitude of such complementary sources are most often ex-
pressed on an annual basis for the United States as a whole.
For this reason we have expressed the pollutant flux of 21°Po
in a similar manner.

Total 219Po Flux

The concentrations of 222Rn and its long-lived daughters
vs. altitude over the United States are reported by Moore et
al. (13). The 222Rn profiles correspond to a turbulent diffusion
coefficient, D, of ~650 m? min~!. This value is in general
agreement with other published estimates for vertical mixing
in the troposphere above 1 km (21).

Surface air concentrations, C,, of 21°Po (3, 13) are ap-
proximately 9 X 1074 pCi m~3, The 21%Po flux, F, is given by

F = Co(DAp)V? 2

where Ag is the tropospheric aerosol removal rate. For A\p =
0.2 days~1, the calculated flux is 2.7 X 10~* pCi m~2 min~!,
or for the continental United States (area, 7.7 X 1012 m?), 1100
Ci/yr. This value includes the 21°Po due to all sources. That

Table lll. Isotopic Composition of Texas Dust Storm
Samples?

Concn, pCi/100 m? STP Activity ratios?

A":::‘de’ 10pp 210y 210, 210g;210p, 210p,,210p,
0 2.90 3.03 0.900 1.04 0.31
3.4 0.83 0.54 0.129 0.65 0.35
4.0 0.46 0.34 0.078 0.40 0.17
3.0 0.61 0.43 0.197 0.71 0.32
4.6 0.47 0.32 0.105 0.68 0.22
9.4 0.33 0.24 0.037 0.73 0.11

2 Level indicated as 0-km altitude was 3 m above ground level. The 9.4-
km level was taken in transit from Boulder to Texas and upon return. The
other samples were taken on two sequential days. ® Apparent residence
times indicated by '°Po/?'°Pb ratios are: 0.1, 30 days; 0.2, 60 days; 0.3, 95
days; 0.4, 145 days.
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Figure 2. 21%Po concentration vs. altitude for clear air (-®-]) and fully
developed dust storm (@) samples. Error bars represent one standard
deviation from the mean and include data from 13 profiles. Dust storm
data are for individual samples

this average 2!°Po flux may be quite variable with time and
location is evident from the actual data below.

Soil Flux

The vertical profile of 2°Po concentration vs. altitude for
the dust storm samples is compared to that for clear air in
Figure 2. The data for clear air include 13 profiles taken over
Utah, Nebraska, Colorado, and Kansas. The error bars rep-
resent one standard deviation from the mean value. An esti-
mate of the 219Po due to stratospheric influx made by Moore
et al. (13) indicates this component to be less than 10% of the
total 219Po in clear air below about 8 km. The dust storm
concentrations (values without error bars) are much higher
than those for clear air samples. The distribution of 2!°Po with
altitude and °°Sr concentrations and %Sr/219Pb ratios de-
termined for these samples indicate a surface source and not
a stratospheric source for this material. The 2!°Bi concen-
trations included in Tables II and III allow comparison of
210B/210Ph ratios to 2'9Po/219Pb ratios. The 21°Bi/219Pb ratios
are greater near the source of material; however, this ratio
appears to be less affected by pollutant sources except when
very close to the source. Thus, the 21°Bi/219Pb ratio is a better
indicator of tropospheric aerosol residence times than the
210Po/210Ph ratio.

Because the storm developed rapidly and lasted only a few
days and also because the mean airborne particle size is larger
than that during less turbulent atmospheric conditions, most
of the dust storm particles should have residence times less
than a few days.

The concentration, C, of 21%Po at an altitude H above
ground level is related to the concentration, C,,, at ground level
by
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Table IV. Approximate 21°Po Fluxes from Various
Sources for Continental United States

Source Flux, Ci/yr
Natural sources
Soil particles 660
Plant exudates 460
Stratospheric 40
Forest fires 10
Anthropogenic sources
Phosphate fertilizer dispersion 50
By-product gypsum 5
Lead production 6
Cement and other metal production 1
Fossil fuel burning 10
Total flux calculated from clear air profiles 1100
C »
—.— = exp [-H(\g/D)'72] 3)

Co po

where p is the density of the atmosphere. When a value of D
= 650 m? min~! is used in the above equation, the resulting
aerosol residence time is 2.4 days. The 2!°Po flux given by
Equation 2 is then 4 X 1073 pCi m~2 min~! or about 15 times
that for clear air. That the 2!°Po concentrations determined
on sequential days are similar suggests that the steady-state
conditions assumed in Equations 2 and 3 are maintained. F
is directly proportional to D, and since D is probably under-
estimated for such turbulent conditions, the calculated 219Po
flux is a minimum value.

Although the above data provide evidence that dust storms
are sources of 21°Po in the atmosphere, estimation of the an-
nual flux for the United States is not possible because the
frequency and magnitude of such dust storms are not known.
Based on 226Ra concentrations in atmospheric samples, we
have estimated that approximately 60% of the 2!°Po is due to
entrainment of soil particles (20). A value of 660 Ci yr~! is
therefore included in Table IV.

Plant Exudates

The retention of radioactive aerosols by vegetation has been
discussed by Chamberlain (22) and by Chadwick and
Chamberlain (23). For rapidly growing plants the aerosols
appear to have a residence time on the plant of 20-50 days.
The residence time increases for slower growing plants of
different varieties or when growing conditions become less
favorable, such as late in the growing season or in winter when
the plants are dormant. Chamberlain indicates that 21°Pb is
more strongly retained by foliage than most other elements.

The evidence for the removal from plant surfaces of radi-
onuclides in company with submicron organic plant exudates
is indirect but impressive. Went et al. (24) have shown a cor-
relation between airborne submicron particles and density of
vegetation. They have suggested (25) that these particles re-
sult from condensation of volatile organic material released
from the plant surfaces. There is also evidence (26) that wax
particles can be lost from the surface of many plants. These
small particles of epicuticular wax presummably can be re-
moved by stress conditions such as leaf expansion during ac-
tive growth or by normal weathering due to wind action and
abrasion. Martin and Juniper (26) suggested that half of the
waxy material on leaves may be lost in this manner. Moorby
and Squires (27) were able to demonstrate the transfer of 89Sr
from labeled plants to uncontaminated plants and to air fil-
ters. They suggested that the radioactivity was lost from the
leaf surface in association with small wax particles, but could



not provide conclusive evidence for this mechanism. Chadwick
and Chamberlain (23) assumed the same mechanism for loss
of radionuclides from plant surfaces.

In somewhat similar experiments, Beauford et al. (28) were
able to show that #5Zn was translocated through plants from
the roots and released to the atmosphere. They collected
particles with an impactor and found the 85Zn to be associated
with submicron particles. Also, they found by electron mi-
croscopy needle-like particles up to 2000 A long and 300 A
wide which had been given off by the plants. These particles
appeared similar to particles found on leaf surfaces. Whether
the radioactivity is associated with these particles is still not
certain. Beauford et al. (28) also considered that the €5Zn
might be contained in water given off by the plant, but could
find no correlation between the amounts of water and 65Zn
collected. Thus, the release of organic matter and radionu-
clides from plants surfaces does occur. It appears that they are
released together, but more conclusive evidence would be
beneficial.

The data in Table I, although quite variable, support the
trends suggested above. Based on the 21°Po/219Pb ratio for the
older needles, the apparent residence time of these isotopes
on pine needles is about 2 years. The 219Po/219Pb ratio for
more recent growth is lower, indicating the equilibrium be-
tween deposition and removal has not yet been established.
Also, the deposition appears to vary quite widely depending
on exposure conditions. Trees A-D were located on an exposed
mountain ridge, whereas tree E stood within a clump of other
trees in a protected area. The grass sample has a much higher
210Ph content in spite of its short growth period. This is at-
tributed to the higher concentration of radon, and its short-
lived daughters within the grass stand in close proximity to
soil, the source of emanating radon.

The experiments in which the specific activity of the waxy
material was determined indicated that approximately half
of the 21°Pb is in the waxy outer coating which is only 1% of
the total pine needle weight. This is probably a minimum
percentage of 21°Pb because some of the aerosol material may
have been redeposited on the stripped pine needles rather
than follow the organic phase during its removal. Similar en-
richments were found by Martell (29) for material removed
from tobacco plants by brushing the leaves and by sonic
cleaning. The specific activity of the total needles was 0.50 +
0.03 pCi/g, whereas the specific activity of the waxy material
averaged 22.1 + 0.1 pCi/g for two samples. Thus, airborne
222Rn daughters are deposited on vegetation surfaces, and
the 219Po slowly grows in toward equilibrium with 21°Pb.
These isotopes may then become airborne associated with
particles in the aerosol size range, either by exudation from
surfaces or as the result of forest fires.

A crude estimate of the flux of 21°Po into the atmosphere
from plant exudates and decomposed vegetation can be ob-
tained with the data of Went (25) who estimated that ter-
pene-like hydrocarbons and others released to the atmosphere
by plants amount to roughly 17 million tons/yr for the whole
earth. If we omit the amount estimated for steppes, the frac-
tional amount estimated for the continental United States is
8 million tons/yr. The data above indicate a specific activity
of approximately 22 pCi/g on pine needle surfaces. If this
represents exuded material, the flux of 2!°Po to the atmo-
sphere from this source is ~176 Ci/yr. More recently, Ras-
mussen and Went (30) have estimated the global production
of organic aerosols to be 43.8 million tons/yr or 2.6 times the
above value. The 2!9Po flux calculated for the continental
United States is 460 Ci/yr based on the above data.

Forest Fires

The samples reported in Table II are from controlled slash
burning. This type of fire was selected rather than uncon-

trolled forest fires for sampling, because they could be pre-
dicted in advance and aircraft sampling would not interfere
with fire control operations. The material burned represents

‘leaves, branches, underbrush, and forest litter which remain

after logging operations. The activity ratios in the upwind
samples are typical for clear air. In the smoke plume, the ratios
are elevated, the 210Po/219Pb ratios being most affected due
to the low initial 21°Po concentration in the atmosphere, the
greater 210Po/210Pb ratio in the source material, and the vol-
atility of Po.

Statistics on forest fires given by the U.S. Department of
Agriculture (31) show that 1.43 X 10 ha burned in 1971 and
0.92 X 10° ha in 1972. Thus, about 1.2 X 108 ha are burned
annually. Estimates of material burned range from 2 to 4
tons/ha for grassland and 100 to 160 tons/ha for timber. Most
of the radon daughters are deposited on the leaves and needles
of trees and on grass close to the ground. This material then
contributes to the soil mat and forest litter, which account for
a large portion of the material burned in a forest fire. As-
suming combustion of about 11 tons/ha with a specific activity
of 0.9 pCi 219Po/g and assuming that 100% of this 21°Po reaches
the atmosphere, the 21°Po flux from forest fires is 10 Ci/yr.

Stratospheric Source

Radioactive aerosols in the lower stratosphere have resi-
dence times which increase with altitude apparently between
about two months and two years (14). For these residence
times, the 21°Po will more nearly approach secular equilibrium
with 210Pb. The stratosphere can therefore act as a source of
tropospheric 21°Po with a contribution to the 21°Po in the
troposphere which varies quite widely. Lambert and Nezami
(32) assume that the fraction of tropospheric 21°Po which
mixes down from the stratosphere is 5-50%. Our own esti-
mates range from 1.5 (3) to 7% (19).

Both Marenco and Fontan (7) and Nevissi et al. (6) have
found high 219P0/219Pb ratios in rain samples which they in-
terpret as indicative of longer tropospheric aerosol residence
times. However, it seems more reasonable to attribute such
increased ratios to stratospheric air intrusions into the tro-
posphere during the passage of frontal systems. In fact,
Marenco and Fontan (7) show that higher 219Po/219Ph ratios
and 21%Po concentrations are associated with “storm” condi-
tions as opposed to “rain” and “no rain” conditions. Recently,
Gavini et al. (8) have presented evidence indicating the in-
trusion of stratospheric air into the troposphere and subse-
quent scavenging of the intrusion during thunderstorms.
Thus, it would appear that the stratosphere may account for
a large fraction of the 2!%Po in the troposphere under certain
conditions, but that much of this excess 21°Po will be quickly
removed. Only a small percentage of tropospheric 2!°Po
originates in the stratosphere on the average. In terms of flux,
4% of the total tropospheric 21Po would involve an effective
downward flux of 40 Ci/yr over the continental United States.

Fossil Fuel Burning

Data in Table II confirm that coal-burning power plants are
sources of 210Pb and its daughters. In such effluents the
210Po/210P ratio is much higher than in clear air samples.
226Ra concentrations were also determined for these samples
and show an increase similar to that observed for 21°Po (20).
Although samples of the aerosol at the stack were not available
from the Four Corners plant, samples were analyzed from the
precipitator outlet of the Valmont coal-burning power plant
in Boulder, Colo. This involved material that normally escapes
the precipitator and is released to the atmosphere. The
210po/210Ph ratio in this material was 1.1, much higher than
normally found in atmospheric aerosol particles. This mea-
surement is based on collections in a region of relatively high
temperature, and it is possible that a large portion of the 21°Po
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passed through the collector as volatile and gaseous com-
pounds. This result therefore substantiates the enrichment
of volatile 2'°Po over 2!Pb in effluents from coal-burning
plants mentioned by Martell (16) and Peirson et al. (5).

The total amount of coal consumed in the U.S. in 1972 was
3.8 X 10® tons (33). Jaworowski et al. (34) indicated about 0.1
pCi 21%Po/g of coal, and Mattsson (18) reported about 10 times
higher values. Our own analyses indicate approximately 0.3
pCi 21°Po/g coal. This value gives rise to a total 2!°Po flux of
10 Ci/yr, assuming 10% of the 21°Po in coal is emitted.

Potash Fertilizer Production

During 1972 approximately 38.5 million tons of phosphate
rock were mined in the United States (33). Phosphate rock
contains approximately 40 pCi 226Ra/g rock, and about 60%
of this activity is found in the by-product gypsum (35). The
remaining 226Ra activity in phosphate fertilizer is dispersed
over croplands and lawns. Based on the above figures, the
amount of 226Ra dispersed would be 616 Ci/yr in the U.S. This
figure is a maximum, however, as not all phosphate rock is
converted to fertilizer. About half of the phosphate rock mined
is used to produce other commodities such as phosphoric acid
(33). Thus, a reasonable figure for the U.S. is 308 Ci/yr. The
U.S. produces approximately 45% of the world supply of
phosphate fertilizer. Therefore, the total dispersed worldwide
is 680 Ci/yr. Jaworowski (36) estimated the worldwide amount
to be 400 Ci/yr. Because the mining of phosphate rock has
nearly doubled in the U.S. alone since the early 1960’s, these
estimates agree reasonably well.

If 226Ra from fertilizer were evenly dispersed over the U.S.,
the amount would be approximately 40 pCi/m2. The resus-
pension factor, K, is defined as follows (37):

_ (pCi/m?) air @)

(pCi/m?) soil
Resuspension factors for newly deposited material on culti-
vated fields are in the range of 1076, This yields 4 X 1075
pCi/m® air near the surface or 50 Ci/yr for a flux into the at-
mosphere over the United States (Equation 2).

Although it is not known how the 219Pb is distributed be-
tween the phosphate fertilizer and the by-product gypsum,
if a 210Pb/226Ra activity ratio of unity is assumed, the 2!°Po
would soon be in equilibrium with the 2!°Pb, and the flux
calculated for 226Ra would apply to ?!°Po.

For unfertilized, undisturbed soil sites, natural radionu-
clides such as 226Ra have smaller resuspension factors (~1079),
and the natural 2'Pb/?26Ra ratio near the soil surface is
greater than unity (20). Since the above soil flux value and
atmospheric 226Ra concentrations applicable to natural, un-
disturbed areas were used to calculate the 21%Po flux due to
soils (20), the flux calculated for dispersed fertilizers is in
addition to the natural soil flux.

The calculation of the 2'9Po flux due to fertilizers does not
include the activity which remains with the gypsum, nor does
it account. for fertilization over many years; thus, the figure
must be a conservative estimate. The contribution due to
airborne 21Po from the by-product gypsum is arbitrarily
taken to be 10% of the corresponding 2"Po flux due to phos-
phate fertilizer. Although the gypsum fraction has a higher
226Ra activity than the fertilizer, it is assumed to contribute
less to the atmospheric 2!%Po flux because it is left in large,
unconsolidated piles or dumped into swamps, ditches, or
bodies of water, rather than widely distributed over croplands.

Other sources of 21°Po include the manufacture of phos-
phorus, animal feed supplements, and some phosphate fer-
tilizer production. In these processes the phosphate rock is
heated to a very high temperature, and 2!°Po is vaporized and
released. The Atomic Energy Commission (38) has made a
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preliminary study of releases involved in such processes, and
the Environmental Protection Agency is continuing such
studies (39). No reliable estimates of the magnitude of these
sources can be made at present.

Lead Production

Marenco and Fontan (7) report a value of approximately
100 pCi 219Po/g lead for tetraethyl lead in gasoline. Our own
value is 8 pCi 21°Pb/g lead. Although gasoline combustion can
result in significant local lead pollution, it does not make a
significant contribution to 21°Po in the atmosphere. However,
the overall lead production in the U.S. is many times that used
in gasoline additives. Lead undergoes a high-temperature
smelting process and thus may release 2!°Po. The production
of new lead in the U.S. in 1972 was 1.41 million tons. If we
assume 8 pCi 21°Po/g lead and a total release of 2!°Po to the
atmosphere, the 219Po flux from this source is 11 Ci/yr. Al-
though it is likely that the fraction released is somewhat less
than 100%, this does not include releases from old lead that
is repurified. Thus, assuming about 50% of the 2!°Po is re-
leased, the 2!°Po flux is 6 Ci/yr.

Cement Manufacture

Jaworowski (36) estimated that the global flux of 226Ra into
the atmosphere from cement production was 0.8 Ci/yr for
1965. Since this process involves a high-temperature roasting
step, the amount of 2!°Po released is probably much higher
than the amount of 226Ra released. In addition, the production
of cement has undoubtedly increased since 1965. Therefore,
the value of 1 Ci/yr may be taken as a conservative estimate
of the U.S. 21°Po flux.

Other Possible Sources

Estimates have been made above for 21°Po fluxes from three
commercial manufacturing sources. These represent only a
few of the sources which involve high-temperature processing
of materials containing 226Ra and 2'°Pb. Other sources of 2'°Po
may be iron, aluminum, and copper production. Unfortu-
nately, data are not available to make estimates of 2'°Po re-
leases from these sources.

One important source which has been purposely omitted
is uranium ore mining and milling. Although this is a large
potential source, the amounts of 2!Po released to the atmo-
sphere from these operations appear to be rather small. This
may be due to the fact that the mill tailings from uranium
production are rather well consolidated and hence are not
subject to appreciable wind erosion. We base this supposition
upon the fact that our own sampling for ?6Ra (20) is remotely
downwind of such operations in Colorado, and we find that
the 226Ra specific activity of airborne dust in both air and rain
samples resembles that of local soils and never exhibits the
much higher values to be expected for uranium mine tailings.

Concluding Remarks

The above approximate estimates of the magnitude of
complementary sources of airborne 2'Po are admittedly
highly uncertain. Even so, it may be concluded that the
combined magnitude of these sources is so large that the major
portion of the 2!°Po in the troposphere obviously does not arise
from the decay of atmospheric 222Rn. Thus, the use of 2'°Po/
210Ph, ratios to determine tropospheric aerosol residence times
is not justified. The magnitude of these complementary 2!°Po
sources depend on geographical proximity to the source and
on meterological conditions. Taken together, these numerous
complementary sources are widely dispersed and thus add
generally to the 2!°Po in the atmosphere. Further studies of
these pollutant sources and their possible biological effects
should be made.
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Oxidation of Contaminative Methane Traces with Radio-

Frequency Discharge

Daniel L. Flamm*

Texas A&M University, College Station, Tex. 77843
Theodore L. Wydeven

NASA Ames Research Center, Moffett Field, Calif. 94035

B An 11.8-mHz glow discharge was used to oxidize trace levels
of methane in oxygen. The concentration of methane can be
reduced by three orders of magnitude. The effects of power
(0-400 W), flow rate (10-10% cc-STP/min) and concentration
(70-8000 ppm) were investigated at pressures ranging from
50 torr to almost 1 atm. No organic reaction products were
detected in the treated gas stream. The process may prove
useful for the removal of atmospheric trace contaminants at
ambient pressure.

The removal of trace contaminants from the atmosphere
is an important environmental problem. In buildings, harmful
or toxic gases can accumulate and cause discomfort or create
a health problem. The life support systems of spacecraft and
submarines must maintain the concentrations of certain trace
contaminants well below hazardous levels. Then too, trace
contaminants ideally should be present in only truly negligible
quantities in the zero air used for standardization of air
monitoring equipment.

We report here our initial study in which a radio-frequency
discharge was used to reduce the concentration of a trace or-
ganic contaminant, methane, by three orders of magnitude
and up to pressures near atmospheric. Methane was chosen
for these experiments because it is relatively unreactive; thus
the oxidation of methane would indicate the possibility of
removing other, more reactive materials. At the same time
methane is easy to work with since it is neither toxic nor cor-
rosive. This report is limited to oxygen, which has been used
in space cabin atmospheres.

Recently, Bailin et al. (1) described the use of a microwave
discharge for the partial removal of toxic vapor simulants. The
cold plasma used in their experiments operated only at pres-
sures less than 100 torr; apparently this would make the pro-
cess unattractive for many practical applications.

Apparatus

The flow apparatus is shown in Figure 1. A mixture of dry
oxygen and methane is formed in a dynamic dilution system.
The bulk of this mixture is vented and a small side stream is
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metered into the discharge reactor. Products are analyzed
using a gas chromatograph with a dual thermal conductiv-
ity/flame ionization detector. A 0.159-cm i.d., 3.18-m stainless
steel Poropak Q column was used in the Perkin-Elmer Model
900 chromatograph at 38 °C. Input to the column was con-
trolled by a Carle microvolume valve using two sampling loops.
At any time one loop was switched into the gas chromatograph
while the second could be simultaneously evacuated and filled
with a fresh sample.

Figure 2 shows the electrical arrangement. Power from a
conventional radio frequency transmitter at 11.8 mHz is
supplied to a helical resonator to generate sufficient voltage
for high-pressure operation. The theory and operation of this
system have been described elsewhere (2). A coaxial geometry
is used for the processing reactor as shown in Figure 3. The
hollow cylindrical central electrode was convectively cooled
by a flow of compressed air or distilled water. Saturated salt
water circulating through the outer jacket of the reactor acts
as a combination electrode/coolant. Stainless steel contact
wires help maintain resistance between the reactor jacket and
stainless steel tubing section in the figure at 1 ohm or less.

The saltwater cooling line is connected through a ferrite/
liquid choke as shown so that an RF ammeter can be con-
nected between the discharge electrode and ground to measure
the total current. The arrangement permits an accurate de-
termination of the electrical plasma operating parameters (2).

Three different central electrode diameters, 0.079 cm, 0.159
cm, and 0.318 cm o.d. were used in these experiments. The
inner quartz tube surrounding the central electrode was 0.5
cm i.d., and the length of the coaxial discharge zone between
this tube and the electrode was 9.1 cm.

Experimental

The discharge was operated between 50 and 600 torr with
the inner electrodes of different diameter. In initial experi-
ments, the glass reactor was constructed from Pyrex instead
of quartz as shown in Figure 3. Pyrex was less satisfactory
because, at very high powers and pressures, a hot spot would
occasionally develop on the inner wall of the glass tube con-
taining the plasma. This was symptomatically evident as an
orange incandescent point which, after a time, caused the
reactor to rupture, apparently from thermal stress. This
condition did not occur with the quartz reactors.

Distilled water was a better coolant than air for the inner
electrode. When the inner electrode tube was cooled using air,
uneven heating led to a slight buckling and the tube could not
be held straight by the tension of the spring pulling it through
the O-ring seal (Figure 3). Also, with air, several times a hot
incandescent spot developed on the inner tube at high power
and pressure. If the discharge was not shut off immediately
when the spot appeared, the electrode tube would finally
rupture and release compressed air into the reactor. This did
not occur with water cooling.

The highest pressure used in these runs was limited to 600
torr so that there would be no discharge from the leads con-
necting the reactor to the RF source. The pressure of 600 torr
was not an experimental limitation of the reactor and we
consider that the pressure could be readily increased to at-
mospheric provided the electrical leads were suitably insu-
lated.

Results

The discharge emitted a bluish to purplish glow under all
of the conditions and under some circumstances a number of
brighter wispy blue spots were visible at different points on
the inner electrode. In general, the discharge did not com-
pletely fill the reaction region. For instance, with the 0.159-cm
central electrode, the discharge extended axially only for about
5 cm during a run at 200 torr and 60 W. This region of active



discharge lengthened axially with increasing power and de-
creasing pressure.

Figures 4 through 6 present typical methane removal data.
Several features characterized all of the data: the fraction of
contaminant removed increases with power (Figure 4); the
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Figure 4. Methane removal vs. power with a 0.318-cm electrode.
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fraction of contaminant removed increases noticeably with
decreasing flow rate (Figure 5); the fraction of contaminant
removed at a given power and flow rate is insensitive to con-
centration (Figure 6). At constant power and pressure, the
physical and electrical characteristics of the discharge were
insensitive to flow rate so that the axis of Figure 3 (flow rate)
is inversely proportional to residence time. Under many
conditions, a three-order-of-magnitude reduction in con-
taminant concentration was measured. At low methane con-
centrations, the analytical accuracy was limited by the pre-
cision and sensitivity of the chromatographic system; this
accounts for some of the scatter in the data and for the un-
certainty at the highest degrees of removal shown in Figure
5.

No organic compounds other than methane were observed '
in the chromatograms of gaseous reactants or products.
However, the inner wall of the 0.5-cm i.d. quartz reactor tube
(Figure 3) developed a faint, transparent brownish coating
indicating the probable deposition of a thin polymeric film.
This coating was confined to the plasma-containing zone of
the tube and there was no evidence of discoloration or con-
tamination elsewhere.

After a new reactor was inserted and a coating had formed,
the visible tint did not perceptibly darken or otherwise change
even after weeks of use. Apparently the film soon reaches a
steady state thickness such that the rate of deposition is bal-
anced by oxidation or other removal processes. Therefore we
do not consider this film to be a product of the continuous
reaction. Since no organic products have been observed in the
gaseous effluent stream, it is believed that the final oxidation
products were COg and water in accordance with the following
discussion.

The possible formation of carbon monoxide, formic acid,
or formaldehyde cannot be ruled out from the chromato-
graphic analyses since the TC and FID detectors were insen-
sitive to these materials at the trace levels of this work;
methanol would have been detected. However, a number of
previous workers have reported that the primary reactions
leading to destruction of methane by atomic oxygen or the
hydroxyl radical

O+CH4=CH3+OH (1)
OH + CH, = CH3 + H,0 (2)

have a rate constant which is 3 to 4 orders of magnitude
smaller (at 300 K) than that for reactions between O or OH
and CH50 (3):

0 + CH,0 = CHO + OH 3)
OH + CH.0 = H,0 + CHO (4)
The latter reactions also have a lower activation energy. Ad-

ditional evidence for the absence of such compounds is pre-
sented below.

Discussion
There is evidence (3-5) that any CO formed would be rap-
idly oxidized to CO; via
CO+0+M=C0O,+M (5)
and
CO+O0OH=CO:+H (6)

This is supported by the work of Buser and Sullivan (6) who
found that the mass action product in their closed dc glow
discharge system:

[CO,]

[COI[0,]" @

Ketective =
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reached a steady state value. Although this reaction quotient
was less than thermodynamic equilibrium, it nevertheless
obeyed Le Chatelier’s law and was nearly constant above 0.5
torr. Furthermore, Reaction 5 as well as K rective and the true
thermodynamic equilibrium constant for

co +%02 =CO, )

are favored by increasing total pressure.

Several kinetic studies also provide indirect evidence that
CO; and water should be the principal products under the
present conditions of higher pressure and extremely small
[CH4]/[O2). Avramenko et al. (7) reported that the major
products formed from the low pressure (~1 torr) reaction
between O atoms from a discharge in Os with CH4 added
downstream were formaldehyde and CO. Smaller amounts of
H,0, were also noted under some conditions.

However, Wong and Potter (8, 9) found no formaldehyde
during their later studies of the same reaction at ~1 torr.
On-line mass spectrometric analyses of the reactants
(CH4,0,05) and products revealed that with high O concen-
trations ([CH4)/[02] < 20%), carbon dioxide and water were
the major products while traces of CO and H, were observed.
At low O, concentrations ([CH4]/[O5] > 1), CO and water were
the major products and the trace components were COq, Ha,
and H atoms.

Table I. Proposed Kinetics for Methane Oxidation

Reaction References
e+0,=0+0 (17, 18)

0 } OH 3)
OH}+CH‘ Crg {Hzo 3)
CH,+0,+M=CH,0, + M (3)

CH,OH + CH,0 + 0, (14)
CH,O, + CH,0,= {2CH,0 + 0 (14)

CH,0,CH, + 0, (14)
CH,0, + HO, = CH,O,H + O, 3)
Og}+CH,OOCH3= CH30+CH20+{2TO —

o ) 20H ==
OH} + CH,00H = CH,0 + {OH - -
2CH,0 = CH,OH + CH,0 (14, 16)
CH,O + CH,0, = CH,0,H + CH,0 (14, 16)
CH,O +0, = CH,0 + HO, )

o _ OH (15)
OH} + CH,OH = CH,OH + {Hzo )
0, + CH,OH = CH,0 + HO, (13)

_[CO, +H (3)
R ERy {CO+OH 3)
0, + CHO = HO, + CO 3)

o OH (3)

oHY +CcH,0=CcHO + |H,0 (3)
OH, H,0, 3)
OH +CO=CO, +H (3)
0+CO+M=CO,+M 3)
0+0+M=0,+M 4, 5)
0+0,+M=0,+M 3)
0+0,=20, 3)
o surfase 01 (19)
@, 2L o6, (12)
H+0,+M=HO, +M (3)
O+OH=H+0, 3)
0+ HO,= OH +0, 3)

_ [HO, + OH
0 +H,0, {H20 ‘0, 3)
OH + H,0, = HO, + H,0 3)
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Avramenko et al. (7) did not report the relative concen-
trations of their reactants. In view of Wong and Potter’s
analyses it seems possible that the different product distri-
bution obtained by Avramenko could be due to a larger ratio
of [CH4]/[02]

1t should be noted that the limited production of undesir-
able products would not necessarily make the process unat-
tractive for contaminant control. If the reaction products are
themselves oxidized by the discharge at a high enough rate,
their steady state concentration with recycle may be at an
acceptable level.

Based on previously reported kinetics, we propose the re-
action sequence in Table I to describe the CH,4 oxidation
process in an RF discharge. Taken together, these reactions
will result in the overall conversion of CH4 into CO, and water,
providing there is a sufficient excess of O atoms and O,. Be-
ginning with the initial reaction between O and CHy, the cri-
teria for including a reaction were that it result in the removal
of a reactant or intermediate produced in other steps, and that
it be more rapid than competing reactions that were not in-
cluded or else be comparable in rate to competing reactions
that were included. In selecting these governing reactions, we
have taken [O2] > [O] and assumed [O] > [OH] and OH,.
Additional heterogeneous reactions not shown in the table
may be significant, but very little quantitative information
on such reactions is available. The reaction of OH with
CH30H has not been studied but should be faster than O +
CH;30H by anology to the corresponding reactions with di-
methyl ether (10). The reactions of O and OH with methyl and
dimethyl peroxide have not been reported but should be at
least as fast as the methanol H-atom abstraction.

The initiation through step 1, an electron molecule reaction,
is a characteristic feature of electrical discharge reactions. For
the quantitative evaluation of the rate of this step and the
overall rate of reaction, information on the spacial and energy
distribution of electrons is needed (11). These kinetics will be
dealt with in a subsequent paper.

Conclusions

Almost complete removal of a sample trace contaminant,
methane, through the use of a radio frequency discharge has
been demonstrated from 50 torr up to almost atmospheric
pressure in an oxygen atmosphere. The initial results appear
promising and further developments in reactor design, the use
of air atmospheres, and determining the degree to which un-
desirable minor products can be produced may lead to the use
of an RF discharge in several environmental applications.
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Evaluation of Continuous Mercury Monitor on Combustion Sources

R. Statnick*, R. Grote, and R. Steiber

U.S. Environmental Protection Agency, Industrial Environmental Research Laboratory, Research Triangle Park, N.C. 27711

B A continuous mercury monitor was evaluated at two fossil
fuel-fired boilers. Within the accuracies of the measurements,
the continuous analyzer and either the wet chemical mercury
sampling procedure or mercury material balance calculations
were in agreement. The system can be operational in 5% h
from a cold start. The time includes installation (20 min), 4
h to preheat catalytic converter (combusts organics which
might be present), and 1 h to calibrate the system. The system
once operational requires minimum attention.

The measurement of toxic materials emitted from energy
transformation processes is a necessary part of any environ-
mental assessment of those processes. The emission rates of
the trace constituents of coal and/or oil is dependent upon the
source of the fuel and the degree of fuel preparation. Studies
by the Illinois Geological Survey (1) have shown the variability
of the mercury content within run-of-mine coal and the
variability of the coal mercury content between different
mines. Since the mercury emission rates vary as a function of
the mercury content of the coal, the continuous or semicon-
tinuous analysis of the toxic stream components is of great
importance.

A study (2) has recently been made to evaluate various
commercially available total mercury vapor monitors. The
instruments in question were evaluated at a chlor-alkali plant,
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Figure 1. Geomet test apparatus

a zinc smelter, and a mercury processing plant. Since the re-
sults obtained were encouraging, a study was initiated to
evaluate one of the mercury monitors on a coal-fired utility
boiler and on an oil-fired experimental burner.

Experimental

The instrument selected for field evaluation was the
Geomet Model 103 Mecury Monitor. The monitor is designed
to measure elemental mercury in the vapor phase. A flow di-
agram of the monitoring system developed for use on the
combustion sources is shown in Figure 1.

The Geomet Model 103 Mercury Monitor samples flue gas
at a nominal rate of 4.8 1./min. The mercury vapor is collected
by amalgamation on two silver grids. At the end of the pre-
selected sampling period, these grids are sequentially heated
to desorb the collected mercury. The vapor is then analyzed
using the UV absorption line at 253.6 nm. The total sampling
time can be varied from 0-30 min.

The first site at which the mercury monitor was evaluated
was a coal-fired utility boiler which generates 138 MW of
electric power. After calibration, using procedures recom-
mended by the manufacturer, flue gas monitoring was ini-
tiated. The flue gas conditions are given in Table L.

Manual samples for mercury vapor were acquired simul-
taneously with the instrumental data using a technique de-
veloped earlier in our laboratory (3). The sampling period for
the manual procedure was about 20 min. The Geomet was
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Table I. Flue Gas Conditions

Temperature, °C 162
Velocity, cm/s 3400
Composition
CO,, vol % 15.1
0,, vol % 41
H,0, vol % 6.0
S0,, ppm 1200-1300

Table Il. Comparison of Instrumental and Manual
Mercury Vapor Sampling Techniques

Test Manual procedure, ug/m3 Geomet, ug/m32
1 8.6 4.0
2 53 6.0
3 6.2 7.2

Av 6.7+ 1.7 57+ 16

2 The values are averages of at least three instrument readouts.

operated on a 5-min sampling period. A minimum of three
instrument readings were obtained for each manual sample
acquired. The results of both the manual and instrumental
tests are given in Table II.

A second test was performed on an oil-fired experimental
burner at the EPA’s Industrial Environmental Research
Laboratory at Research Triangle Park, N.C. The concentra-
tion of mercury vapor detected by the monitor was compared
to the total level of mercury in the fuel as fired. The material
balance calculations for mercury, based on detected mercury
levels in the flue gas, indicated that 0.112 ppm (w/w) of mer-
cury was present in the fuel oil. The analysis of the fuel oil
using standard procedures indicated that the fuel oil con-
tained less than 0.2 ppm of mercury.

To bring the sampling system and the analysis system on-
line from a cold start requires about 5% h. Twenty minutes are
required to install the device, 4 h are required to preheat the
catalytic converter, and 1 h is required to calibrate the system.
(This is a three-point calibration curve.) The system is very
stable and requires minimum attention when it is in contin-
uous operation. (Recalibrate once a week with routine system
monitoring twice a day.) During 80 h of operation on the
two-fossil fuel combustion sources, no apparent problems with
the sampling system or the instrument occurred.

Conclusion

The studies performed with the Geomet analyzer indicate
that mercury concentration data can be obtained on a semi-
continuous basis from utility boilers. The analyses can be
performed without dilution of the flue gas and with minimal
interference from other flue gas constitutents. A study (4) by
TRW Systems Group has shown that 90+% of the mercury
contained in fossil fuels is emitted as the elemental vapor upon
combustion. Instruments such as the Geomet analyzer can be
highly useful in the evaluation of mercury emissions from
high-temperature energy transformation processes.
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Average Tropospheric Concentration of Carbon Tetrachloride Based on
Industrial Production, Usage, and Emissions

A. P. Altshuller

Environmental Sciences Research Laboratory, U.S. Environmental Protection Agency,

Research Triangle Park, N.C. 27711

Carbon tetrachloride along with fluorocarbon-11 and
fluorocarbon-12 has been identified as a long-lived chlori-
nated species capable of surviving reaction and removal
processes. Carbon tetrachloride has a very long lifetime in
the troposphere based on the only significant known reac-
tion process—the extremely slow rate of reaction with OH
radicals (1) permitting diffusion of this molecule well into
the stratosphere. Possible losses into the oceans or by re-
moval by precipitation processes are uncertain at present.
Gas chromatographic measurements by Lovelock et al. (2)
and Wilkness et al. (3) for 1971-72 averaged 73 ppt. How-
ever, carbon tetrachloride concentrations measured over
the Atlantic in October 1973 averaged 138 ppt and concen-
trations of carbon tetrachloride measured near the U.K. in
a flight on June 6, 1974, into the stratosphere ranged from
about 120 ppt near the surface down to 95 to 100 ppt at the
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tropopause (4). Hanst and co-workers (5) using an infrared
FTS technique have analyzed samples at East Coast U.S.
sites in 1975 and obtained minimum carbon tetrachloride
concentrations in the 70-80-ppt range as low as reported
earlier by Lovelock (2) and Wilkness et al. (3). Grimsrud
and Rasmussen (6) have reported carbon tetrachloride con-
centrations of 120 + 15 ppt. It has not been clear from
these results whether these concentrations of carbon tetra-
chloride could be accounted for by anthropogenic emissions
or whether significant natural sources of carbon tetrachlo-
ride may exist.

An independent computation of average tropospheric
concentration of carbon tetrachloride can be made assum-
ing that anthropogenic sources of carbon tetrachloride are
the sole source of tropospheric carbon tetrachloride. This
computation requires a reasonably accurate estimate of



B The anthropogenic contribution of carbon tetrachloride
can be computed from U.S. and worldwide production and
usage patterns since early in the present century. Based on
the estimates and the range of uncertainties in losses, the
current concentration levels of carbon tetrachloride in the
troposphere would range from 60-80 ppt. The current
emission losses for carbon tetrachloride would increase the

tropospheric concentration by about 1 ppt per year. These
estimates are compatible with many of the ambient air
measurements reported. It is impossible to reconcile the
variations with time of the tropospheric concentrations of
carbon tetrachloride reported in some of the recent mea-
surements with these anthropogenic losses.

historical production of carbon tetrachloride, usage pat-
terns, and subsequent emissions to the atmosphere. The
U.S. production of carbon tetrachloride from 1922 on has
been provided by the U.S. Tariff Commision (7). An esti-
mate for 1914 and 1919 were available from other sources
(8, 9). Earlier and missing years of production were esti-
mated by interpolation.

Usage of carbon tetrachloride in the U.S. into the 1930’s
involved the following application: dry cleaning and spot-
ting, fire extinguishers, machinery cleaning, metal degreas-
ing, agricultural fumigant, and other industrial uses (8). Al-
most all uses would have resulted in an almost immediate
or delayed loss (fire extinguishers) to the atmosphere. Very
few uses, such as some very limited production of chloro-
form from carbon tetrachloride, would have not involved a
loss to the atmosphere. A 95% loss factor was selected as
reasonable and possibly conservative. An additional loss
approaching 100 million 1b could have occurred if essential-
ly all of the carbon tetrachloride produced during this peri-
od were lost to the atmosphere. The detailed usage pattern
for carbon tetrachloride in the U.S. for 1940 through 1949
is available (9). The use of a 5% loss factor (carbon tetra-
chloride production, transfer losses along with small usages
in fumigants, fire extinguishers, and pesticides spray) for
1965-74 is a compromise among various estimates of 2.4, 9,
and 13% for losses associated with recent production (10—
12). This range of estimates causes a range of uncertainty
from —200 million 1b to +900 million 1b in Table I.

Before 1960 production of carbon tetrachloride outside
of the U.S. was small (8). Annual production of carbon tet-
rachloride in France, Italy, and West Germany did not ex-
ceed 2 million Ib in 1954 (8) although German production
began about 1890. In the U.K. and Europe carbon tetra-
chloride was used primarily for fire extinguishers and as a
spotting agent until fluorocarbon production became sig-
nificant. If non-U.S. production and loss to the atmosphere
was only 2 million Ib a year over a 50-year period, an addi-
tional 100 million b would have been emitted to the atmo-
sphere. Since 1960, production of fluorocarbons outside the
U.S. has amounted to about 6100 million 1b (10). Carbon
tetrachloride production and fluorocarbon production are
proportioned between U.S. and worldwide amounts. That
is, other countries have been producing about 55% of
worldwide production of both carbon tetrachloride and
fluorocarbons. Therefore, it appears reasonable that almost
all of the carbon tetrachloride produced since 1960 abroad
has been used as a starting material for fluorocarbons. Use
of the production loss estimate of 2.4% leads to a lower
limit of 140 million Ib of carbon tetrachloride outside of the
U.S. An overall minimal historical increment for non-U.S.
tetrachloride losses would be about 240 million 1b. When
added to the total in Table I, the estimate of total world-
wide emissions would be 3.9 million lb. The range of uncer-
tainties is such that losses could range as high as 5.0 billion
1b.

If a residence time of several hundred years for carbon
tetrachloride is correct, this is essentially an infinite life-
time for purposes of estimating an average tropospheric

loss. Most losses are immediate. Losses from fire extin-
guishers have a delay time, but this also is insignificant
since this usage was more important in past decades. Be-
cause most of the losses occurred over a period 10 to 35
years in the past, northern and southern hemisphere con-
centration should be very nearly the same if anthropogenic
losses dominate. The estimated average tropospheric con-
centration by 1975 would range from 65-88 ppt. This range
overlaps the earlier estimates (3, 4) gas chromatographic
and more recent infrared results (5) from analysis of tropo-
spheric samples, but falls significantly below other more re-
cent values (4, 6). It also ignores the correction for the
amount of carbon tetrachloride in the stratosphere. The as-
sumption of the same mixing volume for carbon tetrachlo-
ride in the stratosphere and troposphere would lead to al-
most 10% of the CCly molecules or photolysis products
being in the stratosphere which reduces the tropospheric
concentration estimate to that amount—down to 60-80

ppt.

It should be noted that, based on even the upper esti-
mate of total emissions (5 billion 1b), half of the present in-
tegrated emissions had been lost to the atmosphere 20
years ago and one-quarter over 30 years ago. The losses per
year have decreased because of the marked shift in usage
patterns. The present loss rate would correspond to an in-
crease of no more than 1 ppt per year in tropospheric car-
bon tetrachloride concentrations.

This anthropogenic contribution is consistent with the
lower ambient air measurement results but does not ac-

Table I. U.S. Production and Atmospheric Emissions of
Carbon Tetrachloride

(In millions of Ib)

U.S. emissions by  U.S. cummulative

Year(s) U.S. production time period emissions?
1907-13 20 est. 19° 19
1914-21 80 est. 720 91
1922-30 180 1712 262
1931-39 530 450°¢ 712
1940-49 1685 11009 1812
1950-53 940 470° 2282
1954-62 2579 800" 3082
1962-64 1539 1509 3232
1965-74 8682 434" 3666

2 Lower range of estimated losses (see text). ® 95% of all production lost
to atmosphere. ¢ An average of 10% of production used as starting material
for fluorocarbons; 95% of remaining production lost to atmosphere. @ An av-
erage of 33% of production used as starting material for fluorocarbons;
95% of remaining production lost to atmosphere. ¢ An average of 45% of
production used as starting material for fluorocarbons; 95% of remaining
production lost to atmosphere. f An average of 66% of production used as
starting material for fluorocarbons; 95% of remaining production lost to at-
mosphere. 9 An average of 80% of production used as starting material for
fluorocarbons; 95% of remaining production lost to atmosphere. " From
80-95% of production used as starting material for fluorocarbons, losses to
atmosphere taken as 5% of production.
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count for the higher tropospheric concentration values and
the increases reported for carbon tetrachloride between
1971 and 1975 from Lovelock’s results. Other hypothetical
processes involving reactions of chlorin with organic mate-
rials in water also would be unlikely to cause such rapid in-
creases. It also is difficult to conceive of a natural source
which would not make a significant contribution in the
early 1970’s but would contribute significantly a few years
later. It appears urgent to determine the accuracy of the
available ambient air analytical results for carbon tetra-
chloride in the 100-ppt range so as to resolve whether or
not natural sources of carbon tetrachloride are required to
account for the global background of carbon tetrachloride.
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Coping with Spills of Silicone Fluids

Terry S. Cox and D. N. Ingebrigtson*
Dow Corning Corp., Midland, Mich. 48640

B Laboratory simulations were made of roadway spills using
polydimethylsiloxane fluids of 1- to 100 000-centistoke (cS)
viscosity. Sliding friction of rubber on concrete and asphalt
wet with fluid has been measured and used as a model of road
traction. Various cleanup procedures have been evaluated; the
effectiveness of each method was judged both visually and by
the degree of recovery of dry traction. Water spills have been
simulated in the laboratory, and cleanup procedures using oil
containment and recovery devices are found to be applicable.

Because polydimethylsiloxane fluids are being shipped and
used more and more widely, it seems inevitable that eventually
some quantity will be spilled or accidentally imposed on roads
or streams. In the event of a road spill, the first concern is
whether the slipperiness of the spilled fluid presents a sig-
nificant hazard. Another concern is how to clean up spills on
roads or waterways. Still a third deals with the effect of the
fluid on the environment. The object of this investigation was
to develop ways of coping with massive spills of silicone fluids.
In this report we focus primarily on the more widely used in-
termediate viscosity grades of fluid (50-10 000 ¢S) which to
some extent resemble mineral oil in consistency and physical
properties, and are more likely to present a cleanup problem
than the extremely low- or high-viscosity polymers.

Toxicity of the fluid need not be of particular concern; the
polydimethylsiloxanes are relatively inert chemically and
among the least toxic materials as regards skin contact or in-
gestion (1, 2). Laboratory experiments with several environ-
mental species have indicated a low degree of hazard for the
species studied (3). It is, however, important not to confuse
this class of siloxanes with organosilicon monomers that may
have different toxicological properties and chemical reactivity.
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Only the lower viscosity grades (less than 5 ¢S) of the fluids
are volatile enough to cause a potential flammability problem
(Table I), although almost any silicone fluid will burn under
proper circumstances. (CO» or foam extinguishers are rec-
ommended.)

Experimental

Spills were simulated in the laboratory to determine opti-
mum cleanup procedures. For study of water spills, a shallow
polyethylene basin (75 X 110 X 10 ¢cm) was filled with tap
water. A polydimethylsiloxane fluid (200 ml, to form a film
~0.2 mm thick) was then applied. The silicone, which has a
density less than that of water, first spread rapidly in an ex-
tremely thin surface film until constrained by the basin. The

Table I. Typical Physical Properties of
Polydimethylisiloxane Fluids (4, 5)

Flash Vapor
Viscosity point, Specific Boiling pressure
at 25 °C open cup, gravity point, at 25 °C,
cs °c @ 25 °C °c mm Hg
1.0 37 0.818 150 @ 760 6
5.0 135 0.920 120 @ <1073
0.5
10 165 0.940 >200 @ —
0.5
50 280 0.960 >200 @ —
0.5
100 300 0.968 — —
350 >315 0.972 — —_
1000 >315 0.972 — —
10 000 >315 0.973 —_ m




bulk of the fluid then spread slowly to cover the surface. Two
drops of Shell Oil Herder (6) were applied at one end of the
rectangular pool. (This chemical was chosen as being repre-
sentative of proprietary oil containment materials; no en-
dorsement or preference is implied. Before any such material
is used in a spill situation, the manufacturer’s literature should
be consulted.) The time required for the polydimethylsiloxane
fluid to contract a new equilibrium state (a thick circular film
covering very little area) was measured. Then OilSnare (7),
a collection of oleophilic hydrophobic plastic fibers designed
for adsorbing oil from water while remaining afloat, was
weighed, moved through the collected silicone fluid for 10 min,
removed, and allowed to drain for 30 s. The snare was weighed
again to determine the amount of silicone recovered. The
liquid entrapped was typically 90% silicone fluid and 10%
water.
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Figure 1. Keil tester adapted to measurement of sliding fraction
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An apparatus was built to measure sliding friction to rubber
on concrete and asphalt surfaces. A Keil tester, equipped with
a 5.7-rpm electric motor and tension scale was equipped to
pull a weighted sled horizontally (Figure 1). The feet of the
sled were made from tire tread rubber and had a total contact
area of 1.3 cm?® The weight of the sled was 1.5 kg, giving a
contact pressure of approximately 1.1 kg/cm?, roughly the
same as that of many highway vehicles.

Sliding friction of the sled was measured by pulling the sled
with the tester at 1 ft/min and measuring its resistance with
the spring scale. Scale readings varied by about +5% as the
sled traversed the surface of the pavement, and an average was
estimated. Readings in the range of 1200 g were found for dry
unworn concrete and 1300-1400 g for used asphalt paving.
Fluid was then spilled on the surface and the friction again
measured. After the surface was treated to clean up the spill,
the sled feet were cleaned thoroughly with Chlorothene
(1,1,1-trichloroethane) and friction was measured a third time.
The effectiveness of cleanup was judged both visually and by
the degree of recovery of the original friction reading. The set
of initial scale readings (dry pavement) was used to calculate
the statistical confidence limits shown in Table II1.

Sand, sawdust, cement, and commercial oil absorbent
[Zorb-All (8) was selected as typical of available materials]
were evaluated for effectiveness in removing silicone fluids
from concrete and asphalt. Each material was put down on the
spill, allowed to stand for a measured period of time, and then
swept off.

The soil spill was monitored by periodically removing a plug

of soil to a depth of 70 cm, sectioning the plug into 2.5-cm
sections, extracting the silicone fluid from the soil with a
measured amount of methyl isobutyl ketone, and determining
the concentration of silicone in the extract by atomic ab-
sorption spectrometry (9).

Results and Discussion

Spills on Water. Because polydimethylsiloxane fluids float
on water, a spill can be contained by floating booms or dikes
(10). Or, if containment equipment is unavailable or im-
practical, the silicone can be concentrated by applying a sur-
face-active chemical designed for this purpose around the
perimeter of the spill. Such materials have a high spreading
pressure (42 dyn/cm), and force the silicone (spreading
pressure ~10 dyn/cm) (17) to contract into a small, low surface
area pool. A monomolecular layer of polydimethylsiloxane
fluid contracts to cover a surface area about 10° times less
when thus treated. Very little surface-active material is re-
quired (8 1. per linear mile of oil slick or <0.1 ppm).

Once the silicone fluid has been concentrated, it can be re-
moved from the water surface by systems such as are used for
petroleum spills (70). These include pumps, skimmers,
physical absorbents, and oleophilic hydrophobic fibers (12)
that are fabricated into floating ropes.

These ropes are moved through the oil-laden water, to a
machine with wringer rollers and a holding tank, and back into
the water. This technique is effective for crude oil spills (13),
and is equally useful for silicones (Table II).

Once collected, the fluid may be reclaimed or incinerated
in a suitable burner. Silicone fluids are usually diluted to 10%
or lower concentration with scrap solvent for incineration.
However, control of the particulate SiO, formed by the com-
bustion is necessary.

Table Ii. Evaluation of Containment and Recovery
Procedures for Polydimethylsiloxane Fluids

Approximate Application of

ly y P g rate of A of Oil OilSnare, g silicone
oxane fluld monomolecular Herder, silicone removed per g of
cS i film m/s time, s snare
5 >5 3 1.0
100 >2 6 2.6
1000 ~1 15 43
10 000 ~0.3 35 8.3

Spills on Roadways. The chief concern in a roadway spill
is the loss of tire traction caused by the lubricating action of
the silicone fluid. As it turns out, silicone fluids have about the
same degree of lubricity as motor oil as regards rubber on
concrete or asphalt.

Several viscosities and types of fluids were tested on con-
crete and asphalt. Loss of traction (measured by the procedure
described in the Experimental Section) varied with the vis-
cosity of the fluid, as shown in Table III. These data also show
that traction decreases with increasing viscosity, down to a
minimum traction.

Procedures evaluated for removal of fluids from pavement
include physical absorbents and high-pressure water flush.
It is assumed in all cases that the flow of material is halted and
any large amounts of spilled fluid have been collected and
transferred to a suitable container. This discussion pertains
to removal of the remaining film of fluid to restore normal
traction to the pavement.

Although dry sawdust is fairly effective for ahsorbing fluids,
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Table lll. Spill Traction

Smooth concrete

Worn asphalt paving

Material Viscosity Scale reading
None (dry surface) —_ 1200 + 1902
Polydimethyl- 1cS 1100

siloxane fluid 1200
5cS 1200

1200

50 cS 950

1000

100 cS 700

800

350 cS 400

1000 cS 300

5300 cS 250

300

10 000 cS 350

100 000 cS 250

Water 1cps 1100
1200

SAE 30 motor oil 210 cps ' 400
400

Percent of dry traction Scale g of dry

100 1330 + 250° 100

100 1400 100
1500

100 1300 90
1400

81 1200 86

73 1000 75

33 800 68
900

27 600 46

22 400 33

30 400 33

20 — —

100 1400 100
1600

33 500 42

2 Number of data points = 14; average = 1203; repeatability of single measurement = 186.8 (95% confidence limit); standard deviation = 86.5; relative standard

deviation = 7.19. ® Number of data points = 10; average = 1330; repeatability of single measurement = 256.8 (95% confi

RSD = 8.54.

e limit); d deviation = 113.5;

sawdust is usually damp and therefore unsatisfactory because
the adsorbed water inhibits absorption of silicone.

Sand was also found unsatisfactory, chiefly because it has
little absorptive capacity.

Cement (mortar) powder worked very well at removing
fluids from concrete and asphalt. If water is also present,
however, the cement can harden and its removal becomes
difficult.

A porous, baked diatomaceous earth designed especially
for oil absorption is commercially available and proved to be
convenient and safe. In a typical experiment, after a spill of
100 cS of polydimethylsiloxane fluid was made on a concrete
surface, an index of 60 indicated significant loss of traction.
The oil-absorbing powder and cement powder were used to
treat different areas of the spill. After 1 h, the materials were
swept off and traction indices of 85 and 90 were measured for
the absorber and cement, respectively. An additional half hour
of treatment with fresh material gave indices of 100 for both
treated areas, indicating full recovery.

The time required to remove polydimethylsiloxane fluid
from pavement with physical absorbents depends on the
viscosity of the fluid and the amount of fluid present. Figure
2 demonstrates that fluids with viscosity of 100 ¢S or lower can
be removed rapidly (1 or 2 h). Fluids of 100-500 ¢S can be
removed effectively in 3-4 h, or in less time if fresh absorbent
is periodically applied to the surface. Fluids of 500 ¢S and
higher viscosity take longer for removal. Periodic replenish-
ment with new absorbant hastens recovery. Absorbents were
not very effective for the 10¢ 000-cS fluid.

A polydimethylsiloxane fluid of any viscosity can be re-
moved quickly by the application of a solvent followed im-
mediately by a physical absorbent. The solvent used in ex-
perimental investigations was Chlorothene (1,1,1-trichlo-
roethane). Any solvent that easily dissolves silicones would
be effective; other factors which must be considered are
flammability, toxicity, and effect on the environment. Sol-
vents should not be used on asphalt surfaces, however, as they
will dissolve the asphalt. It should be noted that most poly-
dimethylsiloxane fluids will not soften asphalt; in fact, silicone
fluids affect asphalt much less than motor oil.
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Figure 2. Removal time for polydimethylsiloxane fluids on pavement
as a function of fluid viscosity, using different removal techniques

A high-pressure stream of water is effective in displacing
fluids of all viscosity grades from concrete and asphalt.
Streams at 1800 psi were forceful enough to remove 100.000
¢S of polydimethylsiloxane fluid completely from concrete.
Water streams of less force, such as those available from
municipal fire-fighting equipment, are not so efficient but are
useful in removing fluids of lower viscosity. Containment and
disposal of the displaced fluid are problems that still remain,
however, and unless these problems can be overcome, water
flushing cannot be recommended.

Spills on Soil. A 5-gal spill of 100-cS polydimethylsiloxane
fluid on 1 m? of sandy soil has been monitored for two years.
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Figure 3. Depth profile of 100-cS polydimethylsiloxane on soil as a
function of time after spill

Results show a gradual downward migration to a depth of 50
cm during this time period (Figure 3). No significant lateral
movement of the fluid was found. Vegetation within the spill
area is sparse.

Laboratory experiments with columns of soil showed that
migration rates are dependent in a complex way on the kind
of soil (sand, clay, or loam), its moisture content, and the
amount of watering. In general, dry soils seem to have a greater
absorptive capacity and hold silicone fluids more tenaciously
than wet soils.

The soil thus appears to act as its own absorbent, and if the
presence of fluid is objectionable, the soil can be removed to
a landfill area and replaced with fresh soil.

CORRESPONDENCE

SIR: Dr. Holland and I were much disappointed to see the
publication of the article “Determination of Nitrate in Water
Samples Using a Portable Polarographic Instrument”, En-
vironmental Science and Technology, 9, 1075 (1975), without
reference to our own earlier paper.

Since this paper was received November 6, 1974 and our
paper, “Development of a Portable Polarograph for Deter-
mination of Aldehydes in Automotive Exhaust and Produc-
tion Plant Samples”, ibid., 9, 127 (1975), was received on April
18, 1974, and accepted on October 21, 1974, it is extremely
difficult to understand why you did not call our paper to the
attention of the authors of the nitrate paper.

By way of explanation, you should understand that the
phrase “peak-seeking circuit” has different meanings in the
respective papers. In our paper we are referring to the capture,
during each scan, of the maximum current flow value as a
potential. In contrast, Young et al. are smoothing out the
output of the dropping mercury electrode.

Please note that our paper makes reference to our patent
application. That application has since issued as U.S. Patent
No. 3 922 205. Since the authors of the nitrate paper were not
alerted by your office and no attempt made to cross reference
our papers, we fear your readers have been misled into be-
lieving they are free to build and use a portable polarograph
with our peak-seeking circuit. However, the commercial model
is being supplied to the trade by a licensee of The Dow
Chemical Co.

James D. McLean
Analytical Laboratories
574 Building
The Dow Chemical Co.
Midland, Mich. 48640

A more complete report on studies of the movement and
interaction of polydimethylsiloxane fluids with soils will be
published elsewhere.

Conclusions

Polydimethylsiloxane fluids in spill situations behave much
the same as motor or mineral oil of comparable viscosity. The
same cleanup procedures are applicable.
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SIR: The paper “Development of a Portable Polarograph
for Determination of Aldehydes in Automotive Exhaust and
Production Plant Samples” appeared after our paper was
submitted and while it was in review. Our failure to insert a
reference to the above paper in our revision is an oversight for
which we apologize.

The emphasis of our paper should not be taken as the in-
strument (which is pretty standard OA circuitry), but as the
demonstration of the utility of the ZrOCl; catalytic method
coupled with background compensation for the determination
of nitrate in complex samples.

The clear message of both papers would seem to be that
with the widespread availability of inexpensive, lightweight,
and reliable circuits, the polarographic methods for a number
of species of environmental interest should be re-examined.

Robert H. Philp, Jr

University of South Carolina
Columbia, S.C. 29208
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INDUSTRY TRENDS

Camp Dresser & McKee Inc. has ac-
quired Accu-Labs Research, Inc. (Wheat
Ridge, Colo.). Accu-Labs provides fuels
testing, radionuclide determination, and
other laboratory services.

UOP Inc. (Northampton, England) will
supply a 100 000-acfm multicyclone
centrifugal collector to clean fumes from
a large foundry in England’s Midlands. It
will remove 3, ton/h of iron oxide dusts.

The Pacific Environmental Laboratory,
a division of Kennedy Engineers, Inc., has
begun operations at Tacoma, Wash., to
perform water quality and wastewater
analyses for service in the Pacific North-
west.

Environmental Data Corp. (Monrovia,
Calif.) has received orders exceeding
$430 000 for in-situ stack-gas monitoring
instruments from utilities and smelters
throughout the U.S.

John Deere (Moline, lll.) has introduced
the world’'s first fully automatic-drive
crawlers. The bulldozer and loader are
110 hp; the operators need no longer
worry about up- and down-shifting.

Monitor Labs, Inc. (San Diego, Calif.) has
sold a large air monitoring system to HY-
DROMET, the Russian agency responsible
for analysis and monitoring of air and
water pollutants.

Andco Inc. and The Carborundum Co.
have concluded a new licensing agree-
ment that gives Andco rights to the Torrax
Solid Waste Conversion System in the
U.S., and other industrialized countries. A
200 tpd Andco-Torrax unit is nearing
completion in Luxembourg.

Dames & Moore (Los Angeles, Calif.) is
conducting oil shale development studies
for the Rio Blanco Oil Shale Project and
C-b Shale Oil Project at Piceance Creek
Basin, Colo.

Exxon USA (New York, N.Y.) announced
that it has reduced energy consumption at
its U.S. refineries to 16 % below what it
was in 1972. This represents a saving of
more than 6 million bbl/yr of oil.

Fluor Canada, Ltd. is engineering con-
tractor for a $30 million project to in-
crease ethane recovery at Dome Petro-
leum Limited’s 1.5 billion standard ft3/day
turbo expander gas processing plant at
Empress, Alta.

L. B. Foster Co. (Pittsburgh, Pa.) has ac-
quired Hydro-Ash Inc., a designer of utility
and industrial air pollution control sys-

tems, and builder of pneumatic ash han-
dling and conveying systems at coal-
burning plants.

Gustav Getter Associates (New Rochelle,
N.Y.) has received a U.S. Navy award for
design of a ‘‘Hush House’ that houses jet
aircraft during engine testing to quiet the
roar to levels acceptable to the nearby
community. The Hush House is at Mira-
mar, Calif.

Mikropul Corp. (Summit, N.J.) has re-
ceived a contract in excess of $6 million
for a dry scrubbing system to control
particulate and gaseous fluoride emis-
sions from the primary aluminum reduc-
tion plant of Ormet Corp., at Hannibal,
Ohio.

A.B. Curls & Associates Inc. (Lakeland,
Fla.) was appointed Florida sales *‘rep" for
Marconaflo Inc. Emphasis will be on
“Dynajet’”” product and slurry systems for
phosphate industry material reclamation
and transfer.

Dravo Corp. announced that a 6-mgd
wastewater treatment system it designed
and built for Alton Box Board Co. (Jack-
sonville, Fla.) has gone on stream. Alton
produces 750 tpd of kraft linerboard.

Sala Magnetics, Inc. (Cambridge, Mass.)
has completed a 1-mgd magnetic filtration
pilot plant that can remove fine, even
weakly magnetic contaminants from in-
dustrial process and waste streams. The
firm is a subsidiary of Sala International
(Sweden).

Dorr-Oliver Inc. has installed a fluid-bed
system in a new pilot plant of Alumet Co.
(Golden, Colo.) to make alumina from
naturally occurring alunite ore, rather than
bauxite. The process is based on tech-
nology licensed from the U.S.S.R.

The Dow Chemical Co. (Midland, Mich.)
will market an advanced means of con-
centrating dissolved solids, developed by
Asahi Chemical Industry Co., Ltd. (Tokyo;
Japan).

AG Brown Boveri & Cie. (Baden, Swit-
zerland) has acquired a majority holding
in the Kent Group (England), which is ac-
tive in instrumentation, control systems,
and process automation.

Airco, Inc. (Montvale, N.J.) said that it
expects to be in full compliance with
present air and water pollution abatement
regulations at all of its existing facilities by
the end of 1977. The cost was $87 million
for the last 8 yrs, and will be $7 million for
the next 2 yrs.

For the pollution chemist,
plant hygienist. Ideal for GC.

For
vinyl _
Ace <
Gas
Collecting
Bulbs:
Fastest

Easy to Use
AIR GRAB SAMPLER

e Simple two step operation!

To open, push plunger into bulb.
To close, pull out plunger:
O-ring makes seal with threaded
glass and plastic bushing.

o No grease needed - no stop-
cocks to ‘pop out’.

o Compression fit up to 3 ft. Ibs.

o Write Ace for literature!

ACE GLASS ncorrorated

Vineland, N.J. 08360 e (609) 692-3333
Louisville, Ky. (Box 996) 40201

CIRCLE 28 ON READER SERVICE CARD

For The Pollution Chemist
equipment for

Sampling Reacting

Glassware for Photochemical-
environmental ultra-violet
monitoring & light source
testing: reaction

e Stationary or equipment:

mobile systems Ace & Hanovia

* Impingers immersion lamps,
e Stack Probes power supply,
WRITE FOR wells & reaction
BROCHURES! vessels, & more!

Ac E GLASS INCORPORATED

Vineland, N.J. 08360 o (609) 692-3333
Louisville, Ky. (Box 996) 40201

CIRCLE 29 ON READER SERVICE CARD
Volume 10, Number 6, June 1976 603



Synergo Co. (Philadelphia, Pa.) is de-
signing wastewater facility improvements
for Pennwalt Corp. Chemicals Division to
collect and cleanse storm water runoff
and process wastewater before discharge
into the Houston (Tex.) Ship Channel.

UOP Inc. will supply monolithic catalysts
and converters to Dr. Ing. h.c.F. Porsche
AG of Stuttgart, W. Ger. These exhaust
pollution control units will be installed on
Porsche 924 sports cars for sale in the
U.S. this summer.

Sybron Corp. (Rochester, N.Y.) had sales
of almost $558 million in 1975, a record.
Of this total, $154.2 million was for pro-
cess and water and wastewater treatment
equipment.

Radian Corp. (Austin, Tex.) has received
what it calls a ““most important” contract
from the U.S. ERDA to provide analytical
chemical support for in situ coal gasifi-
cation (without mining) experiments un-
derway at Hanna, Wyo.

Stone & Webster Engineering Corp.
(Boston, Mass.) was selected by ERDA to
study tidal power technology worldwide,
and ascertain whether research and de-
velopment could improve its economical
effectiveness. Passamaquoddy Bay, Me.,
and Cook’s Inlet, Alaska, will be assessed.

Research-Cottrell, Inc. announced that
its full-size electrostatic precipitator test
facility, the nation’s first, is “‘open for
business’ at R-C. It was built at a cost of
more than $300 000.

Geraghty & Miller (Port Washington, N.Y.)
will test disposal of treated municipal
wastewater through a 6500-ft deep well
located outside Orlando, Fla.

Combustion Equipment Associates, Inc.
and Occidental Petroleum Corp. have
made a joint venture, CEA/OXY Resource
Recovery Associates, to design, con-
struct, own, and operate solid waste re-
covery systems in the U.S. CEA/OXY will
construct a $52 system at Bridgeport,
Conn.

The Black Clawson Co. (New York, N.Y.)
announced that work has begun on a
$500 000 addition to its research and
development facilities at Middletown,
Ohio, aimed mainly at improving pulping
and waste treatment. Expected comple-
tion is early next year.

Belco Air Pollution Control Corp. (Liv-
ingston, N.J.) has an $8.3 million contract
to design, supply, and build an air pollution
control system at Unit 1 at Nearman
Creek for the Board of Public Utilities of
Kansas City, Kan.

AB Svenska Flaktfabriken (Sweden)
announced that its agreement with The
Carborundum Co. to make and market
electrostatic precipitators based on Flakt
technology will be terminated as of this
month. On-going projects, however, will
be executed as planned.

Agar Instrumentation Inc. (Houston, Tex.)
will provide 205 density meters to Con-
solidated Gas (Clarksburg, W. Va.) to help
measure energy flow of gases for buying
and selling purposes.

Cryogenic Technology, inc. (CTi, Wal-
tham, Mass.) has a $2 million contract to
construct two environmental protection
systems for Taiwan Power Chinsan 1 and
2 nuclear power plants.

TRW Systems and Energy (Redondo
Beach, Calif.) has been awarded a $215
190 contract to develop utilization plans
for additions to the East Mesa, Calif. ex-
perimental geothermal test facility. ERDA
made the award.

Hardee’s Food Systems, Inc. (Rocky
Mount, N.C.) announced successful de-
sign, installation, and operation of an air
quality control system called the CON-
QUEROR, developed by Hardee's, a fast
food restaurant chain, with the aid of
Monsanto EnviroChem Systems, Inc.

INTRODUCING CONTEL'S

A COMPLETE
BOUNDARY LAYER "~
MEASUREMENT SYSTEM 1€
TEMP. — HUMIDITY — ALTITUDE —__, Pyt
WIND SPEED & DIRECTION ‘/

. =/

THIS PORTABLE RECEIVING STATION
CAN BE USED WITH ALL CONTEL
RADIO SONDES INCLUDING “MINI”
SONDES.

CONTEL CORPORATION

CIRCLE 19 ON READER SERVICE CARD

604 Environmental Science & Technology

METRO ;
Includes the following:
e Aerodynamic Balloon

© 8 Channel Sonde

(includes 3 spare channels)

® Receiving Station
e Electric Power Winch

BOULDER, CO 80303

Visible emission
opacity monitor

s venTs

LLCCREI CLERT)
1 2

P.0. BOX 3465 E

Stop sending dollars up the stack.

New solid-state system can quickly pay for itself in
fuel savings as you fine tune fuel/air ratios. Designed
to meet present EPA requirements for opacity
monitors — and the modular design lets you get just
what you need; add on later. Send for details.

World-Wide Response /Ability
-
<7

< TR
S

WESTERN
PRECIPITATION
DIVISION

Joy Manufacturing Company
P.O. Box 2744, Terminal Annex
Los Angeles. California 90051

CIRCLE 34 ON READER SERVICE CARD



Process control systems

The computerized system for the pulp
and paper industry offers savings in
chemicals, energy and water and re-
duces corrosion and effluent discharge
according to the manufacturer. Syste-
matix Controls Inc. 128

Water purifier

The mini unit, suitable for the home,
boat or motor home, provides 30 gal/h
of purified water. The purifier uses
ozone as the purifying agent. Alron In-
dustries, Inc. 129

Precipitator

Units, installed on paint booth exhausts,
meet air pollution regulations and recover
valuable coloring agents without cross-
contamination. Units feature dry collection
and recovery systems. Beltran Asso-
ciates, Inc. 130

pH flow cell

The flow cell, especially designed to be
used with the company’s combination
pH electrode, can be used at tempera-
tures and pressures up to 65 °C and
100 psig, respectively. Sensorex 131

Cyclone separators

The units act as pre-coolers and collect
17% of all particles 1 u in size and up
to 94.9% of all particles 22 u or larger
under specified conditions. Total effi-
ciency is 55.4%. Fisher-Klosterman,
Inc. 132

Spray module cooling system

System consists of a series of self-con-
tained floating units that spray and cool
hot water in a flowing channel. The sys-
tem is suited for closed-loop recirculating
cooling systems. Ceramic Cooling Tower
Co. 133

Pulse pump

The pump with an air sample bag is de-
signed for short-term field studies. Hourly
average air samples, collected in the bag,
may be analyzed later at a central labo-
ratory. The pump's flow rate is 2-20 I/h.
Environmental Measurements, Inc. 102

NEW PRODUCTS

Dissolved oxygen system
Consists of the Zuellig dissolved oxygen
probe, which requires no membranes or

electrolytes, a solid-state analyzer
equipped with analog output signals, relay
contacts and a variety of displays. Great
Lakes Instruments, Inc. 103

Flowmeter

Designed for use in sanitary sewers, the
unit may be used in pipes from 8-60 in. in
diameter. It measures velocity by using
the electromagnetic flow principle and
depth with the use of a bubble sensor.
Marsh-McBirney, Inc. 101

Survey flowmeter system

The system is capable of providing mea-
suring surveys in any type of flume or
weir. The portable flowmeter may be used
for open-channel monitoring because it
does not require contact with the stream
and is unaffected by floods, freezing rain,
debris, or water quality. Stevens Interna-
tional, Inc. 104

Activated carbon
The new active, highly adsorbent carbon
is produced from high-sulfur petroleum
coke. The surface area of this amorphous
carbon is 2500 m?/g. Samples are now
being used in small-scale commercial
demonstrations. Amoco Research Corp.
105

Gas specific gravity transducer

The unit has an accuracy of 0.1%, will
make continuous on-line measurements
in hazardous locations, has a digital output
signal, and will automatically compensate
for gas compressibility. Solartron Elec-
tronic Group, Ltd. 106

Mass spectrometer data system

The system offers an expanded software
capability, a 19 000-spectra chemical
library and a semiconductor memory
minicomputer. Hewlett-Packard Co. 107

Muitiple-path flowmeter

The sonic flowmeter, suitable for most
liquid applications, incorporates a digital
processor that integrates velocities
measured along four or more parallel
paths to calculate volume flow. Accuracy
is claimed to be better than 1%. Ocean
Research Equipment, Inc. 108

Water analyzers

Designed for continuous, unattended
service, the units can monitor tempera-
ture, conductivity, pH, dissolved oxygen
and other parameters. Any of up to nine
sensors can be accommodated in any
combination. Raytheon Co. 109

Aerosol mass monitor

The portable unit measures respirable
dust concentration; all particles less than
3.5 u are weighed. Dust concentrations in
mg/m? are displayed on a digital readout.
Thermo-Systems Inc. 110

Flowmeter

The instrument is designed for metering
low flow rates—0.1-130 scf/h air, and
0.01-30 gph water. The flowmeter will
accept any standard connector. Matheson
Instruments 11

Particulate monitor

Unit can selectively detect ash, smoke
and dust particles. The principle of sur-
face ionization is used to produce elec-
trical pulses that correlate with particle
size. Both count rate and total ion cur-
rent are displayed. Extranuclear Labora-
tories, Inc. 134

Tube fittings
Configurations include connectors, el-
bows, unions and union tees. Fittings
are designed for tubing systems that
handle corrosive media that are toxic
and hazardous. Crawford Fitting Co.

136

Monitor/controller

The instrument will work with pH, CRP, or
plON probes or probe transmitters, and
can be fitted in new and existing systems.
Measured values are indicated directly on
analog meter or strip chart recorders.

Monitor Technology, Inc. 112

Need more information about any
items? If so. just circle the appro-
priate numbers on one of the reader
service cards bound into the back of
this issue and mail in the card. No
stamp is necessary.
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Do Your

GC Columns
Seem to Die

Prematurely?

SHARP PEAKS TODAY

TAILING TOMORROW

DISCOLORATION OF
PACKING AT FRONT
OF COLUMN?

CHANGE IN
COLUMN POLARITY?

This may be drastic or may occur
gradually. The column is gradually
being DESTROYED by moisture or
oxygen. Commonly used phases such
as polyglycols (Carbowax, FFAP,
SP-1000) and polyesters (DEGS,
EGS) DECOMPOSE if carrier gas
contains moisture or oxygen. The
discoloration is the symptom, impure
carrier gas is the cause and the effect
is a ruined column. The cost??? The
price of a column is only part. . .what
does it costif your system is down fora
day while you put in a new column?

EC DETECTOR GIVING

YOU TROUBLE?

Oxygen can drive an EC detector
crazy and once this happens it may
take hours to stabilize the system.

INSURANCE FOR ONE YEAR
CAN COST LESS THAN

TWO COLUMNS

Moisture is the worst problem and our
gasdrying tube is only $50. If you are
also concerned about oxygen, our gas
purifier removes both water and
oxygen. FREE Bulletin 739B
describes problems associated with
impure carrier gas, leaks, etc., and
methods for solving the problems.

Catalog Number — Description, Price

2-0619 — Drying tube, 1/8"" fittings, $50.00
2-2316 — Gas purifier, 1/8"" fittings, $225.00

S

SUPELCQO, INC.

SUPELCO PARK, BELLEFONTE, PA 16823

TELE: 814 359-2732/TWX: 510-670-3600
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Water samplers

These polypropylene samplers are de-
signed for trace metal samplings. One
model with a removable bottom weight
doubles as a collecting vessel with a
1200-ml capacity. Other models with fixed
bottom weights have 1400-ml and
2000-ml capacities. All units can be used
with or without a BOD bottle. Lab-Line
Instruments, Inc. 113

Water quality analyzer

Records data on temperature, conduc-

tivity, dissolved oxygen and pH in fresh or

salt water. The instrument features digital

readout, AC/DC operation and an internal

recharging unit. Martek Instruments Inc.
114

Continuous gas monitors

Monitors process streams, stack gas or
ambient air. The photoionization detection
principle allows the unit a measuring
range of 0.1-1500 ppm. h-nu Systems,
Inc. 115

Dewatering press

The cone-type press was designed for use
in pulp and paper; municipal solid waste,
sewage and water treatment; and chem-
ical process industry applications. The
Black Clawson Co. 116

Pyrometer

The bipolar digital unit measures several
types of thermocouples in degrees C, F or
Kelvin with an accuracy better than 0.3%.
Other features are automatic zero and
polarity. Newport Laboratories, Inc. 117

Floc barrier

Constructed of corrosion resistant mate-
rial, the barrier finds application in water
treatment and chemical service facilities.
The unit is purported to increase the ca-
pacity of existing clarifiers and reduce the
size of new ones. Ecodyne Corp. 118
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Distilled
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RESIDUE - FREE SOLVENTS
FROM BURDICK & JACKSON

Purified to the exacting require-
ments of gas chromatography,
liquid chromatography and
spectrophotometric analysis.

Acetone

Acetonitrile

Benzene

Butanol-1

Butanol-2

Butyl Chloride

Butyl Formate
Carbon Tetrachloride
Chloroform
Cyclohexane
Cyclopentane
o-Dichlorobenzene
Dimethyl Acetamide
Dimethyl Formamide
Dimethyl Sulfoxide
Dioxane
2-Ethoxyethanol
Ethyl Acetate

Ethyl Ether

Heptane, 95-99°
Hexadecane

Hexane, 68-69°
Isobutyl Alcohol
Methanol
2-Methoxyethanol
Methylene Chloride
Methyl Ethyl Ketone
Methyl Isobutyl Ketone
N-Methylpyrrolidone
n-Nonane

Pentane

Petroleum Ether, 30-60°
beta-Phenethylamine
Propanol-2

Propylene Carbonate
Pyridine
Tetrahydrofuran
Toluene

2, 2, 4-Trimethylpentane, 99-100°
o-Xylene

Ask for Bulletin BJ 25/U.S. Agencies use FS.S

BURDICK
& JACKSON

L. (616)726-3171

1953 S. HARVEY ST.. MUSKEGON. MICHIGAN 19442
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NEW LITERATURE

Gas purification. Booklet, ‘‘Matheson
Gases and Equipment for Analytical In-
strumentation,” covers a wide range of
pure gases and gas mixtures, as well as
flow control and purification equipment.
Matheson 151

Pipe flanges. Catalog lists an extensive
line of pipe flanges that meet American
Water Works Association (AWWA) and
American National Standards Institute
(ANSI) specifications. The Mundo Corp.

152

Audiometric testing. Bulletin 5.0102.0
describes the company’s new Model
401-A-SE ‘‘spaSAVER’ audiometric
testing room. Sound (free) field and
hearing aid evaluations, air and bone
conduction tests, and speech tests are
possible. Less than 19 ft2 of floor space.
Industrial Acoustics Co., Inc. 153

Water reclamation. Bulletin 5391 is a
1976 buyers guide to water treatment and
waste reclamation equipment. Many
products and processes are discussed.
The Permutit Co., Inc. 154

Electrostatic precipitators. Catalog lists
precipitators with 99+ % efficiencies, and
operable at the above 850 °F. Collecting
structures have no moving parts. Western
Precipitation Division, Joy Manufacturing
Co. 155

Energy saving. Bulletin 755, “Energy
Management”, details and illustrates
major approaches to saving fuel and re-
ducing expenses, and tells how the
company provides comprehensive ser-
vice in these areas. Betz Environmental
Engineers, Inc. 156

Water systems products. Catalog lists
waste treatment products, well points and
screens, valves, pump and tank ac-
cessories, and other related products.
Clayton Mark 157

Particle classifiers. Electromagnetic
sieve shaker/micromill combination can
classify particles down to 5 microns and
grind to below 2 microns. Usable as wet
or dry sieve. Micro Materials Corp. 158

Corrosive material pumps. Bulletins 355
and 321 list and describe pumps useful for
corrosive acid and alkali liquids, and
similar hazardous materials. Useful for
chemical processing and pollution control.
Sethco Mfg. Corp. 159

Gas flow measurement. Bulletin B-58
discusses a mass flowmeter that mea-
sures corrosive and non-corrosive gases
with £1% full scale linearity and +0.2 %
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repeatability. Applications include air
pollution and emission control. Emerson
Electric Canada Ltd. 160

Detector cells. Bulletin SB-10 describes
thermal conductivity detector cells for gas
chromatography, and discusses theory
and circuitry. GOW-MAC Instrument Co.

161

Dust collector. Bulletin 4000 discusses
the Series 2000 collector, which offers
improvement in bag cleaning effective-
ness and aerodynamic design. Collector
size and costs are reduced. Dustex,
American Precision Industries, Inc. 162

Chemical products. Catalog lists chemi-
cal products, including distilled diffusion
pump fluids, leak sealants, vacuum
greases, and lubricants. CVC Products,
Inc. 163

Water treatment. Bulletin 52-101 de-
scribes the ACTASOL water treatment
system for improved coagulation with
substantial savings in clarification of po-
table water and industrial and municipal
raw and wastewater treatment. Philadel-
phia Quartz Co. 164

Radioassay. Brochure describes mini-
system that acts as a manual gamma well
counter/calculator and performs other
useful functions in assessing radioactivity
level. Packard Instrument Co., Inc. 165

Air quality services. Literature pack de-
scribes company capabilities in meteo-
rology, air quality, air physics, aerosol
physics, and environmental and energy-
related services. Meteorology Research,
Inc. 166

Clarification improvement. Bulletin 146B
tells how the Graver Floc Barrier doubles
clarifier capacity and reduces settling
costs, which improve effluent quality.
Ecodyne Graver Water Division 167

Iron removal. Bulletin PE-004 explains
how the Ferrofilter System with its reac-
tion-driven Rotary Aerator removes iron
from water by oxidation. Iron can be re-
duced to 0.1-0.3 ppm. Keene Corp. 168

Tanks. Brochure describes welded tanks
and pressure vessels fabricated to

Need more information about any
items? If so. just circle the appro-
priate numbers on one of the reader
service cards bound into the back of
this issue and mail in the card. No
stamp is necessary.

American Society of Mechanical Engi-
neers, Underwriters Laboratories, and
other rigid specifications. Airmark Corp.

169

Flow monitoring. Product catalog de-
scribes the company's line of unique flow
and level monitoring devices. Useful for
caustics, since sensor cannot corrode.
Sensor Products Division of Wesmar
170

Ad ed age tr t. Brochure
describes new lagoon system with two
very advanced features for treatment in
lagoons or ponds, or with activated
sludge. Aeration efficiencies exceed
50%, and oxygenation efficiencies ex-
ceed 80%. Tl Corp. 171

Automated analysis. New guide de-
scribes modular instrumentation and ac-
cessories for automating laboratory an-
alytical procedure. Included are spectro-
photometry, titration, pH measurement,
and automatic weighing. Arthur H.
Thomas Co. 172

Nuclear insurance. Brochure and papers
describe the Nuclear Energy Liability-
Property Insurance Association (NEL-PIA),
how it works, and the nature and costs of
nuclear insurance. NEL-PIA 173

Wastewater treatment. Folder details
wastewater treatment systems in steel or
prestressed concrete for field construc-
tion. They are capable of up to 2 mgd of
domestic wastewater. Pollution Control,
Inc. 174

Metering pumps. FMI Catalog RP 401-
SAN lists complete line of metering
pumps designed especially for sanitary
service. All conform to milk ordinance
code recommended by the U.S. Public
Health Service. Fluid Metering, Inc. 175

Obstruction removal. Brochure describes
the “‘Delumper,”” which can chop, shred,
accelerate flow, or condition oversize
materials in sanitary chutes, pipes, and
ducts. Cross contamination is prevented,
as are bridging problems. Franklin Miller,
Inc. 176

Worker protection. Data sheet describes
the MIRAN-201 multi-point ambient air
monitor, which can measure any one of
over 300 types of toxic vapors for the
purpose of worker protection in keeping
with OSHA rules. Wilks Scientific Corp.

177

pH meters. Catalog GLP SI-20-3 lists and
specifies pH meter models, electrodes,
and pH accessories. Meters and elec-



trodes are guaranteed. Corning Glass
Works 178

Sewage pumping. Bulletin 840-1 de-
scribes the company’'s completely
packaged sewage lift stations that use
dual submersible pumps. Full descriptions
and many applications are listed. Enpo-
Cornell Pump Co. 179

Microporous filters. Brochures describe
new line of precision-calibrated micro-
porous filters for all applications requiring
assured retention of bacteria and other
particulates. Pore diameters are as low as
0.2-0.45 p. Amicon Corp. 180

Chlorination. Bulletin 1840-1 describes
a new line of gas chlorinators that meter
exact amounts of chlorine in water and
wastewater treatment to avoid inadequate
or excessive dosages. Capital Controls
Co. 181

Laboratory glassware. New 1976 catalog
with 1372 pages lists glassware and other
apparatus and supplies for laboratory use.
SGA Scientific 182

Chemical lab services. Brochure de-
scribes services from an independent
analytical laboratory (Calif.) for the in-
dustrial, educational, legal, and profes-
sional communities. West Coast Techni-
cal Service, Inc. 183

Flameless AA. Report No. 59 discusses
use of flameless atomic absorption (AA)
for analysis in connection with pollution,
natural materials, petroleum products, and
other applications. Instrumentation Lab-
oratory Inc. 184

Grease filtering. Form GF-1898 Revised
covers recommended steps in designing
a grease filter-equipped kitchen exhaust
system. Engineering data are included,
along with sample calculation sheets.
Research Products Corp. 185

Water treatment screens. Booklet
WW1175 describes and illustrates the
various applications for screens in a
number of water and wastewater treat-
ment processes. Johnson Division, UOP
Inc. 186

Filtration systems. Bulletin F-10 de-
scribes filtration systems that offer
ease-of-prime pumping, chemical mixing,
and chemical addition. Nonmetallic
polyethylene tanks are used. Liquids can
be lifted from depths of over 20 ft. SER-
FILCO 187

Metric glassware. Brochure covers
metric glassware that meets "‘specs’’ in
National Bureau of Standards Handbook
105-2 for official weights and measures

use. SGA Scientific 188
Trickle irrigation. Booklet, A Full Line of
Trickle Irrigation Products'', covers agri-

cultural, turf, and landscape applications.
Rain Bird 18

Incineration. Bulletin No. 120 describes
equipment for pollution-free incineration
of solid wastes, as well as drying calcin-
ing, heating, and cooling. C-E Process
Equipment 190

Water cleaning. Brochure, ‘“‘Keeping
pace with oxygen demand, filtration and
water sterilization,” lists aeration sys-
tems, diatomaceous earth (DE) filters, and
ultraviolet water sterilizers. XODAR Corp.

191

Solar collectors. Technical booklet, “PPG
Standard Solar Collector,” describes
company’s latest equipment in the field.
Lawrence P. Galanter, PPG Industries, 10
North, One Gateway Center, Pittsburgh,
PA 15222 (write direct).

Texas water resources. Report 199 is an
annotated bibliography of Texas water
resources reports. Texas Water Devel-
opment Board, P.O. Box 13087, Austin,
TX 78711 (write direct).

Atmospheric hydrocarbons. Report 3/76
outlines methods for determining hydro-
carbons in the atmosphere. C. W. van
Gelder, Stichting CONCAWE, 60 Van
Hogenhoucklaan, The Hague 2018, The
Netherlands (write direct).

Stratosphere hazards. Report considers
six potential stratospheric ozone hazards
other than chlorofluorocarbons. Warren
Muir, Council on Environmental Quality,
722 Jackson Place, N.W., Washington,
DC 20006 (write direct).

Science publications. Listing includes
environmental issues. Date: January 1,
1976. Printing and Publishing Office, Na-
tional Academy of Sciences, Washington,
DC 20418 (write direct).

Toxic substances. Report list as of Oc-
tober 1975. Office of Toxic Substances,
U.S. Environmental Protection Agency,
Washington, DC 20460 (write direct).

Recycling. Progress Report on Recycling
tells of advances in materials and energy
recovery from solid waste. Steel Products

News Bureau, 633 Third Ave., New York, .

NY 10017 (write direct).

Breeder project. Breeder Briefs describes
progress on the breeder reactor project.
Mike Butler, Information Office, Clinch
River Breeder Reactor Plant Project Of-
fice, P.O. Box U, Oak Ridge, TN 37830
(write direct).

Solar heat. Navy has published ‘‘Solar
Heating of Buildings and Domestic Hot
Water"" (Technical Report R835) for home
and business applications. Public Affairs
Office, U.S. Naval Civil Engineering Lab-
oratory, Naval Construction Battalion
Center, Port Hueneme, CA 93043 (write
direct).

Catalysts for
the Control of
Automotive Pollutants

Advances in Chemistry Series No. 143

James E. McEvoy, Editor

A symposium sponsored by the Divi-
sion of Industrial and Engineering
Chemistry and co-sponsored by the
Board-Council Committee on Chem-
istry and Public Affairs, the Division
of Environmental Chemistry, the Divi-
sion of Fuel Chemistry, and the Divi-
sion of Petroleum Chemistry of the
American Chemical Society.

An up-to-date status report on the
latest research by auto makers, catalyst
companies, universities, and chemical
and petroleum companies on all as-
pects of catalytic conversion to reduce
automotive emissions.

The scope of coverage in this timely
volume makes it an ideal reference text
on analytical methods, mechanisms of
catalytic removal, and catalysts them-
selves.

Specific topics examined in fourteen
papers include:

 thermocatalytic detection of NOy and
factors affecting catalyst activity

* thermodynamic interaction between cata-
lyst and exhaust, degradation of control
catalysts, and oxidation of CO and CoH4

o resistance of catalysts to thermal deactiva-
tion, variation of selectivity, catalyst poison-
ing, and the nature of the catalyst support.

199 pages (July 1975) $19.95 clothbound
(ISBN 0-8412-0219-2).

SIS/American Chemical Society
1155 16th St., N.W., Wash., D.C. 20036

Please send copies of No. 143
Catalysts for the Control of Automotive
Pollutants at $19.95 per book.

0O Check is enclosed for $ O Bill me.
Postpaid in U.S. and Canada, plus 40 cents
elsewhere.

Name

Address

City State Zip
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ANNOUNCING ... NEW THIRD EDITION

AIR POLLUTION

edited by ARTHUR C. STERN
Volumes in the ENVIRONMENTAL SCIENCES Series

The third edition of this standard reference work has grown
to keep pace with our expanding knowledge of air pollution, and
will now consist of five volumes. All chapters which appeared in
the second edition have been revised. New chapters concern
themselves chiefly with aspects of air quality management, such
as data handling, emission inventory, mathematical modeling, and
control strategy analysis, global pollution, its monitoring, and more
detailed attention to pollution from automobiles and incinerators.
There are now three chapters on air pollution standards, covering
air quality standards, and emission standards for stationary and
for mobile sources.

VOLUME 1/AIR POLLUTANTS,

THEIR TRANSFORMATION AND TRANSPORT
CONTENTS: The Pollutants: L. A. Chambers, Classification and
Extent of Air Pollution Problems. P. Urone, The Primary Air Pol-
lutants—Gaseous: Their Occurrence, Sources, and Effects. M.
Corn, Aerosols and the Primary Air Pollutants—Nonviable Parti-
cles: Their Occurrence, Properties, and Effects. A. R. Jacobson
and S. C. Morris, The Primary Air Pollutants—Viable Particulates:
Their Occurrence, Sources, and Effects. M. Eisenbud, The Primary
Air Pollutants—Radioactive: Their Occurrence, Sources, and
Effects. Transformation of Air Poll A. J. Haagen-Smit and
L. G. Wayne, Atmospheric Reactions and Scavenging Processes.
R. E. Munn and D. M. Whelpdale, Global Sources, Sinks, and

Transport of Air Pollution. The Transport of Air Pollutants: R. C.
Wanta and W. P. Lowry, The Meteorological Setting for Dispersal
of Air Pollutants. G. H. Strom, Transport and Diffusion of Stack
Effluents. W. B. Johnson et al., Urban Air Quality Simulation
Modeling. E. W. Hewson, Meteorological Measurements. G. C.
Holzworth and R. A. McCormick, Air Pollution Climatology.
1976, 752 pp., $39.50/£21.70 ISBN: 0-12-666601-6

VOLUME 2/THE EFFECTS OF AIR POLLUTION
1976, about 650 pp., in preparation ISBN: 0-12-666602-4

VOLUME 3/MEASURING, MONITORING,
AND SURVEILLANCE OF AIR POLLUTION
1976, about 650 pp., in preparation ISBN: 0-12-666603-2

VOLUME 4/ ENGINEERING CONTROL OF
AIR POLLUTION
1976, about 900 pp., in preparation ISBN: 0-12-666604-0

VOLUME 5/AIR QUALITY MANAGEMENT
1976, in preparation ISBN: 0-12-666605-9

ECOLOGICAL ASPECTS OF USED-WATER TREATMENT

VOLUME 1/THE ORGANISMS AND THEIR ECOLOGY

edited by C. R. CURDS and H. A. HAWKES
CONTENTS: E. B. Pike, Aerobic Bacteria. R. F. Crowther and
N. Harkness, Anaerobic Bacteria. T. G. Tomlinson and I. L. Wil-
liams, Fungi. K. Benson-Evans and P. F. Williams, Algae and
Bryophytes. C. R. Curds, Protozoa. F. Schiemer, Nematoda. M.

Doohan, Rotifera. J. F. de L. G. Solbé, Annelida. M. A. Learner,
Insecta. R. A. Baker, Arachnida. M. A. Learner, Crustacea and
Mollusca.

1976, 424 pp., $32.25/£ 12.50 ISBN: 0-12-199501-1

ENVIRONMENTAL QUALITY AND SAFETY, Volume 5

Global Aspects of Chemistry, Toxicology, and Technology as Applied to the Environment

edited by FREDERICK COULSTON and FRIEDHELM KORTE
assistant editors: W. Klein and |. Rosenblum
From the Reviews:

... excellent . . . for environmental scientists attempting to
keep current in the wide-range of their total responsibility. It is
recommended for toxicologists, ecologists, and ail individuals
working in the area of environmental quality and safety. Such
persons should subscribe to this semiannual publication on a
regular basis.”— Veterinary Toxicology

Volume 5 is devoted to the evaluation of safety of chemicals,
drugs, natural products, and physical agents on plants, animals
and men. Particular emphasis is on the definition of chemical
hazards which apply to the ecology of food supply and on newer

ENVIRONMENTAL RESEARCH

An International Journal of Biomedical Ecology
editor-in-chief: IRVING J. SELIKOFF
Contributions to the growing body of knowledge in the envi-

ronmental sciences now come from various scientific disciplines.
Environmental Research serves as an interdisciplinary journal with
the broad responsibility of providing a focus for the integration of
the various components of environmental research. It is of interest
to pathologists, epidemiologists, physical scientists, microbiolo-
gists, environmental physiologists, experimental pathologists,
biostatisticians, molecular biologists, industrial physicians and
toxicologists.

techniques of chemistry, biology and engineering which are used
to evaluate environmental changes in air, water and soil and to
solve the problems which may arise in connection with these
changes.

VOLUME 5/1975, 267 pp., 90 figures, 61 tables,

$18.50/ £ 10.20 ISBN: 0-12-227005-3

Published jointly by Georg Thieme Verlag, Stuttgart and Academic Press.

VOLUMES 11-12, 1976 (bimonthly)

Annual subscription rates: U.S., $65.00; U.K., £39.00; all other
countries, $77.50/ £ 39.00 (prices include postage)

Journal subscriptions must be paid in advance.

N.B.: Postage plus 50¢ handling charge on all book orders not accompanied by payment.
Prices are subject to change without notice.

ACADEMIC PRESS

A Subsidiary of Harcourt Brace Jovanovich, Publishers
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 / 24-28 OVAL ROAD, LONDON NW1 7DX

CIRCLE 1 ON READER SERVICE CARD
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BOOKS

Proceedings of the Fourth Annual In-
dustrial Pollution Conference of
WWEMA. 63 papers and abstracts. Water
and Wastewater Equipment Manufactur-
ers Association, 7900 Westpark Drive,
Suite 304, McLean, VA 22101. 1976. $25,
paper.

These proceedings contain papers and
abstracts from the pollution conference
held at Houston, Tex., in March, and in-
cludes contributions from experts in the
industrial and municipal wastewater
communities. While many topics of vital
concern are included, the emphasis is on
water and resource recovery, which is of
increasing importance in the light of
present and projected water and materials
shortages.

How to Save Gasoline. Public Policy
Alternatives for the Automobile. Sorrell
Wildhorn, et al. xv + 324 pages. Ballinger
Publishing Co., 17 Dunster St., Cam-
bridge, MA 02138. 1975. $17.50, hard
cover.

This study evaluates public policies for
conserving energy used by automobiles,
and reports on the public dialogue con-
cerning possible enactment of the various
policies. Evaluation of energy conserva-
tion policies for private cars and policy
alternatives are discussed. The book is
part of The Evaluation of Measures to
Conserve Energy, a continuing Rand Corp.
program, and it compares alternatives of
improving fuel economy through price
rises as against regulatory means.

Strip Mining of Coal: Environmental So-
lutions. William S. Doyle. xi + 307 pages.
Noyes Data Corp., Mill Road at Grand
Ave., Park Ridge, NJ 07656. 1976. $32,
hard cover.

The most immediately available energy
source could be strip-mined coal, but the
environmental problems involved could be
staggering. This work provides compre-
hensive coverage of surface mining
methods and land use; land reclamation;
revegetation; acid mine drainage (AMD)
and AMD control; and other very pertinent
topics, including examples, case histories,
and dollars involved. State agency con-
tacts are also given.

Behavioral Toxicology. Bernard Weisse
and Victor G. Laties, Eds. xxi + 469
pages. Plenum Publishing Corp., 227 W.
17th St., New York, NY 10011. 1975.
$39.50, hard cover.

Are there changes in behavior when
humans and animals are exposed to car-
bon monoxide, methylmercury, and other
toxic substances? Possible answers to
this and similar questions are given by
experts who furnished contributions and
discussions to this book; these experts
are widely recognized in the field of ef-

fects on behavior and performance by
drugs and pollutants. Teratological effects
are also discussed.

Environmental Quality—1975: The Sixth
Annual Report of the Council on Envi-
ronmental Quality. xxxv + 763 pages.
Superintendent of Documents, U.S.
Government Printing Office, Washington,
DC 20402. 1975. $6.60, paper.

One emphasis is on carcinogens in the
environment, a topic that has generated
much interest of late. Perspectives and
trends in water, air, solid wastes, haz-
ardous materials, and noise are covered,
as are related matters. The global envi-
ronment, population, and endangered
animal and plant species are also dis-
cussed.

The Genesis Strategy: Climate and Glo-
bal Survival. Stephen H. Schneider with
Lynne E. Mesirow. xxi + 419 pages. Ple-
num Publishing Corp., 227 W. 17th St,,
New York, NY 10011. 1976. $14.95, hard
cover.

The weather is no longer a subject for
small talk. Natural climatic changes could
have beneficial or adverse effects, but the
implications of climatic modification—
quite possibly very adverse—need to be
considered carefully. This book discusses
these and other pertinent matters, ex-
plains why the world is generally unpre-
pared for severe climatic changes—some
caused by man’s imprudence—and pro-
poses possible ways out of the predica-
ment.

Manual for Environmental Impact Eval-
uation. Sherman J. Rosen. viii + 232
pages. Prentice-Hall, Inc., Englewood
Cliffs, NJ 07632. 1976. $12.95, hard
cover.

Mandated by NEPA, the environmental
impact statement is a fact of daily life.
This book explains the environmental
impact evaluation, how it is prepared,
what goes into it, and the rationale behind
the requirement for such an evaluation.

Polluted Groundwater. David Keith Todd
and Daniel E. Orren McNulty. 179 pages.
Water Information Center, Inc., 14 Van-
derventer Ave., Port Washington, NY
11050. 1976. $16, hard cover.

This book reviews the literature on
groundwater pollution brought about by
man’s activities. It discusses causes,
monitoring methods, and control proce-
dures. Among topics covered are pollution
from wells, salt water and surface water,
urban pollution, and industrial and agri-
cultural pollution. Rather than prepare an
annotated bibliography, the authors re-
view groundwater pollution literature in
essay form on a subject basis.

Analysis of Air Pollutants. Peter O. War-
ner. xi + 329 pages. John Wiley & Sons,
Inc., 605 Third Ave., New York, NY
10016. 1976. $24, hard cover.

This book offers a comprehensive
discussion and how-to-do-it material
concerning detection and quantitative
determination of air pollutants. Many dif-
ferent analytical methods are discussed,
as is determination of trace quantities of
pollutants. Also considered is proper
calibration of air sampling equipment.

Crisis in the Workplace: Occupational
Disease and Injury. Nicholas A. Ashford.
589 pages. The MIT Press, 28 Carleton
St., Cambridge, MA 02142. 1976. $16.95,
hard cover.

The Occupational Safety and Health
Act of 1970 implementation is not at all
adequate to prevent occupational dan-
gers, according to the author. He pro-
poses that environmental priorities be
redirected so that more emphasis is
placed on the workplace environment
where essentially all pollution begins. Also
addressed are economic issues, federal
regulations, and the ineffectualness of
voluntary compliance. The author holds
a doctorate in chemistry and a degree in
law.

SO, and NO, Removal Technology in
Japan—1976. 61 pages. Japan Man-
agement Association, Kyoritsu Building,
3-1-22 Shiba Park, Minato-ku, Tokyo,
Japan. 1976. $36, including air mail
postage.

This work contains material concerning
latest Japanese contributions to SO, and
NO, control technology.

Air Pollution Control in the Steel Industry.
H. M. Englund and W. T. Berry, Eds. 58
pages. Publications Department, Air
Pollution Control Association, 4400 Fifth
Ave., Pittsburgh, PA 15213. 1976. $6
($4.50 to APCA members), paper.

This book is one of the APCA reprint
series that features what APCA considers
to be outstanding papers from its Journal.
Coke oven emission controls are dis-
cussed, as are acid gases, Claus plant
operations, coke oven gas sulfur removal,
occupational hazards of exposure to coal
tar pitch volatiles, energy consumption,
and other related topics.

Light Metals 1976, Volume 2. S. R.
Leavitt, Ed. 631 pages. Metallurgical So-
ciety of AIME, 345 E. 47th St., New York,
NY 10017. 1976. $26 ($16 to AIME
members), paper.

This illustrated book contains papers
presented at the 105th AIME Annual
Meeting held at Las Vegas, Nev., this year.
It covers alumina and bauxite production,
cast shop technology, and environmental
control. Among environmental topics is
baghouse use, particulate emission con-
trol, dry scrubbing of pot gas, anodizing
waste treatment, and wastewater dis-
posal.
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This important new collection will pro-
vide you with critical and in-depth
coverage of the latest literature on air
pollution characterization and removal.

Sixteen chapters focus on several com-
mon air pollutants and discuss methods
of removing them from different at-
mospheric situations. The collection
stresses the significant interactions
among particulates and gas phase con-
taminants and includes specific infor-
mation on the following topics:

e precipitation scavenging; persistent pesti-
cides in the atmosphere; hazardous con-
taminants in the occupational environment

* cigarette smoke filtration; aerosol filtration;
sulfur dioxide in stack gases; trace gas ad-
sorption; ozone-hydrogen sulfide reactions

¢ ambient halocarbons; nitrogen oxides;
high ozone concentrations; ozone-olefin
reactions; and more

207 pages (September 1975) $17.25 Cloth.

SIS/American Chemical Society
1155 16th St., N.W., Wash., D.C. 20036

Please send
R | of Trace C
at $17.25 per book.

O Check enclosed for $ O Bill me.
Postpaid in U.S. and Canada, plus 40 cents

Removal of
Trace Contaminants
from the Air

ACS Symposium Series No. 17

copies of No. 17
from the Air

Victor R. Deitz, Editor

A symposium co-sponsored by the SIoOWhOLs;

Division of Colloid and Surface Name

Chemistry and the Division of s

Environmental Chemistry of the

American Chemical Society. City State Zip

ACS
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MEMENTOS ACS Centennial Mug ACS Centennial Emblem
The perfect accessory for l Blue, white, and gold di-

office, den, or bar—4 3/4 amond-shaped emblem
inch high pewter-colored | commemorating the Centen-
noggin with ACS Centennial I nial is available with pin back
seal made of Armetale* to for women members, or as a
keep beer or ale ice cold l lapel or tie tack for men

$8.5 $2

Books Dept /American Chemical Society
1155 16th St. NW., Wash., D.C. 20036

| 0O ACS Mug

0 ACS Emblem
I ($8.50 each) ($2.00 each)
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| O ACS Plate men’s lapel
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O ACS Seals
___roll of 2,000 ($10.00)
I 200 for $1.00

' [ Check enclosed for $
| All orders postpaid in US. and Canada

ACS Centennial Seals
1 1/2 inch blue and gold | 10 3/4 inch blue and white

ACS Centennial Plate

ACS Centennial seal. Ideal | Name =
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or greeting cards
Roll'of 2,000 for $10.00 |
200 for  1.00 |

plate with gold rim featuring
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Solar Age. Periodical. SolarVision, Inc.,
Box 288, Vernon, NJ 07462. 1976.
$20/yr; $30/2 yrs.

Many aspects of solar energy use are
covered. Among them are solar-heated
schools in operation, solar cooling, pho-
tovoltaics, biofuels, and ocean thermal
gradients. Collectors and cells are and will
be discussed, as well as storage batteries,
financing, building design and orientation,
and wind energy technology. Many ac-
knowledged experts in the field are con-
tributing to this publication.

Toward A National Ocean Policy: 1976
and Beyond. Superintendent of Docu-
ments, U.S. Government Printing Office,
Washington, DC 20402. 1976. $2.60.
Stock No. 038-000-00263-5.

This report analyzes results of the 1975
Law of the Sea Conference held at Ge-
neva, Switzerland. It presents treaty al-
ternatives in future negotiations; outlines
options in policy for fisheries, national
security, the marine environment, navi-
gation, resources, and research; and
stresses the national and international
need for a comprehensive management
approach to ocean use.

Occupational Monitoring for Genetic
Hazards. Marvin S. Legator and Alexander
Hollaender, Eds. The New York Academy
of Sciences, P.O. Box 5075, F.D.R. Sta-
tion, New York, NY 10022. 1975. $8, plus
$1 for mailing and handling.

Published last December 31, this work,
Volume 269 of the Annals, marks the first
attempt to focus on concerns and prob-
lems of the occupational environment as
related to mutagenic compounds. Of
special concern are existing and proposed
screening techniques, relations of cellular
studies to possible mutagenicity, identi-
fication of mutagenic compounds, and
labor and management efforts for long-
term testing.

Deserts of the World. M. P. Petrov; R.
Lavoot, translator. 435 pages. Halsted
Press, 605 Third Ave., New York, NY
10016. 1976. $47.50.

Originally written in Russian, this book
describes and discusses many aspects of
deserts. Included are studies of environ-
mental conditions, geomorphology, nat-
ural resources, animal and plant life, and
adaptation to unfavorable habitats. Des-
erts on all the continents are dealt with.

Introduction to Pulping Technology. 12
cassette tapes and 20-chapter study
guide. Publications Order Department,
Technical Association of the Pulp and
Paper Industry, One Dunwoody Park, At-
lanta, GA 30341. 1976. $195 ($165 to
TAPPI members).

This home study course covers every
facet of pulping technology from wood
structure and anatomy to end products.
Among topics of environmental interest
are acid recovery and by-products, paper
and board recycling, and pollution prob-
lems and abatement.



June 20-22 Portland, Me.

The Future of Wood as an Energy

Source. Gorham International Inc.
Write: Andrew C. Nyce or Alvin G. Keene,

Gorham International Inc., Gorham, Me. 04038

June 20-25 Blacksburg, Va.
Second International Conference on
Numerical Methods of Geomechanics.
Engineering Foundation

Among the topics to be discussed are waste
disposal and environmental engineering. Write:
Engineering Foundation, 345 E. 47th St., New
York, N.Y. 10017

June 20-25 New Orleans, La.

96th Annual Conference. American

Water Works Association (AWWA)
Theme is "“Water: Spirit of '76." Write: Jerry

Righthouse, Meetings Manager, AWWA, 6606

W. Quincy Ave., Denver, Colo. 80235

June 24-25 Los Angeles, Calif.
Stack Sampling Seminar. Research Ap-
pliance Co. (RAC)

Write: Ralph J. Bulger, Vice President,
Marketing, RAC, Route 8, Gibsonia, Pa. 15044

June 24-27 Amherst, Mass.
Toward Tomorrow in Bicentennial
America. The University of Massachu-
setts and the New England Solar Energy
Association

Alternative technological and life-style
issues will be discussed. Write: Fran Koster,
Bicentennial Coordinator, University of Mas-
sachusetts, Amherst, Mass. 01002

June 25 Houston, Tex.
Marine/Offshore Industry Outlook Con-
ference. Texas A&M University's Sea
Grant Program and the Industrial Eco-
nomics Research Division as well as the
Marine Services Association of Texas
Write: Dewayne Hollin, 1200 South Post
Oak Road, Suite 422, Houston, Tex. 77027

June 27-30 Cincinnati, Ohio
Third National Conference on Complete
WateReuse: Symbiosis as a Means of
Abatement for Multi-Media Pollution.
American Institute of Chemical Engineers
(AIChE) and EPA: Technology Transfer
Write: Lawrence K. Cecil, Consulting
Chemical Engineer, 418 Lincoln Building, 44
Main St., Champaign, Ill. 61820

June 27-30 Lincoln, Neb.

1976 Summer Meeting. American Soci-

ety of Agricultural Engineers (ASAE)
Environmental topics will be discussed.

Write: Roger R. Castenson, ASAE, 2950 Niles

Road, St. Joseph, Mich. 49085

June 27-July 1 Portland, Ore.

69th Annual Conference & Exhibition. Air

Pollution Control Association (APCA)
Write: Public Relations Dept., APCA, 4400

Fifth Ave., Pittsburgh, Pa. 15213

MEETING GUIDE

June 27-July 1 Boulder, Colo.
Fifth International CODATA Conference.
CODATA

Write: Numerical Data Advisory Board,
National Research Council, 2101 Constitution
Ave., N.W., Washington, D.C. 20418

June 27-July 2 San Francisco, Calif.
Health Physics Society and the Radiation
Research Society Meeting. Health
Physics Society and the Radiation Re-
search Society

Write: Richard J. Burk, Jr., executive di-
rector, 4720 Montgomery Lane, Suite 506,
Bethesda, Md. 20014

June 28-July 2 Andover, N.H.
Environmental Sciences: Water. Gordon
Research Conferences

Write: Alexander M. Cruickshank, director,
Gordon Research Conferences, Colby-Sawyer
College, New London, N.H. 03257

July 4-9 Henniker, N.H.
Assessment of Environmental Standards.
Engineering Foundation

Write: Engineering Foundation, 345 E. 47th
St., New York, N.Y. 10017

July 5-9  Johnson, Vt.
Occupational and Industrial Health.
Committee D-22 on Methods of Sampling
and Analysis of Atmospheres of the
American Society for Testing and Mate-
rials (ASTM)

Write: Steven S. Ross, MBA Communica-
tions, Inc., 555 Madison Ave., New York, N.Y.
10022

July 6-9 West Lafayette, Ind.
Third Purdue Compressor Technology
Conference. Purdue University

Write: Division of Conferences, Purdue
University, Stewart Center, West Lafayette,
Ind.

July 11-16 Henniker, N.H.
Conference on Wind Energy Conversion.
Engineering Foundation

Write: Engineering Foundation, 345 E. 47th
St., New York, N.Y. 10017

July 12-15 San Diego, Calif.

Sixth Annual Intersociety Conference on

Envir tal :, t American So-

ciety of Mechanical Engineers (ASME)
Write: Gail Jannon, Meetings Dept., ASME,

345 E. 47th St., New York, N.Y. 10017

July 13-14 Kingston, R.I.
Annual North Eastern Regional Anti-
pollution Conference (ANERAC-1976).
University of Rhode Island

Theme is "‘Assessing the Environmental
Impact of the Petroleum Industry in the
Northeast.” Write: Prof. Donald Sussman,
Department of Civil and Environmental Engi-
neering or Prof. Stanley Barnett, Department
of Chemical Engineering, University of Rhode
Island, Kingston, R.I. 02881

July 18-21 Denver, Colo.
Land Use and Nuclear Facility Siting:
Current Issues. Atomic Industrial Forum,
Inc. (AIF)

Write: Conference Department, AIF, 7101
Wisconsin Ave., N.W., Washington, D.C.
20014

July 18-23 Los Angeles, Calif.
1976 Intersociety Conference and Ex-
position on Transportation. American
Society of Mechanical Engineers (ASME),
American Economic Association and
others

Write: Gail Jannon, ASME, 345 E. 47th St.,
New York, N.Y.

July 25-30 Rindge, N.H.
Recycling Implementation—Engineering
and Economics. The Engineering Foun-
dation

Write: Engineering Foundation Confer-
ences, 345 E. 47th St., New York, N.Y. 10017

July 25-30 Geneva, N.Y.
35th Research Conference on Instru-
mentation Science. Instrument Society
of America (ISA)

Environmental topics will be included. Write:
ISA, 400 Stanwix St., Pittsburgh, Pa. 15222

Courses

June 14-18 Washington, D.C.
Solar Heating and Cooling—Residential
and Commercial Applications. George
Washington University

Fee: $435. Write: Director, Continuing En-
gineering Education, George Washington
University, Washington, D.C. 20052

June 14-18 Hartford, Conn.
Solar Energy for Buildings. The Hartford
Graduate Center

Fee: $250. Write: Donald B. Florek, Pro-
gram Manager, The Hartford Graduate Center,
275 Windsor St., Hartford, Conn. 06120

June 14-18 Atlantic City, N.J.
12th Institute on Noise Reduction. Insti-
tute on Noise Control

Fee: $400. Write: James. H. Botsford, Di-
rector, Institute on Noise Control, Inc., 3456
Altonah Rd., Bethlehem, Pa. 13017

June 15-17 Albuquerque, N.M.
8th Annual Heat Pipe Technology. Uni-
versity of New Mexico

Fee: $275. Write: Doyle L. Caton, Tech-
nology Application Center, University of New
Mexico, Albuquerque, N.Mex. 87131

(continued on page 614)
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The New Portable Portable...
The Ambient Sensor That Works Anywhere

Our new CEA 555
offers truly portable continuous
ambient air monitoring for SO, or NO, and can

be adapted for other wet chemical techniques. It adapts
to any need anywhere—in the field or in the lab. For more
information about our portable portable, use the coupon.

NAME TITLE

COMPANY.

ADDRESS

CITY STATE IP:

PHONE

CEA Instruments

61 Taylor Reed Place. Stamford. Conn. 06906
(203) 359-1320 » (212) 247-2518.9 * Telex: 965816

--------------1
L--------------‘

Bl o o o e o o e
CIRCLE 40 ON READER SERVICE CARD

Second Series A significant and absorbing new book about
by Norman Metzger the latest chemical achievements of the
Introduction seventies based on interviews with Nobel-
by Isaac Asimov Prize-winning scientists, first aired on the

radio series “Men & Molecules’ sponsored by
the American Chemical Society.

en Qn This fascinating volume tells about some of the
extraordinary breakthroughs taking place in

laboratories around the world today that will
have far-reaching effects on our future lives.

Read more about the exciting implications of

current research into:

« the riddle of aging

- the quest for molecules which may be the

origin of stars and the “soup” in which life

began

Russian water

the creation of superheavy elements

- the search for neutrinos which may reveal
how the sun burns

+ the race to synthesize ribonuclease

- genetics, nitrogen fixation, insect chemistry,
and polluted oceans ’

Besides presenting recent discoveries, this com-
pelling book offers valuable insight into the
nature of scientific research with its constantly
changing “truth.” Written in easy-to-follow,
non-technical language, it will interest the
general reader, scientist, and student who can
relate class work to modern-day experiments.

246 pages with index & bibliography. Cloth
(1972) $5.95. A Crown Publishers book. Post-
paid in U.S. and Canada, plus 40¢ elsewhere.

Order from: Special Issues Sales
American Chemical Society
1155 Sixteenth St., N.W.
Washington, D.C. 20036
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June 20-25 Fort Collins, Colo.
A Series of Short Courses: Atomic Ab-
sorption Spectroscopy, Water Chemistry
and Introduction to Electroanalytical
Chemistry. Colorado State University/
Dept. of Chemistry

Fee: $200. Write: Anthony P. Schmitt, Dept.
of Chemistry, Colorado State University, Fort
Collins, Colo. 80523

June 20-25 Fort Collins, Colo.
A Series of Short Courses: Standard
Methods of Water Analysis, lon Selective
Electrodes and Optical Emission Spec-
troscopy. Colorado State University/Dept.
of Chemistry

Fee: $200. Write: Anthony P. Schmitt, Dept.
of Chemistry, Colorado State University, Fort
Collins, Colo. 80523

June 21-24 Dallas, Tex.
Atmospheric Sampling, Course No. 435.
Air Pollution Training Institute

Fee: $200. Write: Registrar, Air Pollution
Training Institute, MD-17, National Environ-
mental Research Center, Research Triangle
Park, N.C. 27711

June 21-25 Philadelphia, Pa.
Air Pollution Meteorology, Course No.
411. Air Pollution Training Institute

Fee: $135. Write: Registrar, Air Pollution
Training Institute, MD-17, National Environ-
mental Research Center, Research Triangle
Park, N.C. 27711

June 21-25 Philadelphia, Pa.
Principles and Practice of Air Pollution
Control. Air Pollution Training Institute

Fee: $135. Write: Registrar, Air Pollution
Training Institute, MD-17, National Environ-
mental Research Center, Research Triangle
Park, N.C. 27711

June 22-24 Philadelphia, Pa.

Air Pollution Administration Ill, Course

No. 460. Air Pollution Training Institute
Fee: $90. Write: Registrar, Air Pollution

Training Institute, MD-17, National Environ-

mental Research Center, Research Triangle

Park, N.C. 27711

June 21-25 Region IV
Surveillance and Monitoring of Estuaries,
Course No. 161.3. U.S. Environmental
Protection Agency (EPA)

Fee: $110. Write: Training, U.S. EPA, Re-
gion IV, Environmental Research Lab, College
Station Road, Athens, Ga. 30601

June 28-July 2 Cincinnati, Ohio
Effluent Monitoring Procedures: Nutri-
ents, Course No. 164.3. U.S. Environ-
mental Protection Agency (EPA)

Fee: $175. Write: Registrar, National
Training Center, MPOD, OWPO, WHM, U.S.
EPA, Cincinnati, Ohio 45268

July 7-9  East Brunswick, N.J.
Pesticide Residue Analysis. The Center
for Professional Advancement

Fee: $325. Write: Mrs. Edith Webb, Regis-
trar, The Center for Professional Advance-
ment, P.O. Box 997, Somerville, N.J. 08876

(continued on page 617)



professional consulting services directory

Let’s Take
A Look!

Won't you
take a look at
the largest or-
ganic microan-
alytical labora-
tory in the
world? Our
fast and ac-
curate service
is something to
consider for your next sample
of organic and organometallic
compounds, water/waste water
and air pollutants, and other
special analyses (on request).
All analyses are promptly
processed without sacrificing
quality.

For a look at us . . . ask
for our informative brochure:

GALBRAITH LABORATORIES, INC.
2323 Sycamore Drive
Knoxville, Tennessee 37921
P. 0. Box 4187
Telephone 615/546-1335

ENVIRONMENTAL SPECIALIST
WATER POLLUTION
MONITORING & PURIFICATION SYSTEMS

VIROTRON

ENGINEERING

9625 COZYCROFT AVE.
UNIT J CLIFF OVERTON
CHATSWORTH, CA 91311 PRESIDENT
(213)341-6130 GEN. MANAGER

WATER SUPPLY - SEWAGE -

INDUSTRIAL WASTE TREATMENT -
TREATABILITY STUDIES -

HYDRAULIC DEVELOPMENTS - REPORTS -
INVESTIGATIONS + VALUATIONS -

RATES - DESIGN « CONSTRUCTION -
OPERATION MANAGEMENT -

CHEMICAL AND BIOLOGICAL LABORATORIES

BUCK, SEIFERT & JOST
INCORPORATED

BST

ConsultingEngineers
201-567-8990

140 Sylvan Avenue, Englewood Cliffs, New Jersey 07632

JOHN G. REUTTER ASSOCIATES "

ENVIRONMENTAL ENGINEERS

e Water Quality Planning

e Water Resources & Supply

* Wastewater Management

e Solid Waste Management

* Resource Recovery

e Air Pollution Control

* Testing & Monitoring Services
e Analytical Laboratory

Ninth & Cooper Streets
Camden, New Jersey 08101
609-541-7700

COMPLETE ENGINEERING SERVICES FOR POLLUTION CONTROL
AIR ¢ WATER ¢ WASTEWATER e« INDUSTRIAL WASTES
SOLID WASTES ¢ ENVIRONMENTAL PLANNING
1500 MEADOW LAKE PARKWAY, KANSAS CITY, MISSOURI 64114
DALLAS « DENVER ¢« ORLANDO * NEW YORK ¢ SAN FRANCISCO ¢ WASHINGTON D.C.

E BLACK & VEATCH / CONSULTING ENGINEERS

HENNINGSON, DURHAM & RICHARDSON
ENGINEERING o SYSTEMS « PLANNING « ECOSCIENCES
Complete Services in Planning and
Design of Pollution Control Facilities

Atlanta e Charlotte ¢ Chicago e Dallas « Denver ¢ Helena ¢ Los Angeles ¢ Minneapolis
Norfolk e Pensacola e Phoenix » Santa Barbara e Seattle « Washington, D.C.
8404 INDIAN HILLS DRIVE
Omaha, Nebraska 68114 (402) 399-1000

ENPROX.
SERVICE AND:
CHEMICAL
SYSTEMS

b

industrial water treatment
pollution control

ENVIRONMENT AL PRODUCTS DIVISION OF
working with industrial water 62 years

OAKITE PRODUCTS, INC.

BERKELEY HEIGHTS, N.J. 07922 * TLX 13866

COMPLETE ENVIRONMENTAL SERVICES:

Environmental impact assessments. . . Pollutant emis-
sion, air quality & water quality monitoring . .. Dis-
persion estimates . . . Ecological consulting . . .
Meteorological field studies & consulting services. Contact

ENVIRONMENTAL SCIENCES DIVISION
(303) 758-1122

P. O. Box 5888
Denver, Colorado 80217

SVERDRUP & PARCEL AND ASSOCIATES, INC.
800 NORTH TWELFTH BOULEVARD ST. LOUIS, MISSOURI 63101

ENVIRONMENTAL ENGINEERING
air * water ¢ solid waste ¢ noise

BostoneCharleston, WVe GainesvilleeJacksonvillesNashvilleeNew Y orkePhoenix
Port Washington, NYeSan FranciscoeSeattleeSliver Spring, MDeWashington, DC

MINNESOTA VALLEY
MVTL _ TESTING LABORATORIES, INC.
Specialists in Water and Wastewater

« Municipal/Industrial Waste Surveys
New Ulm, Minn  + Routine Monitoring Services
56073 « Complete Laboratory Services

one
507-354-8517

WATER AND AIR POLLUTION CONSULTANTS
Environmental Services - Water and Air Quality
Testing - Emission & Ambient Air Testing -
Microbiological and Chemical Analyses

iwd

ANALYSIS LABORATORIES, INC.

2932 LIME STREET METAIRIE, LA. 70002

(504) 889-0710
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® ENVIRONMENTAL WATER TESTING
® HEAVY METAL TESTING
® PESTICIDE RESIDUE ANALYSIS

® PARTICLE SIZE DISTRIBUTION
ANALYSIS

Bio-Analytical Laboratories
division of Cyto Medical Laboratory, |

12 CASE ST., NORWICH, CONN.
TEL. (203) 886-0121

16360

Lawler, .
" NVIRONMENTAL
Malu;‘ky SCIENCE &
ENGINEERING
skel Iy CONSULTANTS
Engineers

Environmental assessment reports
Water body modeling

Water resources development
Municipal and industrial wastes disposal
Aquatic and marine biology

Plant siting

Air and water pollution control

TREATMENT PLANT DESIGN
ANALYTICAL LABORATORY
COMPUTER SERVICES
(914) 359-2100
415 Route 303, Tappan, New York 10983

( Environmental Studies, Design
and Construction Management

AIR & WATER
STACK & EXHAUST TESTS
CONSULTING o LABORATORY
Particulates « Aerosols » Odor « Smoke
Organics « Fumes « Acids « Foundries
. C. Chemical Analyses/0.S.H.A.
“TEST IT FIRST SO YOU REALLY
KNOW WHAT THE PROBLEM IS

ROSSNAGEL & ASSOC.
*

Engineering & Testing Ci I

1999 Rt. 70 Cherry H|II N.J. 08003
09) 424-4440

250 Arizona Ave N.E. Atlanta, Ga. 30307

(404) 377 4248 4249

TESTING - EVALUATION - CONSULTING

e Source Testing & Monitoring Systems
Combustion & Energy Engineering
Meteorological & Ambient Air Surveys
Environmental Impact Statements
Analytical & Fuels Laboratory
Engineering Feasibility Studies

Waste Management

Certified Water Analysis Laboratory

AIR-WATER - WASTE - NOISE

' Laboratory and Process Development '

Industrial Waste Water Control
Liquid and Solid Incineration
Air Pollution Control
In-plant Control and Process Modifications
Desalination

CATALYTIC
INC.

Consultants @ Engineers @ Constructors
Environmental Systems Division
Centre Square West. 1500 Market Street
Philadelphia, Pa. 19102, 215—-864-8000

SERVICES RELATING TO
AIR AND WATER MODELING
A. Ben Clymer, P.E.
Consulting Engineer
1210 Chambers Rd., 3028
¢ Columbus, Ohio 43212

Telephone: 614/486-6144

Engineers Since 1902

Complete Design of
Environmental Facilities

An Employee Owned Company

Greenville, South Carolina 29606 e Houston, Texas 77027
Raleigh, North Carolina 27607

—

Ambient At Studies - Stack Sampling - Water Testing - Third Party
Professional Reoresentation - NPDES Monitorng - Drspersion Modeling -
Environmental impact Statements

LA - (318) 439 8334 - Casper WY - (307) 266-135%

ECOLOGY AUDITS, INC.

11061 Shady Tral Dallas TX 75229
(214) 350 7893

Hranch Difices. Lake Chiarles,

Subsichary of Core Laboratories. Inc

CHARLES R VELZY
ASSOCIATES, INC.
CONSULTING ENGINEERS
WATER POLLUTION CONTROL « SOLID
WASTE DISPOSAL « AIR POLLUTION
CONTROL « INDUSTRIAL WASTES
DRAINAGE « WATER SUPPLY
350 Executive Boulevard

. Elmsford, New York 10523
Mineola, New York Babylon, New York

. Charlotte. N.C. 28209, 704—525-8220

MANCHESTER LABORATORIES, INC.

ENVIRONMENTAL CONSULTANTS

AECANE S ATEICROLEE TN CoN o
PAVIONNEN AL D ST T

FIOC S INGINEERING
Manchester, X
lowa Mlinais

LABORATORIES INC.
545 Commerce St.  Franklin Lakes, N. J. 07417*
201-337-4774 201-891-8787
* Atomic Absorption * Optical Emission
* Chemical * X-ray Spectrometry
Complete Analytical Services for
Environmental Studies & Pollution Control

GREELEY AND HANSEN

LABORATORY

Chemical Analyses
For Environmental Studies
And Pollution Control

One Research Drive - Stamford, Conn. 06906 (203) 325-1371
7100 Broadway - Denver, Colorado 80221 (303) 426-1582

) ENVIRONMENTAL
QUALITY ANALYSTS

A Divisior

" Quality and

1505

525 Ashland St., North Adams, MA 01247
Tel. 413/663-6769

Environmental Engineering
Industrial—M |« Water—S
Solid Wastes Management
Air Pollution Control * Power Engineering

Gibbs & Hill. Inc.

ENGINEERS DESIGNERS CONSTRUCTUF
393 S y '

enue New Yore

y of Drav ot

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 MICROSCOPY
WRITE FOR CATALOG

8i

PENNONI ASSOCIATES
CORPORATE
CONSULTING ENGINEERS L4

6 WALNUT ST PHILADELPHIA, PA 19103
2i5) 561 - 0460

Judith H.Clausen, Ph.D.

CONSULTING CHEMIST

& Pollution Analysis and Me

PO Box 203
® Product Liabibity Lexangton. Mas, 02173
617) 646 0220

w Treatability and Tnpact St

® Satety and Hygiene

w Complete Laboratory Service:

USE THE CONSULTANTS' DIRECTORY

Six Twelve

UNIT Issues Issues
1) X 1 col. 31 29
1 X 2 col. 62 57
1,, X 3 col. 89 80
2,, X1 col. 62 57
2,, X 2col. 114 103
4 X 1 xol. 114 103

Your card may appear in_every issue for
one year, every issue for six months (con-
secutive issues), or every other issue for
one vear (alternate issues). Send your
copy Lo

Joseph P. Stenza,
ENVIRONMENTAL SCIENCE &
TECHNOLOGY

50 West State St.
Westport, CT 06880
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MEETING GUIDE (continued)

July 11-24 Fort Collins, Colo.
Westinghouse International School for
Environmental Management. Westing-
house Electric Co.

Fee: $2900. Write: James H. Wright, gen-
eral manager, WESD, P.O. Box 1899, Pitts-
burgh, Pa. 15230

July 12 Chicago, Il
Microscopial Identification of Asbestos,
Course No. 508. McCrone Research In-
stitute

Fee: $400. Write: Registrar, McCrone Re-
search Institute, 2820 S. Michigan Ave., Chi-
cago, lll. 60616

July 12-16 Schenectady, N.Y.
Seventh Annual Industrial and Product
Noise Control Institute. Union College/
Graduate Studies and Continuing Educa-
tion

Fee: $475. Write: Sabina Lawrence, Insti-
tute Secretary, Union College, Graduate
Studies and Special Programs, Schenectady,
N.Y. 12308

July 12-August 20 Boston, Mass.
18th Annual Graduate Summer Session
of Statistics in the Health Sciences.
Harvard University/School of Public
Health

Fee: $110. Write: Jane Worcester, Dept. of
Biostatistics, Harvard School of Public Health,
677 Huntington Ave., Boston, Mass. 02115

July 14-16 Berkeley, Calif.
Blue-Green Algal Ecology and Man-
agement. University of California at
Berkeley/University Extension

Advance enroliment is required. Fee: $150.
Write: Continuing Education in Engineering,
University of California Extension, 2223 Fulton
St., Berkeley, Calif. 94720

July 14-16 Cambridge, Mass.
The Design of the Industrial Workplace.
Harvard Graduate School of Design

Fee: $250. Write: Patricia L. McManus,
Harvard Graduate School of Design, Gund Hall,
L-37, Cambridge, Mass. 02138

July 19-23 Madison, Wis.
Water Distribution Plant Design. The
University of Wisconsin-Extension

Fee: $350. Write: John T. Quigley, program
director, Dept. of Engineering, University of
Wisconsin-Extension, 432 N. Lake St., Madi-
son, Wis. 53706

July 19-31 Davis, Calif.
Man, Energy and the Environment. Uni-
versity of California Extension

Fee: $225. Write: University Extension,
University of California, Davis, Calif. 95616

July 26-30 Madison, Wis.
Renewable and Non-Renewable Re-
sources. The University of Wisconsin-
Extension

Fee: $300. Write: Charles E. Dorgan, pro-
gram director, Dept. of Engineering, University
of Wisconsin-Extension, 432 N. Lake St.,
Madison, Wis. 53706

July 26-30 Nashville, Tenn.
Pollution Control: Meeting OSHA Stan-
dards Through Infrared Spectroscopic
and Gas Chromatographic Techniques.
Fisk Institute

Fee: $225. Write: Director, Fisk Institute,
Box 8, Fisk University, Nashville, Tenn. 37203

July 26-30 Richmond, Va.
Application and Practice of Gas Chro-
matography. Hewlett-Packard

Fee: $275. Write: Hewlett-Packard, 1501
Page Mill Rd., Palo Alto, Calif. 94304 or any
sales office.

July 26-30 Golden, Colo.

Shale Oil—Its Production, Properties,

and Utilization. Colorado School of Mines
Fee: $350. Write: P. F. Dickson, professor

and head, Chemical and Petroleum-Refining

Engineering, Colorado School of Mines,

Golden, Colo. 80401

July 29-31 Houston, Tex.
Simplex Optimization in Research and
Development. University of Houston/
Dept. of Chemistry

Course material finds application in process
engineering and chromatography. Fee: $250.
Write: S. N. Deming, Simplex Optimization in
Research and Development, Dept. of Chem-
istry, University of Houston, Houston, Tex.
77004

Call for Papers

June 7 deadline
Sixteenth Annual Hanford Biology
Symposium. U.S. Energy Research and
Development Administration and Battelle
Memorial Institute/Pacific Northwest
Laboratories

Conference will be held on September
27-29 at Richland, Wash. The symposium is
entitled *‘Pulmonary Macrophage and Epithelial
Cells."" Write: Mrs. Judith A. Rising, Sympo-
sium Secretary, Biology Dept., Battelle-
Northwest, Richland, Wash. 99352

June 15 deadline

Fibrous Structures in Gas and Liquid

Filtration. Fiber Society Symposium
Conference will be held on November 9-10

at Princeton, N.J. Write: Dr. George Lamb,

Senior Scientist, Textile Research Institute,

Princeton, N.J. 08540

July 1 deadline
33rd Annual Meeting of the East Central
Section of the Air Pollution Control As-
sociation (APCA).

Conference will be held September 8-10 in
Indianapolis, Ind. Write: John M. Sell, 5205
Lancelot Dr., Indianapolis, Ind. 46208

professional consulting

services directory

Stk Gungeed. ine.
ENVIRONMENTAL AND INDUSTRIAL
HYGIENE ANALYTICAL SERVICES
OSHA —Compliance EPA—Air and Water Quality
Complete Analytical Service
PO Box 1135 (215) 485-1121
Marcus Hook, Pa 19061 Ext. 302 or 5235

ANALYTICALG PHYSICAL
MEASUREMENT SERVICE

We ofter: Relating to:
 Measurements * OSHA Compliance
* Method Development  Air Analyses

* General Air
Quality Measurements

Research
DuPont Co.

Experimental Station-269
Wilmington, DE 19898 (302) 772-2821

COMPUTER TECHNOLGGY INC.

HARDWARE AND SOFTWARE CONSULTANTS
WSYSTEMS DESIGN & EVALUATION

® PROGRAMMING ® ELECTRONIC DESIGN

BSEMINARS - MANAGEMENT & TECHNICAL

134 MANCHESTER ROAD ® BALLWIN. MO. 63011
314-527-4515

TRUESDAIL LABORATORIES, INC.
CHEMISTS » MICROBIOLOGISTS o ENGINEERS
ESTABLISHED 1931
POLLUTION TESTING SERVICES
AIR - WATER - NOISE
4101 N. Figueroa St., Los Angeles 90065
(213) 225-1564
® 184 S. Hotel St., Honolulu, HA 96813

SAMPLING & ANALYSIS
Source + Water - Ambient Air
fast, accurate service

/Spectro-Chemical Laboratory
P O Box 500 @ Golden Colo B04G!
(303) 2796565

NTROPY
NVIRONMENTALISTS, INC

Walter S. Smith President
P_0O.Box 12291, RTP
Durham, N.C. 27709
919/781 3550

(8yPECIALISTS IN
/8younce
/e ameLinG
53 South Broadway
Yonkers, New York 10701
914/423 8721

AQUALAB
COMPLETE ANALYTICAL AND
CONSULTING SERVICES IN THE

FIELDS OF CHEMISTRY BIOLOGY
AND ENVIRONMENTAL ASSESSMENT

RT 20 AT VALLFY LANE 3548 35TH STREL T
STREAM WOOD, ILL 60103 ROCKFORD, ILL 61109
312289+ 3100 81587442171

v

JACK McCORMICK & ASSOCIATES, INC.
ECOLOGICAL CONSULTANTS
860 WATERLOO ROAD » DEVON PENNSYLVANIA 19333
Water Quality Analyses by EPA, ASTM, and APHA
Methods « Trace Metals by Graphite Furnace-AR o
Bacteriological Studies « Bioassay (Fresh & Sall Water)
« Primary Productivity & Autotrophic Indexes
FOR_FURTHER INFORMATION CONTACT
DR THOMAS C ROGINSKI MANAGEF
DIVISION OF MONITORING AND ANALYSIS
215-687-9130

ENVIRONMENTAL ENGINEERS

24 HOUR
EMERGENCY RESPONSE
314/569-0991

D. W. Ryckman & Associates, Inc.

689 Craig Road
St. Louis, MO 63141
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CLASSIFIED SECTION

[l POSITIONS OPEN

[ MATERIALS & ENERGY
RESEARCH CENTRE

ARYA-MEHR
UNIVERSITY OF TECHNOLOGY
Air Quality Control Division.
We require a Division Leader to co-ordinate our
programme on modeling air pollution in the
Tehran basin, and on the investigation and im-
provement of devices for air pollutant suppres-
sion which are appropriate for use in the city.
The successful candidate will be expert in the
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To test or monitor for toxic gases
and vapors is a vital and difficult
job, whatever the instrument that
you use.

The accuracy of your measure-
ments is critical . . . health and life
itself are often in the balance. To
ensure this vital accuracy you
need a suitable zero gas and an
accurate span gas to calibrate
your instrument.

Matheson supplies both zero
gases and the widest variety of
span gases. We offer both
Primary and Certified Standards,
or will custom blend to your
requirements.

But, an accurate mixture and high
quality zero gas are not enough.
Without the proper transfer
system to carry the gas from the
cylinder to your instrument you
jeopardize the value of your work.
A good regulator like Matheson's
3104 or 3800 — constant pres-
sure, metal diaphragm — com-
bined with the proper clean metal
tubing is a must.

More important, Matheson sup-
plies experience that you can draw
upon to keep your instrument
working at peak efficiency, or to
help you select the proper equip-
ment for a new instrument.

To improve your operation send
for “Gas Mixtures, Facts and
Fables.” We discuss all this in
detail and more.

heson

Lyndhurst, N.J. 07071

ast Rutherford, N.J. 07073 Cucamonga, California 91730

- Morrow, Georgia 30260 Newark, California 94560
Gloucester, Massachusetts 01930 Whitby, Ontario, Canada L1N 5R9

~ Joliet, lllinois 60430 Edmonton, Alberta, Canada T5B 4K6
La Porte, Texas 77571 B 2431 Oevel, Belgium
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“This machine
makes over
five million liters
of clean air
each veur

...and it’s all
- zero air!”’

aadco

7137 series
- Pure Air
Generators

One 737—10 Pure Air Generator wiii produce
5,256,000 liters of zero air in one year . . .
MAINTENANCE FREE and QUIETLY.

This is equivalent to nine hundred and thirty
200 cubic foot cylinders!

You probably know what you are now paying for zero air and you may know what you are
getting. And, speaking of what you get, have you ever compared one zero air cylinder against
another . . . for hydrocarbons, methane, oxides of nitrogen or even oxygen? Try calibrating
your ozone generators with air in which the oxygen concentration variation is as much as
6—8%. This oxygen problem is encountered quite frequently when comparisons between cyl-
inders are made. You might even check your total hydrocarbons with your THC analyzer
against various cylinders and suppliers.

ANY AADCO 737 Pure Air Generator, anywhere in the world, will produce zero air identical
to that produced by any other AADCO 737 Pure Air Generator anywhere else. And, we mean
ZERO AIR. You simultaneously eliminate the cylinder and regulator hassle. Better yet, you
create a safer place to work — no more crushed toes or rocketing cylinders.

Ask about our special models for gas chromotography.

Used by hundreds of state, municipal, industrial and government researchers, including OSHA—NIOSH—EPA
—USDA—-USAEHA—FBI-VA and FDA. Available under Federal Supply Schedule GS-00S-29346.

Contact: Generator Sales Dept. AP3
-] BOX 1797 - ROCKVILLE, MD. 20854 - (301) 770-2322 OR (301) 770-2332
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