


Talk to some suppliers, and they'll offer 
you the same set of equipment no matter 
what S02/ NOx stack monitoring task 
you have. 

With Intertech this isn't enough. A 
system that's ideal for a nitric acid plant, 1 

for instance, can be a poor fit for a boiler. 
And vice versa. (A major parameter is 
whether stack emissions are largely NO 
or N02 ) 

So instead, we design for you what
ever method of analysis is best suited to 

your situation. For NOx, it coul<i. be IR, 
UV or Chemiluminescence. For S02 it 
would be JR or UV with any of a num
ber of variAtions. 

But an' eveh more intpoltant differ
ence is Total System Capability. Jritertech 
has a/ll'lecessary compatible components 

. -'probes; filteI}, aliaIYLe,., oomrolJers; 
~lc.: Then ;y(e ~sigIl and ' ~ssemble it. aU 
inte a virtaally 'maintenailce-ftee' system 
that can even be automatic and unat
tended if you wish. 

CIRCLE 22 ON READER SERVICE CARD 

For S02/NOx, you end up with a 
"turn-key" installation, optimized to your 
exact monitoring problem. For details, 
write or call Intertech, Dept. S.N., 19 
Roszel Road, Princeton, N.J. 08540. 
Phone : (609) 452-8600. 

'ItnERTECH ~ 
A Subsidiary of Ethyl Corporation I Instrument Division 



RAC Introduces New Instruments for 
Sampling. Monitoring. and Calibrating 
Research Appliance Company (RAe) is presenting a variety of 
new and improved products for sampling/monitoring pollutants 
in ambient air and process emissions at the 67th APCA annual 
meeting. New designs include (I) a Transmisometer that evaluates 
combustion and process emissions by degree of opacity, (2) a 
computer-controlled Automatic Stack Monitor that measures 
particulate mass in stack gas streams by beta gage radiation, (3) a 
lightweight two-module sample case for RAC Staksamplr systems, 
(4) a 4-Gas Sampler equipped with four separate pumps and 
bubblers, and (5) a portable Calibrator that features ± Io;,o flow 
measurement accuracy for calibrating ambient air monitoring 
instruments. 

Booth 325 See Advertisement on Page 490 

Du Pont Source Monitoring Systems for 
S02. N02• NO .. H2S. CI2 

Circle 36 

Proved in extensive field use, the Du Pont systems provide reliable 
measurement of stack gas emissions. Complete, with sample 
systems, ready for installation. 

Available fo r both contin uous or seq uential sampling: plus 
H2S/ S02 ratio analyzer for Claus sulfur recovery process control. 

Analyzer system also ava ilable for monitoring low levels of 
phenols in wastewater. 

Du Pont Co., Instrument Products Division 
Wilmington, DE 19898 

Booth 508 Circle 33 

High Purity. Hydrogen/Oxygen Generators 
Featured at Teledyne Isotopes' exhibit a re Electra Cell gas gen
erators designed specifically for the support of single or multiple 
gas analyzer installations and for general laboratory use. The HG 
series, rated at 500, 750, or 1000 seem of high-purity hydrogen, 
can a lso be ordered as combination units, producing oxygen at 
one ha lf the hydrogen capacity. Accessory equipment is available 
for further reduction of moisture and impurities. 

Teledyne Isotopes 
50 Van Buren Ave .. Westwood, N.J. 07675 
Phone: 201-664-7070 Telex: 134-474 

Booth 620 Circle 37 

New DSL Probe from CEA Instruments 
Extends Use of U2-DS into the Stack 
The high level DSL probe is an accessory for the CEA Instruments 
Model U2-DS Ultra Portable S02 Analyzer. It extends the normal 
maximum range of the U2-DS, which is 0- 20 ppm in six steps 
(0--0.5 , 0-1,0-2,0-5,0-10, and 0- 20) by a factor of 200. This re
sults in a maximum range of 0-4000 ppm down to 0- 100 ppm full 
scale in six steps, a llowing fast, direct measurements of very high 
S02 levels as found in stationary sources, process systems, etc. 

Booth 600 See Advertisement on Page 512 Circle 38 

EG8tG High-Precision Dew Point and 
Visibility Monitoring Instruments 
Widely used for : 

• Air Pollution Studies 
• Meteorological Monitoring 

• Nuclear Plant Siting Studies 

• Nuclear Plant Monitoring 
Don't miss EG&G's Model 207 Forwa rd Scalier (Visibility) 
Meter, and the Model 110 Weather Station featured at the APCA 
Show. Also on display- the NEW Model 440 Dew Point Hygrom
eter, a high-precision instrument designed and priced for industrial 
use. 

Booth 616 See Advertisement on Page 528 

Get the Facts About Thermo Electron's 
New Instruments at Booth 316 

Circle 29 

• New Model 14D Dual Chamber Single-Tube Ambient Air 
Chemiluminescent NO- NO, Analyzer 

• New Model 43 Pulsed Fluorescent Ambient Air S02 Analyzer 

• New Model 8A Portable Chemi luminescent NO Analyzer 

• New Model 101 Calibrator for Ambient Air Analyzers 

• Model 40 Pulsed Fl uorescent S02 Stack Monitor 

• Model 12A UItrasensitive Chemi luminescent NO- NO, Ana-
lyzer for Laboratory Use. 

Thermo Electron Corp. 
Environmental Instruments Div. 
85 First Ave., Waltham, MA 021 54 
Phone: 6 17-890-8700 

Booth 316 

Arthur H. Thomas Is More 
Than a Lab Supply House 

Circle 35 

Stack samplers, atmospheric particle samplers, and personnel 
monitors are nOl lab items. That's why Thomas is at APCA. 
Pleased and proud as we a re to serve as your source for laboratory 
equipment and supplies, we'd like to show you how we've branched 
out. 

We're showing our Pollution Trace Oven and other lab items 
also. But mainly, we're trying to show that you now have a good 
single source for both lab and on-site pollution test equipment. 

Booth 213 Circle 13 
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Credentials 

Q 
Philips PW9700 S02 Monitor 
Gives the highest correlation coeffi-
cient (0.933) with West Gaeke. the EPA 
reference method. Determined by 
field evaluation of air pollution monitors 
conducted under EPA Contract No. 
CPA 70-101.* 

Philips PW9700 S02 Monitor 
The only S02 monitor for remote and 
local siting. Long term unattended 
operation provides for low operating 
costs and manpower requirements. 
Requires maintenance only 4 times a 
year. Every other S02 monitor requires 
daily attention. 

~ 

Philips PW9700 S02 Monitor 
Its four year record of performance and 
reliability is unparalleled. 

Philips PW9700 S02 Monitor 
The most widely used S02 monitor in 
the U.S. and worldwide. 

' Field Eva luation of New Air Pollution Monitoring 
Systems, Final Report, May 8, 1970 through 
May 8,1972. 

Call Philips today. Ask for the Product Manager, 
Environmental Quality Monitoring, 914-664-4500, 
he'll be glad to describe the PW9700 and our 
monitoring systems. 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

A North American Philips Company 
750 South Fulton Avenue 
Mt. Vernon . NY 10550 
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THEY'RE FROM MELOY LABS .... 

.... AND THEY TELL THE DIFFERENCE 

YES - MELOY'S GAS ANALYZERS AND POLLUTION 
MEASUREMENT INSTRUMENTS DO TELL THE DIF· 
FERENCE. THEY'RE THE BEST - WITH CONTINUOUS 
MONITORING DRY DETECTION PROCESSES - ALL 
FROM A SINGLE SOURCE. 

• Sulfur and combined sulfur/hydrocarbon gas analyzers 
utilizing Flame Photometric* I Ionization Detectors. 

• Nitrogen Oxides analyzers employing chemiluminescent 
reaction between NO and 0 3, 

• Ozone analyzers utilizing photometric monitoring of the 
chemiluminescent reaction of ethylene gas and 0 3, 

• Pat . No. 3,489.498 

A~D NOW MElOY HAS INTRODUCED A COMPLETE NEW LINE OF 
CALIBRATION SOURCES FOR NO, N01, 03 AND SOl IN VARIOUS COMBINATIONS. 

WE CAN NOW OFFER 
EXTREME PRECISION 

QUALITY CALIBRATION 
AT REASONABLE PRICES. 

I~~'-~~W 
~ - -J '.':?' I 
~ ~ L.._-- ~ ~ 

OlONE/NITROGEN 't: O)(I DES CAliBRATOR 

Meloy 
~Labs 

They're all from 

Meloy Laboratories, Inc. 
and they TELL THE DIFFERENCE 

6715 ELECTRONIC DRIVE • SPRINGFIELD, VIRGINIA 22151 • (703) 354·2600 Telex: 899-440 

CIRCLE 16 ON READER SERVICE CARD 
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EDITORIAL 

Airing air cleanup 
Discussion is good. It always has been. It always will be. 
It's good on all matters-political and technical as well as 
social and personal matters. And so in Denver this month, 
the pros of the Air Pollution Control Association meet at 
another annual conclave to discuss cleanup. 

ES& T's William Forester points out in this month's 
special report that state air pollution control officials now 
are a bit more doubtful than earlier that deadlines in the 
Clean Air Act can be achieved within the time specified in 
the law. This issue also includes information on other air 
cleanup subjects-monitoring, fabric filters, one utility's 
experience with stack gas cleanup equipment, and 
another's with fuel cleaning prior to its burning . 

But what does the most recent indicator reveal about 
cleanup progress? Well, good news on such progress 
comes from Bermuda-the site of this year's annual 
conclave of the IGCI, the trade association of industrial 
air pollution control equipment manufacturers. On the 
specific subject of compliance in 502 control from fuel 
burning sources, EPA's Richard Wilson, director of the 
division of stationary source enforcement, referred to the 
fact that 20,000 major facilities account for 85% of all 
particulate matter and 502 emissions. Half (or 50%) are 
in compliance today, up from 30% in July 1973. All but 
3000 sources are on approved compliance schedules 
and many of the remaining 3000 may be under such 
schedules as early as next month. At the same time there 
are about 111 so-called, noncomplying utility plants 
operated by 44 companies; requests for their compliance 
schedules also have been made. 

To be sure, there is much more than meets the eye to 
these environmental conclaves, or any others for that 
matter. There is much behind-the-scene, daily endeavor 
by many devoted people. And well there should be. But to 
those self-appointed critics who would point out that little 
in the way of new practices or operating procedures 
results even after lengthy, often animated, discussion, we 
can only submit that clearing the air is as necessary as 
the objective-cleaning the air. 
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The '(lear EPX' letter. 

May 3, 1974 

Regional Administrator 
EPA Region IV 
1421 Peach Tree street, N.E. 
Atlanta, Georgia 30309 

Gentlemen: 

Per our telephone communication of yesterday, we hereby 
notify you of an incident of non-compliance with regard 
to our discharge permit, Application No: , rd ..... 

The specified daily average of fluoride in our discharge 
was exceeded because insufficient lime was added to our 
holding tank, due to an oversight. Upon analysis of our 
weekly composite sample, we discovered the problem and 
called your office immediately. This non-compliance 
lasting up to one week has been corrected by refilling 
the lime feeder. 

In order to prevent a recurrence, we are evaluating the 
feasibility of including some kind of a level sensing 
device and alarm to our lime feeding system_ This is in 
addition to the installation of a flow sensor as per our 
letter of March 12, 1974. 

Please rest assured we are anxious to prevent any further 
accidental discharges and we are attempting to cooperate 
with your office in every possible way. 

Yours sincerely, 

operations 

cc: State EPA 
Chairman of Board 
Corporate Legal Counsel 

Your discharge permit calls for composite sampling, but composite sampling doesn't keep 
you from polluting, it only shows if you have or haven't. The way to be sure you stay within 
permit levels is by continuous monitoring of your discharge - so you can do something about 
setting things right the moment something goes wrong. If you would like to know about our 
continuous on-line monitors for ammonia, cadmium, chlorine, copper, cyanide, lead, nitrate, 
and other inorganic species - write to our Monitor Division. It beats writing the EPA! 

ORION RESEARCH 
380 Putnam Avenue Cambridge, MA 02139 

CIRCLE 21 ON READER SERVICE CARD 
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INTERNATIONAL 

What officials call " the first overall, 
supraregional, air pollution monitor
ing network" presently is under con
struction at Baden-Wurttemberg , in 
Southwest Germany. Being set up 
under contract with the Siemens Co ., 
the monitoring stations automatically 
will register the most important 
meteorolgical data and pollution lev
els and transmit them by remote
control equipment to a regional sub-

ns' air monitoring network 

Switzerland 

control center in Mannheim. There 
they are to be analyzed . Presently, 
three major stations are being set up 
within the framework of the smog
warning system for the highly in
dustrialized area of Heidelberg-
Man nhei m- Lu d w ig shafen-Franken
thaI. A main control center at Karls
ruhe, plus other subcontrol centers 
are planned for a later stage. 

The U.S.-U.S.S.R. cooperative 
group studying the influence of evi
ronmental change on the climate will 
hold its first meeting this month in 
Leningrad. The group, Working 
Group V III , is one of 11 established 
under an Environmental Protection 
Agreement in 1972. The agreement 
provides for cooperative studies 
ranging from air pollution to legal and 
administrative matters. 

WASHINGTON 

The Environmental Protection Agency 
has undergone some reorganization. 
The former Office of Air and Water 

CURRENTS 

Programs has been divided into two 
separate offices, and the Office of 
Hazardous Materials Control has 
been abolished . The realignment es
tablishes new offices of Water and 
Hazardous Materials and Air and 
Waste Management. James L. Agee, 
EPA Region 10 administrator, has 
been named acting assistant admin
istrator for Water and Hazardous Ma
terials. Roger Strelow will continue 
as acting assistant administrator for 
Air and Waste Management. In other 
agency news, Stanley M. Greenfield, 
former assistant administrator for Re
search and Development, has left to 
join a private firm. 

Maximum noise levels for protecting 
the public against hearing loss, an
noyance, and activity interference 
have been set by the EPA. The agen
cy identifies a 24-hr exposure level of 
70 decibels (db) as necessary to 
prevent measurable hearing loss over 
a lifetime . Likewise, levels of 55 db 
outside and 45 db inside are set as 
necessary to prevent activity interfer
ence and annoyance. 

The EPA has further cracked down 
on uncooperative manufacturers and 
distributors dealing in vinyl chloride 
products. The agency has released 
the brand names of 20 pesticide 
products whose registration state
ments indicate they contain the 
chemical as a propellant. In addition, 
it has published the names of 1 () 
manufacturers and distributors who 
refused to permit release of their 
brand name products. Vinyl chloride 
is suspected to cause a rare form of 
liver cancer , called angiosarcoma, 
which has occurred in 12 workers 
engaged in production of the chemi
calor its conversion to polyvinyl 
chloride. The EPA has asked all 
manufacturers and distributors to re
call , voluntarily, stocks of their prod
ucts. Thus far, most have been will 
ing to do so. 

The U.S. still does not know whether 
its water quality is getting beller or 
worse. Not enough data have been 
collected to provide a quantitative 
answer to this question , according to 
V. E. McKelvey, director of the U.S. 
Geological Survey. In a recent 
speech, he pointed out that USGS 
and Council on Environmental Quality 
studies reveal that only 142 stream
quality stations nationwide-70% are 
in the Northwest-have records that 
meet trend-studies requirements. In a 

USGS director McKelvey 

separate speech , McKelvey noted 
that the total energy potential for the 
Appalach ian area remains qu ite 
large, but that production of its ener 
gy resources entails difficult environ
mental problems that will have to be 
overcome if these resources are to 
become usable. 

Proponents of dumping garbage and 
other wastes on the deep ocean floor 
may have second thoughts. Ocean
ographers have found that while such 
waste may readily be consumed by 
active organisms in shallow water. it 
may simply accumulate in deep 
water because of a biologically slow
er pace of life. 

The Department of Labor and the 
EPA have set up a joint program to 
train welfare recipients for perma
nent environmental control jobs. A 
$1 million pilot project will be under
taken in Baltimore, Baton Rouge, 
Dallas, Denver, and on a statewide 
basis in South Carolina. It is hoped 
this pilot project will set the pattern 
for a nationwide federal, state and 
local program. 

STATES 

St. Louis, Mo., got its first of 25 re
mote air-monitoring stations in its bo
tanical garden, as part of EPA's com
prehensive regional air pollution 
study (RAPS) in the greater St. Louis 
area (ES&T, July 1973, p 598). 
Spanning five years and costing $22 
million , the program aims to gather 
sufficient information on air pollu
tants to enable planners , U.S. and 
abroad , to develop more effective 
plans in combating air pollution . Cov
ering both Missouri and IlIino'is por
tions of the St. Louis area, the sta
tions will be equipped with a mini
computer , electronic air monitoring 
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PROBE with optional BOUNDARY LAYER DILUTER 

~-=- ~-" 1 r-------------J 

Air 
Sample 
Stream 

STACK SAMPLING SEMINARS (4th Year) 

SAMPLING 
MODULE 

DEHYDRATION 
MODULE 

METERING 
MODULE 

Fully auto"lated, computerized 

RAe Automatic 
Stack Monitor 
samples ... measures ... records 
particulates 
in stack emissions 

Particles as small as 0.2 microns 
are measured precisely by beta 
radiation technique 
Designed for fully automatic, continuous, unattended 
operation, the newly-developed RAe Automatic 
Stack Monitor system provides much greater sam
pling accuracy than manual methods ... at substan
tially lower overall cost. And it is the only system 
that takes precise volumetric measurements to assure 
optimum accuracy in sample evaluation. 

Particulates are collected on filter tapes (600 samples 
per roll) in the sampling module, and then accurately 
measured by a beta radiation absorption gauge. 

All system calculations are made automatically by a 
mini-computer that is interlocked with the master 
control module. Results are recorded on a tape 
printout. 

The RAe Automatic Stack Monitor operates in 
stacks with temperatures up to 1000°F. When high 
temperature, humidity, or particulate concentrations 
are involved, RAe offers a unique (and exclusive) 
boundary layer diluter assembly. This optional com
ponent preconditions the sample stream with dry in
strument air before it enters the sampling module. 

The system's metering, master control, and mini
computer modules can be located up to 250 feet 
away from the stack-mounted sampling module. The 
probe and optional diluter (if used) are permanently 
installed in the stack. 

Write for BULLETIN 2412 for full details. 
CIRCLE 26 ON READER SERVICE CARD 

RESEARCH APPLIANCE COMPANY RAG sponsors a series of 2-day technical how
to seminars on stack sampling parameters and 
procedures (EPA method). Write for descriptive 
folder. CIRCLE 25 ON READER SERVICE CARD 

Route 8, Gibsonia, Pa. 15044 • 412-443-5935 
II"~III Environmental Instruments / Laboratory Products 
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equipment, and meteorological in
struments, and will be built and oper
ated by Rockwell International Corp, 

At a Connecticut electric power 
plant, a new 502 abatement process 
is undergoing its first commercial 
test demonstration. Developed and 
operated by Stauffer Chemical, the 
regenerative process is said to yield 
high-purity sulfur that can be sold 
commercially. A slip-stream of raw 
flue gas from a 165-mW oil-fired boiler 
at the Norwalk Harbor power plant is 
treated, and the resulting S02 level is 
reduced to levels below Connecticut 
state standards. Capital cost is esti
mated at about $35 per mW and op
erating cost at about 1.5 mills per 
kWh. Start-up in February and shut
down in April have resulted in 
smooth demonstration of the system. 

About 3000 workers in Minnesota 
were saved from unemployment by a 
temporary court order which re
opened an iron ore manufacturing 
plant closed down four days previously 
because of pollution. Reserve Mining 
Co.'s taconite processing plant at Sil
ver Bay provides 15% of the iron ore 
produced in the U.S. It was ordered 
shut down by a federal judge on the 
ground that it allegedly discharges 
asbestos fibers into the air and near
by Lake Superior. This ruling came 
as a result of suits filed by the feder-
al government, the states of Michi
gan, Wisconsin, and Minnesota, 
charging that the asbestos wastes 
from taconite can be carcinogenic. A 
full circuit court hearing was set for 
May 15. 

New Jersey's Department of Environ
mental Protection approved the 
Tocks Dam Project, following more 
than a decade of environmental con
troversy. Of the four states-Penn
sylvania, New York, Delaware, New 
Jersey-which were to benefit from 
the dam, N.J. had been the only one 
actively opposed to the construction 
of the $325 million dam. Its main 
objection had been the possible de
struction of one of the last white
water rivers on the East Coast by too 
much commercial exploitation. The 
final decision to construct the dam 
across the upper Delaware River will 
be made jointly by the four states 
after public hearings which com
menced in April. 

CURRENTS 

Resource recovery is being tested at 
the District of Columbia's solid waste 
reduction center. The National Cen
ter for Resource Recovery (NCRR) is 
using the district's facility and shred
der to identify and evaluate various 
processes to separate metals and 
glass from shredded refuse. They are 
also exploring the air-classified light 
fraction as a source of energy. 
Equipment-air classifier, trommel, 
screens, magnetic separator, rising 
current separator-is supplied by the 
manufacturers. The project, which 
began last month, will supply the ex
perience and data for a full-scale re
covery system to be built in New Or
leans later this year. New Orleans 
has called for bids for a 650-ton-per
day resource recovery facility to be 
built according to NCRR specifica
tions. 

Flower Mound New Town, Tex., was 
opened and dedicated April 20. 
Claiming to be an environmentally 
planned town, the first indication will 
be a tertiary sewage treatment plant 
targeted for dedication in early sum
mer. The plant, located on a 25-acre 
site, will initially treat 700,000 gal. of 
effluent per day, or normal service 
for 6000 persons. As the population 
expands, the plant will increase its 
capacity to 7.5 million gal. to serve 
50,000 persons. Total cost of plant 
and lines is approximately $1.75 mil
lion-75% financed by federal grants 
from the EPA and the Department of 
Housing and Urban Development, 
25% financed through long-term 
bonds issued by the utility district. 

MONITORING 

A continuous automatic analyzer for 
high turbidities and colors in water 
samples was developed by the Hach 
Chemical Co. This general-purpose 
instrument accommodates a trouble
some problem in the colorimetric 
analysis of such samples. Capabili
ties for color and turbidity compensa
tion, and for maintenance of clean, 
uniform sample cells for optical color 
measurement, were required. The 
system chosen consists of two sam
ple cells, a single light source of se
lected wavelength, and a single pho
tocell, operated in a sequential 
mode. 

A soft X-ray spectrographic tech
nique reveals both the amount and 
forms of sulfur (S) in coal. The 15-
min technique developed at The 
Pennsylvania State University excites 
S atoms so that they emit their own 
X-rays. These X-rays of S tell wheth
er the S is organic, pyritic, sulfate, or 
any combination of these, by charac
teristic peaks on a graph. The Penn 
State technique was originally devel
oped to determine the quartz content 
of coal dust. 

TECHNOLOGY 

A full-scale 502 removal system, 
using Peabody radial venturi and 
high-velocity spray tower designs, is 
under construction at Detroit Edi
son's St. Clair Station (170-MW Unit 
=6). The system , designed and built 
by Peabody Engineered Systems 
(Peabody Galion Corp.) will handle 
500,000 acfm of flue gas from a boil
er firing 4% sulfur coal. During pilot 

plant tests, the scrubber system re
moved 90% of S02 on the average; 
outlet dust loading averaged 0.006 
grain/scf; and scale formation was 
generally absent. In the full-scale 
system, maximum S02 outlet should 
be 300 ppm, after S02 absorption 
with a limestone slurry. 

CommerCial sulfuric acid produced 
from 502 emission control at an 
electric power system was the 
subject of a joint TVA/EPA study. 
This study was one of a series de
signed to furnish more information 
about economic feasibility of various 
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New Precision 
Calibrator for Ambient 

Air Analyzers 
Thermo Electron's new Model 101 is a step 
ahead in calibration of ambient air level 
analyzers. It uses a new gas titration method 
to calibrate . 0 3 , NO, and NO., and checks 
linearity as well. The Model 101 is truly a 
p rator 'for instw-

CIRCLE 42 ON READER SERVICE CARD 

Never Before 
S02 Specific 

Direct, clean, and specific. That's the way you 
measure SO. stack emissions with . the new 
state-of-the-art Model 40 Pulsed Fluorescent 
Analyzer from Thermo Electron. 

No flames, consumable reactants, or hazardous 
bottled gases are required. The Model. 40 has 
5 full scale ranges from 0.5 to 5000 ppm with 
precision to 0.5% . It demonstrates linear re
sponse through the full range, excellent stability, 
and freedom from interference. Never before 
ha~ ·measurement been so spe.cific. F'ulse us. 
for (letails. . 
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New, Portable NO 
Chemiluminescent Gas Analyzer 

Thermo Electron introduces 
its new Model SA portable 
NO Chemiluminescent Ana
lyzer. The Model SA uses a 
high sensitivity photo dEltec
tor to monitor the chemi
luminescent reaction of NO 
ana 0 " and provides an in
tI/mal s~mple pump and 
ozone generator for single 
packag~ operatl.on. 

Ranges up to 2000 ppm, 
accuracy and linearity to ± 
2%, and weight of only 25 
Ibs. makes the Model SA the 
ideal instrument for taking 
short-term samples at differ
ent locations, or from ve
hicles. Write today for more 
information. 
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New Ambient 
Air Chemiluminescent 

NO-NOx Analyzer 
Two chambers, one tube, that's the best way 
to measure ambient air concentrations of 
NO-NOx with Thermo Electron's new Model 
140. 
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air pollution control processes. The 
study was based on the assumption 
that the S02 would be marketed 
through existing sulfuric acid manu
facturers . The computer model de
veloped for the study can be expand
ed to include other U.S. electric sys
tems, according to TV A. 

A new polymeric adsorbent decolori 
zes bleach plant eHluents from kraft 
paper mills. The single-step proce
dure was developed by the Rohm 
and Haas Co. No additional chemi
cals are needed to regenerate the 
adsorbent which is marketed under 
the name " Amberlite XAD-8 ." Color 
is eluted from the adsorbent with 
weak wash from a lime and mud
wash ing step; the weak wash is then 
recycled to dissolve smelt from the 
caustic recoverY 'boiler , where color 
bodies are consumed without creat
ing another disposal problem. 

A " Sonozone" wastewater treatment 
plant at Indiantown, Fla., was dedi
cated last month. Using sonic energy 
and ozone, the Sonozone system 
" rapidly and completely " inactivates 
pathogenic viruses, destroys harmful 
bacteria, and oxygenates surrounding 
waters. The world 's first fully opera
tional, community-sized Sonozone 
plant will treat the municipal waste of 
Indiantown, whose population is 
about 4500. The plant was designed 
and built by Til (Telecommunications 
Industries, Inc. , Copiague, N.Y.) with 
the assistance of Notre Dame Col
lege of Engineering and Lobund Lab
oratory. 

Incineration with stack scrubbing and 
elimination of water effluent was 
achieved at two plants at the Fort 
Lauderdale (Fla .) Refuse Disposal 
Site. The scrubber system was de
signed by Burt Reilly of Greenleaf
Teleca (M iami , Fla.), and assembled 
from component parts by Apgar
Markham (Miami) and Plibrico (Chi
cago). Smoke is moisturized in a se
ries of water trays, made into sludge , 
and eventually disposed of in land
fills . Water is cleaned with alum, 
lime-activated carbon, and polymer, 
and largely recycled to the plants. 
The fi rst incinerator, built by Nichols 
Research & Engineering, was retrofit
ted with the stack gas cleanup sys
tem while the second , built by Cald
well & Scott , incorporated the scrub
ber during construction. 

CURRENTS 

INDUSTRY 

Columbus Municipal Light (CML), in 
Ohio, has begun burning 3.5% sulfur 
coal on weekends in apparent viola
tion of federal and state clean air 
standards. CML says that the coal , 
burned in a 12.5-MW boiler, will not 
raise sulfur content in Columbus ' air 
above ambient air quality standards. 
Both the federal and Ohio EPA's re
jected CML's arguments recently, 
with federal appeals court backing. 
The Ohio EPA might take " some ac
tion" in the matter. CML is paying 
$32 / ton for low-sulfur coal; higher
sulfur Ohio coal is obtainable at 
$13.50-14 / ton . 

Jack O'Brien, a vice-president of Con
solidation Coal Co. (Consol), said that 
a workable S02 removal method is 
important for most Pennsylvania and 
West Virginia coal , which is high-sul 
fur . O'Brien also asked whether this 
S02 removal might better be accom
plished by a means alternative to 
scrubbing. David Fyock, director of 
resources and environmental quality 
for Pennsylvania Electric Co. (Penne
lec), said that scrubbing is not dem
onstrated , and that alternative means 
must be employed for now. Fyock 
also said that no new scrubbers 
should be installed until those now 
installed are proved up and "de
bugged." 

The National Asphalt Pavement As
sociation (NAPA) sued the EPA to 
overturn EPA's promulgated stan
dard of 0.04 g/ dscf emission limits 
for new and substantially modified 
asphalt plants. Contending that 
achievability and compliance are im
possible, NAPA charged EPA with 
being "arbitrary" and "capricious," 
and with "abuse of discretion," and 
that EPA violated its statutory author
ity. NAPA also argued that enforce
ment will deprive asphalt concrete 
makers of their property without due 
process of law, and that EPA violated 
the Clean Air Act by reducing pro
ductivity without corresponding pub
lic health and welfare benefits. 

The National Association of Recy
cling Industries (NARI) initiated 
some actions in its campaign to halt 
railroad freight rate "hikes" until 
basic transportation rates on recy
clables are made " reasonable and 

non-discriminatory." NARI filed briefs 
with the I nterstate Commerce Com
mission (ICC) attacking the ICC's 
"apathy regarding legislative and 
court orders calling for 'complete in
vestigations ' and 'appropriate envi 
ronmental impact studies.'" NARI 
contended that the ICC "cannot law
fully .... approve any further rate in
creases until it prepares an adequate 
environmental impact statement and 
conducts a proper hearing." NARI 
noted that ICC wanted to hold hear
ings after rate increases took effect. 

3 M Co.'s Ling 

Joseph Ling, director of environmen
tal engineering and pollution control 
at the 3M Co. , said that Congress 
and the administration should create 
a National Environmental Commis
sion (NEC) . The NEC's mission 
would be to develop a national envi
ronmental information system, and to 
take over the standards-setting func 
tion from EPA. " Congress did not 
have an organized environmental in
formation system to provide ade
quate data when it drew up the Fed
eral Water Pollution Control Act 
Amendments of 1972," ling said. 
Thus, Congress "ordered 'zero dis
charge ' just to made sure" no envi
ronmental harm would be done. ling 
calls for management based on 
socio-economic , as well as physical 
and natural sciences. 

Union Carbide Corp. (UC) is working 
with EPA on a two-year study aimed 
at developing a wastewater treat
ment system which would recycle 
petrochemical wastewater at the UC 
Caribe, Inc., plant at Ponce, P.R. The 
first step will be a 5-gpm pilot system 
to be built and tested at UC's techni
cal center , South Charleston , W.Va. 
Final installation at Ponce, P.R. , was 
decided upon because a sophisticat
ed wastewater facility is already 
there, and because the area is arid . 

Volume 8, Number 6, June 1974 4113 



C'I' \C~~bC)n \~~xlde . 
.. ~ I } \', ;~;WA,!1et you 
~~~~==-~\, '., 1: see it 

- and, hear it. 
) 

l 
l . 
: 

f 

E LYZER 

\ 

1_ .. 

)' I ~ 
I . 

J 
1 

\ ,/ 
_J 

-' 

(' \ 
( 

" 

/ l i, , 

------

\ . 

\ 

,. 

, 
.--<. 

\ / , , 

t 

model 2100 

/ , 

' -. 

,r I 
. \ 

\, 

\ 
\ 

/ 

'''\ 

) /. 

i 

( 

-... CO hasn't changed, but monitoring 
has. Here's why more and more 
companies and government agen
cies are using Ecolyzers®. 

The portable Ecolyzer gives you the reliability 
and the accuracy (±1 7o full scale) of the heavi
est, most expensive monitors. It lets you see CO 
on a large, direct linear scale. Scales range 

, from 0-50 ppm to 0-2000 ppm, and there are 
' dual scale combinations. It's powered by AC 
or internal rechargeable batteries, and uses the 
aclvanced, electro-chemical oxidation principle 
-not the troublesome, high maintenance meth
ods ·common to older analyzers. 

Fp r full , continuous, plant-wide or field sta
tion ',monitoring , the Ecolyzer 3100 Alarm lets you 
see 'find hear CO the minute it reaches a pre
dete ~mined danger level. In addition to the scale 
there's both a visual and an audible alarm-both 
with the same adjustable CO settings. The mon
itors are tamperproof, weatherproof, and unaf
fected by humidity. They operate continuously 
for 30 days between routine checks; and have 
simple 0 to span calibrations. They are specially 
designed to be reliably maintained, by non
technical personnel. 

These are some of the reasons 
why OSHA, EPA, National Bureau 
of Standards, U.S. Bureau of Mines, 

~ ___ NASA Research Center, NIOSH, 
NY. State Dept. of Air Re

sources, and other 
environmental 

CARBON MONOXIDE MONITOR 

ENERGETICS SCIENCE, INC. 
85 Executive Boulevard , Elmsford, N.Y. 10523 
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INTERVIEW 

McKennon on Dow's ECS business 
How did the environmental control 
systems IECS) come about? We first 
became interested in this area be
cause of the Dow experience in 
using water-soluble polymers for liq
uid / solid separation . These polymers 
are now widely used in wastewater 
treatment in municipal sewage 
plants. Dow, perhaps more than any 
other company, introduced that kind 
of technology to the municipal 
wastewater treatment industry; we 
continue to be a major factor in that 
market today . 

Our ECS business has a marketing 
organization that sells these floccu
lants to both municipal and industrial 
customers. Since that beginning, 
ECS has evolved to the point where 
we now offer a wide range of prod
ucts and services in the environmen
tal control area. 

What does ECS do, specifically? I 've 
already mentioned the polymers we 
sell. Our product line also includes 
inorganic coagulants and some envi
ronmental enclosures. Our various 
service groups and subsidiaries sup
ply customers with help in sophisti
cated chemical analysis, conceptual 
and process engineering for environ
mental control projects, environ
mental health and industrial hygiene 
work, modeling and evaluation of re-

Keith R. McKennon is busi
ness manager for the Dow 
Chemical's Environmentaf 
Control Systems business, 
one of the company's more 
than 30 businesses. McKen
non tells ES&T's Stan Miller 
that the ECS business activi
ty was formed in the mid-
1960's , turned a profit in 
1970, and now involves 140 
people. Dow's ECS has per
formed work for more than 
150 other major industries in 
the U.S. Last year ECS sales 
hit $9 million, up from $7 
million in 1972; sales for 
1974 are projected at $11-
13 million. 

ceiving waters, and similar activities. 
I 'd also like to comment on the 

things we don't do. First off, ECS is 
not in the equipment business at all. 
We have developed some good in
strument packages, but have elected 
to license those to companies in that 
business . Second , our engineering 
activities are pointed toward work on 
complex industrial waste problems or 
on advanced techniques for munici
pal treatment . As a result, we don 't 
often compete with consulting engi
neering companies. I n fact, such 
firms are among our best customers 
since our services can often be used 
to reinforce their own capabilities . 

MANUFACTURING CONTROLS 

You mentioned Dow's internal envi
ronmental control program. What's 
its magnitude and how is it orga
nized? We divide that responsibility 
into two parts. First, there is the en
vironmental impact of our manufac
turing operations. Responsibility here 
rests squarely with our line produc
tion management who are charged 
with meeting or bettering all applica
ble regulations and guidelines. We 
have made some major expenditures 
in this area. In the past three years 
Dow has completed 1129 pollution 

abatement projects in our U.S. 
plants, at a cost of $53.4 million . 
Substantial additional expenditures 
have also been made at Dow plants 
outs ide the U.S. 

The second part concerns what we 
call " product stewardship," and cen
ters around the environmental impact 
resulting from shipment, use, and 
disposal of our products. Each of 
Dow's businesses has product 
stewardship responsibility for the 
product it sells. We are committed to 
exercising responsible care for our 
products both during our manufac
ture and later in their use by our cus
tomers . This means assessing the 
environmental impact of the products 
and then taking appropriate steps to 
protect employee and public health , 
and the environment as a whole . In 
addition to safe production and judi
cious customer use, it means we 
have a continuous concern for the 
ultimate disposal of our products in 
the environment. It is the experience 
gained from programs like these 
which provides the basis for our ECS 
business. 

BREAKDOWN 

Can you be more specific about the 
service groups in ECS? Sure. I 'll 
briefly describe each service group 
and its activities. Dow Environmental 
Services takes our waste treatment 
and disposal technology and experi
ence and uses it to develop facilities 
for our customers . The problems we 
get are usually tough ones that don't 
iend themselves to "garden-variety" 
solutions . 

Hydroscience , Inc. is a recent ac
quisition which operates as a wholly 
owned subsidiary. Hydroscience pro
vides environmental process design 
expertise to industrial clients and 
also does modeling and evaluation of 
the impact of pollutants on natural 
water systems such as lakes, estu
aries and rivers . 

Interpretive Analytical Services 
(I AS) uses very sophisticated analyt
ical methods and equipment~elec
tron microprobe, neutron activation 
analysis , gas chromatography-mass 
spectrometry, and other analytical 
chemistry techniques which involve 
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complicated and expensive equip
ment to do specialized analytical 
work for our clients . 

Dow Environmental Health Ser
vices, started in 1971 , is essentially 
an outgrowth of the Occupational 
Safety and Health Act. We saw a 
need for environmental health pro
grams in many companies that do 
not have these capabilities in-house. 
We felt Dow has a big advantage in 
provid ing this service in that Dow has 
at one location (Midland, Mich .) a 
wide variety of the scientific disci
plines needed to do this job effec
tively. There are literally hundreds of 
professionals on tap whose skills can 
be applied to any environmental 
health project. 

We 've been involved in some inter
esting work; for example, our engi
neers were responsible for testing 
and certifying the integrity of biologi
cal barrier systems in the lunar re
ceiving laboratory before it was put 
in service by NASA. This group also 
developed the internationally accept
ed biohazard warning symbol, which 
is as widely accepted in the field of 
biological research as the familiar ra
diation warning symbol is in the field 
of radiological research . For several 
years th is same group of environ-

ECS at a glance 

Clients 
Brewery 
Cannery 
Chemical 
Chemical·Petroleum 
Balry 

~ 
~e~~?;niShlng 
Municipal 
Pulp and Paper 
Photo Processing 
Rubber 
Soaps and Detergents 
Steel 
Synthetic Fiber 
Tobacco 
Pharmaceuticals 
Tannery 
Textile 
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mental specialists have been in
volved in contamination control re
search , development , and consulta
tion for the National Cancer Institute 
laboratories. 

CLIENTS 

Who uses ECS and how successful 
has it been? Over the years, ECS has 
performed services for more than 
150 major industrial clients, many of 
whom are listed in the Fortune 500 
list. Our customers include such 
well-known companies as General 
Electric, Xerox, Du Pont, and Gener
al Foods, to mention a few. After 
turning a profit in 1970, ECS finally is 
earning at a rate which lets us keep 
our head up with other Dow busi
nesses. I think our performance 
would compare very favorably with 
that of other environmental com
panies. 

Are there examples of environmental 
products or services in which ·Dow is 
no longer interested? Earlier the 
company marketed Surfpac, a bio
logical oxidation media made of poly
vinyl chloride. At that time Dow was 
a producer of PVC; but the company 
no longer produces this material. In 

, , ~~ "" , 
Domes 

(enVIronmental enc losu res) 

Clients 

June 1973, the rights were sold to 
Envirotech, another env ironmental 
company. But Surfpac is the only en
vironmental business activity that 
Dow's ECS has sold. 

SHOWCASE 

What examples can you cite of ECS 
activities? Hydroscience was re
tained by the Great Lakes Basin 
Commission to evaluate the feasibili
ty of developing water quality related 
models for the Great Lakes. The 
study involved a review of existing 
data and modeling techniques as 
well as the development of a specific 
modeling framework that could be 
applied for water quality manage
ment control of the lakes. A demon
stration model , concentrating on a 
zone of Lake Erie, was prepared to 
demonstrate the practical use of cer
tain modeling techniques. A continu
ing investigation developing a rank
ing of problems within the lakes and 
creating a framework for further 
analysis of the problem is under way . 

A good example of our lAS work 
involved determining the cause of an 
intermittent odor in extruded plastic 
film . The problem was serious, since 

Clients 
Cops of Engineers. S.E. Michigan 

(liquid waste treatment 
feasibility study) 

Corps of Enlj: lOeers, Tinker A.F.8. 
(air pollution control) 

. Clients 
A.M.F. 
Anaconda Aluminum 
Anheuser Busch 
Battelle Mem. Inst 
Chf'Y$ler 

Brunswick Corp. 
Columbil University 
Continental Insurance 
Evans Chemetics 
Fireman's Fund 

Dart Industries 
(opeJations improvement) 

Dow Badische Co. 
(incineration feasibility study) 

Gruppo.l epetit 
(solid/ liquid system) 

Uniroyal 
(liquid waste treatment) 

3M Company 
(incineration) 

Coming Glass Works 
G. O. Searle 
Hercules 
i.B.M. 
Johnson & Johnson 
Kimberly Clark 
Marathon Oil 
Procter & Gamble 
Reynolds Metals 

~~\~~:'l'i~tric 
Xerox Corp. 

Food & Drug Administration 
Merck Sharp & Cohme 
Nat. Cancer InsL 
Nat. Inst. of Occup. Safely & Health 
Ohio State Univ. 
Partlow Corp. 
Pitts. Plate Glass 
Sloan Kettering Labs 



the odor made the film unsuitable for 
use as a food wrap. Using gas chro
matography-mass spectrometry , we 
were able to identify the odor-caus
ing component. It was ultimately 
traced to the lubricant in a pump 
used in the extrusion process. 
Changing to a different lubricant 
solved the problem . 

ECS designed a solid and liquid 
waste incineration facility at the 3M 
Co. (Minneapolis, Minn .) . This facility 
is more than a $5 million industrial 
waste incinerator based on one that 
Dow built a number of years ago at 
its Midland , Mich ., manufacturing 
location . In this specific example , 
ECS, working in close cooperation 
with 3M engineering , took the item 
from its conceptual phase, all the 
way through the engineering design 
of the operating unit and participated 
in start-up . So here is an example of 
Dow expertise being translated to an
other industrial waste disposal facili
ty . We are currently designing similar 
disposal facilities for other industr ial 
clients. 

The National Association of Photo
graphic Manufacturers has retained 
Hydroscience, Inc . to perform a de
tailed study of the pollutional charac 
teristics of the 50 major chemicals 
involved in the industry. These stud
ies included a definition of the biode
gradability of the substrates, their rel
ative toxicity, and their compatibility 
with municipal waste treatment. The 
study developed several innovative 
methods of examining the character
istics of industrial compounds. To 
widely disseminate the information, 
NAPM, in cooperation with Hydro
science, is now sponsoring three na
tional symposia where information 
developed from the studies, as well 
as peripheral information, will be pre
sented to the industry . 

"Ees is earning at a rate 

which lets us keep our head up 
with other Dow businesses_ " 

ECS's McKennon 

Is ECS active outside the U,S.? Hy
droscience has done work in Cana
da. Europe, and Latin America , and 
our DES group has done a job for 
Gruppo Lepetit , an Italian pharma
ceutical manufacturer in which Dow 
has a substantial interest. We have 
not set up any ECS-type organization 
outside the U.S .. however , and plan 
to further develop our U.S. business 
before planning extensive work else
where . 

PERSONAL ASIDE 

What was your experience at Dow 
prior to the ECS assignment? My 
background is heavily R&D oriented, 
but does include a stint in field sales 
management. For a number of years 
I was involved with Pusher chemi
cals-chemicals used to enhance 
the process by which oil is recovered 
from underground . (Pusher is part of 
another of Dow's 30 businesses-in 
this case , the mining and petroleum 
industry products business .) When 
Dow developed its ECS services. this 
business began plowing some new 
ground in terms of how a corporation 
like Dow can best perform this type 
of service-oriented work . We have to 
think in terms of earning a return for 
Dow on people and technology in
stead of railroad cars full of prod
ucts . It 's quite challenging and re
warding . As you have seen , EC;S is 
now marketing a whole raft of new 
services, something that Dow has 
not done a whole lot of in the past. 
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total organic carbon 
volatile organic carbon 
total carbon 
DOHRMANN'S DC·SO ORGANIC ANA· 
LYZER makes aI/ of these measurements 
accurately and rapidly. Based on proven, 
EPA approved* methods, it avoids inter
ferences and undesirable pyrolysis reactions 
that historically have resulted in significant 
errors. 
• DIRECT READOUT: Four-digit pres

entation shows carbon content directly in 
mg/liter or ppm. No TecDTdeT needed! 

• DIRECT MEASUREMENT: A single 
sample injection gives either Organic Car
bon or Total Carbon content directly, 
not by diHerence. 

• INDEPENDENT MEASUREMENT: 
Volatile Organics are determined sepa
rately from Total Organics to aid in 
source identification. 

• RELIABLE MEASUREMENTS: De
termines important, lightweight volatiles 
such as low molecular weight alcohols 
and ketones, nonnally lost by acidifica· 
tion and sparging. 

• FAST: 5 minutes per determination. 
• ACCURATE: Repeatability of ± 1 mgt 

liter or ± 2%. 
• WIDE RANGE: 1 to 2,000 mg/liter 

(ppm) without dilution. 
• PRICE: $7,500, including start-up as

sistance and operator training. 

ENVIRONMENTAL PROTECTION 
AGENCY, WATER PROGRAMS, 
Guideline. E.ta blishini Test Proce
dures for Analy.ia of Pollutant •. FED
ERAL REG~ST~R Vol. 38, No. 199, 
Part II, Oct. 16, 1973, 

Fordescriptive brochures, technical reprints, 
or dates of seminars in your area, contact: 
DOHRMANN DIVISION 1062 Linda 
Vista Avenue, Mountain View, California 
94040. (415) 968·9710. 

ENVIROTECH 
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clean air 
achievement 

ES& T assistant editor 

William Forester finds state 

officials less sure than they 

were two years ago that 

clean air compliance 

schedules will be met 

ion abatement programs today. 
are much less sure than they 
two years ago that they will be 
to meet compliance schedules 

ndated by the Clean Air Act and 
amendments. 
The energy crisis and other turns 
events since ES& T did its last spe

cial states' air quality report (Feb. 
1972. p 111) have officials questiorr
ing whether they can achieve stan
dards for S02 and oxidants. How
ever. most feel that goals for the 
other four pollutants for which Na
tional Ambient Air Quality Standards 
(NAAQS) have been set-NOx • par
ticulates. hydrocarbons. and carbon -
monoxide-can be achieved. 

In achieving air quality goals. the 
states are required by the amended 
Clean Air Act to achieve primary am
bient air quality standards. designed 
to protect the public health . by 1975 
unless a two-year deadline extension 

granted by the Federal Environ--



mental Protection Agency. The act 
also requires that secondary ambient 
air quality standards, designed to 
protect the public welfare , be 
achieved within a reasonable time. 

Each state has been required to 
submit a plan for the implementation , 
maintenance, and enforcement of 
the NAAOS within each Air Quality 
Control Region (ACOR), or portion 
thereof , within its state boundaries. 
At this time, the major portions of 
these State I mplementation Plans 
(SI P) have been approved by the 
EPA, which is responsible for surveil
lance of the plans, and are now 
being pursued. 

Further, the data acquired by state 
air quality monitoring stations estab
lished under the plans must be sub
mitted to the EPA on a quarterly 
basis. These data furnish the agency 
the basis both for periodic air quality 
information evaluation and for as
sessment of the rate at which SIP's 
are achieving their goals. 

Implementation plans 

Most state officials feel that their 
original implementation plans 'gener
ally have proved to be adequate, al
though some changes were made. 
These mostly resulted from S02 
emission problems and the addition 
of transportation control strategies by 
the EPA. Specific transportation 
controls were not required originally . 

In the New England states , Con
necticut has requested two changes 
in its original plan. The first would 
eliminate the need for an already
granted extension for particulates be
cause of a program to burn fuels . 
The other would revise the state's 
monitoring system to include 12 tel
emetered, complete stations. Rhode 
Island has tightened its restrictions 
on visible stack emissions by substi
tuting Ringlemann 1 (clear stack 
emission) for Ringlemann 2 (light 
gray) standards . 

Original EPA-approved implemen
tation plans generally have been 
proved adequate for New York State. 
However , their Division of Air Re
sources Director Alexander Rihm. 
Jr. , feels that a final judgment can
not be made until full implementation 
is complete and a reasonable time is 
allowed to assess the effects. Li ke
wise, New Jersey's Bureau of Air 
Pollution Control chief , William A. 
Munroe, says the adequacy of that 

SPECIAL REPORT 

state 's plan can be evaluated only 
when ultimate federal standards/ 
aChievement deadlines are firm . 

Delaware has encountered a 
major problem with respect to flexi
bility in granting temporary relief 
from regulatory requirements , espe
cially in the case of S02 regulations . 
A revision of their original plan is 
being prepared to deal with such sit
uations. Maryland officials report that 
their plan for achieving secondary 
S02 standards had to be revised . 
However, the revision submitted was 
based on the annual average that 
subsequently has been rescinded by 
the EPA. Their implementation plan 
for achieving CO, HC, and oxidant 
standards required additional promul
gation by EPA. Also, Maryland's im
plementation plans for transportat ion 
controls in both Baltimore and Wash
ington, D.C., areas have been grant
ed two-year extensions. 

Virginia anticipated the same prob
lem for transportation controls in the 
highly urban Washington , D.C., area. 
Officials requested , and were grant
ed, two-year extensions for Northern 
Virginia . I n another matter, the state 
received an 18-month extension for 
meeting secondary standards for par
ticulate matter in its State Capital 
Region (Richmond). However , they 
later notified EPA that these stan
dards would be met before June 
1975, and that the extension would 
not be needed . 

In South Carolina, W. G. Crosby, 
chief of South Carolina's Bureau of 
Air Quality Control , feels their S02 
standards also were too strict. He 
especially is critical of original EPA 
guidelines that " failed to deal with 
maintenance and prevention of sig
nificant deterioration. " 

The Georgia plan generally has 
been proved adequate, officials 
claim . However , specific regulations 
dealing with emissions from cotton 
gins and fertilizer plants, as well as 
authority to require source monitor
ing and operating permits, have been 
added . The state also experienced 
problems because of a National Re
sources Defense Council (NRDC) 
suit against the EPA's approval of a 
regulation allowing the use of high 
emission stacks. The issue was re
solved in favor of NRDC. 

Alabama has adopted additional 
regulations for particulates from coke 
ovens , pulp mills, wood waste boil-

ers, and primary aluminum plants. 
The state also has increased its al 
lowable S02 emissions from fuel 
combustion. As with other stales, 
this was undertaken because of the 
energy crisis-but also becaus'e of 
the development of better modeling 
capabilities. 

A law suit also figured in Ken
tucky's attempt to set standards. A 
ruling in June of last year, Buckeye 
Power et al. vs. EPA, said EPA failed 
to allow for public comment. In 
Tennessee. initial S02 emission stan
dards proved overly restrictive. These 
standards were revised. 

Ohio also experienced problems 
with its regulation of S02 sources. 
The state 's original method of com
pliance was to switch fuels from coal 
to distillate oil or gas. Officials have 
requested a two-year extension for 
achieving the air quality standard for 
oxides of sulfur , but the request has 
not been granted. Officials in Indiana 
complain that their original plan has 
proved to be inadequate in several 
areas. Problems were encountered 
with regulations , emergency epi
sodes, source emission data, and 
local agency relations. Arkansas 
originally had to toughen its plan be
fore the EPA would approve it. 

Other Midwest states 

The principal implementation plan 
problem encountered in Illinois was 
in conducting the necessary level of 
surveillance and enforcement activity 
to bring some 19,000 industries into 
the program by mid-1975, according 
to John J . Roberts, manager of that 
state 's Division of Air Pollution Con
trol. Active changes in Illinois ' plan 
have been minor, Roberts says. Gen
erally, these resulted from an inade
quate opportunity to review the eco
nomic impact of regulations in one or 
more segments of the state's indus
try , such as grain elevators. 

Wisconsin has found original stan
dards inadequate to deal with oxi
dants in rural areas , where th is pollu
tion is more common than in urban 
areas. Officials say the federal EPA 
oxidant strategy needs re-evaluation . 
A particular disappointment has been 
in the difficulty of reducing particu
lates , especially in urban areas , by 
as much as officials had predicted . 
Minnesota has added a regulation on 
asbestos. That state also has adopt
ed a Transportation Control Section, 
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after the EPA was forced in court to 
cancel time extensions on carbon 
monoxide compliance. 

Two substantial amendments have 
been added to Iowa's plan during the 
past two years. One provides the De
partment of Environmental Quality 
with the authority to require self
monitoring by source owners, the 
other the authority to make available 
to the public emissions data by 
source name. Again, a principal criti
cism is that reinterpretation of the 
Clean Air Act by federal courts re
quires frequent and substantial 
changes. 

Nebraska's origir.lal plan lacked 
sufficient legal authority to limit 
emissions in areas that were primari
ly agricultural. Present proposed reg
ulations correct this problem. Ne
braska requested an extension for 
N02 compliance, which was denied. 
The original plan for Kansas has 
been adequate with regard to the de
velopment of a workable plan to con
trol point sources of pollution. 

Colorado, however, plans to re
write its plan totally sometime this 
year. The original plan is too rigid in 
concept and fails to take into consid
eration the high altitude effect on 
emissions, according to Gerald P. 
Wood, director of the Colorado Air 
Pollution Control Division. 

Planning in Southwest 

Texas encountered implementation 
planning problems with transportation 
controls, indirect source controls and 
nondegradation. Other problems in
clude imposed time limits and differ
ences with the EPA regarding the 
most suitable approaches. The state 

requested two-year extensions for 
photochemical oxidants in two air 
quality control regions when their 
original plan was submitted. The ex
tension was approved, but approval 
was revoked by the NRDC vs. EPA 
court ruling of January 1973. The 
Federal Register (Nov. 6, 1973) pro
mulgated an EPA transportation con
trol plan for Texas that extended at
tainment dates for Regions 7 and 9 
for two years and Region 8 to June 
30, 1976. 

New Mexico's original plan was in
adequate as to S02 emission regula
tions in its Four-Corners Power Plant 
area, according to NOAA modeling re
sults in the Southwest Energy Study. 
The EPA assumed jurisdiction and 
promulgated federal standards. The 
major problems occurring for neigh
boring Arizona concerned jurisdic
tion. R. F. Iacobelli, administrative 
engineer for the state department of 
health, noted that the federal EPA 
had contacted operators directly in
stead of working through the state. 
This resulted in some confusion over 
disapproved S02 and particulate 
strategies. Also, Arizona was granted 
a two-year extension, to May 31, 
1977, for attaining CO standards. 

The state of Washington reports 
that its original plan generally has 
proved to be adequate. Major prob
lems have occurred, however, in the 
development of transportation control 
plans and plans for complex sources. 
Idaho's plan indicated that the 
achievement of the NAAQS for par
ticulates was doubtful because of 
high particulate loadings from fugi
tive sources. Officials say achieve
ment of this standard is still in doubt. 

Idaho has been granted a two-year 
extension for achieving the primary 
S02 standard in the Northern Idaho/ 
Eastern Washington interstate region. 

State standards 

Some states set stricter standards 
than those required by the EPA. Rea
sons for this vary according to the 
types of industry in the particular 
states to the transportation situa
tions, which in such cases as Los 
Angeles require special guidelines. 
For a look at what additional stan
dards some of the states have set 
see Table 1. 

Regional standards? 

The exclusion of regional stan
dards from the Clean Air Law pre
sents few problems for the states, 
except in cases where a state's air 
quality is affected seriously by neigh
boring pollution sources. Connecticut 
complains that its air is much af
fected by New York and New Jersey 
polluiers, and that they are power
less to do enough about it. Such 
rural states as Vermont and New 
Hampshire feel their standards 
should be more stringent than the 
national standards. States that are 
more industrialized feel it would be 
impossible to keep their air as clean 
as the other states, and that they 
should not be forced to attempt such 
drastic measures. New York, for ex
ample, says that secondary particu
late standards may be attained there, 
but not without severe economic and 
social dislocations. 

George P. Ferreri, director of 
Maryland's Bureau of Air Quality 
Control, sees a need for better un-
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Arizona 33 1 10 24 
Arkansas 46 0 0 46 
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Connecticut 100 o (12 planned) 40 60 
Delaware 17 
Florida 
Georgia 120 1 35 86 
HawaII 21 (planned) 0 3 18 
Idaho 22 0 2 (planned) 20 
Illinois 151 5 32 144 
Indiana 19 0 
Iowa 100 11 23 77 
Kansas 55 5 55 5 
Kentuc:ky 107 (20 more planned) 0 8 99 
Louisiana 53 0 8 25 
Maine 19 2 5 19 
Maryland 39 0 8 (3 more planned) 31 
Minnesota 122 0 26 96 
Mississippi 29 1 4 25 
Nebraska 55 0 5 50 
New Hampshire 35 3 (1 planned) 3 32 
New Jersey 78 4 18 60 
New Mexico 71 2 7 66 
New York 305 6 35 (l5 planned) 280 (20 planned) 
Ohio 278 0 61 217 
Puerto Rico 23 (under construction) 
Rhode Island 23 
South Carolina 95 
Tennessee 52 
Texas 140 
Vermont 4 
Virginia 102 
Washington 50 
Wisconsin 158 

derstanding the "synergistic effect" 
of combined pollutants, which can 
differ stri kingly from region to region. 
Ferreri says that although there is 
not enough information to support 
different standards for different re
gions at this time, it is known that 
temperature and humidity, which dif
fer from region to region , do influ
ence the effect of the pollutants. He 
points out that vegetation may be 
more susceptible in areas where S02 
and oxidants together are a problem. 
All this needs to be taken into ac
count in setting standards, he says. 

The executive director of Virginia's 
State Air Pollution Control Board , 
William R. Meyer, likewise sees a 
definite need for clearer recognition 
of background factors, especially 
with oxidants and particulates in spe
Cial areas. But, pending completion 
of a National Academy of Sciences 
study of the standards, he sees no 
need for a change in standards as 
such. Florida officials point out that 
within an AQCR, unlike emission 
standards have presented problems 
there when sources are separated 
only by a state boundary. They feel 
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that their present air quality stan
dards are satisfactory. 

James W. Cooper, director of Ala
bama's division of Air Pollution Con
trol , tells ES& T that for the regional 
divisions to be effective, a significant 
amount of responsibility should be 
delegated to the regional office. As it 
stands presently, he says, the pri
mary effect of regionalization has 
been only to create an additional 
stage of review. Kentucky feels that 
policy throughout the various EPA re
gions is not consistent, and that the 
regions require extremely burden
some reporting requirements . 

Homogeneity needed 
Harry D. Williams, director of Indi

ana's Air Pollution Control Division , 
says the AQCRs, as presently set up, 
do present problems because some 
are rather large and not homoge
neous in terms of their air pollution 
problems. In Kansas, Howard F. 
Saiger , chief of the Air Quality and 
Occupational Health Section, says 
that the standards should be revised 
for his area to recognize the exis
tence of high uncontrollable back-
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46 
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146 
25 

151 

ground conditions. High winds and 
low rainfall there cause special par
ticulate problems that are not ade
quately faced by the present stan
dard setup, he said. 

James Lefler, Air Pollution Control 
Division engineer for Nebraska, says 
the AQCR designations in his state 
are a " farce." Adjacent counties with 
similar air quality problems were not 
included in the same region. I n other 
cases, counties included in the same 
region show no Similarity in air quali 
ty or industrial sources, he said . Ari
zona officials feel that air quality 
standards should vary by regions. Ia
cobelli points out that fugitive dust in 
the entire southwest desert area is 
difficult to control and that particu
late standards should be less strin
gent because of this. 

Monitoring 

Monitoring networks in the various 
states have been expanded enor
mously during the past two years. 
Most of the states undertook special 
modeling or testing of implementa
tion plans before deciding specifical
lyon the final form of their plans. 
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Virtually every state took advantage 
of federal funds for these projects. 

In the New Jersey-New York
Connecticut Air Quality Control Re
gion, the EPA IPP diffusion model 
was used to evaluate particulates, as 
it was in other regions. But modeling 
is still being employed in New Jer
sey, where the state is preparing a 
plan for indirect sources. Munroe 
points out that the so-called ERT dif
fusion model has been made work
able for point and area sources. He 
anticipates that, where applicable, 
this model will be used for impact 
statement evaluations and for prepa
ration of any forthcoming plans to 
achieve air quality standards. 

Delaware officials point out that 
plans there also were tested by the 
EPA IPP model , as were the New 
Jersey and Pennsylvania plans. The 
results lend more confidence to the 
adequacy of Delaware's plans, they 
claim . 

Louisiana utilized modeling, but 
the testing did not prove useful. Offi
cials say the results were so in
consistent as to be useless. In Ala
bama, a rollback technique was used 
to indicate the adequacy of their 
original plan, due to what they saw 
as restrictive time limitations. How
ever, subsequent plan revisions have 
incorporated diffusion modeling to 
assure the standards would be 
achieved. South Carolina had emis
sion standards and experience prior 
to the 1970 amendments. Bureau of 
Air Quality Control chief, W. G. Cros
by, noted that the state 's particulate 
and S02 ambient standards, adopted 
five years before the national stan
dards, are virtually the same. 

Extensive modeling studies were 
conducted for major metropolitan 
areas in Illinois to evaluate the cost 
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and effectiveness of alternate control 
strategies. There, state officials have 
had continuing modeling and testing 
programs since 1972. Results from 
these studies are the basis for Illi
nois' current re-evaluation of S02 
regulations. I n Ohio, special mod
eling (Air Quality Dispersion Model) 
was done in the "worst case" exam
ple regions. In Arkansas, an AQDM 
model was used to test regulations 
only in the most heavily concentrated 
area (Little Rock) .on the assumption 
that if they were adequate there, they 
would be satisfactory for the remain
der of the state. 

The pattern set by Arkansas was 
the one followed in most of the west
ern states, modeling and testing 
were used only in the most heavily 
populated regions. Exceptions are 
the two coastal states of Washington 
and Oregon where conditions forced 
a more comprehensive set of mod
eling procedures. Washington, for ex
ample, used modeling for parts of the 
Puget Sound Region , and the roll
back technique for most of the rest 
of the state. 

The extent of the monitoring net
work in the various states is demon
strated in Table 2. The chart shows 
wide differences in units set up to 
gather data. It also reflects the dif
ferences in monitoring needs of the 
various states. 

Enforcing the laws 

I n almost every case, state offi
cials feel their enforcement laws 
have been adequate to handle major 
violators. The only two exceptions 
are Illinois and Tennessee, of 38 re
spondents to an ES& T questionnaire. 
Illinois reports that although enforce
ment programs both at the state and 
local levels have been aggressive, 
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the magnitude of the problem is too 
great. They say this is true especially 
when the number of sources with 
mid-1975 deadlines are considered . 
They hope that future coordinated ef
forts by state and federal agenc ies 
will prove effective in the cases of 
major steel mill and electric utilities 
operations. 

In Connecticut, the EPA has is
sued compliance notices to two 
companies. There have been 850 no
tices of violation, with 254 orders is
sued since Oct. 1, 1971. The maxi
mum fine in Connecticut is $5000 
per week. The most significant action 
to date has been a $2500 fine and a 
required $400,000 performance bond 
for a firm that was delinquent in 
compliance. In another possible en
forcement compliance problem, Con
necticut feels that the standard for 
photochemical oxidants will not be 
met in several areas of the state. 
Transportation controls are being re
quired for other areas. However, 
dates for achievement of these goals 
have not yet been decided. 

Rhode Island's laws provide a jail 
sentence , as well as $500-per-day 
fine . I n all, that state undertook 20 
enforcement actions during 1973. As 
with most other states, Rhode Island 
feels there will be no problem meet
ing primary air quality standards, but 
that energy consider.ations will delay 
their goal for meeting secondary 
standards. For a full look at the 
states' expectancy in meeting pri
mary and secondary goals, along 
with those states granted two-year 
extensions, see Table 3. 

In the past, delays have been en
countered in New York due to lack 
of legal personnel, but officials say 
this has been remedied. The enforce
ment situation also has been cleared 



somewhat by a recent compromise 
ruling in a NRDC case where the 
federal EPA was called into question 
for approving New York implementa
tion plans while being aware that 
state law provided for variances on 
the basis of economic cost. Officials 
feel enforcement action has pro
ceeded well, with almost 200 com
missioner's orders issued during the 
past two years. 

In lieu of levying fines against vio
lators, as provided by law, New York 
has more often required source own
ers to post performance bonds to en
sure the completion of state-ordered 
compliance schedules. New York 's 
most significant action to date is a 
current lawsuit against coke oven op
erators in the western part of the 
state. It will be some time, however, 
before the outcome of this case will 
be known, officials feel. 

New Jersey currently is invoki ng 
about 120 enforcement actions each 
month . Penalties have ranged from 
$100 to $250,000 , and a penalty of 
up to $2500 per day is authorized for 
each continuing violation. New Jer
'sey is one of several states that has 
solid data on results from its permit 
and certificate programs. They claim 
the potential emissions inventory for 
solid particles during 1973 was re
duced by 52,563 tons/ year and sol
vents, acids, and chemicals by 5005 
tons/ year . 

Delaware, prior to July 1973 
changes in the state law, felt it was 
burdened with excessive compulsory 
conciliatory efforts, inadequate 
penalties, and cumbersome enforce
ment procedures. The EPA had 
stepped in to enforce compliance in 
at least two major cases because of 
the state 's inaction. 

Officials in Virginia likewise feel 
their state law now is adequate, after 
some clarifications suggested by the 
State Air Pollution Control Board 
were written into the law by the leg
islature. The one exception, accord
ing to Paul E. Wilkins , chairman of 
the State Air Pollution Control Board, 
is a provision interpreted to mean 
that the state has no authority to reg
ulate leaf burning where a local gov
ernment has its own ordinance . This 
is thought to be true even in cases 
where local ordinances are less strin
gent than state regulations . 

Georgia feels that the most signifi
cant aspect of its enforcement pro
gram is that the state has been able 
to effect the necessary controls in al
most all cases on a relatively cooper
ative basis . Tennessee's most signifi
cant action has been a soit for com-

pliance against the Tennessee Valley 
Authority . 

Open burning laws have been the 
hardest to enforce for Arkansas. In
diana officials feel satisfied with their 
laws. In the cases where the EPA 
has stepped in to enforce regula
tions, Indiana officials claim it was 
not because the state was unable to 
act but " because of the EPA's highly 
legalistic interpretation of what is re
quired by the Clean Air Act. and their 
concern primarily with form versus 
substance of compliance programs." 
The state's primary problem has 
been to determine compliance from 
sources whose emission is not from 
a stack . 

More Midwest activity 

Less-populated Kansas has been 
highly active in its enforcement pro
grams. More than 5000 firms have 
been evaluated for compliance with 
regulations during a three-year peri
od. Such evaluations include re
porting. on-site inspections. emission 
calculations, and follow-up or re
quired corrective action. More than 
400 enforcement orders have been 
issued , two of which required court 
action . Nebraska presently has 24 
sources on compliance schedules, 
and one operation has been closed 
down by injunction. 

While Iowa has held 12 enforce
ment hearings during 1973, its most 
significant action was the closing of 
a cement plant according to emer
gency order procedures. Minnesota 
claims in most cases it has been 
able to get compliance programs 
under way without legal action . Al 
though the EPA stepped in and is
sued compliance orders in three 
cases, state officials point out that 
compliance negotiations by the Min
nesota Pollution Control Agency al
ready were under way with the com
panies in question. 

Minnesota presently has instigated 
legal action in two cases, one 
against Reserve Mining for dumping 
taconite tailings in Lake Superior. 
and another against the Fry Roofing 
Co . Wisconsin is critical of the EPA 
for stepping in where the state had 
already acted . They point out that the 
state has not asked the agency to in 
tervene , nor do they feel they have 
sources they are unable to control. 

Texas, since November 1967, has 
filed 178 court cases and has in
voked 84 board orders. The highest 
penalty collected was from Armco 
Steel for $250,000. The Texas penal
ty provision is $50 to $1000 for each 
day of violation. I ndustry in New 

Mexico has kept legal proceedings to 
a bare minimum. So far , one wood 
waste burner was taken to court and 
forced to install pollution controls. 

Arizona has found the abatement 
order-it issued four during 1973-to 
be the most effective enforcement 
device available at the state level. 
The most significant action so far for 
the state of Washington has been the 
several variance hearings to adopt a 
control program for the huge copper 
smelter at Tacoma. Idaho has found 
civil penalty procedures to be too 
cumbersome, and to date has under
taken criminal action in all cases 
where court action has proved nec
essary. Hawaii has found its laws to 
be adequate. 

I ndustry makes progress 

Although tremendous progress has 
been made by many states in their 
programs to abate industrial pollu
tion, some nagging problems with 
sulfur fuels and hyd'rocarbons persist. 
As to the major offenders, this tends 
to vary according to the kinds of in
dustries prevalent in the individual 
states. 

Connecticut is especially con
cerned with the problems arising 
from hydrocarbon emissions and the 
burning of S02-containing fuels . 
Rhode Island industries have made 
progress in dealing with the pollution 
from gray iron foundaries and incin
erators, but is still faced with prob
lems from other foundries, textiles , 
and arjimal rendering plants. A spe
cial regional problem exists in New 
England because of pollution from 
wood burners used in wood indus
tries. In numerous cases , wood is 
burned in waste heat boilers where 
plant size is small and abatement 
costs comparatively large. 

In New York, most indu;tries are 
complying with industrial emission 
standards, although problems do 
exist with iron, steel. and graphitizing 
process industries in the Niagara 
area. New Jersey has made particu
lar progress in reducing S02 and par
ticulate emissions. Officials are 
seeking to achieve reductions also in 
HC and NOx as alleged precursors to 
photochemical oxidants. 

Considerable progress has been 
made in Delaware in controlling S02 
and particulates. However, problems 
are being experienced with electric 
arc steel furnaces emitting particu
lates. 

The most severe problem in Mary
land is controlling emissions from ex
isting coke ovens. A flue gas desul
furization pilot system program has 
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been set up to combat this problem, 
but an evaluation has not yet been 
completed. Galvanizing and glass 
manufacturing industries are other 
major problems. 

A particular worry in Virginia is 
with small foundries , which cannot 
afford the high cost of control equ ip
ment adequate to meet emission 
standards. 502 emissions from coal
burning plants is the biggest problem 
in South Carolina, Particulate 
sources there are being controlled 
very well , according to Chief Crosby. 
Florida Ii kewise is faced with prob
lems in sulfur recovery and particu
late control areas. 

Confronting deadlines 

Robert A. Collom, Jr., Georgia's 
Air Quality Control Section chief, pre
dicts that all industries in his state 
will meet 1975 compliance sched
ules. The larger industries are all fol
lowing acceptable schedules, al
though some smaller industries are 
slightly behind at this time. The 
NRDC court challenge to 502 and 
particulate regulations has caused 
some uncertainty among state indus
try personnel as to what they can 
and should do , according to Collom . 

A major problem in Alabama, says 
James W. Cooper, director of that 
state's Division of Air Pollution Con
trol , is with slow equipment delivery. 
He cites steel shortages and demand 
increases due to 1975 compliance 
deadlines as reasons for delays. Mis
sIssippi is experiencing problems 
both with 502 control from large 
coal-fired boilers and H2S problems 
from sour crude gas processing. 

'Incinerators in various municipal-

ities are the biggest headache in 
Louisiana , Officials say industry as a 
whole tends to cooperate , while mu
nicipalities tend to drag their feet. 
Delayed deliveries of control equip
ment is a problem in Tennessee 
where compliance schedules have 
been affected and difficulty in meet
ing 1975 compliance mandates is ex
pected. Kentucky's director of the 
Division of Air Pollution, John T. 
Smither , says excellent progress has 
been made in reducing particulates. 
However, 502 control at TVA power 
plants, and at coke plants, as well as 
TRS control at pulp mills remains a 
problem . 

The two major segments of indus
try in Illinois creating special prob
lems are electric utilities and steel 
manufacturers. Progress has been 
made in the control of steel mill op
erations but full control probably will 
not be achieved until 1976, officials 
believe. Court proceedings and pro
posed federal legislation will deter
mine the state's control over the 
electric utilities. Indiana has encoun
tered problems from coke ovens, 
steel manufacturing , and power 
plants. For Ohio, electric utilities and 
coke ovens present major problems. 

Problems diller 

In Colorado, oil shale extraction is 
already becoming a pollution prob
lem. If plans for full development are 
realized , this industry could create 
problems of great magnitude. Indus
try in Kansas has encountered prob
lems in the areas of glass fiber 
manufacturing, ammonium nitrate 
manufacturing, and alfalfa dehydrat
ing. Obtaining equipment has like-

TABLE 4 

wise caused compliance apprehen
sion lor officials in Kansas. Iowa has 
experienced problems with fugitive 
dust regulations, particularly for the 
grain-handling industry, 502 regula
tions for coal-fired power plants and 
control equipment breakdowns in the 
c~ment industry. 

Minnesota officials especially 
voice concern over the Federal Ener
gy Board ban on coal-to-oil conver
sions for utility plants. This will affect 
compliance, they claim. In addition, 
refineries, fertilizer plants, and small 
sulfuric acid and nitric acid plants 
are problems , but officials except to 
resolve them. Wisconsin's Air Pollu
tion Control Section chief , Douglas 
W. Evans, feels progress there gen
erally has been good. Exceptions, 
however, exist for coke manufactur
ing , pulpmills, some foundries, and 
municipal incinerators, which Evans 
calls the worst offenders. 

Charles R. Barden, executive di
rector of the Texas Air Control Board, 
says his state is making progress in 
all areas with the exceptions of 
smelting sources, plywood veneer 
drying, and automobile emissions. 
Robert A . Harley, assistant chief of 
New Mexico's Air Quality Division , 
reports with optimism on two impor
tant air quality developments in his 
state. One is that New Mexico has 
issued a construction permit for the 
nation 's first flash smelter (Phelps
Dodge) , which will achieve 90+% 
control of 502 . The second is that 
the New Mexico Public Service Co. 
has designed and will build a 300+
MW coal-fired power plant that 
will achieve 90% 502 control. 

Material deliveries and technical 

States' budgets, personnel both increase 
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problems are causing delays for Ari
zona. Likewise, copper smelters are 
currently falling behind schedule in 
meeting standards in the state. 
Washington is hopeful that 1975 
goals will be met for all of its indus
try. Idallo has a serious problem with 
a smelter in the northern part of the 
state, even though it currently is con
trolling 80% of its S02 emissions. To
pography and meteorology factors 
create S02 levels far above the stan
dards. Hawaii's sugar cane industry 
has made progress in adding control 
devices. Cement plants and storage 
tanks, however, are still pollution 
problems there. 

Budgets, personnel, R&D 

As budgets for the various states 
mostly reflect the salaries paid state 
personnel, the magnitude of the two 
tend to coincide. In general, the size 
of a state 's total budget, generally re
flecting the amount of industry in that 
state, also tends to reflect the size of 
its pollution abatement program. A 
comparison of both budgets and per
sonnel is provided in Table 4. Also 
shown is the extent of personnel 
changes during the past two years, 
where such material is available. 

Research and development at the 
state level is almost nonexistent. One 
notable exception is California, which 
funded an R&D program of $8.623 
million from September 1970 to Sep
tember 1973. More than 90% of this 
came from the California Transporta
tion Fund and was designated for re
search related to motor vehicle air 
pollution. An additional $113,000 was 
provided by the state department of 
transportation. The balance of the 
money was appropriated from the 
California Environmental Protection 
Program Fund (CEPPF). Of the 
CEPPF money, $375,000 was desig
nated for stationary source air pollu
tion problems and for maintaining a 
repository of air pollution research 
reports. An additional $85,000 from 
the CEPPF was provided to investi
gate alternatives to open burning of 
agricultural wastes. Eight other 
states reported research and devel
opment programs, most of them very 
small in size. 

On a happy note, almost every 
state that responded to the ES& T 
questionnaire reported that morale 
was high in their respective depart
ments. Some uneasiness was ex
pressed because of cramped office 
and working quarters due to rapid 
expansions in personnel, EPA's "ex
cessive" paperwork , and possible 
program cutbacks due to the energy 
crisis. However, most workers are 
said to feel they already have made 
an impact on air pollution and will 
continue to do so as the decade con
tinues. 

How big is your 
particulate problem? 

GCA's Airborne Particulate Monitors 
give you direct readout of mass concentration. 

Based on the principle of beta radiation absorption , these instruments are 
not significantly affected by variations in chemical composition, size or other 
particle properties. 

Easy to use, GCA's advanced line of particulate mass monitors provides 
direct digital readout of concentration immediately following sampling period. 

PORTABLE MODELS Safety-approved by the 
U.S. Bureau of Mines ' , Models RDM-101 and 
RDM-201 are 6'/2 lb. portable instruments 
designed for monitoring dusts in working 
environments. RDM-101 's digital readout in
dicates respirable or total dust concentra
tions in milligrams/ cubic meter. The digital 
readout of RDM-201 indicates mass of total 
or respirable dust collected during sampling 
period. 

CONTINUOUS AUTOMATIC MONITOR 
Model PMM-1 is designed for continuous un
attended or manual monitoring of either 
ambient particulate concentrations or sta
tionary and mobile source effluents. The in
strument provides a direct readout of mass 
concentrations as low as one microgram/ 
cubic meter. Readouts can be either digital 
display or tape printout. 

Send for data sheets and complete perform
ance specifications. Write or call GCA/Tech
no logy Division , Burlington Rd., Bedford, Massachusetts 01730. Phone: 
617-275-9000. • A DII'o.aI N~moe ' 2G- 241 ~IPat Pendl 

See us at APCA '74, Denver, June 10-13, Booth 419 

RDM-101. 

Short te rm 
sampling limes 
in the order of 
minutes. 

ROM-201 . 

Provides 
time - averaged 
concentrati ons. 
Sampling inter
va ls in the 
order of hours. 

PMM-1 . 

Sampl ing time 
programmable 
between one 
minute and 
16hours 
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On January 3, 1974 , the U.S. For
est Service requested an exemption 
from the DDT ban to control this 
summer 's expected outbreaks of the 
Douglas-fir tussock moth in Oregon , 
Idaho, and Washington. The contin
gent use of DDT would be applicable 
to federal, state, and private lands in 
the three states. On February 26, 
1974, Russell Train, administrator of 
the Environmental Protection Agen
cy, granted the emergency exemp
tion from the prohibitions of the Fed
eral Insecticide, Fungicide, and Ro
denticide Act (FIFflA), as amended. 

Conditions 

Train made clear that the Forest 
Service must prove in May and early 
June that the extent of moth infesta
tion has reached levels beyond the 
control of the moth's natural ene
mies. The entomological evaluation 
will be based on new egg mass 
counts which began last fall. A new 
egg mass density of 'I, 0 egg mass 
(or larval population of 20 insects) 
per 1000 in .2 of foliage will indicate 
the level at which the signficant fo
liage injury will occur. Factors af
fecting survival rate of larvae will be 
taken into account-winter stress, 
egg parasites, and virus infection. 

Depending on weather conditions , 
spraying could start as early as June 
1 and should end around July 15. At 
that time, DDT could be applied aer
ially to as many as 650,000 acres in 
order to destroy the moth larvae 
emerging from the dormant egg 
masses. This spraying would trans
late into approximately 49 ,000 Ib of 
DDT, applied at a rate of 0.75 Ib per 
acre. 

Areas sustaining negligible or light 
defoliation will be excluded from 
spraying if virus infection level equals 
or exceeds 30% ; for moderately or 
heavily defoliated areas, the virus in
fection level will have to exceed 50% 
for exclusion. 

If and when the spraying begins, 
Train stressed that several restric
tions will have to be observed: 

• maintaining an unsprayed buffer 
strip of at least 200 ft along live 
streams and waterways 

• marking of waterways on maps 
and photo aids for pilots, and of ac
tual water areas with flags for pre
vention of accidental spraying of 
water 

• stopping the spraying when 
winds exceed 6 mph or · where tem
perature inversions exist 

• removing of livestock and other 
domestic animals from the treatment 
areas 
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The plight 
of the 

tussock 
moth 

The search is on for 

DDT alternatives which 

not only can kill but can 

reduce the moth 

population sufficiently 

to prevent further 

damage 

• placing of warning in public 
places within all areas to be sprayed , 
giVing the date, time, and duration of 
the spraying 

.Iicensing and proper training of 
applicators 

• monitoring of actual spraying, 
using sensitized cards 

• logging of all spraying for pre
sentation to the EPA and public with
in 10 days following the conclusion 
of the project. 

History 01 outbreaks 

The Douglas-fir tussock moth (Or
gyia pseudotsugata, McDunnough) 
per iodically defoliates Douglas-fir 
true firs , and other host trees in for
ests of the western U.S. Their ear
liest recorded outbreaks occurred in 
northeastern Washington in 1928-30, 
followed by others in northern Idaho 
and eastern Washington in 1950-55, 
and northern Idaho and western 
Montana in 1961-65. The current 
outbreak in northern Idaho, northeas
tern Washington, and eastern Oregon 
began in 1971 . 

During 1972, as many as 196,000 
acres in Oregon and Washington 
were defoliated. The summer of 1973 
witnessed the trebling of the moth 
epidemic, this time encompassing 
areas in Idaho and Montana. A total 
of 820,000 acres were damaged in 
the four states. 

These outbreaks usually last two 
to four years in forested areas, be
ginning with a buildup phase the first 
year , an outbreak phase the next, 
and a declining phase the last (con
tributed by parasites and a natural 
polyhedrosis virus). They are best 
understood as direct functions of the 
moth 's life cycle. 

The life cycle of the moth begins 
in mid-Mayor early June when cater
pillars '/8 in . in length emerge from 
egg clusters deposited the previous 
fall. With long hairs, the larvae can 
be dispersed by wind for long dis
tances , and feast until late July or 
early August. At this time the larvae 
will have reached a full size of 1'/. in . 
when they enter their pupal stage. 
Wrapped in cocoons, they manifest 
themselves in 10-18 days as moths. 
Immediately, the female mates with 
the male, creating clusters of 250 
eggs which are deposited and at
tached to or near the cocoons. These 
eggs represent the potential for de
foliation the next year. The adults die 
before eating, soon after mat- ing . 

Since all the guilt of leaf eating is 
borne by the larvae, it is essential, to 
contain an infestation, that control 
measures be enacted as soon after 



egg hatching as possible. For a sin
gle defoliation is usually all it takes 
to kill an evergreen tree. A partial 
defoliation stunts growth and weak
ens the tree to further attacks of in
sects and diseases. 

Outbreak consequences 

Timber loss during the last two 
summers has amounted to approxi
mately 800 million board feet, rough
ly equivalent to 62 ,000 three-bed
room houses. Forest management 
estimates that it would cost some 
$25 million for reforestation by public 
and private landowners over a 20-
year period . 

These same losses are aestheti
cally unappetizing, equally to man 
and animals who seek natural cov
ers. They encourage forest fires as 
more trees die and the inflammable 
debris builds up. Infestations 81so 
present a health hazard . To loggers 
and crew responsible for salvaging 
the killed wood, the hairs of the 
moths bring forth allergic reactions , 
such as welts , eczema, rashes, and 
breathing difficulties. 

Alternative control methods 

I n the past, DDT has been proved 
very effective if applied within three 
days after 60% of the egg masses 
have begun to hatch . But the possi
bility of food chain contamination 
and much public controversy had 
canceled its use. 

Field testing of other chemicals 
has produced considerable kills but 
none reduced the population suffi
ciently to prevent severe defoliation 
and tree mortality. Zectran , stabilized 
pyrethrins, carbaryl , trichlorfon, 
bioethanomethrin, Resmethrin , Phox
in , and Dursban are among the prom
ising candidates which will be further 
evaluated . Malathion, Gardona, Imi
dan, and Methoxychlor showed low 
activity against the insect and will 
not be considered for future use. 

Last year 's field appl ications of the 
naturally occurring virus (nuclear po
Iyhedrosis) or a bacterium (Bacillus 
Ihuringiensis) , alone or in combina
tion, have shown good controls of 
the tussock moth . But these biologi
cal agents are not registered, and 
EPA has not yet established proto
cols for safety testing. In addition, 
the aspect of mass producing-for
mulating , mixing, and handling
these materials has to be resolved 
before they can be put to operational 
use. 

What is going to check future tus
sock moth epidemics? Will it be 
chemicals or microbials? For this 
summer, it will have to be DDT. 
Meanwhile, the development of reli
able , registerable substitutes con
tinues as top priority at the U.S. For
est Service. LeG 

Fate of DDT in the environment 

DDT 1 
applied 

Atmosphere 
eventually receives 

50-70% of DDT 
applied 

Visible tussock moth defoliation in 1973 

Was hi ngton 

, 
Or.,on 

.. 

• • 

, Montana 
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Future bright for fabric filters 
With efficiencies in the range of 99.9% and favorable cost 

comparisons. fabric filters are the way to go for many source operators 

With certain caveats. the most 
promising technology for controlling 
small . or submicron . particulate mat
ter is fabric filters. according to most 
people working in the field. For one 
thing, these filters are extremely effi
cient . Removal efficiencies in the 
range of 99.9% easily can be 
achieved. Although other kinds of fil
ters-fibrous and aggregate , for ex
ample- also are used successfully, 
results indicate they are effective 
only under specialized circumstan
ces. 

A fine particle usually is defined 
according to the range most detri
mental for breathing, 0.1-1.0 micron. 
Related health problems, however, 
also can arise because of exposure 
to particles ranging all the way from 
0.001 to 10 microns. John K. Bur
chard , director of the U.S. Environ
mental Protection Agency's Control 
System Laboratory at Research 
Triange Park, N.C., points out that 
fine particles not on Iy cause haze 
and smog , but can penetrate deep 
into the lungs, sometimes causing 
serious respiratory conditions, and 
can act as transport elements for 
other pollutants. 

Burchard told a Symposium on the 
Use of Fabric Filters for the Control 
of Submicron Particulates in Boston, 
Mass. , recently that 50% of the par
ticulates of the magnitude 0.01-0.1 
micron will remain once they reach 
the lungs. (The symposium was 
sponsored by GCA Technology, Inc. 
and drew about 200 attendees.) Sili
cosis. bronchitis , and other lung con
ditions can result. Larger particu
lates, of a magnitude of 5 microns, 
are deposited on the mucus linings 
of the mouth and nasal passages, 
and can cause stomach and other 
health problems when swallowed, he 
said . 

Burchard pointed out that the 
Council on Environmental Quality's 
Fourth Annual Report revealed that a 
reduction in particulates has been 
achieved in six of 10 major U.S. 
cities. Still, a massive effort is need
ed to meet the nation's clean air 
needs. Burchard said improved fabric 
filtration will be an important step 
toward accomplishing this task. 

Basically , fabric filters work inside 
a "baghouse." or overall structure, 
where the dirty air steam- from a 
metal processing or fuel-burning 
plant- is filtered by cloth tube-like 
bags. The process is a mechanical 
one where the particulates are 
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trapped on the cloth inside the bags. 
Removal of the particulates is ac
complished by shaking the bags, re
versing the air flow, quick jets of air, 
or by rapidly expanding the bags with 
compressed air . 

A variety of fabrics is available. 
The choice depends upon the partic
ular needs of the air-cleaning opera
tion. Temperature, moisture, chemi
cal composition of the gas, and the 
physical and chemical composition 
of the particulates all affect the 
choice. While a cotton fabric would 
be acceptable for a low-temperature 
gas stream, a glass fiber fabric 
would be more suitable for a high
temperature gas stream. The chemi
cal composition of both the gas and 
particulates, as well as such physical 
properties as weight, affect the rates 
at which the fabric filters will wear 
out and need to be replaced. 

Alternative methods 
Fabric filters compared well with 

such other particulate control tech
niques as scrubbers or electrostatic 
precipitators, according to John D. 
McKenna, vice president of Enviro
Systems & Research, Inc., Roanoke, 
Va. In a comparison with the Venturi 
scrubber, he said although the initial, 
or capital, cost for the fabric filter 
would be slightly higher, the operat
ing costs would be less. Thus, the 
overall annual cost would be less for 
the fabric filter, he said. 

In most cases, the scrubbing sys
tem-where the gas stream travels 
through a narrowed "throat" portion 
of an air duct into which water is 
forced to impact the particulates-is 
not as efficient as the fabric filter, 
McKenna said. He also pointed out 
that in some cases of fly ash scrub
bing or where there is acid in the gas 
stream, even the cost of equipment 

would be higher than for fabric fil
ters. This is because special metals 
and materials would be required in 
the construction of the scrubber. 

McKenna said electrostatic precip
itators are cost competitive with fab
ric filters in such large projects as 
power plants. But, he added, the pre
cipitators are not competitive on a 
smaller scale, such as would be suit
able for an industrial boiler. Also , the 
cost of electrostatic precipitators in
creases greatly as additional equip
ment is added to achieve efficiencies 
of 99.9%. As codes and standards 
tighten up, efficiency will more and 
more be at a premium. "With this in 
mind, fabric filters become the way 
to go," McKenna said. 

Needed research 

On a final note, Knowlton J. Cap
lan, University of Minnesota, out
lined four areas where additional re
search is needed to help perfect fab
ric filtration . The first concerned the 
mechanism of "bleeding" or "seep
age" where after a period of time, 
particles begin collecting on the 
clean side, or outside, of the filter 
bags in defiance of classical filtration 
theory. 

Caplan also said in-stack sampling, 
shaking speeds and bag accelera
tions, and the electrostatic phenome
non, all need further study. Electro
statics is an especially important 
area of consideration because explo
sions can result on a large enough 
scale to destroy entire plants, he 
said. The problem arises from the 
fact electrostatics is difficult to mea
sure and the bags are difficult to 
ground, Caplan told the symposium. 
Such research is increasingly of in
terest to manufacturers, Caplan said, 
because the market for such equip
ment is growing at a rapid rate. WSF 

Baghouses, New baghouses greatly reduced particulates at this cement plant 



(1Oughest, too.) 
Now you don 't have to sett le 

for slow- operating, delicately con
structed , commercia l EPA Method 5 
stack samplers. Or build your own . 

Super Sniffer is here. 
Aerotherm 's high-volume stack sampler 

samples at up to six cubic feet per minute , 
That means you can sample almost ten 
times faster than with conventional units. 

Controls and temperature 
measurements are centralized to 
speed monitoring even more. 

And the Sni ffer is tough . There 's 
no glassware to break because 

impingers are constructed 
unbreakable GE Lexan® plastic. And 
the whole unit is packaged in rugged , 

vi rtually indestructible fiberglass 
carryi ng cases to cut out expen

sive damage and downtime. 
When you receive our new 

ure, you 'll see what we 
mean: Aerotherm 's is the most 

straightforward, cost-effective 
sampler ever made. 

If you have been nosing around for the 
sniffer, ca ll us at (415) 964-3200, or write. 

Send for the Super Sniffer brochure toda,)t 

------------------------~ 

485 Clyde Avenue, Mountain View, CA 94042, 

Free (415) 964-3200, Te lex 34-6391 

I'm interested in mo re profitable stack sampling. 
Send me the new Aerotherm High Volume 

Stack Sampler broch ure. 

____________ Tille ____ _ 

_______ State Zip __ _ 

------------------~ 
See Super Sniffer at the APCA Exhibition in Denver, June 9-13. 
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Cleaner air and a new industry may both appear 
if pilot tests check out the technology of .... 

Cleaning coal by solvent refining 
To scrub or not to scrub, that is 

the question . 
Whether 'tis more economical and 

efficient to remove particulates and 
S02 from the end of the stack after 
the burning of coal , 

Or to clean coal before it is con
signed to the flames, 

And thus, obviate the need for 
elaborate precipitator and scrubber 
installation ... 

So goes a major choice in the 
great coal burning debate. With en
hanced technology, both principal 
routes may well be open . In any dis
cussion of removal of potential air 
pollutants from coal, however, sol
vent refined coal (SRC) is receiving 
prominent consideration . 

The principles of SRC were known 
since October 1932, when Alfred Pott 
and Hans Broche were granted a 
U.S. patent. However, it was not until 
1964 that Pittsburgh and Midway 
Coal Co. (PAMCO, now a subsidiary 
of Gulf Oil) , first started working with 
the U.S. Department of the Interior 's 
Office of Coal Research (OCR) to 
determine the technical feasibility of 
SRC on a pilot scale . 

Pilot plants 

SRC work has progressed to the 
point at which different groups have 
built , or are completing pilot plants. 
One such group is PAMCO, under 
OCR contract , which began con
struction of a $18 million, 30-50-tpd 
pilot plant near Tacoma, Wash ., in 
December 1972. The plant should 
start up in the summer of 1974; it 
was designed by Rust Engineering 
Co ., a subsidiary of Wheelabrator
Frye, Inc . A second (all-industry) 
group consists of Southern Services , 
Inc . (SSI, Birmingham, Ala ., a part 
of Southern Co .), and the Edison 
Electric I nstitute (EEl). The latter is 
now operating a 6-tpd pilot plant at 
Wilsonville , Ala ., designed and built 
by Catalytic, Inc . EEl funding for this 
plant has been assumed by the Elec
tric Power Research Institute (EPRI). 

In the SSI process , now being 
"shaken down, " Western Kentucky 
14 coal containing about 3% sulfur 
(S) is slurried in an anthracene oil
type solvent. About 95% of the car
bonaceous material is dissolved . Hy
drogen (H 2) is added under pressure , 
and the slurry is heated to about 
750-850°F. The material is then 
subjected to pressures of 1800 psig , 
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generally (although sometimes as 
high as 2800 psig) , and H2, hydro
carbon gases, water, and hydrogen 
sulfide (H2S, made from organic SUl
fur in the coal) , are separated . The 
H2S is reacted with sodium hydroxide 
and water to make sodium sulfide; 
however, commercially, H2S would 
be broken down to recyclable H2 and 
marketable elemental S. 

At this point , the pressure is de
creased to 150 psi, at 600°F, to sep
arate other gases, including remain
ing hydrocarbon values. After this 
step , the material contains solvent , 
dissolved coal , undissolved coal , and 
inorganics which would become S02 
and ash if the raw coal were burned. 
Among these inorganics is pyritic 
sulfur, a major S02 source . The solid 
material is strained out through a 
Swiss " Funda" filter at 600°F so that 
low solvent viscosity and a high fil
tering rate may be maintained . Fil
tered solids are being stored for ad
ditional analytical tests. 

Then the filtrate is warmed to 
750°F in a vacuum column preheat
er, and the solvent is stripped off 
under 2 psia pressure and recycled 
to the plant. The distillation residue is 
SRC liquid; it is brought to 600°F and 
poured into water by a vibrating con
veyor. The resulting solidified SRC, a 
clean, black , brittle material , minus 
virtually all ash and pyritic S, and 
over 60% of the organic S, is then 
drained . 

Groundbreaking for the SSI pilot 
plant began in November 1972; con
struction was completed in Septem
ber 1973. First runs were made this 
January. By mid-April, about 350 hr 
of operations were logged. The plant 
cost slightly less than $4 million . 

Optimism 

SSI project manager Everett Huff
man is optimistic about the future for 
SRC. His optimism might not be 
without foundation. 

First of all , SRC's heat value is 
about 16,000 Btu / lb ; by comparison, 
raw coal 's heat value generally rang
es between 11,500-12,000 BtU / lb . 
Second, with solvent and filter 
treatment , coal of 2.5% , 5%, or even 
7% S could be reduced to 0.9% S, or 
perhaps as low as 0.5% S; and from 
8-20% ash to 0.166% ash . Such coal 
could meet EPA requirements for 
particulate and S02 emissions, espe
cially in view of its higher Btu value. 

Third , use of SRC might obviate 
or reduce needs for precipitators and 
scrubbers , which could have high 
capital costs. and, under the present 
state-of-the-art , a 5-8% energy pen
alty. Moreover, the level of technologi
cal advancement of such devices is 
a subject of spirited debate in many 
quarters, as is its potential for water 
or land pollution . On the other hand, 
purchase of SRC is an operational 
expense which can be "written off" 
in the year incurred, and use of SRC 

Pilot plant. This year, this 6-tpd pilot plant in Alabama started operating. 



should involve no installation and 
maintenance of elaborate capital 
equipment, according to one engi
neering and economic view recently 
expressed. 

Huffman said that it is a bit prema
ture to peg dollar figures on SRC 
economics at this time. He did, how
ever, mention a few material figures. 
For example, it is expected that the 
SRC process will use 1.5-2.5% H2 
(of the total weight of coal). Lique
faction and gasification techniques 
require considerably more H2, as 
well as more rigorous conditions of 
temperature and pressure. Therefore 
a material and energy saving could 
be realized. 

The SRC process would spin off 
certain by-products which may be 
useful. One such by-product would 
be elemental S, recovered from or
ganic and pyritic sources in the raw 
coal. A second would be hydrocar
bon values which might be recovered 
and sold or recycled into the plant as 
an energy source. There may also be 
other useful mineral values in the 
solids removed; and the solvent it
self, which can replace small losses 
sometimes incurred in the SRC pro
cess, is generated from the raw coal. 
Yet another benefit may be realized 
if the 5% of the coal, which remains 
undissolved in the solvent and is fil
tered out, could be economically 
gasified to produce energy for the 
SRC plant and its ancillary facilities. 

Matters under study 

One of the prime reasons for the 
SSI pilot effort was to determine the 
best method of removing solids (po
tential ash and particulates) from 
SRC. Filtering seems to remove 
enough solids so that as little as 
0.1 % solids may remain in the fil-

SSI's Everett Huffman 

trate. However, hydrocycloning (hy
drocloning), to be tried at the Taco
ma, Wash ., pilot plant could prove 
less expensive and more easily in
stallable and maintainable than the 
filter scheme. Consolidation Coal Co. 
(Consol) tried hydrocloning on a 
small scale, but indications were that 
1 % solids may remain in what corre
sponds to a filtrate. 

Another matter under study is the 
most rational way of handling the re
moved solids. One objective is to 
avoid having solid wastes; another 
aim is to prevent disposal in water 
that would cause a pollution problem 
similar to acid mine drainage. Under 
consideration is gasification of the 
carbonaceous material, during which 
H2S would be produced from the iron 
pyrites . S would be recovered from 
the H2S; H2 would be recycled to the 
plant, as would the gas product. 
Other by-product values would be as
certained. 

Finally, how should the SRC itself 
be handled? If a customer is very 

Here is the schematic diagram which shows how it works 

near an SRC plant, the SRC could be 
supplied as a liquid. The other course 
is to solidify it, and front runners 
among approaches under consider
ation are the Sandvik belt (looked 
at by SSI) and the prilling tower 
(PAMCO/OCR/Rust). The Sandvik 
belt is of stainless steel and is cooled 
underneath by water. Liquid SRC 
would freeze on the belt and flake 
off. In the prilling tower, liquid SRC 
falls from top to bottom and solidifies 
on the way down. 

Prospectives 

If the results of the SSI and 
PAMCO pilot tests justify the present 
optimism, Old Ben Coal (subsidiary 
of Standard Oil of Ohio), together 
with Toledo Edison would start a 
$75-million, 5'h-year project for a 
900-tpd demonstration plant. The 
plant would be designed and built by 
Catalytic, Inc . Some components of 
the plant, however, would work 
under the more vigorous tempera
tures and pressures associated with 
liquefaction . Thus, although the plant 
would be an SRC facility, it would 
also be a two-pronged enterprise in
volving coal liquefaction . 

For the future, Catalytic, Inc. looks 
to the possibility of a 20,000-tpd 
commercial SRC plant. Cost of such 
a plant is estimated at $200 million, 
but clean coal and by-product 
values, as well as solvent, hydrogen, 
and hydrocarbon recycling potential, 
and expected operational economy 
could be redeeming features. 

SSI's Huffman cautions that while 
SRC shows real promise, it should 
not be regarded as "the answer to a 
maiden 's prayer"-nor should any 
other technique be so regarded . 
From the standpoint of using coal 
and safeguarding environmental 
quality, a whole technical "bag of 
tricks" will have to be evolved. This 
bag of tricks will include improved 
coal liquefaction and gasification 
methods , as well as better gas 
cleaning at the end of the pipe; ei
ther approach would not only be 
more economical and efficient, but 
would be a source of useful by-prod
ucts also. The evolution of these par
allel approaches will proceed apace 
with the development of SRC. This is 
certainly understandable, since the 
demand for gas and liquid products 
and fuels will remain high. 

In the long term, SRC could offer 
new prospects for those electric utili
ties needing to burn coal and meet 
clean air standards, and to avoid use 
of petroleum products or natural gas. 
Indeed, if SRC technology measures 
up to expectations, perhaps a new 
clean fuel and chemical industry will 
appear on the American scene-a 
coal refining industry. JJ 
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The go .. anywhere 
portable S02 analyzer 

now also goes 
into the stack! 

CEA Instrument 's 
U2-0S is the world's 

fastest selling instru
ment for measurement 
ofS02. 

It is not only the 
. most useful - it mea

sures S02 virtually 
anywhere including 
in the stack - but the 

easiest to use . Un
trained personnel can 
master it in minutes. 
It's light-weight, com
pact and completely 

self-contained, easy to carry wherever you 
need on-the-spot monitoring. 

It's rugged (we use integrated 
solid state circuitry and carbon 
electrodes instead of delicate plati
num). Field proven under all en
vironmental conditions. 

It is extremely sensitive for 
ambient level measurement, 
detecting as little as 0.02 
ppm. The range of the 
U2-0S is 0 to 0.5 ppm, 
adjustable up to 20 ppm. 

The OSL probe attach
ment extends the range of 
the U2-0S to 0-4000 ppm 
for source measurements. 

The U2-0S responds in 
seconds-gives a complete 
integrated answer in one 
minute. 

These unique ca
pabilities, plus 
low price, is 
making the 
U2-0S the most 
widely used S02 analyzer in the 
world by regulatory agencies, 
academia and industry. 

Before buying more expensive 
equipment, use the U2-0S to assess exactly 
what you need and where you need it. It 
could turn out that a U2-0S is the only 
analyzer you'll need. 

For more information , use the coupon. 

~--------------------------------------------, I 

: TO: CEA Instruments 
555 Madison Avenue. New York. N.Y 10022 

I want more information on you r U2-0S 
o Please send technical detail s 
o Please arrange a demonstration 

NAM<-E _________ TITLE __ _ 

COMPANY ___________ _ 

ADDRESS ___________ _ 

\. CITY ____________ _ 

, STATE ________ ZIP ___ _ 

PHONE<--__________ ___ 

Di vi:-;ion of Combustion Equipment Associates. Inc. 

[(f] CEA Instruments 
555 Madison Avenue. New York, N.Y. 10022 (212) 980-3700 
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WWEMA shows how to clean water 
I ndustry wants to know that heavy financial outlays and 

technological commitments for compliance with BPCTCA 
rules will not be an exercise in early obsolescence 

Sixty-six years old this year, 
the Water and Wastewater Equip
ment Manufacturers Association 
(WWEMA) took the occasion of its 
second industrial pollution control 
conference and exposition (Detroit, 
Mich.), held in April, to remind indus
try that the July 1, 1977, water 
cleanup milestone date is drawing 
closer . On that date, according to the 
Federal Water Pollution Control Act 
Amendments of 1972 (P.L. 92-500) , 
industries discharging effluents to 
navigable waters must abate pollu
tion by means of the " best practica
ble control technology currently 
available" (BPCTCA). Thus, BPCTCA 
was the theme of WWEMA's confer
ence and exposition , attended by 
over 2200 persons. 

How will industry meet the 
BPCTCA requirements in order to ob
tain and maintain discharge permits? 
The more than 300 companies which 
are members of WWEMA are being 
looked to for tangible answers to this 
urgent question. Some of these pos
sible tangible answers were shown 
by 83 exhibitors who attended the 
WWEMA industrial show. Others 
were suggested in the 87 papers pre
sented at the technical sessions by 
representatives of industry, govern
ment, and the academic . 

David Gallagher, WWEMA's exec
utive director, said that WWEMA is 
eager to cooperate with the EPA to 
arrive at a workable decision as to 
how industry will go to achieve water 
cleanup goals. 

Some negative thoughts 

Some impressions concerning 
what could be impediments to prog
ress in pollution control have been 
aired frequently in the past, and were 
discussed at the conference 's gener
al session . These include: 

• uncertainties and changes in 
federal regulatory and enforcement 
practice 

• assumptions that significant 
new technologies would have a 
major impact upon the cost and ben
efit of compliance 

• impractical short-term and long
term goals which may tend to ini 
clude the very practices that have 
caused pollution in the past. 

Robert Bruns , president of I nterna
tional Hydronics Corp., said that 
these impediments date back to 

1965. Many of them , he explained, 
stemmed from shifts in the federal 
establishment, and were exacerbated 
by the unrealism of the goals them
selves. The " illusory promise of tech
nological advance in time to ease 
things" was another contributor to 
the general malaise . 

Speaking in a private capacity , Ed
ward Bryan of the National Science 
Foundation termed this malaise un
derstandable, partly because of un
realistic promises of higher benefit at 
lower cost , and partly because of 
technocratically fostered optimism 
which can cause a credibility gap. 
However, Bryan pointed out that in
dustry wants to be responsive to en
vironmental needs , but needs assur
ances that capital investments and 
technological commitments, which 
could become rather heavy and in
volved, will not be wasted because of 
rapid obsolescence . Bryan also 
brought forth the idea that industry is 
far less interested in what is prom
ised than in what can actually be de
livered . 

Glen Pratt , chief techn ical coordi
nator for the U.S. EPA/ Chicago (Re
gion V), noted that while there may 
be uncertainties from the technologi
cal standpoint, still , some degree of 
technological forecasting is neces
sary to formulate effluent standards 
that theoretically should be met if 
BPCTCA is applied. These standards 
will have to be met if an organization 
is to obtain and maintain a valid dis
charge permit, which all dischargers 
are supposed to have by December 
31, 1974. Actually, the December 31 

WWEMA's Gallagher 
Wants to cooperate with EPA 

goal is unattainable, in Pratt's opin
ion ; thus, major permits will be is
sued by that date, with the remainder 
in force by May 1975. It is interesting 
whether the lack of a discharge per
mit, attributable to this time slippage, 
might be a legal defense for dischar
gers faced with court action during 
this interim period . 

I ndustry's worries concerning the 
1977, as well as the 1983 compli
ance dates, were not lost on Con
gress. Thus, Congress created the 
National Commission on Water Qual
ity (NCWQ) , chaired by former Gov
ernor Nelson Rockefeller of New 
York, to study and determine socio
economic and environmental effects 
of attaining , or not attaining 1977 
and 1983 goals . The NCWQ's pam
phlet, "Study plans, " is profitable 
reading, and those interested should 
write to the National Commission on 
Water Quality , P.O. Box 19266, 
Washington, D.C. 20036. 

Working toward BPCTCA 

Many companies nevertheless are 
going ahead full speed toward devel
opment, fabrication , and installation 
of BPCTCA. This effort involves many 
approaches-adsorption, aeration, 
biological techniques, filtration, flota
tion, ion exchange, ozonation , physi
cal-chemical methods, reverse os
mosis, and water recycling, among 
other means of attack. 

For example , the Wayne H. Colo
ney Co. , Inc . (Tallahassee, Fla.) 
worked on the problem of oily waste 
from a bus and truck washing and 
cleaning operation with dried bacte
ria cultures (ES&T, March 1974, p 
196) . After considerable experimen
tation and engineering work , BOD re
duction of 97 %, COD reduction of 
98% , total and suspended solids re
duction of 95% and 98%, respective
ly, and oil and grease reduction of 
95% were realized . Shock loads 
could be handled . 

The process was granted a perma
nent operating permit by the Dept. of 
Pollution Control , State of Florida. 
However, this permit expires June 6, 
1977 . Total capital costs, including 
all "extras" needed to optimize the 
system , were about $15,000, with 
operating costs near $10/ day. This is 
much less than capital costs for 
"conventional " equipment , which 
could be at least $62,500 , with oper-
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ating costs near $10,000/year (about 
$28/day) . 

Wayne Coloney, the company's 
president, said that for maximum re
sults, a cooperating four-member 
team, consisting of the facility owner, 
the bacteria supplier, the system 
builder, and the design engineer, is 
needed, as well as carefully con
trolled, regular application after thor
ough experimentation to ascertain 
the proper bacteria type and dosage. 

Victor F. Weaver, Inc. (New HoI
land, Pa.), a large poultry processor, 
decided to install its own 1.5-mgd 
wastewater treatment plant when the 
municipal plant became overloaded 
and ineffective. Principal problems 
were hydraulic load and BOD; the 
latter was rarely less than 1000 ppm. 
Weaver opted for a first-class treat
ment plant, with virtual duplication of 
all equipment selected. For the dis
charge permit to be granted, future 
drinking water potential for the 
stream receiving the effluent had to 
be taken into account, as well as 
BOD, ammonia, and nitrate nitrogen. 

To receive and process primary 
treatment effluent, the Weaver treat
ment plant is mainly an aeration, 
clarification, and flotation system. 
After the system was in operation for 
60 days, final BOD discharge was 
down to 30 ppm. The plant effluent 
(about 850,000 gpd), consisting, of 
1.5% solids, is made into a sludge of 
about 6% solids by addition of iron 
salts, lime, and polymer. The goal, 
however, is to get to 50% solids, or 
better, to ease mechanical handling, 
and to make a product more accept
able for preparing animal feed. 

Costs come to $1.2 million with a 
$100,000 annual savings after a 10-
year debt retirement. If the pretreat
ment route had been taken it would 
have cost $500,000 to eliminate a 
sewage surcharge levy. 

Subsurface Disposal Corp. (SOC) 
discussed experiences with deep
well industrial waste disposal. Ac
cording to SOC, about 280 wastewa
ter injection wells have been con
structed in the U.S.; approximately 
180 of these are operating. The cur
rent average increase in the number 
of new wells is 30 per year. 

Disposal wells are used because 
there is no feasible alternative; the 
disposal method is a positive one 
and is economical, with minimal op
erational costs, in SOC's view. Such 
wells can have occasional problems 
with injection zone plugging stem
ming from various causes; however, 
such problems can be obviated by 
proper design, and the wells should 
give years of reliable service, ac
cording to SOC. Nevertheless, rigor
ous care must be taken with design, 
construction, testing, and record 
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keeping so the freedom from prob
lems and their concomitant cost 
heartaches may be maximized. 

Many other timely papers were 
presented by representatives of com
panies of all sizes, and covered al
most the whole gamut of water pollu
tion monitoring and control methods 
and water recycling and resource re
covery techniques. 

The air-water interface 

What happens when one type of 
pollution abatement cr~es another 
pollution problem? Howard Hesketh 
of Southern Illinois University (Car
bondale, 111.) discussed how this 
question arose at a Mitsui Co. alumi
num plant in Japan, and how Chemi
co, Inc. of New York provided tech
nology for an answer. 

Mitsui has a 156-MW boiler which 
emits S02 that has to be scrubbed. 
The scrubber process, however, 
must not itself create a water pollu
tion or solid waste problem while 
treating the Sq2. Thus, after waste 
gases are properly conditioned in an 
electrostatic precipitator, they are 
scrubbed by an open-throated venturi 
device. Lime is the scrubbant, and is 
conveniently available as carbide 
sludge (normally a pollution problem 
itself) from a nearby acetylene plant. 

After S02 scrubbing, the reacted 
lime and the products are slurried to 
settling ponds lined with polyethylene 
to prevent water pollution caused by 
leaching into soil. The solids quickly 
settle; the liquor is percolated 

through fly ash, becomes clear water 
with small, easily made-up losses, 
and is recycled to the plant or safely 
discharged in case of excess. 

From A to Z 

The WWEMA exposition, in which 
companies from A to Z (Abcor to 
'Zurn) displayed a whole variety of 
items ranging from small monitoring 
instruments and specialized systems 
and products to replicas of large
scale total systems, provided a tangi
ble, visual idea of the possible cours
es that the development of BPCTA 
will take. Among the concerns show
ing large industrial systems were 
Ecodyne Corp., Sybron Corp';Permu
tit, Union Carbide, Wheelabrator
Frye, and Zurn Industries, Inc. In
struments and special systems and 

materials were shown by companies 
such as Abcor, Ecologic Instrument 
Corp., Goodyear, Hach Chemical 
Co., and Pro-Tech, Inc. One relative 
newcomer was Edo Corp. (College 
Point, N.Y.), with a Doppler flowme
ter for monitoring; Edo is widely 
known as a maker of equipment for 
oceanographic sonar transducers 
and recorders and related devices. 

Thus, there may be numerous ap
proaches available as far as meeting 
BPCTCA requirements are con
cerned. Nonetheless, progress would 
be markedly enhanced in timely 
fashion if industry's apprehensions, 
as described earlier, could be speedily 
and realistically resolved and put to 
rest. JJ 



Current, accurate 
poDution control 
requirements. 

When you need hard information on the 
standards your company must meet, turn to 
BNA's Environment Reporter (ER). Here 
you'll find the latest and last word on com
pliance with federal or state requirements, 
all in one place. And all organized so you can 
find the facts you need in minutes. 

The eight sections of Environment Re
porter keep you up-to-date with every sig
nificant development on the fast-changing 
environmental scene. 

Current Developments provides you with 
weekly coverage of this politically sensitive 
field-with a quick-reading summary lead
ing off every Report. Detailed discussions of 
each item make up the body of the Develop-

ments section-including news of techno
logical advances, as well as legal and legis
lative activity. 

Five other ER sections are: Federal Laws, 
Federal Regulations, State Air Laws (2 
volumes), State Water Laws (2 volumes), 
and State Solid Waste-Land Use in full 
text and changes as they happen. 

ER's Monographs are a series of scholarly 
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federal courts. 
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The largest U.S. wet scrubber system 
At the Four Corners plant, Arizona Public Service Co. 

is not leaving any corner unturned in its search for 
stack gas controls for power product jon 

Out in the desert in the southwest 
portion of the U.S. near where four 
states come together is the Four 
Corners power plant. The actual 
plant is located on the Navajo Indian 
Reservation . about 20 miles west of 
Farmington. N.M. All told there are 
five power generating units at this 
locat ion with a generating capacity of 
nearly 2.1 million kW . All units are 
coal fired . the coal being supplied by 
Utah Internat ional. Inc .. in its surface 
mining operation on the Navajo Indi
an Reservation . 

APS power plants 

UTAH COLOftA 

...... lInall .......... . 
IIeIInIII , . c.-

ARIZONA • 
T...... CIIjiIII 

CllIIds.· IrvI": NEW 

MEXICO 

What makes this plant unique is 
the fact that emission control sys
tems have been installed on all the 
units, but more controls-costing an 
estimated $158 million-will be 
added to meet the " moving target" of 
newer air quality standards proposed 
by the State of New Mexico and the 
Environmental Protection Agency . 
The experience of Arizona Public 
Service Co. (APS) , the plant 's opera
tor , with so-called reliable and avail
able technology is noteworthy. De
sp ite considerable setbacks, APS 
continues to get the bugs out of such 
reliable and available controls. They 
haven 't given up yet. Their experi
ence serves as an example to others. 
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Controls for particulate matter 
have been installed on the larger 
units 4 and 5; yet others are to be 
added . For example, Research-Cot
trell electrostatic precipitators were 
installed on unit 4 in July 1969 and 
on unit 5 by July 1970 when the units 
were constructed . These precipita
tors cost nearly $6 million; they were 
designed for 97% removal of fly ash . 
Their removal efficiency was verified 
by Truesdail Lab (Los Angeles , 
Cali!.) . 

Since the installation of these con
trols, wh ich are in actual operation 
on a day-to-day basis, there have 
been only two violations of New Mex
ico air pollution codes, once with 
both units on July 18 and 19, 1972, 
and again with one unit in November 
1913-

Electrostatic precipitators were 
also considered for units 1, 2, and 3, 
but removal efficiencies would not 
satisfy existing codes even as late as 
1971 . Chemica wet scrubbers were 
installed on units 1, 2, and 3; they 
became operational in December 
1971 . While designed only for fly ash 
removal , test results of York Re
search, the EPA, and the State of 
New Mexico confirmed that the units 
were also removing 30-35% of the 
S02 emissions from the coal-burning 
units. The scrubbers met efficiency 
guarantees and met all codes in ex
istence for fly ash removal. 

Lyman Mundth , vice-president
power production of APS , told ES& T 
that the utility has experienced dif
ficulties with the scrubber control de
vices but in no way does APS intend 
to give up on controls . 

The moving largel 

But neither these control devices 
nor the removal efficiencies are good 
enough in this continuing age of 
moving targets . The federal EPA late 
in March said that by July 31 , 1977, 
70% of the S02 emissions from the 
plant's four stacks (units 1 and 2 
have a common stack) must be re
moved . 

A new regulation on particulate 
matter has been issued by the State 
of New Mexico to become effective 
December 31 , 1974. This new re
qu irement means supplementing 
present controls on units 4 and 5. 
For example, particulate emission 

control for units 4 and 5 would have 
to be increased from 97% fly ash re
moval efficiency to 99.74% efficien
cy. And then in order to comply with 
the federal EPA requirement of 70% 
S02 removal efficiency, an S02 ab
sorption removal system would have 
to be installed downside of the pre
cipitators-a scrubber system the 
owners intend installing on units 4 
and 5. Present estimated cost of the 
scrubbers and S02 removal system 
is $140 million . Of course, scrubber 
S02 removal efficiency in units 1, 2, 
and 3 would have to be upgraded to 
70% too, from 30-35%. Estimated 
cost of this upgrading is $18 million . 

Lyman Mundth said that the addi
tional controls for units 4 and 5 were 
recommended by Bechtel Corp ., the 
San Francisco-based consulting firm 
with enormous electriC utilities expe
rience. APS is going full steam with 
these controls . 

If limestone is used in the S02 re
moval process by APS, an estimated 
400-500 tons of limestone would be 
needed each day . At present , the 
consulting firm of Dames & Moore 
is making a survey of lime and lime
stone availability for APS. There are 
six limestone deposits within a few 
hundred miles of the plant. The utility 
needs a 35-year supply! 

Lyman Mundth said that APS plans 
to be in the business of power pro
duction at the Four Corners plant for 
a long time. He explained that the 
utility has a 35-year agreement with 
Utah I nternational for the coal sup
ply . Bill Grant, spokesman for Utah 
I nternational says that its area of 
coal mining today would last 125 
years at the present rate of coal con
sumption at the Four Corners plant . 
The plant burns about 25,000 tons 
per day . 

• Nevertheless, the plans and actual 
experience do not go hand in hand . 
Plant manager Walker Ekstrom of the 
Four Corners plant explained that the 
plant is a base load power plant with 
a high-capacity factor, meaning that 
the fuel-the surface-mined coal-is 
cheap, and the ' goal of the plant is 
maintenance of the highest availabili
ty of power production with limited 
outages . 

However, the maintenance costs 
are high . Ekstrom explained that the 
ash content of the coal is 22%-one 



Scrubber experience at Four Corners 

t 

of the highest ash contents of any 
coal in the U.S.-and that the ash is 
very abrasive on plant equipment. 

Each unit at Four Corners is shut 
.down for scheduled outage once a 
year. During this outage normal and 
routine repair and replacement of 
equipment are performed. But, he 
pointed out that the operation of the 
wet scrubbers has caused more de
lays and maintenance of equipment. 
Ekstrom said that in 1973, the first 
full year of scrubber operation on 
units 1, 2, and 3, it was necessary to 
add 15 to 20 people to the mainte
nance department which in prescrub
ber days operated at slightly more 
than 100 people. 

Getting the bugs out 

The scrubbers have been plagued 
by numerous problems which have 
created other than routinely sched
uled outages. "It must be rem~m
bered that this system reflects 1969 
technology, was the first of this mag
nitude, and that a lot of lessons have 
been learned and are being applied," 
said Robert Blinckmann, vice-presi -

Thickener Underflow to Disposal 

dent and general manager of Chemi
ca Air Pollution Control Co. "Since 
the initial start-up, Chemica has 
worked with APS to solve the prob
lems encountered." 

Some of the original recycle 
pumps had to be replaced after only 
700 hr of operation because they 
wore out. APS tried using six differ
ent pumps made of as many types of 
alloys in order to overcome the abra
sion which was damaging the 
pumps. None of the six pumps 
worked well, so APS has been test
ing a rubber-lined pump which now 
has operated successfully for more 
than 4500 hr. Originally, rubber-lined 
pumps for this application simply 
were not available. 

Scaling of the scrubber led to 
clogging problems and other down
times. All six of the induced draft 
fans failed and had to be replaced. 
The original fans were installed De
cember 1971 and cost about $1 mil
lion. The replacements were of a 
new, more rugged design and utilized 
Inconel for greater strength. 

But the most serious and perhaps 

Stack 

most expensive experience to date is 
the problem of stack gas reheat 
Coils. Normally, the stack gas is 
heated with steam coils to raise the 
temperature of the flue gas above 
condensation temperature to avoid 
condensation in the stack and 
breeching. Heating of the gas also 
expands the gas, giving it ·more 
buoyance so it rises faster and high
er and is more readily dispersed in 
the air. 

Ekstrom said it would take several 
million dollars to replace these re
heat coils if a material could be 
found with greater resistance to 
stress corrosion, but none has been 
found yet. The coils were out of ser
vice when ES& T visited. The two 
stacks for units 1, 2, and 3 have 
been coated with a protective materi
al, Stak Fas . These units now oper
ate with wet stacks. Custodis Con
struction Co. (Chicago) completely 
removed the brick lining from the 
stacks, washed the chimneys with 
acid and sprayed on a 3/16-in. layer of 
the protective material. Chemico and 
APS are studying other alternatives 
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such as the possibility of reheating 
stack gases directly with oil burners. 

It all adds up to a basic lesson in 
economics. In 1972, the capacity 
factor of units 1, 2, and 3 declined 
considerably from prescrubber days. 
APS vice-president of engineering 
Thomas G. Woods , Jr., said before 
the New Mexico Environmental I m
provement Board last December, 
"Capacity factors for each of the 
units dropped 13%, 8% , and 29%, 
respectively, compared to prescrub
ber experience." 

Much of this reduction is attribut
able directly to the induced draft 
fans. Since they were replaced in 
1972, there has been a marked im
provement in scrubber availability 
and in plant capacity factor. Unit 1 
had the same capacity factor in 1973 
as in 1972. Unit 2 showed a 3% in
crease and Unit 3 was up 34% , a net 
gain of +5% for Unit 3. Woods said 
that Chemico has been most cooper
ative in trying to find solutions to the 
problem. 

To add to all the materials and 
equipment problems, it cost APS an 
estimated $1 million a year to oper
ate the scrubbing controls on the 
three units. Despite all the troubles 
and delays, APS has not thrown in 
the towel. For example, in 1974, ad
ditional , correctional actions will be 
taken , including: 

• replacing the remaining original 
recycle pumps with rubber-lined 
pumps 

• adding a permanent lime-feed
ing device to control the degree of 
scaling and buildup of sulfates and 
sulfites throughout the scru bber sys
tem. 

In 1974, APS will begin sharing the 
output of the Navajo Power Plant 
(Page, Ariz.), another coal-fired sta
tion . It will be equipped with "hot 
side" electrostatic precipitators of 
Western Precipitation, a division of 
Joy Mfg . Co. 

What about monitoring 

Just 10 miles north of the Four 
Corners plant is the San Juan power 
plant which is jointly owned by the 
Public Service Co. of New 
Mexico and Tucson G as and Electric 
Co., which are cooperating with the 
Four Corners plant owners in an air
monitoring program for the area. 

All told, the plants' owners have 
invested about $300 ,000 in that pro
gram. They have eight monitoring 
stations in the area. The companies 
intend keeping emissions at a level 
which meets the national air quality 
standard and keeping a record of 
emissions. Four ambient air monitors 
were installed in 1972, another four a 
year later, in the spring of 1973. A 
weather tower was added at Four 

APS vice-president Mundth 

The company has not given up on 
power plant emission controls 

Corners in May 1973. The cost 
breakdown shows a $200,000 invest
ment for the eight monitors (about 
$25,000 each) and $60,000 for the 
weather station. The companies 
spend about $65,000 on operating 
expenses for the monitoring. 

Recently, the companies elected 
to go the contract route for the eval
uation and reporting of their monitor
ing and meteorological data. Western 
SCientific Service (Fort Collins, 
Colo.) maintains and collects the 
data from the weather tower. Sierra 
Research (Boulder, Colo .) does like
wise for the monitoring data from the 
eight monitors. Loren Crow, a con
sultant from Denver, advised the 
firms on the placement of the moni
tors. They are scattered in a circle 
around the two power plants. Inter
comp (Houston, Tex.) has a diffusion 
model; the monitoring data are fed 
into the model to see if any violations 
of standards occur. 

In addition , the Four Corners plant 
owners added an on-site environ
mental laboratory at an expense of 
$65,000, budgeted $50,000 in 1974 
for testing which required a continu
ous 2-3 people effort, and has instru
ment repair personnel on hand. A full 
test of an electrostatic precipitator 
may run as much as $50,000; nor
mally it takes four people three days 
to test a unit. 

In 1974, continuous stack moni
tors for S02 and NOx emissions will 
be installed on units 4 and 5, APS 
says. The installation of such stack 
gas-monitoring systems entails an 
additional investment of $93,000. 

Again, in this age of environmental 
moving targets it is useful to point 
out facts. In its implementation plan, 



which was submitted to the federal 
EPA, the State of New Mexico re
quired that the Four Corners plant in
stall a continuous stack gas monitor
ing system but that portion of the 
plan was disapproved by EPA! 

Keeping up their environmental 
guard on another area, the owners of 
Four Corners and those then plan
ning San Juan contracted for a study 
of potential vegetation damage study 
with Dr. Clyde Hill of the University 
of Utah. The study has been continu
ing since 1971. In data for the past 
three years, Dr. Hill has found nei
ther damage to alfalfa, the prime 
concern since the material is of com
mercial value , nor to other native 
species. His investigation involves 
more than 40 test plots; his main 
concern during the growing season is 
observation of young plants since 
they are potentially more susceptible 
to air pollution damage. The study is 
funded at the $50,000/year level by 
the owners of the Four Corners and 
San Juan power plants . 

Sludge problem unresolved 

APS has a scrubber sludge dispos
al problem that is common with other 
scrubber-equipped power plants. At 
the Four Corners plant , the total ash 
production has been estimated to be 
1.5 million tons per year; about 75% 
of which is returned to the mine by 
Utah International in its reclamation 
practice. But for the scrubber sludge, 
there is no apparent and immediate 
solution. 

Mundth mentioned that APS is 
looking at the process of I nternation
al Utilities/Conversion Systems, Inc. 
(ES&T, Oct. 1972, p 874) as well as 
the sludge disposal process of the 
Radian Corp. (Dallas, Tex.). Further
more, APS has contracted for a 
study on how to dispose of this 
sludge with Stearns-Roger Corp. 
(Denver, Colo.). Results are forth
coming. 

Arizona Public Service Co. repre
sents a $1,003,218 ,000 investment. 
Total business for the company was 
$224,956,000, according to 1973 
corporate figures (year ending De
cember 1973). By the end of that pe
riod, APS had invested and autho
rized $133 million in environmental 
controls at its Four Corners and 
Cholla plants and spent in excess of 
$1 million a year on the operation of 
these controls . 

During all of this costly testing and 
reduced capacity production, A PS 
has requested and been granted two 
rate increases since 1970; a 6.3% 
rate increase became effective May 
1973, and a 4.65% increase became 
effective in October 1973. Despite 
the troublesome experience, APS 
continues to seek reliable , efficient, 
and available controls. SSM 
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Whatman® Glass Microfiber papers give more efficient monitoring of 
fine particles-with much lower resistance to flow of air, stack effluents, 
or other gases-than cellulose papers. 

• High retention efficiency
for particles down to 0.01 ~ in 
gaseous systems 

• Excellent optical propertie_ 
immersion in benzene, for ex
ample , makes GF papers trans
parent, allowing examination 
of filtered particles by conven
tional microscopy 

• Chemical/biological 
resistance-
for oil mists and polycyclic hy
drocarbons as well as micro' 
organisms 

Liquid Filtration, Too 
These binder-free 100%-boro

silicate glass papers have con
trolled fiber size to filter liquid 

systems more effectively than 
finest cellulose papers and much 
faster with much higher capac
ities than membranes. New ultra
fine grade retains submicron 
particles. 

For details, write 
H. Reeve Angel & Co., Inc. 
9 Bridewell Place 
Clifton, N.J. 07014 

Ira., reeve angel 
® Registered Trademark of W. & R . Belston Ltd 
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Continuous stack monitoring 
Commercial instrumentation is readily 

available for two of three basic approaches to 
EPA's stationary source requirements 

The application of automatic instrumental monitoring 
systems to stationary sources has been feasible for many 
years but, due to their cost and the lack of any incentive, 
industry has ignored them. Recent activity on the part of 
the Environmental Protection Agency (EPA), and particu
larly the promulgation of requirements for the monitoring 
of certain pollutants, has stirred sudden interest in such 
systems. This interest has spurred the development of: 
new instrumental methods. specialized sample interface 
components and systems, and systems equivalent to the 
classical manual analytical techniques. 

Attempts are being made to provide methods for test
ing instrument performance and expressing it in standard 
format. Once established, such standards will allow the 
specification of instrument performance requirements to 
the benefit of government agencies, instrument manufac
turers , and users. 

Monitoring stationary sources 

One of the most basic segments of air quality control 
is the control of pollutant emissions from stationary 
sources such as electric generating and industrial manu
facturing plants . Since it is presently impractical to el imi
nate completely such emissions, controls consistent with 
available technology must be developed to provide a 
practical balance of priorities. With quantitative measure
ment techniques, the effectiveness of the controls can be 
checked by monitoring the performance of a plant for 
compliance under typical or peak production conditions, 
assuming that the plant continues to operate within the 
prescribed limits. However. it is advisable that the emis
sion of certain critical pollutants be monitored on a con
tinuing basis. This requires dependable instrumentation 
that can be located permanently at the points of emis
sion . 

Stack monitoring requirements for certain categories of 
new, or newly and substantially modified, plants are es
tablished by the EPA, and are promulgated as integral 
parts of the federal law governing the performance of 
such plants. Controls on old plants in the same catego
ries are left to the jurisdiction of the individual states in 
which they are located. 

In December 1971, standards of performance were 
established for the first five categories of new plants, in
cluding nitric acid and sulfuric acid plants . A note of clar
ification is needed regarding the monitoring of nitrogen 
oxides. The official definition of the term " nitrogen ox
ides" includes all oxides of nitrogen , except nitrous 
oxide, measurable by the phenoldisulfonic acid method. 
Essentially, this means the sum total of nitric oxide and 

520 Environmental Science & Technology 

nitrogen dioxide . The emission standards, however, are 
expressed in terms of nitrogen dioxide. 

In the stack gases from solid and liquid fossil fuel 
combustion, virtually all of the nitrogen oxide is in the 
form of nitric oxide. In the case of gaseous fuel, some 
portion may be nitrogen dioxide. The EPA has proposed, 
therefore, that in the former case the measurement of 
nitric oxide alone is adequate, while in the case of gas
eous fuel , both nitric oxide and nitrogen dioxide should 
be measured , either individually or in combination. The 
stack gas from nitric acid plants contains mixtures of ni
tric oxide and nitrogen dioxide in which the latter may 
amount to 10-50% or more of the total. Thus, both forms 
should be measured in this case, either individually or 
combined . 

In April of 1973, asbestos, beryllium, and mercury 
were declared officially to be hazardous air pollutants 
and all plants and operations emitting appreciable quan
tities were placed under the control of the EPA . Emission 
standards were established and performance tests, utiliz
ing filters and manual wet chemical techniques, were 
prescribed. No stack monitoring requirements were in
cluded, however . 

In June 1973, proposed regulations governing seven 
more categories of plants were published. Only two of 
these categories require continuous monitoring-petrole
um refineries and iron and steel plants. Within the refiner
ies, only the fluid catalytic cracking unit, catalyst regenera
tion unit, process heaters, boilers, and waste gas disposal 
systems require monitoring. Within the iron and steel 
plants, only basic oxygen process furnaces are affected. 

It should be noted , with respect to the requirements 
placed on heaters, boilers, and waste gas disposal sys
tems in refineries, that the aim is to reduce the amount 
of sulfur dioxide emitted to the atmosphere. While this 
may be accomplished by either removing excess hydro
gen sulfide from the fuel gases or by scrubbing excess 
sulfur dioxide from the combustion gas, it is expected 
that in essentially all cases , the former method will be 
used . Thus, compliance will be determined in most cases 
by determining the hydrogen sulfide content of the fuel 
gases before they are burned . The stack gas sulfur diox
ide monitor will not be needed for refineries in any but 
very exceptional cases. 

Specific methods for quantifying emissions have been 
mandated by the EPA for stationary source testing in 
order to demonstrate compliance with all performance 
standards. These are the Compliance Test Methods, as 
distinguished from Emission Monitoring Methods. The for
mer are primarily manual , wet chemical methods. The 
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government has not specified the methods to be used for 
emission monitoring, except for opacity . However, the 
direction of current developments indicates that common 
usage may settle on certain types of automatic physical
chemical and electrooptical instrumentation . 

There are three basic approaches to source monitoring 
that could foreseeably meet the current requirements of 
the EPA: 

• extracting a continuous sample from the stack or 
duct and feeding it to any appropriate analytical instru
ment, after initial conditioning by means of a sample 
handling / interface system 

• observing and analyzing the stack gases in situ by 
means of an optical instrument whose light path tra
verses the gases inside the stack or duct 

• observing and analyzing the stack gases shortly 
after they leave the stack by means of remote optical in
strument. 

Commercial instrumentation , readily available for the 
first two approaches but not the third approach , has already 
been installed in a number of plants. 

Extractive VS. in situ 

In the extractive approach , a continuous sample is 
drawn from the stack , or process stream, and transport
ed to the analyzer, which can be mounted in any conve
nient location . A probe is mounted in the stack or duct, 
and some form of interface system provides the analyzer 
with a sample that is in an appropriate state of cleanli 
ness , temperature, pressure, and moisture content. This 
approach is the oldest and has provided the most experi
ence to date . 

With the in situ approach, the instrument is mounted 
inside or just outside the stack. In the case of photomet
ric and spectroscopic instruments, the light source may 
be mounted on one side of the stack and the detector on 
the other, so that the instrument scans the full width of 
the stack . Alternately , the instrument may incorporate an 
extended mechanical beam with a mirror on the end or a 
mirror may be mounted on the opposite side of the stack 
so that the light penetrates a fi xed distance and is re
turned to the instrument on the same side. Since these 
spectroscopic instruments determine pollutant concentra
tions by their discrete spectral absorption, they must be 
capable of discriminating against absorption and scatter-
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ing of the light by particles . They must also have high 
discrimination against all other unwanted components 
that are present in the stack gas, such as water vapor or 
carbon dioxide. 

The in situ approach provides an average reading 
across the whole stack . This average is an advantage 
over the point sampling approach that is most common 
with the extractive systems . It is possible, however , to 
provide the averaging function with the extractive system 
by using multiple integrating probes . One problem facing 
all in situ optical instruments is that of keeping the opti
cal windows clean . The common solution is to bathe the 
windows with a stream of clean air. This method appears 
to be fairly effective for a reasonable period of time, but 
periodic mechanical cleaning is required. Another prob
lem with the in situ instruments is to provide a satisfacto
ry method of checking zero and span periodically . Nor
mally achieved with most analytical instruments by 
supplying known blends of zero and span gases to the in
strument, this method is more practical with extractive 
systems . 

In the case of extractive systems, there is oiten some 
question as to whether the sample interface system may 
absorb, or in some way modify the component of inter
est , particularly if it is chemically active . Such problems 
are at least partially overcome by the calibration proce
dure mentioned earlier since the zero and span gases 
can be introduced at the front end of the system, where 
they receive the same treatment as the sample . In situ 
monitors avoid all of the problems of sampling / interface 
systems that have been numerous and serious in the 
past. It is hoped newer developments in sample handling 
systems will overcome many of these problems . The ex
tractive instruments are flexible in more ways than the in 
situ type. Some of the advantages of the extractive type 
instruments are: 

• mounts in any convenient location , protected from 
the elements 

• offers no limitation on stack, duct or process line 
size, temperature , or location, and can receive sample 
from any convenient and appropriate site 

• provides dry basis analyses directly, with appropri
ate sample interface systems 

• eliminates contaminating dust, dirt, and other inter
fering compounds through sample interface systems 



• provides samples for multiple instruments with a 
single interface system 

• monitors several stacks or process streams sequen
tially with one instrument. 

In situ monitors require no sample interface system 
other than an air shield to protect the optics from solid or 
liquid contaminants carried by the stack gas. On the 
other hand , extractive-type instruments require a sample 
interface system to remove the sample from the stack or 
process stream and deliver it to the instrument in the 
proper state. I nstruments differ in their sample require
ments but , in general, the sample interface system must 
perform several or all of the following functions, depend
ing on the nature and condition of the original sample: 
remove a representative sample from the stack or pro
cess stream ; cool the sample, if excessively hot, and re
duce its dew point; remove particulates; remove any con
densate; raise the pressure of the sample, if subatmos
pheric , and / or regulate it at a constant pressure s~me
what above atmospheric for delivery to the instrument; 
withstand corrosion by the sample constituents and not 
react with the component of interest in such a way as to 
change its concentration . 

Sample conditioning hardware 

Appropriate hardware must be found or fabricated to 
perform the various functions indicated above. Sample 
acquisition is usually performed by a probe, attached to a 
pipe coupling which is welded to a hole in the wall of the 
stack , flue, or pipe . The probe extends an appropriate 
distance into the sample duct. It may be a simple pipe or 
it may have a coarse (5-30-/l pore size) filter attached at 
the end , fabricated of sintered metal , refractory , metallic 
screen, or fabric . Ordinary steel pipe is limited to a stack 
temperature below 1400°F (760°C) while 316 SS is us
able to 16,OOOoF (870°C) . At temperatures above this, a 
water-cooled steel probe may be used, or sillimanite 
(aluminum silicate) tubing, if the length is not over three 
feet. This material withstands temperatures up to 2800°F 
(1540°C) , but has limited mechanical strength . 

The sample conditioning system may be located direct
ly at the sampling point, or it may be located some dis
tance away, for convenience in installation and mainte
nance. I n the latter case, a suitable sample line must be 
provided . Due to the reactive nature of several compo
nents normally found in combustion gases and sulfuric or 
nitric acid plant stacks , this sample line should be stain
less steel or high temperature IIuorocarbon and should 
be at least 1'a- '12 in. inside diameter to avoid plugging . 
It is always mounted with a downward slope, and con
densate pockets are carefully avoided . It may be heated 
to avoid condensate. This is particularly advantageous if 
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the sample contains sulfur trioxide; the acid dew point for 
a concentration of 15 ppm being about 250°F (120°C). 
Steam, or electrical tracing is used for heating; steam 
being easier to control and providing a more uniform 
temperature , but electrical heating being more popular . 
Integral heated lines of either stainless steel or Teflon are 
available. 

Sample cooling is simply for gases which have rela
tively low thermal capacity . A few inches of stainless 
steel sample line or a couple of feet of fluorocarbon line 
normally provide adequate cooling to protect an analyzer. 
Streams with dew points above the operating tempera
ture of the instrument are normally cooled well below that 
temperature, however, to avoid any possible condensa
tion within the analyzer itself . This may be accomplished 
with an air-cooled heat exchanger or with forced cooling, 
as with a refrigerated condenser or a Ranque Hilsch vor
tex tube . 

Particulate removal can be achieved by many types of 
filter bodies and filter elements, utilizing different forms 
of both organic and inorganic material. Selection is based 
on the particle size and stream-loading factors , as well 
as the nature of the gases. Stainless steel is most com
monly used for body material for stack gas filters and the 
filter element is selected for pore size and filtration area 
to remove even the submicron particles while not requir
ing too frequent maintenance. 

Condensate removal after the heat exchanger can be 
effected by various types of traps. Corrosion resistance is' 
obtained with stainless steel or other metallic alloys , or 
plastic . A good design provides minimum contact be
tween the ongoing sample and the liquid condensate , and 
minimizes the likelihood of droplet carry-over by means 
of baffles or partitioning . Traps are available with either 
manual or automatic drain valves . The latter are more 
expensive and complex, but require less attention 

Pressure control / adjustment, in the case of process 
streams where sufficient pressure usually exists to move 
the sample through the interface system and the analyz
er, is by regulators of appropriate materials of construc
tion or by relief valve on a side branch. In the case of 
stacks, flues, and vents , the pressure may be anywhere 
from 50 in. of water above atmospheric to 50 in. below . 
In this case some sort of mechanical pump must be used 
ahead of the regulator. Until recent years, appropriate 
pumps have not been plentiful and even now much need
ed development is under way in this area. Rotating car
bon vane puJTips have seen considerable use in the past , 
but bellows and diaphragm pumps with inert , internal 
coatings are coming into greater popularity now, particu
larly as more resistant and longer wearing components 
are being developed . 

[

Low pressure wet 
purge liS Dutlet 

~~ ~,~~ 
wet feedl...-_____ --J ---------:;-------...:.--::;:==::-II __ --~ dry prDduct 
inlet ~ ~ DDUet 

~ ~ .. 
PERMEABLE MEMBRANE DRYER 

Volume 8, Number 6, June 1974 523 



Newer developments 

Several new pieces of sample-conditioning hardware 
have appeared on the market within the past year or two. 
They represent both improvements on existing equipment 
and the application of entirely new techniques. One such 
stack gas interface system was designed to utilize sever
al of these recent developments. It was successfully test
ed during the last quarter of 1973 on a coal-burning 
power plant stack. Eventually, it is hoped, the system can 
be markedly simplified and its overall size decreased pro
portionally. While it was originally designed specifically 
for the coal-fired combustion stack, it should also be ap
plicable to other types of stationary sources , possibly 
with minor modifications. Presently, the system features 
a "reflux" probe, an automatic probe blowback, dry filtra
tion, multihead diaphragm pump, and permeable mem
brane drying. 

The "reflux" probe is a new proprietary development of 
Beckman Instruments, Inc. Externally it has the appear
ance of an ordinary open tube probe. Internally, however, 
it has a very special configuration. In operation, a large 
volume of gas is withdrawn from the stack and a large 
part is forced back into the stack at high velocity. The 
effect of the return stream is to shield the end of the tube 
from particulate material, allowing only the gas phase to 
enter. Preliminary tests indicate that the probe reduces 
particulate loading in the sample by better than 98%, 
even for particles in the submicron range. 

The permeable membrane dryer is another recent de
velopment, introduced by the Perma Pure Products Co., 
Inc. (Oceanport, N.J.). As described by its inventor, the 
dryer uses a permeable membrane as a desiccant, and a 
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dry gas for continuous regeneration. The dryer is de
signed as a tube-in-a-shell configuration where the sam
ple may enter one side of the membrane and the dry 
purge gas flows on the other side. Its advantage is that 
the sample is dried with no loss of S02, NO, or N02. 

Basically, a rather large volume of sample is removed 
from the stack through the reflux probe, as described 
earlier. Most of this is drawn through an aerosol removal 
/filtration stage and returned to the stack, by one head of 
the diaphragm pump, to provide the particulate barrier. A 
smaller portion of the sample , taken beyond the aerosol re
moval stage, is drawn through another filter and forced, 
under pressure, into the membrane dryer, by a second 
head on the pump. After leaving the dryer, this sample is 
available for the analyzer or analyzers. . 

Plant air, with oil and condensate removed, is used for 
two functions. Its primary service is as a carrier gas to 
sweep away the water vapor that passes out through the 
dryer membrane. For this use, it is first put through an 
automatic heatless dryer. The dried air is then expanded 
into the shell of the membrane dryer which is maintained 
at reduced pressure by a third head of the diaphragm 
pump. By pressurizing the sample inside the membrane 
and expanding the carrier air on the outside, maximum 
drying is achieved. The second use of the plant air may 
be as a blowback for the probe. To achieve this, the ball 
valve is opened automatically for 1 min each hour. 

The complete system is mounted in a cubicle, directly 
on the stack , with the probe extending from the back of 
the box immediately into the stack. The components are 
contained in an inner box heated to prevent condensa
tion. The multihead pump is outside of the heated box, 
but with very short insulated lines leading into the heated 



area. Calibration gases can be introduced ahead of the 
sample filtration/drying stage so that they receive exactly 
the same treatment as the sample itself. Alternately, they 
may be introduced at the analyzer inlet to check the ef
fect of the interface system on their concentration . 

Several features of the system are still somewhat ex
perimental and it is expected that considerable simplifi
cation will be possible. For example, a portion of the 
dried sample itself may serve as carrier for the permeat
ed moisture. Thus, the need for plant air can be eliminat
ed. With such simplifications and resulting size reduction, 
the complete system may eventually require no more 
than 1 or 2 ft3 of volume and will become literally porta
ble. 

Performance standardization 

At present, the performance of stationary sources, in 
respect to compliance with the established emission 
standards, is determined by the manual testing proce
dures stipulated by the EPA. These methods were select
ed, in so far as possible, from standard methods, long 
established and widely used in industry, and of more or 
less proved validity. Few, if any, instrumental methods fit 
these criteria, . primarily because industry has not made 
use of them in the past, due to their expense and the 
lack of any motivation to use them. Now that certain in
strumental monitoring requirements have been estab
lished by the Government, experience with such systems 
will grow. As soon as the validity of the instrumental sys
tems is established, they will undoubtedly become stan
dard accepted methods, and will probably supplant the 
manual procedures in many cases. The current problem 
remains to provide a method whereby instrumental sys
tems can be validated. 

As long as the manual methods remain the legally ac
cepted standards, instrumental systems must provide the 
same results as the reference methods to be legally 
valid. This situation is what has given rise to the concept 
of equivalency. Any new candidate method must be dem
onstrated to be equivalent to the standard reference 
method to be certified as valid. As yet, no procedure has 
been established for the demonstration of equivalency. 

That is because the standard methods themselves are 
generally not nearly so precise as instrumental methods, 
and quite possibly not so accurate. Also, the standard 
methods generally give results that are averages over an 
appreciable period of time while the instrumental meth
ods give results approaching real-time data, thus ren
dering direct comparison of results questionable. Analyti
cal results may be affected markedly by sampling proce
dures and it is not possible to provide identical sampling 
procedures for both candidate and standard methods. 

The accumulation of statistically meaningful quantities 
of comparative data is difficult due to the cumbersome 
nature of the standard methods. For comparative data to 
be meaningful with reference to stack measurements, 
the testing must be performed in the field on actual in
stallations of complete systems. The sample interface 
must be treated as part of the complete analytical system 
and the complete system tested as such. Furthermore, 
the present judgment of the EPA is that each and every 
individual analytical system should be validated after in
stallation. This adds at least $8000 to the cost of the in
stalled system. At the present state-of-the-art, this is a 
valid judgment, but it raises the question of how costs 
should be divided between manufac:turer and purchaser, 
particularly in the event that the system should not pass 
the tests in a particular installation. We hope future de
velopments and experience will alleviate some of these 
problems. 

Several attempts have been made to evaluate monitor
ing instruments through EPA contracts. None of these, 

which have been published to date, have produced the 
type of data that would allow official certification of any 
specific instrument systems. This is partly due to the 
rapid development in new instrumentation, and partly due 
to unsuccessful or unrepresentative sample interface sys
tems. Several other evaluations have been performed 
both within the federal agency and by private organiza
tions but, again, either the results were not published or 
they were inconclusive. 

At the end of 1971, Beckman Instruments performed 
field testing on an analytical system incorporating the 
NDIR sulfur dioxide analyzer and the NDIR nitric oxide 
analyzer, installed on a coal-fired power plant stack. Al
though the test was thorough and the results conclusive 
to both the instrument company and the customer, the 
evaluation did not result in any certification by the EPA 
and was, therefore, of limited and short-term value. 

At least part of, the problem could be solved if there 
were standard methods for testing the performance of 
the analytical instruments and expressing the results. 
Work is under way toward this end within the Internation
al Electrotechnical Commission (Geneva, Switzerland). 
Working Group 6 within IEC Technical Committee 66 has 
prepared a recommendation for "Expression of the func
tional performance or nondispersive infrared analyzers 
used for the continuous determination of air quality." It 
applies to nondispersive infrared analyzers used for mea
suring pollutants, either in the ambient air or in gaseous 
streams entering the ambient air. It includes definitions 
of terms, test procedures, and forms for expressing cer
tain performance parameters that it requires the manu
facturer to state. This draft was circulated to the full 
Technical Committee as document 66 (Secretariat) 19 
dated May, 1973, and was discussed in the plenary 
meeting of the Committee in The Hague on October 29-
30, 1973. It was approved, with minor changes, and sub
mitted to the "six month rule." After editing, it will be pre
sented for final comment to the national committees 
around the world. The second document, on water quality 
instruments, pH, electrical conductivity, dissolved oxy
gen, and ORP, is now in preparation. 

Additional reading 
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Visible Opacity," unpublished draft, January 1972, U.S. Environ
mental Protection Agency, Research Triangle Park, N.C. 
"Background Information for Proposed New Source Perfor
mance Standards," Vol. 1, June 1973, U.S. Environmental Pro
tection Agency, Research Triangle Park, N.C. (See also ES& T, 
October 1972, p. 884.) 
"Continuous Monitoring of Stack Gases," K. Rosenthal and R. J. 
Bambeck, ISA Proceeding, 1972, Anal. Instrum., 10, ISA, Pitts
burgh, Pa. 
Instrumentation for Environmental Monitoring, Vol. 1, May, 
1972, Environmental Group, Lawrence Berkeley Laboratory, 
University of California, Berkeley, Calif. 
"Qualification Testing of an Infrared Analyzer System for S02 
and NO in Power Plant Stack Gas," R. D. Jaquot and E. A. 
Houser, ISA Proceedings, 1972, 27th National Conference and 
Exhibit, Part 3,730, ISA, Pittsburgh, Pa. 

Robert L. Chapman is with the pro
cess instrument division of the appli
cation engineering department at 
Beckman Instruments, Inc. He has 
published a number of papers on 
process and environmental analysis 
instrumentation . 

Coordinated by LeG 
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INDUSTRY TRENDS 
Koppers Co., Inc. began operation of 
a new boiler system that incinerates 
waste gas to produce plant process 
steam and heat where coal was for
merly used . The plant makes maleic 
anhydride; the system surpasses 
legal environmental requirements. 

Calgon Corp. has completed a 
$106,000 wastewater survey and an
alytical program at three power sta
tions of the Tampa Electric Co. 
(Fla.). 

Ecodyne Corp. will construct four 
concrete mechanical draft-cooling 
towers for two 720-MW fossil-fueled 
power plants for Carolina Power & 
Light Co. near Roxboro, N.C. 

Beckman Instruments, Inc. will sup
ply exhaust analysis systems to Ford 
Motor Co . for $400,000 for use in 
new engine research and develop
ment programs . 

The firm of Hailstone Associates was 
formed in Dallas, Tex., to offer tech
nological consulting services, includ
ing environmental control. to the 
minerals processing industry. 
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The Fourth Sink Management Group, 
Inc., was organized at Kattskill Bay. 
N. Y., to foster recovery and reuse of 
resources from solid wastes. 

General Atomic Co. (San Diego, 
Calif.) is expanding its reverse osmo
sis system for Texas Instruments' 
semiconductor operation to produce 
over 1,045,000 gpd of ultrapure 
water. The system will be the largest 
of its kind in the world. 

American Air Filter Co., Inc. received 
a letter of intent on an $8.6 million 
order for environmental control 
equipment for the 1860 MW Almaraz 
Nuclear Power Station (Spain). 

Burns and Roe, Inc. was awarded a 
$205,741 contract for a preliminary 
engineering report on a 100-million
gpd desalting project in the lower 
Colorado River Basin. 

Research-Cottrell, Inc. will build 
three electrostatic precipitators for 
Indiana & Michigan Electric Co . of 
the American Electric Power System. 
The cost is over $7 million. 

Westinghouse Electric Corp. received 
an order for 12 nuclear steam supply 
systens, each 900 MW, from Electri
cite de France. Cost is $200 million 
each. 

Cambridge Filter Corp. has acquired 
Root Engineering Corp. (Whitehouse, 
N.J.), a designer of pollution control 
systems. Terms were not disclosed. 

lonics, Inc., a manufacturer of air and 
water pollution abatement equipment 
and instruments, announced a net in
come of $571,000 for 1973. This 
amounts to $0.66/share, as com
pared to $0.49 / share in 1972. 

Poly Con Corp. will design and fabri
cate an ammonium recovery and flu
orine abatement system, under con
tract to Badger Co., Inc. (Raytheon) , 
for Occidental Chemical Co. at White 
Springs, Fla. 

Koppers Co., Inc. has reorganized its 
Environmental Systems Division into 
Environmental Elements Corp., 
whose facility wil.1 remain in Balti
more, Md. 

(continued on page 528) 

Take The Mystery Out Of 
·CHLORINATION 

Capital COntrola did IIIIt thIIt. with the ADYANCEIt Model 201. flrat 

and original direct cylinder mounted gea chlorinator. that did _ay 

with the old. myal8rloul maze of .,......,,. piping end expensive 

gadgetry. hidden In a bulky cabinet Today CapItal COntroIa " 
keeping the mystery out of chlorination equipment of every IIze end 
type, up to 8.000 Ibl./day chlorine feed • •• end, when _ do __ 

cabinet mounting. It la comptet ...... reliable end uncomplicated. 

For more new, non-tIIyIIerioul developmenll In g81 chlorfnatlon. 

k .. p In Iouch with Cepltal Controll end ADYANCE. Wrill for 

Bulletin 4002. 

ADVANC~® Gas Chlorination 
Direct C,lillller Mtd. 

tll00 PrD 
Wall MtII. 

tl2,088 PPII 
C.IIti .... C .. ItsIftaI 

AtaIJ$ll & C.ntre! 
T.n CIRtli.er Mtd. 

tu 500 PPO 
Pressure Fttd tI 100 PPO 

HiIII CapacItJ tI a ... PPII 
Alttmatlc Pnptrtltllllll 

tl8.088 PPII 

Mtftlar AlttIUtIc 
Switcllmr 

C.lIptIIlIIIltt, Ctttrel 
Multiple Matlrllll URita 

CAPITAL CONTROLS COMPANY 
ADVANCE LANE, COLMAR. PA. 18815 
Phone: (215) 822·2901 
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TRACE METALS IN AIR 
A new technique 

Traditionally, the only 
method available for measuring the 
trace metal concentration in air has 
been to draw air through a filter for 
a long time (say, 8 or 24 hours) and 
then to identify the particles 
trapped on the filter by analysis. 
This procedure gives an average 
metal concentration but cannot 
give a measure of variations during 
the sampling period. To measure 
the variations, we need to analyze 
small samples of air, drawn through 
a filter for a very short time. 

A new technique has now 
been developed by Varian Techtron 
for the specific purpose of 
collecting and measuring these 
small samples. 

The Varian Techtron Air 
Microsampler is a new, highly 
sensitive air particulate sampling 
method which supplements the 
existing large-volume methods. For 
the first time, simple and effective 
tracking of the variations in trace 
metallic elements in air is possible. 

In practice, a disk of filter 
material is placed in a small 
graphite cup with a perforated 
base, and air is drawn through the 
filter with a simple pump. 
Collection time is about two 
minutes. The cup with its sample is 
then transferred to the Varian 
Techtron Carbon Rod Atomizer for 
analysis. 

@ 
varian 

In the Carbon Rod Atomizer, 
the cup is heated electrically 
through three programmed stages: 
drying, ashing and then 
atomization. In the atomization 
stage the pollutant concentration 
is measured by atomic absorption. 

The Air Microsampler 
makes the most of the excellent 
analytical sensitivity of the Carbon 
Rod Atomizer by allowing very low 
concentrations of metals in air to 
be quantified. The sensitivity for 
lead analysis in a 200 ml air sample 
is 0.1 Il g/mJ, and for cadmium 
the sensitivity is 0.008 Il g/ mJ• * 

In principle, the Air Micro
sampler could be applied to any 
metal of interest, and in any 
atmosphere. In each situation the 
new method will give a measure
ment of the airborne metal 
concentration at a point in time, 
and by consecutive sampling the 
variations can be followed over an 
extended period. 

Further details are available 
from Varian offices. 

'Matousek J. P., Brodie K. G., 
Direct Determination of Lead Airborne Particulates by 
Non-Flame Atomic Absorption, Anal. Chem., 45, (9), 
1606, 1973. 

Brodie K. G., Matoui'ek J, p" 
Determination of Cadmium in Air by Non-Flame 
Atomic Absorption Spectrometry, Anal. Chim. Acta., 
69, (1 ), 200, 1974. 

Varian Techtron 
Palo Alto, Cal., U.S.A. 
Georgetown, Ont., Canada 
Zug, Switzerland 
Springvale, Vic. , Australia 
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Environmental Data Corp. announced 
receipt of five contracts from 
five U.S. companies, exceeding 
$200,000 , for N02, S02, CO2, CO , 
and opacity monitoring instruments. 

Dames & Moore (Los Angeles, 
Calif.) will prepare environmental re
ports for three candidate sites for a 
San Diego Gas & Electric Co. fossil
fueled power plant. 

Climatronics Corp., a manufacturer 
of meteorological instruments and 
systems, has expanded its office and 
manufacturing space fivefold at 
Hauppauge, N.Y . 

Engelhard Kali-Chemie AutoCat 
GmbH (Hannover, Germany) will sup
ply Engelhard "PTX" automotive cat
alysts to the makers of Mercedes
Benz, Peugeot, and Renault cars . 

Wheelabrator-Frye received a more 
than $75 million order from Detroit 
Edison Co. for air pollution control 
systems . 

Scott Paper Co. (Philadelphia, Pa.) 
spent $22 million for environmental 
control (ec) in 1973. Another $85-
130 million will be spent for ec 
through 1978 . 

Neville Chemical Co. 
Pa.) started up its 

(Pittsburgh , 
$750,000, 

50,000-gpd final treatment system to 
reduce phenol to 0.1 ppm in its Ne
ville Island , Pa. , plant effluent. 

SWECO, Inc. and Equipos de Proce
so, S.A. (Mexico) formed SWEQUI
POS, S.A., at Tlalnepantia , Mexico , 
to make and market SWECO screen
ing equipment in Mexico . 

Texaco, Inc. gave a construction 
contract for a 3.8-million-gpd waste
water treatment plant for its Port Ar
thur, Tex., refinery to Williams Broth
ers Waste Control , Inc . 

MacMillan Bloedel, Ltd. (Canada) 
has acquired control of Energex, Ltd . 
(San Diego, Calif.) , which developed 
a pollution-free cyclonic burner that 
converts waste material into energy. 

Pollution Control -Walther, Inc. has 
booked about $39 million in con
tracts for 68 Walther electrostatic 
precipitators over an 18-month peri
od ended March 31,1974. 

Pure Aire Corp., an Envirodyne 
company , was selected as one of the 
outstanding Pacific Coastal Region 
small business manufacturers by the 
U.S . Small Business Administration. 

Combustion Equipment Associates, 
Inc. will build a combination waste
to-energy and pollution control facili-

ty for Synthane-Taylor Corp. at Valley 
Forge , Pa . 

Biospherics, Inc. has received orders 
for 55 Cleansimatic Liquid Analysis 
Meters (CLAM) for municipal sew
age monitoring at Annapolis , Md., 
and Contra Costa County, Calif. 

Combustion Engineering, I nco will 
supply two 865-MW " Combined Cir
culation " steam generating units to 
Georgia Power Co. for $44 million . 

NRG Inc. (Phoenix , Ariz .) formed a 
new subsidiary, NRG NuFuel Co. , to 
work with natural gas , and especially 
with methane recovery from sanitary 
landfills. 

Frost & Sullivan, Inc. (New York , 
N.Y.) predicts $10 billion federal 
spending on energy research and de
velopment over fiscal years 1975-79, 
in a 286-page analysis . 

Gorham International, Inc . (Gorham . 
Me.) is studying possibilities for prof
itable approaches to managing the 
pulp and paper industry 's increasing 
wastewater sludge quantities. A 
number of clients are involved . 

Jeffrey Manufacturing Co. has li
censed NGK Insulators , Ltd . (Na
goya, Japan) to manufacture and sell 
Jeffrey 's line of sewage treatment 
equipment in Japan . 

Salinity 
Conductivity 
Temperature 
Measure all three with YSI's new S-C-T Meter 
specifically designed for convenient field 
measurement over a range from raw water to 
sea water. It's portable, battery powered, di
rect reading and an ideal companion to YSI 
Dissolved Oxygen Meters for on-the-spot pol
lution studies. No other water quality meter 
offers so much for such a low price of only 
$195 plus $35 probe. 

I YELLOW SPRINGS INSTRUMENT co, 
vso YELLOW SPRINGS, OHIO 45387 
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"As a firm that offers a full line of instrumentation, fixed 
installations, alarm systems and calibrating gases, we 
must be completely familiar with the pollution control 
magazines available to us. Our success depends on the 
right advertising choice. 

"This is why we chose Environmental Science & 
Technology. And the results from our ads for the 
ECOL YZER - a portable carbon monoxide monitor that 
measures CO in any environment, indoors and out -
have demonstrated conclusively that our choice could 
not have been better. 

John McStravick and the President of Energetics Science, Inc., H.C. 
Lieb, weren't surprised by readerresponse tothe Ecolyzer. 

"Last year, we invested some three thousand dollars in 
a series of full page ads in ES&T. And we realized 15 
proven sales, worth twenty thousand dollars. In 
addition, there were undoubtedly many other sales 
resulting from our ads in ES& Tthat we were simply 
unable to trace. 

"It is obvious that the men responsible for the control of 
pollution read Environmental Science & Technology." 

Environmental Science & Technology An American Chemical Society Publication. 
Advertising Management: Centcom, Ltd., 50 West State St. , Westport, CT 06880 



Remember all 
the problems you have with 
ordinary heated hose that's stiff as a 
board and kinks when you bend it? 
Now you can forget them. 
Heat/Line Hose is built to the same high 
standards as the most sophisticated gas 
analysis equipment. 
Since all components are bonded into one 
integral unit, the hose is extremely pli· 
able and flexible. Moreover, it resists 
kinking. (For example, our ¥S" 1.0. model 
has a 4-inch bend radius!) 
Heat/Line Hose offers other important 
features, too . ... Like a Teflon core to 
assure contamination· free inner surface. 
Plus uniform heat capability up to 450°F. 
Optional built-in thermocouple for moni
toring temperature. Choice of high or 
medium-temperature hose. With or without 
thermal insulation. Up to 50-foot lengths. 
Diameters from W' to I". 120 or 240VAC 
operating voltage. 
Last but not least .. . Heat/ Line Hose 
comes completely assembled with fittings 
and electrical connections, ready to use. 
Want more data? Write for full information 
on the hose you never have to fight with. 

See us at BOOTH 641 

APCA SHOW. DENVER 

TeCHnical 
HeaTeRS, Inc. 

1730 First Street, San Fernando, Callf_ 91340 • (213) 361-7185 
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WhO says 
chemists are 
human? 
Chemtech 
doesl 
That's why you, as a chemist, will 
appreciate this unique and lively pub
lication of the American Chemical 
Society. 

CHEMTECH takes a new approach! 
It breathes life back into the chemical 
profession with the candid type of 
reading that appeals to inquiring, 
concerned people. Written by doers 
for doers, this monthly magazine cuts 
across all branches of technology. 
In fact, every issue has articles in ten 
different fields. And all are written 
by recognized authorities. 

You can see that this publication 
helps you cope with real, live, every
day problems. The material comes to 
you in workbook-case history-or 
first person format . Coverage extends 
to research, lab development, feasi
bility analysis, production, personnel 
problems and market and product 
obsolescence. CHEMTECH not only 
treats preparation, characterization, 
and use of chemicals, but also dis
cusses problems in engineering 
design, operation, distribution, and of 
course, problems of the practicing 
technologists themselves. 

Why not see for yourself, how valu
able CHEMTECH can be? You risk 
nothing by completing and returning 
the accompanying order form. 

If, at any time CHEMTECH doesn't 
live up to your expectations, we will 
refund the unused portion of your 
subscription money. So why hesi
tate? Send the order form back 
TODAY. 

r------------------------------------, 
~~~::~:~ ~~~~~g;~~6CIETY 1974 
1155 Sixteenth Street, N.W., Washington, D.C, 20036 

I'd like to receive an introductory subscription 10 CHEMTECH at the rate 
checked below: 

U.S, Canada & PUAS Orll., Nations 

ACS Members ' 1 Yr. o $ 9.00 o $13.00 0$14.00 
Nonmembers 1 Yr. 0$18.00 0$22.00 o $23.00 

3Yrs, o $40.00 o $52.00 0 $55.00 
Students 1 Yr. o S 4.00 OS 8.50 o $ 9.50 

Name 

Address 

City Stale Zip 

-------------------------------______ 1 
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Air sampler 
Equ ipped wilh nickel cadmiu m. se ll
charging balleries. air sampler can 
be used with equal efficiency bolh in
doors an d in Ihe field . The device is 
portable. weighing only 8 lb. Manu
faclurer stales the unit will withsla nd 
the mosl severe environmenlal oper
ating condilions. II will sample air for 
all Iypes of airborne particulates and 
pollu tants. Staplex Company. In c . 

101 

Flow recorder 
Open channel flow recorder mea
sures in either English or metric 
units . and can be used with any type 
and size of weir or flume. Easy fie ld 
change of cam and gears permits in
strument to record from a range of · 
14.000 gpd through a 22.5°-V-notch 
weir up to several hundred million 
gpd through large flumes. Accessory : 
a sampler switch for actuating a re
mote sewage sampler to flow . Leu
pold & Stevens. Inc . 102 

Metal recovery system 
System economically recovers pre
cious metals from plating rinse wa
ters . Thi s "closed loop " system can 
be used on all types of preciou s 
metal plating including gold . silver . 
rhodium . platinum . and palladium . 
The device reduces water consump
tion by returning decontaminated and 
deionized rinse water to the rinse 
tank for reu se . Mixed-bed ion ex
change column. which conta ins spe
cia l resins . is utilized . Reuter-Stokes. 
Inc . 103 

Urban tree feeder 
Indestructible undergrou nd tree feed
er is designed to help preserve the 
beauty and benefits of urban trees. 
This water. air. nutrition exchange 
system protects and revital izes tree 
roots suffocating under layers of pav
ing materials. The individual units in 
the syste m are placed underground 
around the tree in line with the outer 
reaches of the leaf canopy. W. A. N. 
E. Tree Systems. 104 

NEW PRODUCTS 

Stack sampler 
Iso kinetic stack-sampling system 
meets EPA requirements. System in
cludes all instrumentation . glass
ware , and other equipment needed 
for measurement and control of sam
pling parameters. It maximizes ser
viceability and ease-of-handling in ei
ther horizontal or ve rtical sampling. 
or particulate and condensable emis
sions. Arthur H. Thomas Co. 105 

Pump controller 
Electronic method co ntrol s speed of 
ac-wound rotor motors while recov
ering and regenerating static power . 
System is designed for use with 
water and waste pumping syste ms 
utilizing 25-hp motors and larger . 
Can capture and regenerate 97% of 
the electrical power conventio nal 
control systems waste for an overall 
savings of 10 to 40%. Marathon 
Elect ric . 107 

Bioassay test kit 
Kit utilizes microorganisms to provide 
quick indication of the presence of 
bioinhibitory agents that may be 
present in wastewater. Result s nor
mally are obtained in 2 hr or less 
compared to 96 hr for standard fish 
bioassay . Toxic or inhibitory contami 
nants are detected by a co lor imetric · 
assay of growth activity of a spec ial 
ized nonpathogenic seed . Chemical-
I ndustrial Labs Inc . 108 

Fume incinerator 
Thermal fume incinerator will recover 
up to 100% of the BTUs required to 
incinerate the so lvent fume load . 
Heat recovered can be used for pre
heating combust ion air . drying or 
other process applications. space 
heating . or makeup ai r in wide range 
of industries. and for sewage and 
waste treatment. Incineration is com
pletely effective on a wide range of 
combustible organic fumes and par
ticulates. Ross Engineering. 106 

Chloride analyzer 
Salt analyzer provides accurate. im
mediate. easily read measurement of 
chloride content. Device requires 
only limited use of chemicals . has an 
easily read digital readout. and can 
be used by unskilled personnel. It 
will detect most inorganic ch loride 
ions in a constant background . mak
ing it useful for most app lications 
where chloride content control is im
portant. Diamond Crystal Salt Co . 109 

Recycling process 
System processes virtually all types 
of waste paper materials and does 
not require the use of water. It thus 
is almost totally nonpollutive to the 
environment as a c losed system with 
no discharges. Manufacturer clai ms 
it lends itself particularly to the es
tablishment of recycling and recla
mation centers in urban areas be
cause of the relatively low cost of the 
physical plant required. Simplex I n
dustries. Inc . 110 

Submersible pump 
Large electric submersible wastewa
ter pump is designed especially for 
high head app lications up to 140 ft. It 
features a three-channel nonclog im
peller and a 170-hp motor. Discharge 
size is 12 in . and pump capacity can 
range to 6200 gpm. The pump can 
be rai sed along special guide rails for 
inspection or maintenance without 
need for personnel to enter the well. 
It is suitab le for either wet or dry pit 
installation . Flygt Corp . 111 

Particle screener 
Custom designed stainless steel 
spark and particle arrestor is de
signed for commercial . industrial, 
and residential applications. Made of 
3/4 X 3/4-in. mesh wire. the arrestor 
screen has except ional resistance to 
heat and corrosion and retains 
smoke stack parti cles combustion 
sparks. Firm will fabr icate screen to 
size or provide wire cloth in full rolls. 
Newark Wire Cloth Co. 112 
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NEW 
STACK SAMPLING 
EQUIPMENT FOR THE 
STACK SAMPLER 
HIMSELF 
We realize the diff iculty of transporting 
and instal ling heavy and awkward 
equipment onto stacks. Misco otters 
stack sampl ing components that are 
Lightweight and Easily Transported. 
Misco's New sample case, Model 
7200-Se and New heated filter box, 
Model 7200-HFB are two reasons why 
stack sampling people use Misco's 
source sampling equ ipment. 

Source Sample Case -7200-SC 
The Model 7200-SC sample case, 
weighing only 21 Ibs. with glass, 
features a quick-disconnect ice bath 
cartridge for fast and easy impinger 
change and a flip-away hot box for 
total access to the filter holder. 

Heated Filter Box-7200-HFB 
Ice Bath Cartridge-7200-IBC 
Used for any stack sampling application 
and especially useful for high stacks 
or long probes. The 7200-IBC is used 
with both the 7200-Se and 7200-HFB. 
It comes with its own cover which 
enables it to be used as a carrying case. 

For Details Write for Misco's New 
Air Sampling Instruments Catalog 

mISCD~ 
MCROCJ-flv\K:Al SPECLAJ. n=S CO'v'I1\NY 
1825 Eastshore Highway 
Berkeley, CA 94710 
(415) 843-1282 
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Water monitor 
AII -e leclronic monitor accurately 
measures rate of water flow on a 
3~-day chart recorder without float s, 
probes, mechanical linkage, or bub
blers. It uses an imbedded sensor
element in a formul a measuring 
flume to generate data for the con trol 
cabinet's electronic logic c ircuits. It 
'performs thi s by relati ng water depth 
to flow rate . Universal Engineered 
Systems, Inc. 113 

Cyanide test kit 
Interference-free cyanide spot test 
kit identifies traces of free and bound 
cyanide", It is intended for use with 
wastewater , food , soil , and bio logical 
samples. Based on fluorescent reac
tion , as little as 0.1 ppm bound cya
nide may be detected in matter of 
minutes. Contains necessary materi 
als and reagents for 100 tests . Ultra
violet lamp avai lab le as option . Kos
low Scientific 114 

Centrifugal thickener 
Single centrifugal thickener mechani 
call y de waters liquid concentrates in 
wastewater processi ng . In m any 
cases it eliminates the need for 
thickening tanks, centrifuges and 
vacuum fi lter s. Mun icipal appli ca
tions inc lude thi ckening of primary 
and waste activated sludges. It can 
remove a ll materials larger th an 25 J1. 
and disc harge them as sludge of up 
to 50,000 ppm. SWECO , Inc. 115 

DO / 800 / temperature analyzer 
Multiple-range analyzer covers all 
needs for disso lved oxygen , BOD, 
and temperature tests in every type 
of municipa l and indu stri al treatment 
plant . Rugged portability and gas
keted , splashproof construct ion a lso 
make it suitable for st ream and pollu 
tion studies outside the plant. In stant 
air calibration makes it easy to use. 
Delta Scientific 116 
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" Fabric filter system 
System provides a pre-engineered 
approach to parti culate and fume 
emission control. Unique air-to-air 
heat exc hanger is part of the sys
tem 's so lutions to the processing of 
high-temperature exhaust gases. Ad 
vanced envelope-type design . co m
bined with gentle pulsating rever se
air clean ing and provi sions for effe c
tive gas precool ing , provides opera
tional benefit s. Lear Siegler , In c. 

117 

Waste compactor 
Stationary waste co mpactor can be 
operated from both on-site and re
mote contro l stations. Th is 2-yd3 ca
pacity unit is designed for cost-cu t
ting , efficient waste compaction ap
plications from heavy indu stry, super
markets, schools , and universities to 
hotels, restaurants , apartments , and 
shopping centers. Featur ing a 45-sec 
cyc le time, it has a volume displace
ment rate of 121 cyph . Gar Wood 

118 

Data anafysis system 
Computer-based system for pollution 
data acq uisition and analys is allows 
for continuous, unattended data ac
quis ition 24 hr a day from numerous 
remote terminals. System is particu
larl y suited to testings cover ing a 
wide area from one central paint be
cause remote termi nals interface di
rectly to existing instruments or sen
sors. ORT Associates 121 

Wastewater separator 
Water-ail -so lids separator features oil 
flotation . effected by the upward flow 
gradients, while solids settle out from 
the action of downward gradients. 
Two cone screens located in the 
center of the tank prevent jetting by 
diffusion . Clar ified water is removed 
at one top port and oil from another. 
Sludge is removed from the botto m. 
I ndustrial Process Systems, Inc. 119 

Odor measurer 
Instrument is capable of determining 
the concentration of a malodorant in 
ambient air or in a captured gas 
sample from an emission source . It 
utilizes the olfactory receptors of the 
human nose. Observers require very 
little trai ning to produ ce accurate 
and repe atable measurement of odor 
concentrati ons. Can be operated in 
laboratory, from vehicle , or in field . 
MISCO 120 

SO d opacity monitor 
Monitor allows power plant operators 
to mix fuel s of different su lfur content 
for opti mum economy while rema in-



ing within prescribed emission levels. 
Instruments are mounted directly on 
the stacks and employ polychromatic 
light passing through the flue gas as 
the means of analysis. Monitors do 
not require expensive sample lines, 
filters , or reagents. Response time 
less than 4 sec. Environmental Data 
Corp. 123 

Submersible pump line 
Designed for heavy duty sewage 
uses, submersible pump line is capa
ble of handling solids up to 2Y2 in. in 
diameter through its 3-in. discharge. 
It has pumping capacity of 22,200 
gph and heads up to 43 ft. Pu mps 
are suitable for use on barges, in 
dual filter beds, lift stations, rotary 
arm aerators, utility tunnels, grain el
evators, and for dewatering mines, 
tunnels , and construction projects. 
Kenco Pump Division 124 

Ozone meters 
Series of ozone meters utilize the 
photometric detection of the chemi
luminescence resulting from the 
flameless reaction of ethylene gas 
with ozone. Other oxidizing and re
ducing species normally found in am
bient air do not interfere. Five mod
els are offered with ranges of 0-5 .0 
ppm , 0-50 ppm , 0-500 ppm, 0-5000 
ppm , and 0-10,000. McMillan Elec
tronics Corp. 125 

Pedestal-type Aquamast 
Fully automatic spraying device is 
designed for land disposal of waste 
effluent. It can be furnished for ca
pacities to 8000 gph to cover up to 
two acres. The unit can be transport
ed from place to place, as required, 
by mobile crane. In operation, it ro
tates very slowly, spraying waste ef
fluents uniformly on the ground 
through a series of sprinklers posi
tioned along booms . McDowell Man
ufacturing Co. 126 

H2S removal system 
Process converts H2S directly to 
high-purity elemental sulfur at a high 
removal efficiency. It operates at 
moderate temperatures, is not sensi
tive to gas pressure or high partial 
pressures of carbon dioxide, and 
does not produce a tail-gas problem. 
Gas to be purified is countercurrently 
scrubbed in an absorber containing a 
vanadium salt. Peabody Engineered 
Systems 127 

Flocculation system 
System will greatly improve floccula
tion of suspended solids normally 
present in water treatment systems 
prior to removal by sedimentation of 
filtration. It consists of a solid bar of 
specially compounded polyelectrolyte 
enclosed in a sock of fabric selected 
to control emission of the flocculat
ing agent. It can be used for emer
gencies or to improve flocculation ef
ficiencies of conventional systems. 
Aqualogic Inc. 128 

Water pollution analyzer 
Analyzer measures total organic car
bon, total carbon, total oxygen de
mand, and handles a large sample, 
up to a liter, solids included. No fil
tering or homogenization is required. 
Sensitivities from trace to several per 
cent can be provided, measuring 
time varying with dilution from about 
2 min at high concentrations. Easy to 
load. Astro Ecology 129 

Shredding system 
With a capacity of 20 tons per hour, 
shredder will handle dunnage su ch 
as wooden palets, shipping cartons, 
and pieces of heavy material such as 
canvas. All such waste is shredded 
to reduce bulk and to simplify dis
posal. A metallic separator removes 
ferrous matals for resale. Several 
models are available. The Heil Co. 

130 

Energy recovery incinerators 
Packaged energy recovery systems 
have recovery rates from 300,000 
Btu / hr to 2.7 million Btu / hr . They 
are available in three versions-air to 
air, air to water , and air to steam
for heating plants, offices, or for in
process use. Recovery is generated 
in a heat exchanger mounted in the 
incinerator stack. Heat is transferred 
by conventional ductwork, piping, or 
other means. Kelley Company, Inc. 

131 

Particle counter 
Portable analog particle counter con
tinuously monitors airborne particu
late matter 0.5 11 and larger in con
centrations between 10,000 and 
10,000,000 particles/ ft3 Audio alarm 
warns when preset particle concen
tration is reached. Lightweight , coun
ter combines rugged shock mounted 
sensor with solid-state components 
for high accuracy. Climet Instru
ments 132 

Need more in/ormation about any 
items? /I so, just circle the appro
priate numbers on one 0/ the reader 
service cards bound into the back 0/ 
this issue and mail in the card. No 
stamp is necessary. 

helping to solve energy 
anq environmental 

problems 

NUS Corporation gathers, 
in one organization, all of the 
skills and instrumentation nec
essary to assess the environ
mental impact of power genera
tion or industrial activities, as 
well as to design in detail the 
means to control that environ
mental impact consistent with 
energy, regulatory, and eco
nomic demands. 

With a professional staff 
of more than 400 engineers 
and scientists, NUS can assist 
you in facilities siting, air and 
water pollution control, am
bient air and effluent effects 
monitoring, water manage
ment, and the full range of 
supporting physical, chemi
cal, biological and radiological 
laboratory services. 

To solve environmental 
problems, call NUS. 

NUS 
CORPORATION 
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NEW LITERATURE 

Publication list. Catalog for 1974. giv
ing new publications and educational 
aids. offers a list of books. confer
ence proceedings, and educational 
aids covering instrumentation , sens
ing devices, uses, and safety prac
tices. Environmental monitoring is in
cluded . Instrument Society of Ameri
ca. 159 

Catalog. 1974 catalog that company 
has prepared (32 pages) includes 
tubing pumps and drive systems , as 
well as newly introduced 5- and 10-
channel pump drives. Also covered is 
laboratory equipment and a new 
bench-scale biooxidation system. 
Cole-Palmer Instrument Co. 160 

Filters. Bulletin TI-63 describes filters 
for sterile air , or gas filtrations, and 
their use. Sterile filter system design 
and operation are discussed. Bal
ston , Inc. 161 

H2S removal. A 4-page brochure de
scribes a proved method for convert
ing hydrogen sulfide (H 2S) to ele
mental sulfur. A flow sheet is includ
ed . Peabody Engineered Systems 

162 

Gas scrubbing. An 8-page, four-color 
bulletin (E-670) describes the com
pany's system for fly ash , S02 , and 
NOx compounds from coal, oil , and 
refuse-fired steam generator flue 
gases. Krebs Engineers 163 

Management services. A 4-page, il
lustrated publication describes the 
company's range of liquid waste 
management services for industry. 
Gilbert Associates, Inc . 164 

Analysis technique. Company 's latest 
quarterly engineering issue (Vol. 7, 
No.1) describes an easily accom
plished multicolumn technique over
coming sticky problems of analyzing 
volatiles in a nonvolatile matrix by 
gas chromatography. Carle I nstru
ments, Inc. 165 

Need more information about any 
items? /I 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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Energy savings. Brochure describes 
a new aluminum slider replacement 
window, NuPrime Model 565, de
signed to reduce heating and cooling 
for commercial establishment by up 
to 30%. Season-All Industries, Inc. 

166 

Calibration system. Bulletin No. C-70 
describes a permeation tube- calibra
tion system for pollution monitoring 
and laboratory instruments. Mast De
velopment Co. 167 

Training programs. Newsletter (Vol. 
3, No. 1) tells how to save money by 
setting up low-cost training programs 
for laboratory technicians. Duke 
Standards Co. 168 

Technology arguments. First of a se
ries of white papers intended to pro
mote better understanding of the role 
of technology in society. Gould , Inc. 

169 

Atomic absorption. New brochure 
No. AA 322E covering techniques 
and applications of atomic absorption 
spectroscopy, as well as a summary 
of atomic absorption reprinted arti
cles is available. Perkin-Elmer 170 

Noise reduction. Case history bulletin 
No. 7428 describes use of a valence 
heating and cooling system to reduce 
ambient noise while maintaining con
trolled draft-free room temperatures 
in a nursing home. Edwards Engi 
neering. 171 

Filters. Bulletin No. KL4206 covers 
advanced filtration technology in the 
form of mixed media filter materials. 
Neptune MicroFLOC Inc. 172 

Settlers. Bulletin LT-101 explains the 
principle and design of gravity set
tlers for removing precipitated metal 
hydroxides from metal finishing 
waste streams. Parkson Corp. 173 

Buyers guide. Bulletin 5391 lists sys
tems for aeration and degasification, 
controls , instruments, clarifiers, fil
ters, ion exchangers, and large in
dustrial , municipal , and process 
wastewater treatment systems. Per
mutit 174 

Metering pumps. Brochure (Cat. file 
400,000) lists types and general de-

scriptions of metering pumps. Some 
pumps are usable for slurries or acid 
chemicals and inlude diaphragm 
pumps and plunger pumps. Wallace 
& Tiernan 175 

Flexible linings. Brochure WFL-73 
describes linings of butyl rubber , ne
oprene, vinyl, and other flexible ma
terials for many water pollution con
trol purposes. Watersaver Co. , Inc . 

176 

Filters. Brochure 123B, 12 / 73 de
scribes endless belt-type filters and 
their operation. Komline-Sanderson 

177 

Valves. Brochure G-5B covers water 
level control, pressure control, surge 
control, and pump control valves. 
Uses are listed. Golden-Anderson 
Valve Specialty Co . 178 

pH control. Bulletin K-15B describes 
measurement and control instrumen
tation and systems and their applica
tions. The Foxboro Co. 179 

Biological system. Brochure No. 373 
describes a rotating biological sur
face system of wastewater treat
ment. Flow diagram and process ad
vantage list are given. Environmental 
Pollution Control Division of Geo. A. 
Hormel & Co. 180 

Technical report. Company report on 
hydrogen peroxide and its uses in in
dustrial waste treatment. Case histo
ries, chemical equations, and graphs 
and charts are included. FMC Corp. 

181 

Test kits. A 44-page catalog, General 
Catalog No. 74 , lists a whole line of 
water quality and pollution control in
struments and test kits. Order blanks 
are furnished. Ecologic Instrument 
Corp. 182 

Screens. Bulletin G-140 describes 
screens for removing solids from mu
nicipal and industrial wastewater sys
tems, and reducing BOD with re
duced operating costs. Combustion 
Engineering,lnc./Bauer 183 

Anodes. Company brochure de
scribes anodes for corrosion protec
tion, meeting military specifications. 
Dimensions and weights are given in 



English and metric units. Sentinel 
Anode Co., Div. Peco Manufacturing 
Co., Inc. 184 

Soil conditioner. Company booklet 
about "Styromull " explains how to 
recycle foamed polystyrene coffee 
cups, packaging , and insulation to 
aid plant growth and help prevent 
plant disease , improve thermal bal
ance in soil , and accelerate drain
age. BASF Wyandotte Corp. 185 

Air pollution technology. New bro
chure No. 472 updates descriptions 
of engineering services, stack testing 
devices, and computerized duct col
lection system designs. Pollution 
Control Systems Division , Geo . A. 
Hormel Co. 186 

Reverse osmosis. Technical papers 
by company president , together with 
bulletins covering products, are of
fered in reverse osmosis and dialysis 
for electroplating and metal finishing 
wastewater . Osmonics , Inc. 187 

Pump. Bulletin CP-1 describes low
temperature centrifugal immersion 
pumps capable of circulating fluids 
from liquid nitrogen temperatures to 
200°C. FTS Systems, Inc . 188 

Technical report. Brochure tells how 
a small town decided to rehabilitate 
sanitary sewers by sealing leaking 

joints internally. The technique was 
utilized for 5-10% of the cost of 
building two waste stabilization 
ponds. National Power Rodding Corp. 

189 

Feeder systems. Brochure describes 
chemical solution and slurry feeders 
in company " flyer " sheet, along with 
flowmeters. Specifications are given. 
Ecodyne Corp. 190 

Loading mechanisms. Brochure 
SWH-72483 announces a new group 
of high-tonnage loading mechanisms 
for scrap metal handling , wrecking , 
and salvage materials. The Heil Co. 

191 

Laboratory products. Catalog 74 lists 
over 40,000 products for the labora
tory , and has 1275 pages of informa
tion arranged in convenient product
related groups. Fisher Scientific Co . 

192 

Oil skimmer, A catalog, which in
cludes the latest specifications and 
capacities of the company's oil skim
mer, is available. Operational de
scriptions are given. Aerodyne Devel
opment Corp. 193 

Clean energy. Publication , " Air Jour
nal ," 16 pages, Winter 1974, de
scribes efficient combustion meth
ods, heat recovery, and production of 

clean-burning fuels. Other related ar
ticles are included. Peabody Engi
neering Corp . 194 

Booklet. Environmental testing book
let , written for the engineer who op
erates temperature, humidity, or alti
tude chambers, is available. Tenney 
Engineering , Inc. 195 

Catalog. Catalog AIC-2000, " Reflec
tions on Pure Water Storage," covers 
ultrapure water storage tanks for 
hospital, electronics, pharmaceutical , 
cosmetics , food processing , or indus
trial applications. American Sterilizer 
Co . 196 

Calculator program. Booklet entitled 
"HVAC design with the HP 9810" de
scribes ready-to-use calculator pro
grams for heat loss-heat gain, build
ing peak solar heat gain , duct sizing, 
and water and gas pipe sizing. Hew
lett-Packard. 197 

Flameless atomi7.er. Illustrated book
let covers sampler for heavy metals 
in water in concentrations as low as 
0.01 ppb. Barnes Engineering Co. 

198 

Posters, Four display cartoons are 
available , serving to remind the indi
vidual of responsibilities in controlling 
pollution . Nalco Chemical Co . 199 

Monitor both methane and 
non-methane THe continuously. 

Only from MSA. 
Now you can monitor CH4 and other 

hydrocarbons simultaneously and continuously in 
ambient air, down to the 0-5 ppm range, The MSA 
Model 11-2 Methane/ THC Monitor simplifies 
the job with low-maintenance design 
and maximum readout ftexibility
without chromatographic columns 
or valves. 

Connect your Model 11-2 to 
a fuel supply, a calibration gas, and a 
power source, and you're ready to go. 
Meters give you direct methane and 
non-methane readings. Or you can 
change the plug-in circuit boards in 
a minute to switch to other data
handling systems. 

Zero drift and span drift are 
less than I % of full scale over 24 
hours. The standard dual ranges 

are 0-5 ppm or 0-20 ppm, but you can order 
other ranges. 

Call or write MSA today for more com
plete details on real-time, single-instrument moni

toring of total hydrocarbons, THC 
less methane, or methane only. And 
ask about other MSA monitoring 
instruments for air quality, such as 
the LIRA ® analyzer for carbon 
monoxide. 

Instrument Division, Mine 
Safety Appliances Co., 400 Penn 
Center Blvd., Pittsburgh, Pa. 15235; 
412241-5900. 

Make sure/check MSA 
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BOOKS 
Mathematics for Water and Waste
water Treatment Plant Operators. 
Book 1: Fundamental; Book 2: Ad
vanced. Joanne Kirkpatrick. 490 and 
435 pages. Ann Arbor Science Pub
lishers. Inc., P.O. Box 1425, Ann 
Arbor, Mich. 48106. 1973. $17.50 
(each), paper. 

The two books attempt to bridge 
the gap between the reasoning pro
cesses and the language of math, 
which exists for the student who has 
difficulty in mathematics. Book 1 is 
designed to give the student a funda
mental understanding of the various 
calculations encountered in treat
ment processes. Book 2 includes 
concepts and problems of greater 
mathematical complexity. 

Third Annual Environmental Engi
neering and Science Conference Pro
ceedings. xv + 817 pages. Director 
of Professional Development, Speed 
Scientific School, University of Louis
ville, Louisville, Ky. 40208. 1973. 
$20, paper. 

Reports to the environmental engi
neering community on the status of 
present environmental quality prob
lems and the availability of pragmatic 
solutions to these problems. The 45 
papers presented at the conference 
focused on: environmental legisla
tion, environmental planning, water 
resources development, environmen
tal impact analysis, air quality con
trol, and other problem areas. 

Programming Environmental Im
provements in Public Transportation. 
Edmund J. Cantilli, xxix + 151 
pages. Lexington Books , 125 Spring 
St., Lexington, Mass. 02173. 1974. 
$12.50, hard cover . 

Seeks to change attitudes toward 
the value of the opinions, desires, 
and needs of the riding public. It dis
cusses a method of distributing funds 
for the improvement of public trans
portation facilities in which public 
opinion plays an integral part in the 
development of an allocation index. 
The book is designed for the student 
of transportation as well as the poli
cymaker . 

Aerosol Technology in Hazard Evalu
ation , Thomas T. Mercer. xi + 394 
pages. Academic Press, Inc., 111 
Fifth Ave., New York, N.Y. 10003. 
1973. $19.50 , hard cover. 

Prepared to provide information on 
the growing concern over inhalation 
of toxic particles . The book outlines 
techniques used to measure and pro
duce toxic aerosols. It emphasizes 
the importance of measuring the dis
tribution of toxic material as a func
tion of the dynamic characteristics 
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responsible for the deposition of par
ticles in the respiratory tract. 

Models for Environmental Pollution 
Control. Rolf A. Deininger, Ed. xi + 
448 pages. Ann Arbor Science Pub
lishers Inc., P.O. Box 1425, Ann 
Arbor, Mich. 48106. $24.50, hard 
cover. 

Deals with the use of mathemati
cal modeling and systems analysis 
techniques for the development of 
resources and the control of environ
mental pollution. An extensively re
searched survey, the book contains 
sections on water pollution control, 
air pollution control, solid waste dis
posal, noise control, and total envi
ronmental models. 

Ultimate Disposal of Wastewaters 
and their Residuals. F. Eugene 
McJunkin, P. Aarne Vesilind , Eds. vi 
+ 315 pages. Water Resources Re
search Institute, 124 Riddick Build
ing, North Carolina State University, 
Raleigh , N.C. 27607. 1973 . $8.00, 
prepaid; $10, if billed. Paper . 

Record of proceedings of the Na
tional Symposium on Ultimate Dis
posal of Wastewaters and Their Re
siduals sponsored by the Research 
Triangle Universities in North Caro
lina and the U.S. Environmental Pro
tection Agency's Region IV. The pro
ceedings reflect interest in this im
portant field. The papers examine 
treatment trends at present, and their 
alternatives. 

Proceedings of the International 
Symposium on Environmental Mea
surements. Beckman Instruments . 
150 pages. Beckman Instruments, 
2500 Harbor Blvd. , Fullerton, Calif. 
92634. 1974. $15. 

Proceedings of a 3-day symposium 
held in Geneva , Switzerland, October 
1973, on the latest developments in 
the field of environmental measure
ment and related controls and regu
lations. Fifteen sessions included pa
pers on environmental management, 
status of source measurement re
quirements and techniques in the 
U.S. , chemical reactions in the atmo
sphere, and pollution abatement ac
tivities. 

Chemical Villains: A Biology of Pollu
tion. James W. Berry, David W. Os
good, Philip A. St. John. vii + 189 
pages. C. V Mosby Co , 3301 Wash
ington Blvd., St. Louis, Mo. 63103. 
1974. $5.75, paper . 

First part of book discusses basic 
concepts involving ecosystems and 
biogeochemical cycles , aspects of 
cell physiology, and functions of 
tissues and organs of animals. Sec
ond part details many environmental 

contaminants and their actions on 
cells and tissues of organisms. 
Stresses that what contaminates our 
environment, eventually will contami
nate humans. 

Coastal Ecosystems: Ecological Con
siderations for Management of the 
Coastal Zone. John Clark, xiii + 178 
pages. Publications Department, The 
Conservation Foundation, 1717 Mas
sachusetts Ave., N.W. , Washington, 
D.C. 20036. 1974. $4.00 paper; 
$7.95, hard cover. 

First of a series of documents 
being prepared under contract from 
the National Oceanic and Atmo
spheric Administration's Office of 
Coastal Environment in an effort to 
provide technical assistance to deci
sionmakers involved with coastal 
zone management issues. Aims at a 
wide array of federal, state, and local 
officials, planners, and lay persons 
with interest in wise use of this re
source. 

Applications of Commercial Oxygen 
to Water and Wastewater Systems. 
Richard E. Speece, Joseph F. Mali
na, Jr., Eds. xiii + 368 pages. Center 
for Research in Water Resources, 
University of Texas, Austin, Tex. 
78712.1973 . $12.50, hard cover. 

Conference proceedings from the 
sixth Water Resources Symposium 
held by the University of Texas Cen
ter for Research in Water Resources. 
Seeks to provide a state-of-the-art 
review of the subject in order to pro
vide engineers with the concepts and 
rational basis applicable for design 
and operation of commercial oxygen 
facilities. 

pH and p-Ion Control in Process and 
Waste Streams. F. G. Shinskey. xvi 
+ 259 pages. John Wiley & Sons, 
Inc., 605 Third Ave , New York, N.Y. 
10016 . 1973. $17 .95, hard cover . 

Offers complete guide to the de
sign of a controllable effluent treat
ment plant. Book is intended for 
those engineers who must span sev
eral separate scientific disciplines to 
design and operate a waste treat
ment facility. Along with acids and 
bases, toxic pollutants such as cya
nide, chromate, mercury , and phos
phates also are considered. 

Remote Sensing: Techniques for En
vironmental Analysis. John E. Estes, 
Leslie W Senger, Eds. viii + 340 
pages. John Wiley & Sons, Inc., 605 
Third Ave., New York, N.Y. 10016. 
1974 . $11.50, hard cover. 

Book is outgrowth and expansion 
of workshop readings offered at the 
24th I nternational Geographical 
Union meetings in Montreal, Canada, 
August 1972. It seeks to provide ge
ographers and other scientists from 
developing nations with a basic intro
duction to the field of remote sens-



ing . Could serve as a text for upper 
division undergraduates and to grad
uate students . 

Air Pollution Technology. Dean E. 
Painter. xii + 283 pages. Reston 
Publishing Co., Inc ., P.O . Box 547, 
Reston, Va. 22090. 1974. $13.95, 
hard cover. 

I ntended both as a college text for 
persons who plan to become in
volved in air pollution control tech
nology and as an interdisciplinary 
program to inform all people of their 
responsibilities in conquering and 
controlling air pollution . Contains ma
terial condensed from numerous 
pamphlets, federal registers , and 
other documents of current origin. 
Each chapter lists references. 

Environmental Phosphorus Hand
book. Edward J. Griffith et al. xvi + 
718 pages . John Wiley & Sons, Inc., 
605 Third Ave., New York, N.Y . 
10016. 1973. $34 .95 , hard cover. 

A comprehensive study of phos
phorus in the environment. Articles 
demonstrate that phosphorus in the 
environment occurs in many forms 
and performs an all but limitless 
number of complex functions . The el
ement is viewed telescopically , be
ginning with studies of gigantic sys
tems, followed by smaller and small
er subsystems until the smallest de
tails are explored . 

Our Ecological Crisis: Its Biological , 
Economic, & Political Dimensions. 
Grahame J. C. Smith, Henry J . 
Steck , Gerald Surette . ix + 198 
pages. Macmillan Publishing Co., 
Inc ., 866 Third Ave. , New York , N .Y. 
10022.1974. $5 .95, hard cover . 

Seeks to be a " second generation" 
ecology book that draws on the dis
ciplines of ecology, economics, and 
political science to produce a reflec
tive, integrated test. Section I lays 
down a ecological framework . Sec
tion II explores the cultural and eco
nomic roots of the crisis and exam
ines , in the light of modern economic 
theory, the structure and functioning 
of our economic system in relation to 
its ecological context. 

Introduction to Environmental Sci
ence. Arthur N. Strahler, Alan H. 
Strahler, ix + 633 pages. John Wiley 
& Sons , Inc ., 605 Third Ave ., New 
York, N.Y. 10016. 1974. $15 .95 , 
hard cover. 

Designed as an introductory text, 
book stresses the understanding of 
natural systems and processes of the 
earth and their impl ications for and 
impact on man. It focuses on th is 
man-natural systems ' interaction in 
both their geoscience and eco
science aspects. Special attention is 
given to natural resources, their ori
gin and occurrence, and the impact 
of their use. 

Taming the Last Frontier: A Prescrip
tion for the Urban Crises. C. W. Grif
fin , Jr. xii + 260 pages . Pitman Pub
lishing Corp ., 6 East 43 St. , New 
York , N.Y. 1001 7. 1974. $8 .95, hard 
cover . 

Contains suggestions for ameliorat
ing the urban condition. The author 
believes we still have time to re
verse present trends and resolve 
our urban crisis . He rejects the 
heavy stress on voluntary action, and 
points to the need for institutional , 
rather than personal , change . Seeks 
at least partial solutions to the prob
lems of air pollution , water pollution, 
traffic congestion, population growth, 
slums, and suburban sprawl. 

c:lI:::::n::J • 
I ., (. \ r (jJ o 0 0 • 
I 

Environmental Education at Universi
ty Level : Trends and Data. Centre for 
Educational Research and Innovation 
(CERI) . 320 pages. OECD Publica
tions Center , 1750 Pennsylvania 
Ave ., N.W., Washington , D.C. 20006 . 
1973. $7 .50 , paper. 

Partially based on the results of a 
Workshop on Environmental Educa
tion at University Level , organized in 
Tours, France, April 1971 . It seeks 
answers to question : Will the univer
sities be dynamic enough to create 
programs that effectively bridge theo
ry and practice , and thereby involve 
the professions? And: Will the pro
fessions accept the challenge? 

. ~ flameless sampling system for high sensi
tivity atomic absorption determinations. 
... this tantalum ribbon Electro Thermal Atomizer 
firs al/ AA instruments and is : 
o INEXPENSIVE 0 CONVENIENT 
o RELIABLE 0 COMPACT 
o VERSATILE 0 UNCOMPLICATED 

I GLOMA:~ DEMOUNTABLE HOLLOW 

CATHODE LAMP .f Go] J 
. .. the ideal high intensity source and glow discharge sampler for : 

o ATOMIC ABSORPTION 
o ATOMIC FLUORESCENCE 
o ATOMIC EMISSION 
a super atomic research instrument 

For complete detai ls on Glomax Systems and AA Standards circle 

MULTISPEC IR ANALYZER 

. the Qfl!y continuous real time infrared sys tem 
tor quantitative analysis 01 gases, liquids or 
mobile solids 

APPLICATIONS 
o Air Pollution Moni tori ng 
o Stack Gas Oeterm inations 
o Fluid Process Monitoring 
o Combustion Product Analyzers 

FEATURES 
o Simul taneous Multi-Component Measurements 
o Quantitative Sensitivity and Accu~acy 
o Automatic Matrix Compensation 
o Absorption Measurements from 1 to 201-' 

ATOMIC STANDARD SOLUTIONS 

~ 
. . n. 

" .'"I! :J 62 Elements 

~jJ .~' "i t.' 0 ' .000 ppm concentration 
..J I :., '~' ~ 0 High pUri ty certified 
: iJ,;"'JIi ':.WI' 

INFRARED ANALYTICAL ACCESSORIES 

o Precision Sealed Cel ls 
o Gas & Vapor Cell s 
o Beam Condensers 
o Crystals & Transmission Windows 
o Micro Sampl ing 
o ATR & Specu lar Reflectance 
o Pyro lysis 
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June 20-21 Washington, D.C. 
First Conference on Energy R&D. 
Government Institutes, Inc. 

Presentations will include Project Inde
pendence. Contact: Gil, Suite 303, 4733 
Bethesda Ave., N.W., Washington , D.C. 
20014 

June 26- 27 Washington, D.C. 
ASTM Symposium on Automatic 
Sampling and Measurement for 
Water Pollution Assessments. Ameri
can Society for Testing Materials 

Contact: Jane B. Wheeler, ASTM. 1916 
Race St" Philadelphia, Pa. 19103 

June 26-28 Ithaca, New York 
Water Quality Planning. American 
Society of Civil Engineers 

Contact: Herbert Hands, ASCE, 345 E. 
47th St.. New York, N.Y. 10017 

July 1-2 Golden , Colo. 
Water Resources Problems Related 
to Mining. American Water Re
sources Association 

Write : AWRA, 206 E. University Ave ., 
Urbana, III. 61801 

July 1-5 Hampton , N.H. 
Environmental Sciences: Water. Gor
don Research Conferences 

Write : Alexander Cruickshank, GRC , 
University of Rhode Island, Kingston, R.I. 
02881 

July 7-12 Henniker, N .H. 
Methanol as an Alternate Fuel. Engi 
neering Foundation 

Write : Engineering Foundation. 345 E. 
47th St., New York. N.Y. 10017 

July 8- 11 Universi ty Park , Pa. 
Environmental Engineering Specialty 
Conference. American Society of 
Civil Engineers. 

Write : ASCE, 345 E. 47th St.. New 
York, N.Y. 10017 

July 8-12 Johnson, VI. 
Fourth American Society for Testing 
and Materials Committee 0-22 Meet
ing. American Society for Testing 
and Materials 

Theme is "The Concepts of Data Ac
quisition and I nterpretation in Air Quality 
Monitoring." Contact: S. K. Kempner. 
Western Electric Co., 222 Broadway, 
New York, N.Y. 

July 9-11 Houston, Tex. 
1974 Summer Computer Simulation 
Conference. American Institute of 
Chemical Engineers and others 

Write : Carl Malstrom, Publicity Chair
man , Rhodes Engineering Research Cen
ter, Clemson, S.C. 29361 
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July 15-18 Newport Beach, Calif. 
Annual Meeting. National Water Sup
ply Improvement Association 

Write: NWSIA, 10500 Ellis Ave. , P.O. 
Box 8300, Fountain Valley. Calif. 92708 

July 15- 19 Montreal, Canada 
Transportation Engineering Meeting. 
American Society of Civil Engineers 

Write: ASCE, 345 E. 47th St. , New 
York , N.Y. 10017 

July 29-31 Columbia, Mo. 
Nuclear Methods in Environmental 
Research . American Nuclear Society 

Write : David Pettengill , 244 E. Ogden 
Ave. , Hinsdale. III. 60521 

July 3D-August 4 Seattle, Wash . 
Intersociety Conference on Environ
mental Systems. American Society of 
Mechanical Engineers 

Write : ASME. 345 E. 47th St ., New 
York , N.Y. 10017 

August 4-9 Rindge, N.H. 
Engineering Coal Waste Disposal. 
Engineering Foundation 

Conference on "Urban Runoff-Quantity 
and Quality" will be held at same location 
August 11-16. Write: Engineering Foun
dation , 345 E. 47th St., New York, N.Y. 
10017 

August 11-14 Syracuse, N.Y. 
Annual Meeting. Soil Conservation 
Society of America 

Theme is "Land Use-Persuasion or 
Regulation?" Write: SCSA. 7515 North
east Ankeny Rd. , Ankeny. Iowa 50021 

August 18-21 Salt Lake City, Utah 
Seventy-eighth National AIChE Meet
ing. American Institute of Chemical 
Engineers 

Contact: Joel Henry, AIChE. 345 E. 
47th St ., New York , N.Y. 10017 

Courses 
June 17- 18 Nashville, Tenn. 
Effluent Guidelines-Alternative Ap
proaches. Vanderbilt University 

Fee: $150. Contact: J. A. Roth , Box 
1574. Station B, Vanderbilt U .. Nashville. 
Tenn. 37235 

June 24-26 Berkeley, Calif. 
Air Quality Impact Analysis for Appli
cation in Land-Use and Transporta
tion Planning. Universi ty of California 

Fee: $90. Write : Dept. BD, U. of Cali
fornia Extension, 2223 Fulton St., Berke
ley, Calif. 94720 

June 24-28 Houghton, Mich. 
Thermal Pollution Control Workshop. 
Michigan Technological University 

Fee: $250. Write: T. G. Ellis. Continu
ing Education, MTU, Houghton, Mich . 
49931 

June 24- 28 Ithaca, N .Y. 
Industrial Wastewater Control. Cor
nell University 

Contact: College of Engineering, Cor
nell U., Ithaca, N.Y. 14850 

June 26- 28 Macon , Ga. 
Environmental Health Management: 
Measurement and Sampling Tech
niques. International Safety Academy 

Offered at different times. Write: K. E. 
Barenklau, International Safety Academy. 
1021 Georgia Ave., Macon, Ga. 31201 

July 1-26 Boston , Mass. 
Summer Institute on Air Pollution 
Management. Harvard School of 
PubliC Health 

Aimed at increasing the understanding 
and teaching skills of faculty members in 
environmental science fields. Enrollment 
limited to thirty. Write: Dade Moeller, 
Harvard School of Public Health, 665 
Huntington Ave., Boston, Mass. 02115 

July 8-26 Cambridge, Mass. 
Nuclear Power Reactor Safety. Mas
sachusetts Institute of Technology 

Contact: Director, Summer Session Of
fice, Rm E19-356, MIT. Cambridge. 
Mass. 02139 

July 14-27 Fort Collins, Colo. 
International School for Environmen
tal Management. Westinghouse Elec
tricCorp. 

Write : J. H. Wright, Westinghouse 
Electric Corp .. Westinghouse Bldg .. Pitts
burgh, Pa. 15222 

July 15- 19 Boston, Mass. 
Evaluation and Control of Occupa
tional Hazards. Harvard School of 
Public Health 

Write: M. W. First, Harvard School of 
Public Health, 665 Huntington Ave., Bos
ton, Mass 02115 

July 15-19 Detroit , Mich. 
Water Supply and Treatment. Wayne 
State University 

Fee: $275. Course on water pollution 
control will run the week following . and 
course on industrial waste treatment will 
run the third week. Contact: College of 
Lifelong Learning, Wayne State U. , De
troit , Mich. 48202 



July 15-19 Cleveland , Ohio 
Industrial Noise Control Seminars. 
B&K Instruments, Inc. 

Fee: $200. Write : Bill Rhodes, Director 
01 Communications, B&K tnstruments , 
5111 W. 164th St.. Cteveland. Ohio 44142 

July 17- 19 Washington, D.C. 
Environmental Impact Statements. 
George Washington University 

Fee: $250. Contact: Continuing Engi
neering Education Program, GWU. Wash
ington, D.C. 20006 

International 
June 17-19 Basle, Switzerland 
Annual Symposium on Recent Ad
vances in Analytical Chemistry of 
Pollutants. EPA and others 

Contact: D. M. Hercules. Dept. 01 
Chemistry, U. 01 Georgia. Athens, Ga. 
30602 

June 23-26 Houston, Tex. 
International Waste Equipment and 
Technology Exposition. National Solid 
Wastes Management Association 

Write : NSWMA. 1730 Rhode Island 
Ave .. N. W .. Washington, D.C. 20036 

June 23-28 Washington , D.C . 
International Symposium on Metrica
tion . American Society for Testing 
Materials and others 

Write : ASTM . 1916 Race St ., Philadel 
phia. Pa. 19103 

June 24-27 Algiers, Algeria 
LNG-4: Fourth International Confer
ence on Liquefied Natural Gas. Inter
national Gas Union and others 

Contac t: A. F. Rinella. Industry & Pub
lic tnformation, Institute 01 Gas Technolo
gy, 3424 S. State St. , Chicago, 1ft. 60616 

June 24- 28 Paris, France 
Symposium on Recent Advances in 
the Assessment of the Health Effects 
of Environmental Pollution. Commis
sion of the European Communities, 
EPA, and WHO 

Contac t: J . Smeets, Secretary General 
for the Symposium, 29 Rue Aldringen , 
Lu xembourg 

July 1-5 Paris , France 
First World Congress of Environmen
tal Medicine and Biology. Interna
tional Association of Medicine and 
Biology of Environment and others 

Write : Richard Abbou . 115 rue de la 
Pompeo 75116, Paris . France 

July 14- 20 Seattle, Wash. 
Fifth International Congress of Radia
tion Research. International Associa
tion for Radiation Research 

Write : W. K. Sinclair. Secretary-Gener
al. 5th I.C.R.R .. Argonne National Lab .. 
Argonne, Ifl. 60439 

Speed Servo® II recorders: 
fastest track on the car! 

With a response faster than 0.3 seconds full scale, our 
Speed Servo II recorders are making tracks while 
others are still warming up. And they endure continu
ous running because of their linear servo motor (one 
moving part) and conductive plastic feedback pot. Ink
less or disposable ink writing. Ten-inch single channel, 
two-channel crossover, or two-channel parallel. Wide 
choice of chart speeds, inch or metric. Many case 
styles and panel options. Check bulletin F 700 for their 
universal track records. P.O. Box 24000, Indianapolis, 
Indiana 46224. Tel. 317 / 244-7611. 
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July 29-31 Columbia, Mo. 
Second I nternational Conference on 
Nuclear Methods in Environmental 
Research. University of Missouri 

Write: Dr. James R. Vogt , Environmen
tal Trace Substances Research Center. 
U. of Missouri , 1020D-Engineering Ext.. 
Columbia, Mo. 65201 

August 8- 20 Moscow, U.S.S.R . 
Soil Science 1974. International Con
gress of Soil Scientists 

Write : Welt East European Exhibit 
Management, Div. 01 Welt International 
Corp., 180 N. Michigan Ave. , Chicago, Ifl. 
60601 

August12- 14 Ontario, Canada 
Seventeenth Conference on Great 
Lakes Research. International Asso
ciation for Great Lakes Research 

Contact: Dr . Rodgers . Canada Centre 
lor Inland Waters, Box 5050. Burlington, 
Ont. . Canada 

August 17-22, 1975 
Third International 
Symposium. Office 
search and others 

Kingston , R.I . 
Biodegradation 
of Naval Re-

Theme is "Man, Biology, Materials. " 
Contact: R. W. Traxler, 231 Woodward 
Hall , U. of Rhode Island, Kingston, R. I. 
02881 

(continued on page 542) 

A UNIT OF ESTERLINE CORPORATION 
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MEETING GUIDE (continued) 

August 19-30 Bucharest , Rumania 
World Population Conference. United 
Nations 

Topics will include ralations between 
population. resources and environment. 
Contact: Office of the Secretary General, 
World Population Conference, United Na
tions. New York. N.Y. 10017 

September 8-14 The Hague, The 
Netherlands 
First International Congress of Ecolo
gy. International Union of Biological 
SCiences and others 

Contact: Human Adaptability Coordi
nating Office, 513 Social Science Bldg., 
University Park. Pa. 16802 

September9-12 Chicago, III. 
International Pollution Engineering 
Exposition and Concurrent Congress. 
Clapp and Poliak Inc. 

Contact: Clapp & Poliak Inc., 245 Park 
Ave. , New York, N.Y. 10017 

September9-12 Paris, France 
Symposia on Effects of Man on the 
Hydrological Cycle and on Flash 
Floods. UNESCO and others 

Write: U.S. National Committee, Inter
national Hydrological Decade, Nalional 
Academy of SCiences, 2101 Constitution 
Ave., Washington, D.C. 20418 

September 9-13 Paris, France 
1974 Conference. International Asso
ciation on Water Pollution Research 

Contact: S. H. Jenkins, 156/ 170 New
hall St., Birmingham, B31SE, England 

September 11-14 Geneva, Switzer
land 
Eurosaf 74. Exhibition Managements 
Ltd. and others 

Focuses on significant developments in 
the fields of industrial safety and health. 
Write: Exhibition Managements Ltd., 159 
Mortlake Rd., Kew, Surrey, England 

September lS-21 Munich, West 
Germany 
Joint AIChE-Technical Management 
Society Meeting. American Institute 
of Chemical Engineers 

Contact: Joel Henry, AIChE, 345 E. 
47th St., New York, N.Y. 10017 

September 22-27 Detroit, Mich. 
World Energy Conference. World En
ergy Conference 

Write: A. G. Delorenzo, WEC , 234 
State St .. Rm. 1000, Detroit, Mich. 48226 

September 30-0ctober 2 Washing
ton, D.C. 
Inter-Noise 74. Institute of Noise 
Control Engineering 

Contact: J. C. Johnson, Applied Re
search lab., Penn State Universily, P.O. 
Box.30, Stale College, Pa. 16801 

Call for Papers 
June 30 deadline 
Seventh Mid-Atlantic Industrial 
Waste Conference. Drexel University 

Conference will be held in Philadelphia 
on November 12-14. Emphasis on topics 
re air/water pollution control and solid 
waste disposal. Write: Dr. la Grega, In
stitute of Environmental Studies, Drexel 
U., Philadelphia, Pa. 19104 

September 1 deadline 
IFAC/7S. International Federation of 
Automatic Control 

Conference will be held August 24- 30, 
1975. Write: IFA0/ 75 Secretariat, 400 
Stanwix St., Pittsburgh, Pa. 15222 

ENVIRONMENTAL 
ENGINEER 

A large profitable railroad operating in 13 west
ern states seeks an environmental engineer to super
vise and coordinate handling of environmental prob
lems. Candidates must have engineering degree and 
minimum of 3-5 years experience in some aspect of 
industrial engineering. Training or experience in 
management would be desirable. 

ENVI 
ENGINEERS 

Principal responsibilities for this newly created 

position will be: 
• To identify and evaluate existing and potential en

vironmental problems associated with the compa
ny's operations and to coordinate efforts in deal
ing with these problems. 

• To analyze proposed capital expenditures and op
erational changes to determine actual and poten
tial environmental impacts. 

• To determine present and future effects of Feder
al and state environmental regulations 
Compensation will be based on individual qualifi

cations and experience. Corporate fringe benefits. 
Send resume and salary history in complete confi

dence to Box 674 ES&T, ACS, 1155 16th St. N.W., 
Washington, D.C. 20036 

An Equal Opportunity Employer M/F 

542 Environmental Science & Technology 

Gibbs & Hill offers a broad scope of opportunities 
for engineers to do site selection and impact as
sessment work for all types of process plants, 
waste water treatment design for the steel and 
pulp/paper industries, and solid waste processing. 

To qualify, you'll need a BS or MS in chemical or 
environmental engineering, and 2-S years relevant 
experience. Positions are based in our NYC head
quarters and involve some travel. 

Expansion of our long established activities in all 
areas of environmental protection provides unique 
opportunities for professional growth. 

For immediate consideration send your resume 
with salary history and requirements to: Mr. 
Charles Lo Bue, 

393 Seventh Avenue 
New York, N.Y. 10001 

A Subsidiary 01 
DravQ Corporation 

An equal opportunity 
employer, mil 



CLASSIFIED SECTION • POSITIONS OPEN 

Delaw:trc: Technica l :md Communit y CoJ/c~c in Wilminx
!On, De laware, has Associate lX.ItTcc waduarcs in 
ENVIRONMENTAL ENGINEER ING. These studcnts :.arc 
prt:pilTCJ to enter a variety of job areas in rhe fid d o f 
Environment al En~inccrin~ incl uJi n,l; : Water and SCWOl.l;:C 

treatment, Ai r pol lut ion comrol, Public hea lth, Industrial 
w aste t rc;u mcn t , Insurance undcrwritin.(( and inspc:ctions. 
If your or~anjzad(ln wou ld Ix interested in intcrvicwin,lt 
our students, plClse call Mr. Michael Bi .~gs , Placement 
Ofliccr, ar (302) 762-}1}2,oncxtcnsion}2. 

ENVIRONMENTAL ENGINEERS 
We hom: many p()sici[);l opc:n i n ,~. in U.S. fo r professionals 
extnricflI.:cJ in the Jest.lto, aprli , atio:l aid / or s;dc of ai r, 
water or Wlstc pollu t ion COnfrnl cqui pm:nt . t hem icals 
:lIlJ ~r ~ [ c m ~ . ~ C lient companies p.ly fees; Semi re;lumc 
&. s.lI.lry hi'lOry in conIHe!1c: 10 RO.l:l."r ~1. H'Jlfman. 

ESSEX PLACEMENT ASSOCIATES 
' p j,,"i(h, \f.lss . OJ9}8 

FREE RESUME KIT - For 
Chemists and Engineers. Scien
tific Placement, Inc., Employ
ment Service, 5051 Westheimer, 
Houston , Texas 77027. 

GROWTH POSITIONS 
ENVIRONMENTAL SYSTEMS 

$12,000-$25,000 
ENGINEERING- RESEARCH- MANAGEMENT 

MARKETING- MANUFACTURING APPLICATION 
Fees comp<lny paid . Include presenr .ul.ary, minimum s.a l
:.Iry requi re mem .and loc.at ion f]e l ibi lilY wi th resume. 
Environmenr.al Systems Div., Lon~bcrry Employmcm S:rv
icc, I nc. , 650 Ni les B.an k Bld~ . , :-.l iles, Ohio -H446 . 

CLASSIFIED 
ADVERTISING 

RATES 
R a.te ba""'ed on number of in :o;e r t.ioll:-i 
lIsed wilhin 12 months from dale of 
tirs t. insertion and noi on 1he num
ber of in chc. .. used. ::;pace in cl a..'-j:-3i
tied ndverLising cnnnot, be co m
bined fo r frequency with ItOP ad
vertising. C ln.:-;:..; ified advert.i:-; ing ac
cept£d in in eh multiples only. 

Unit 1-T 3-T 6-T 12-T 24-T 
1 inch $50 $48 $46 $45 $44 

(C heek CI,,'Siflcd Advertising De
partmen t, for rate:-3 if advertisement. 
is larger I han 10". ) 

SHI PPI NG INSTRUCTIONS : 

Send all material to 

Environmental Science 
& Technology 

Classified Advertising 
Department 

SO West State St. 
Westport, CT. 06880 

ENVIRONMENT AL 
CONTROL ENGINEER 
Position is accountable for implementing 
and administering specific environmental 
programs of Facilities Planning and pro
viding consultation on environmental 
matters and provide a service to all facili
ties related to atmospheriC quality and 
control of gaseous emissions. Evaluate 
atmospheriC conditions in areas subject 
to the influence of the Company opera
tions, study and interpret all acts, rules, 
and regulations affecting the facilities, 
determine which emissions require com
position definition, establish procedures 
and practices for atmospheric and emis
sions sampling, monitoring and analysis, 
and consult with facility's staffs to deter-

AN EQUAL OPPORTUNITY EMPLOYER 

Caterpillar. Cal and CB ue Trademarks 01 Caterpill ar Tra clor Co. 

ENVIRONMENTAL ENGINEERS 
CHEMICAL ENGINEERS· CHEMISTS 
MECHANICAL· SANITARY· CIVil 
ElECTRICAL· CONSTRUCTION· SAN· 
ITARY - STRUCTURAL ENGINEERS 

ENVIRONMENTA.l HEA.LTH SCIENTtST-A new program in 
environmental health with an emphasis In occupational salety 
and health is being planned. We are seeking a scientist to 
provide leaderstvp 10f" this program in its formative stages: 
part·time tElaching. part-time project director. Ph.D. required; 
some administrative experience desirable. 

Send resume to: Paul Tomboullan, Coordinator 01 En ... lron
mantal Stud .... CMm~ry Department, Oakland Unlv.rsn" 
Rochester. MIChigan 48063- An equal opportunity employer. 

WANTED 
ENVIRONMENTAL 

ENGINEERING 
FIRM 

We wish to acquire a small established firm experienced 
in waste hand~ng and related ecological fiekls in design
ing and/or turnkey project respoosib~ity. The object is to 
operate the firm as a Separate and self-sustaining cor
poration. As the parent company we would lend financial 
strength. direct sales leads and use some engineering 
design services for our own waste handling and fiitration 
systems. Please send all replies to: 801 874-1-EST, 
ACS, 1155 16th St, N.W., Washington, D.C. 20038. All 
replies will be held in strictest confidence. 

mine programs for evaluating and moni
toring. 

Degree in Chemistry, Physics, or related 
engineering diSCipline required. Experi
ence in an industrial environment benefi
cial. 

Good salary potential with continuing 
growth opportunity-excellent fringe 
benefits. 

Send resume to: Harold A. Weyhrich, 
Employment Representative, Caterpillar 
Tractor Co., 100 N.E. Adams Street, Pe
oria, Illinois 61602. 

WANTED 
SEWER SUPERINTENDENT $1,428 
per Month- Desirable Qualifications: 
Graduation from a four-year college or 
university with major course work in sani
tary engineering or a related field; and ex
tens ive professional experience in sani
tary engineering as related to the various 
phases of sewerage system operations, in
cluding considerable supervisory experi
ence; or any equivalent combination of 
training and experience. 
SEWER ASSISTANT SUPERINTEN
DENT (TREATMENT) $1,234 per 
Month- Desirable Qualifications: Grad
uation from a four-year college or univer
sity with major course work in sanitary 
engineering or a related field ; and consid
erable experience in sanitary engineering 
work in sewage plant operations, includ
ing supervisory experience; or any equiva~ 
len t combination of training and experi
ence. 
PLEASE FORWARD RESUME TO: 
Municipal Government Employees Civil 
Service, 704 Lee Avenue, Lafayette, Loui
siana 70501. 

ENVIRONMENTAL 
ENGINEERS 

$10-35 K 

Top salaries and outstanding growth potential with our 
leading clients for environmental engineers with back
ground In: 

IMPACT REPORT WRITING, ECOLOGICAL CON· 
SULTING, AlA • WATER OUALITY CONTROl, LJ
CENSIMG, OUALITY ASSURANCE OR HEALTH 
PHYSICS. Our client. pa, • • coe1 .. 

$end resume In confidence 10: Nancy Root 

SPARKS ASSOCIATES,INC. 
1335 RDCkvll\e ~., RDCkvllle, MD 20152 

(8 personnel referral serviCe speciaNzing in 
enviroomenlalfleld) 
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chemistry 
is involved 
with 
computers, 
instrumentation, 
environmental 
problems, 
clinical 
chemistry, 
forensic 

• SCience, 
and drug 
toxicology. 
But it doesn't 
neglect 

ANALYTICAL CHEMISTRY's editorial slant has been 
going in the direction of these new social concerns . .. 
but it is still the most dependable and accurate source 

of the basics. In its pages you'll find materials char
acterization and measurement information that is 

vital in your functions as chemist, metallurgist, 
biochemist, or engineer. 

Your subscription brings you 14 issues of ANALYTICAL 
CHEMISTRY a year, making this the biggest bargain 

in chemical literature. 

With every subscription you get the current 
LABORATORY GUIDE TO INSTRUMENTS, 

EQUIPMENT, AND CHEMICALS . . _ PLUS THE 
April ANNUAL REVIEWS. 

This year the ANNUAL REVIEW's deals with 
APPLICA liONS and is a most important source 

of valuable data for every chemist. 

At only $5.00 a year for members and only $7.00 
for nonmembers, you can 't afford to be without it . 

Send in the order form today! 

Analytic:::hemistry - - - - - - - - - - -;;;41 
American Chemical Society I 
1155 Sixteenth Street, N.W. I 
Washington, D.C. 20036 

Please send me ANALYTICAL CHEMISTRY at the fo llowing subscription rate: 

ACS members 
Nonmembers 

U.S. 
0 $5.00 
0 $7.00 

Canado 
0$ 9.00 
0 $11.00 

PUAS 
0 $ 9.00 
0 $19.00 

Other 
Nations 

0 $10.00 
0 $20.00 

Note: Subscriptions at ACS Member Rates ore for personal use only. 

Nome 

Address 

Your 
Company 

Stote/ Country 

Nature of Company's 
Business 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

basic 
analytical 
chemistry. 

I 0 I am an ACS member 0 I am not an ACS member Bill company 0 I 
o Bill me for $ ___ 0 Payment enclosed in the amount of $ -- I 

I (payable to America n Chemical Society) L _____________________ I 



professional consulting services directory 

• WATER TREATMENT/ DISTRIBUTION/ 
LEAK AND fLOW STUDIES 

• SEWERAGE/ COL LECTION AND TREATMENT 
• SOLID WASTE PLANNING AND MANAGEMENT 
• AIR POllUTION/ INVESTIGATION/ 

EVALUATION / CONTROL 
• COMMUNITY PLANNING 
• INDUSTRIAL WASTE/ STUDY / TREATMENT 
• SUPERVISION Of CONSTRUCTION 

AND OPERATION 

ENGINEERS / PLANNING CONSUL TANTS 

MOGUL 0 ' . 

~@Wn1f<D)/e(ViCe 
PROGRAMS 

Water Quality Programs 
Air Quality Programs 
Engineering Programs 

Solety Programs 
Educational Programs 

Management (onsultotion Programs 
Write lor brochure 

THE MOGUL 
CORPORATION 
Chagrin falls , Ohio 44022 

1216) 247·5000 

"-Y-O' K I·· (~.jJ' U Jlan 
ENVIRONMENTAL ENGINEERS 

• WATER & AIR POLLUTION CONTROL 
• WATER SUPPLY & TREATMENT 
• LIQUID & SOLIO WASTES DISPOSAL 
• NOISE LEVEL CONTROL 

STUDIES · REPORTS · DESIGN 
CO NSTRUCTION • OPERATION 

1845 WALNUT ST., PHILAOElPHIA, PA. 19103 
Tel. : (2 15) 561 ·5300 

, .• BRANDT 
( __ ASSOCIATES, INC. 

Water and Wastewater 
Analysts 

50 BLUE HEN DRIVE 
NEWARK, DELAWARE 19711 

PHONE (302)731.1550 

USE THE 
CONSULTANTS' 

DIRECTORY 
RATES ON PAGE 547 

T
CONSULTATION AND LABORATORY SERVICES 
• Radionudide Analysis • Bioassay 
• Environmental Studies • Health Physics Services 
• Low Level Tritium Counting • Whole Body Counting 
• Licensing Assistance (Mobile) 

• Emergency Medical Planning 

RADIATION MANAGEMENT CORPORATION 
UNIVERSITY CITY SCIENCE CENTER 

3508 MARKET STREET, PHILADELPHIA, PA. 19104 
Phone (215) 386-1805 

ENVIROENGINEERING, INC. 
27 WARREN STREET, SOMERVILLE, N.J. 08876 

TEL. (201) 526-2700 

air. water. solid waste. noise . osha 

surveys. certification. testing 
systems engineering & design 
turn key . impact statements 

DIVISION OF H .V.WEEKS, INC. - INDUSTRIAL CONSULTANTS 

SOMERVILLE, N.J .. G OLDEN, COLO. 

ENVIRONMENTAL IMPACT REPORTS 

APPLIED RESEARCH ENGINEERING CONSULTING 

DIFFUSION METEOROLOGY STACK TESTING 

MARINE TECHNOLOGY ANALYTICAL LABORATORIES 

The Research Corporation of New England 
125 Silas Deane Highway Wethersfield, Connecticut 06109 

(203) 563-1431 

/J ) ~~I~~WY .. PASADENA, CALIF . 911~S - 12131449-4392 

~V..T~ONSULTING-Airtlow s, Dittu sion, Aviat ion Meteorology, Aerosols 
I INSTRUMENTATION - Acoustic Radar, Dittusion, Visibi lity, Meteorology 

PROGRAMS - Airquality, noise and meteorologica l monitoring; modeling; impact studies 

I ~---=====~================--~==~----~ 

(504) 889-0710 

WATER AND AIR POLLUTION CONSULTANTS 
Environmenta l Services - Water and Air Quality 

Testing - Emi ssion & Ambient Air Testing -
Microbiological and Chemical Analyses 

ANALYSIS LABORATORIES, INC. 
2932 LIME S TREET METAIRIE , LA . 70002 

COMPLETE LABORATORY SERVICES f; ILSON 
COM PANY 
EN G INEER S 

ARCHITECTS t AIR, WATER AND NOISE POLLUTION 
SAMPLI NG AND ANAL YSIS 

POLLUTION CONTROL PROCESS STUDIES ANI.) SYSTEMS DESIGN 
BOX 28 BOX 1526 BOX 3305 

SALINA, KS 67401 ARLtNGTON, TX 67010 ALBUQUERQUE, NM 87110 
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'~." .. . COMPLETE ENVIRONMENTAL SERVICES: 
51 -'-' ''i ' '_ . Environmenta l impact statements ... Pollutant emis-
ea~.!!O:'HO sian, ai r qual ity & water q uality monitorin g . . . Dis

persion estimates ... Ecological consul ti ng .. .. 
Meteorologica l field studies & consu lting services. Contact 

ENVIRONMENTAL SCIENCES DIVISION 
(303) 758-1122 

P. O. Box 5888 
Denver, Colorado 80217 

BLACK & VEATCH / CONSULTING ENGINEERS 
COMPLETE ENGINEERING SERVICES FOR POLLUTION CONTROL 

AIR • WATER • WASTEWATER • INDU STRIAL WASTES 
SOLID WASTES • ENVI RONMENTAL PLANNI NG 

1500 MEADOW LAKE PARKWAY, KANSAS CITY, MI SSOURI 64114 
DALLAS. DENVER. ORLANDO' NEW YORK . SAN FRANCISCO . WASHINGTON D.C. 

SVERDRUP & PARCEL AND ASSOCIATES, INC. 
800 NORTH TWELFTH BOULEVARD ST. LOUIS. MISSOURI 63101 

ENVIRONMENTAL ENGINEERING 
air • water • solid waste • noise 

STUDIES I DESIGN I CONSTRUCTION MANAGEMENT 
Boston. Charleston· Gainesvi ll e . Jacksonvill e · Nashvill e 

New York· Phoenix . San Francisco ' Seattle· Washington. D.C. 

~i~ 
PARSONS 

BRINCKERHOFF 
QUADE 

DOUGLAS 

Engineers 
Designers & Planners 

Air Qua llt), • W:.Htr Qu:.di lY 
• W;,lItrRcsourccs . :-'Iun icip:tl 
&. Industr ial W.I[CT &. Waste
Water • RiHf Bots in Studies 

• Dr,l i n.t~c &. Flood Control 
• Solid \V,lSIe • Regional Plan
nin~ • Impa..:! AssessmentS 

Mana.L:emcnr. 

One Penn Plaza, New York , NY 10001 

A/lilll/II, nW.fUfI , /)(,fWCf, IIUfwlul!l, 
S II II "'rulleisell, 'J'reulufl. I\'ashin!/Iun, I) .L'. 

J/J;.~ accu- Iabs research. inc. 

• Environment al Impact Studies 
• Air, Water and 

Waste Analysis 
• Trace Elements in Coals and 

Fly Ashes 
• Ultra T r ace Mercury in Coals 

and Tissues 
• Trace Elements in 

Biological Samples 
• Identification of 

Contaminants 
9170W. 44th Ave., Wheatridge, Colo. 80033 

(303) 421-2766 

(~~ UlTRACH£m 
CORPOR ATION 

ENVIRONMENTAL TESTING 
• Air: stack sampling & complete analysis 
• Water: chemical, biological & bio-assay 
• Compliance Specialists 
• Legal Expertise • Nationwide Service 

Member A.C. I.L., A.P.C.A., W.P.C.F. 

Phone or write lor literature. 
Dept. JA ULTRACHEM CORP. 

1150 Civic Drive, Walnut Creek, CA 94596 
Telephone (415) 935-3115 

YORK RESEARCH CORP. 

• Ambient Air Studies 
• Air & Water Pollution Control 
• Complete Analytical Laboratory 
• Source Testing & Stack Sampling 
• Industrial Hygiene & Safety 
• Combustion Studies 

ONE RESEARCH DRIVE 
STAMFORD, CONNECTICUT 06906 

(203) 325-1371 

WESTERN DIV.-DENVER. co 
(303) 758.4100 

CROBAUGH LABORATORIES 
SI NCE 1894 

AIR AND WATER POLLUTION 
Sampling - Measurements 

Analysis - Consulti ng 

COMPLETE LABORATORY SERVICE 
Chemistry-Metal lurgy-Speclroscopy 

Particle Size Analysi s-Atomic Absorption 
Infrared-Chromatography- X·Ray Diffracl ion 

216-881-7320 
3800 Perkins Ave. 

Cleveland, Ohio 44114 
Member American Counci l of lndependenllabo ratories 

Specialists in Induslrial Pollulion 
Problems 

· Air, Water and Solid Waste 
Engineering 

· Pollution Control Economics 
· Mabile Laboratories 

Field Engineering Teams 
Ve rsa r Inc . 

662 1 E lectr o niC Dnve 
S pnng l leld , Va. 22151 

1703) 354·3350 

l aboratory and Process Development 

Industrial Waste Water Control 

Liqu id and Sol id Incineration 

Air Pollution Control 

In ·plant Control and Process Modifications 

Desalination 

CATALYTIC 
INC. 

Consult an Is_ E ngl neers _ Cons truclors 
Environmental Systems Division 

1528 Walnut Street. Philadelphia. Pa. 19102 
2 15-KI5·7500 

COMPLETE ENVIRONMENTAL 

.1~iIRESEARCH AND SERVICES 

• TERRESTRI AL AND AQUATI C 
BASE LIN E STU DI ES 

• WATER QUALITY AN ALYS IS 
• OCEAN ENGINEERING 
• HYD ROTHER MAL SU RVEYS 
• MARIN E FOU LING STUDIES 
• ECOLOGICAL MON ITORING 
• ENV IRONMENTAL IMPACT REPORTS 

NORMANDEAU ASSOCIATES, INC. 
686 Mast Road • Manchester. N H 03102 

PHONE (603) 669-7911 

cfia'td £ 'l$%UJeR. ~ 9. 
CONSU L YING CHEMIST 

• Pollution AnalySIS and Monltorln!l 
• Treatability and Impact S;udles P.O. Bo .20] 

• Product liability l Ulnglon. M"U. 02113 

• SafelY and HY!I ,ene (611) 646.D220 
• Complete laborato ry Services 

NORTH AMERICAN 
WEATHER CONSULTANTS 
R. D. Elliott, J . T. W.,lser , E. l. HOV'ind 

Cutified Consul ting Meteorolog ists 

• Envi ronmen tal Impact Studies 
• Site Surveys . 
• Air Quality Monitoring 

Sa nta Ba rham MUnicipal Airport. 
(;o )('t a . Californ ia !l30 11 

1' lInnc: 805-!l67-12-16 

BURGESS ANALYTICAL 
LABORATORY 

Chemical Analyses 
For Environmental Studies 

And Pollut ion Conlro l 

525 Ashland 51., North Adorns, MA 0 1247 
Tel. 413/663-6769 
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HATES PEH I SSUE 

Six Twelve 
U:\IT 1 !;:-; lI c~ l ~su eJ", 

X I col. $28 $27 

X 2 (;0 1. 5f) 5:2 
X:I ('01. 8 1 7:\ 

X I col. ,,., 52 

X 2 (;01. 10-1 9-1 
X I col. 10·1 94 

Your ('a rd lIlay appear in 
every issul' for o lle yea r, eve ry 
issue for si.x 1Il0ilths (conse('u
tive issues), or every olher 
issue for olle year (a lternat e 
issues). Selld your copy to 

J oseph P . Stellza, 

ENVIIlON:\\ ENTAL 

SCIENCE 

& TECHNOLOGY 

50 W cst State Street, 

Westport, CT. 06880 

or call him at 203-226-7131. 

• • • , 

GREELEY AND HANSEN 
ENGINEER S 

Water Supply, W oter PuriAcation 
Sewerage, Sewage Treatment 

Refuse Disposal 

222 So. Riverside Plaza, Chicago. III. 60606 
233 Broadway, New York, N.Y. 10007 

Environmental Engineering 
Industrial- Municipal- Water-Sewage 

Solid Wastes Management 
Air Pollution Control· Power Engineering 

Gibbs S Hill, Inc. 
ENGI NEERS, DESIGNERS. CO NSTRUCTORS 

393 Seventh Avenue. New York. NY 10001 
A Subsid iary ot [Jravo Corporal Ion 

PR INCETON AQUA SCIENCE 

WATER/ 
WASTEWATER 

SPECIALISTS 

• Environment ... usessment studies 
• Industrial/municipal was~ surveys 
• Tre.illtiibility studies 
• Complete IiIboratory services 

'" Jeney An. New lrun,wkk. N.J, 01902 (201) 846-eeoo 

TH E BEN HOLT CO. 
ENVIRONMENTAL 

- STUDIES 
- ENGINEERING 
- IMPACT STATEMENTS 

20 1 S. Lake Ave. , Pasadena, CA 

ENVIRONMENTAL SERVICES DIVISION: 

d~ 
CAMP DRESSER & McKEE Inc. 

Environmental Engineers 

One Center Plaza' Boston· Mass. 02108 
New York' Washington· Denver' Pasadena 

ENVIRONMENTAL SYSTEMS & SERVICES 
Turnkey Construction .nd Systems 

• Data ACQUISition • Environmental AnalySIS 

• Hydrooraphv Surveys • Si ting Studies 

• Mathematical Mode lino. Thermal MapPing 

GRUMMAN H I' ,(Q)~~lNI1l~ » l:;~~~~~~;;:~~~~ 
,.... EETHFlOGE.NEW)'{)Rt(117"\4 

TELEPHCJI"£: 516 575-20473 

cSy" ... /,,,tf~1II 
LABORATORIES INC 

"4" Commt'fu 5, Fr<'lnklln ldk .. s N J 07417 
201 33 I 4774 201 891 8787 

• AtomIC AbsorptIon • Optical EmISSIon 
• ChemIcal • X-raY Spectrometry 

CampiI'll An"lyt ("I S('rv'ces for 
Envoronml'ntd l Stud'n & Poilu! on Cont rol 

WATER ANAL YS\S 
Metals - Pesticides - T.O.C. - Etc. 

Government approved procedures. 
Phone or wrile for furlher iftjormalioTl. 

GALBRAITH LABORATORIES, Inc., 80,41 87 
Knoxville, Tenn. 37921, (615) 546-1335 

ENVIRONMENTAL CONTROL 

KAISER ENGINEERS 
300 LAKESIDE DRIVE 
OAKLAND CA 94604 

CHICAGO PITTSBURGH 

Drew Pollution Abatement Group 
Complete Water and Waste Water Services 

Analyt ica l laboratory Services • Plant 
Evalua t ion · Recovery Stud ies · Cleanup 

Evalua t ion · Plant DeS ign and Construct IOn 
Drew Chemical Corporation 

Subsidiary 01 United Stales Filter Corpora tion 
701 Jeffers on Road, Pars ippany, N.J, 07054 

(201) 687·9300 

GEOLOGICAL SERVICE 
Testing & Monltorong Laboratories 

Chemical • Atomic Absorption • Infrared 
Emission Spect • Chromatographic • Microscopy 

All Water Testing • Pollution • Quality 
Corrosion Control • Geothermal • Waste Disllosal 

1539 W. 16th Street (213) 4364254 
Long Beach, CA 90813 

OLSON LABORATORIES 
ANALYSIS - WATER - WASTE WATER 
BOD - COD - ATOMIC ABSORPTION -

HEAVY METALS - FLA MELESS AA
MERCURY - INDUSTRIAL 

AGRI CULTURAL - 68 E. MONTEREY ST. . 
FR EEPORT. ILL. 61032 - TEL. 815·232·9110 

SAMPLING & ANALYSIS 
Source' Water' Ambient Air 

fast, accurate service 

-ecou/spectro-Chemical Laboratory 
p.o. Box 500 • Golden, Colo. 8040 1 

DUNN LABORATORIES, INC. 
Chemists and Chemical Engineers 

Chemical Analysis and Consultation 
717 Edgehill Ave. N. W. 

Atlanta, Ga. 30318 
Tel. 404-873-6159 

CHARLES R VELZY 
ASSOCIATES, INC. 

CONSULTING ENGINEERS 
WATER POLLUTION CONTROL. SO LID 
WASTE DISPOSAL. AIR POLLUTION 
CONTROL. INDUSTRIAL WASTES. 

DRAINAGE. WATER SUPPLY 
350 Executive Boulevard 

Elmsford. New York 10523 
Mineola. New York Babylon. New York 

Complete Water and Waste Water Services 
Atomic Adsorption Wet Chemical 
Optica l Emission X·Ray Spectroscopy 

Bacteriologica l 

JOHN H. BANKS LABORATORIES, INC . 
49 Cannonball Road, Pompton Lakes, NJ 
201·839·3450 Telex: 130494 212·564·3934 
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Second Series by 
Norman Metzger 
Introduction by 
Isaac Asimov 

A significant and absorbing new book 
about the latest chemical achievements of 
the seventies based on interviews with 
Nobel · Prize·winning scientists, first aired 
on the radio series " Men & Molecules" 
sponsored by the American Chemical 
Society. 

Th is 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 
compelling 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. 
Postpaid in U.S. and Canada. plus 40 cents 
elsewhere. 

Order from SpecIal Issues Sales 
American Chemical Society 
1155 S,xteenth St N W 
W ashIngton. D C 20036 
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Editorial Policy 
Environmental Science & Technology reports on all as
pects of the environment and its control by scientific, en
gineering, and political means, Contributions by authors 
outside the full-time staff of writers appear either as fea
ture articles or current research papers. The purposes of 
features and research papers are different, however, and 
are outlined for the convenience of authors. 

Feature articles. Manuscripts submitted for possible 
use as features should be broader in scope than research 
papers. They need contain no new or original information, 
but should attempt to explain some aspect of the environ
ment, pollution, or pollution control so that a heterogene
ous readership, composed of technically trained people 
and others with responsibility for or interest in environ
mental control, can quickly grasp the essentials. 

Feature articles receive some editing and presentation 
attention from the full-time staff and many of the guide
lines detailed below for research manuscripts do not 
apply. Potential authors are encouraged to consult recent 
issues for the type of approach used in features and to 
contact the Managing Editor before writing. 

Current research papers. The research pages of ES& T 
are devoted to the publication of contributed and critically 
reviewed papers concerned with the fields of water, air, 
and waste chemistry, in particular, and with other scien
tific and technical fields which are relevant to the under
standing and management of the quality of the water, air, 
and land environments. The research section attempts to 
serve the research interests of all scientists and engi
neers whose investigations and work fall within the broad 
field of environmental science and technology. 

Contributed research papers will, in general, describe 
complete and fully interpreted results of original re
search. Review papers will be considered only when they 
serve to stimulate new research ideas or lead to new and 
significant generalizations. 

Notes and Correspondence, as well as full-length pa
pers, will be published in the research section. Notes are 
shorter research reports describing preliminary results of 
unusual significance or studies of small scope. Corre
spondence is significant comment on work pu blished in 
ES& T; the authors ordinarily will be allowed to reply. 

Send manuscripts to Environmental Science & Technology, 1155 Sixteenth St., N.W., Washington, D.C. 20036. Address 
feature manuscripts to Managing Editor; research manuscripts to Manager, Manuscript Reviewirig Office. 

Current research author's guide 

This manuscript preparation guide is published to aid authors 
in writing, and editors and reviewers in expediting, the review 
and publication of research manuscripts in Environmental 
Science & Technology. For a detailed discussion, with exam
ples, of the major aspects of manuscript preparation, please 
refer to "Handbook for Authors of Papers in the Journals of the 
American Society." 

Title 

Use specific and informative titles. They should be as brief as 
possible, consistent with the need for defining the subject of the 
paper. If trade names are used, give generic names in paren
theses. Key words in the title assist in effective literature retriev
al. 

Authorship 

List the first name, middle initial, and last name of each au
thor. Omit professional and official titles. Give the complete 
mailing address where work was performed. If present address 
of author is different, include the new information in a footnote. 
In each paper with more than one author, the name of the au
thor to whom inquiries should be addressed carries an asterisk. 
The explanation appears on the Contents page. 

Abstracts 

An abstract which will appear at the beginning of each paper 

must accompany each manuscript. Authors' abstracts frequently 
are used directly for Chemical Abstracts. Use between 100-150 
words to give purpose, methods or procedures, significant new 
results, and conclusions. Write for literature searchers as well 
as journal readers. 

Text 

Consult a current issue for general style. Assume your read
ers to be capable professionals not necessarily expert in your 
particular field. Historical summaries are seldom warranted. 
However, documentation and summary material should be suffi
cient to establish an adequate background . Divide the article 
into sections, each with an appropriate heading, but do not ov
ersectionalize. The text should have only enough divisions to 
make organization effective and comprehensible without de
stroying the continuity of the text. Keep all information pertinent 
to a particular section within that section. Avoid repetition. Do 
not use footnotes; include the information in the text. 

Introduction. Discuss relationship of your work to previously 
published work, but do not repeat. If a recent article has sum
marized work on the subject , cite the summarizing article with
out repeating its individual citations. 

Experimental. Apparatus: List devices only if of specialized 
nature. Reagents: List and describe preparation of special re
agents only. Procedure: Omit details of procedures which are 
common knowledge to those in the field. Brief highlights of pub-
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lished procedures may be included, but detafls must be left to 
literature cited. Describe pertinent and critical factors involved 
in reactions so the method can be reproduced, but avoid exces
sive description. Results and discussion: Be complete but con
cise. Avoid nonpertinent comparisons or contrasts. 

Supplementary material 

Extensive tables, graphs, spectra, calculation, and other ma
terial beyond a modest content in the printed article may be in
cluded in the microfilm edition of the journal. Interested readers 
can obtain this material directly at nominal cost. Three copies of 
the supplementary material, in a form suitable for photorepro
duction, should accompany the manuscript for consideration by 
the editor and reviewers. The material should be typed on white 
paper with black typewriter ribbon. Computer printouts are ac
ceptable if they are of high quality. Figures and illustrative ma
terial must be glossy prints; maximum acceptable size is 18 X 
11 in.; 8 X 11 in. is preferable. Minimum acceptable character 
size is 1.5 mm. 

Manuscript requirements 

Three complete, legible copies of the manuscript are re
quired. They should be typed double- or triple-spaced on 8'h X 
11 in. paper, with text, tables, and illustrations of a size that can 
be mailed to reviewers under one cover. Duplicated copies will 
be accepted only if very clear. 

If pertinent references are unpublished, furnish copies of the 
work or sufficient information to enable reviewers to evaluate 
the manuscript. 

In general, graphs are preferable to tables, if precise data are 
not required. When tables are submitted, however, they should 
be furnished with appropriate titles and should be numbered 
consecutively in Roman numeral style in order of reference in 
the text. Double space with wide margins, and prepare tables in 
a consistent form, each on a separate 8'h X 11 in. sized sheet. 

Submit original drawings (or sharp glossy prints) of graphs, 
charts, and diagrams prepared on high-quality inking paper. All 
lines, lettering, and numbering should be sharp and unbroken. If 
coordinate paper is used, use blue cross-hatch lines as no other 
color will "screen out. " 

Typed lettering does not reproduce well; use black India Ink 
and a lettering set for all letters, numbers, and symbols. On 8 X 
10 in. copy, lettering should be at least '/, in. high and 0.017 in. 
thick-for example, with a Leroy lettering set, use template 
120C and pen No. O. Lettering on copy of other sizes should be 
in proportion. Label ordinates and abscissas of graphs along the 
axes and outside the graph proper. Do not use pressed wax for 
numbering or lettering. It rubs off in all the mailings and han
dlings necessary before receipt by printer. 

Photographs should be supplied in glossy print form, as large 
as possible, but preferably within the frame of 8 X lOin. Sharp 
contrasts are essential. 

Number all illustrations consecutively using Arabic numerals 
in the order of reference in the text. Include a typed list of cap
tions and legends for all illustrations on a separate sheet. 

If drawings are mailed · under separate cover, identify by 
name of author and title of manuscript. Advise editor if drawings 
or photographs should be returned to the author. 

Nomenclature 

The nomenclature should correspond, as closely as possible, 
to the style of Chemical Abstracts. Do not define terms in the 
text unless there is a particular need. 

Use consistent units of measure (preferably metric). 
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If nomenclature is specialized, include a "Nomenclature" 
section at the end of paper, giving definitions and dimensions 
for all terms. Write out names of Greek letters and special sym
bols in margin of manuscript at point of first use. If subscripts 
and superscripts are necessary, place them accurately. Avoid 
trivial names. Trade names should be capitalized and defined at 
point of first use. Identify typed letters and numbers which could 
be misinterpreted, for example, one and the letter "I," zero and 
the letter "0." f 

Formulas and equations 

Chemical formulas should correspond to the style of Chemical 
Abstracts. Chemical equations should be balanced 'and num
bered consecutively along with mathematical equations. The 
mathematical portions of the paper should be as brief as possi
ble, particularly where ' standard derivations and techniques are 
commonly available in standard works. 

Safety 

Authors are requested to call speCial attention-both in their 
manuscripts and in their correspondence with the editors-to 
safety considerations such as explosive tendencies, precaution
ary handling procedures, and toxicity. 
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CURRENT RESEARCH 
Composition and Size Distributions of Atmospheric 
Particulate Matter in Boston Area 

Ernest S. Gladney, William H. Zoller, A.un G. Jones,' and Glen E. Gordon2 

Department of Chemistry, University of Maryland , College Park, Md. 20742 

• Samples of atmospheric particulate matter were collect
ed with a cascade impactor at three sites in the Boston 
area and analyzed for 18 elements by instrumental neu
tron activation analysis. As expected, Na and CI have 
typical marine aerosol size distributions, and Br and V 
have small-particle distributions resulting from leaded 
gasoline combustion and residual oil combustion, respec
tively. Distributions of remaining elements can be classed 
as large-particle (AI, Sc, Th, and Fe), small-particle (Se, 
Sb, and Zn), and mixed component (Co, Mn, and Ce). 
The size distributions, even within these classes, are so 
distinctive that cascade impactors can be used to identify 
sources of the elements in urban areas when emissions 
from various types of sources have been characterized by 
these same methods. 

Over the past several years there has been increasing 
concern about the health effects, damage to vegetation 
and materials, and reduced visibility caused by atmo
spheric particles generated by man's activities. To help 
identify the sources and behaviors of particles and to de
termine the respirable size fractions for particles bearing 
toxic elements, it is important to measure both the size 
distributions and compositions of particles in urban air. 

The only available instrument for simultaneous deter
mination of size distributions and chemical composition of 
particles is the cascade im pactor. Cascade im pactors and 
the parameters involved in their separation efficiencies for 
particles have been described elsewhere (Brink, 1958; 
Mitchell and Pilcher, 1959; Andersen, 1966; Lundgren, 
1967; Pilat et aI. , 1970; Lee and Goranson, 1971; Soole, 
1971; Gordon et aI., 1973a; Gladney et aI., 1973b). Size 
distributions of particles to which various elements are 
attached are determined by analysis of the separate size 
portions collected. 

The major problem of chemical analyses of the size 
fractions is that cascade impactors collect very small 
amounts of material. Many impactors now in use sample 
air at the rate of about 1-2 m3 /hr, so that in a 24-hr sam
pling period only about 10-50 Ilg of anyone element will 
be present, distributed over the several collection surfaces. 
Often one wishes to study elements that are present in very 
low atmospheric concentrations, say 10 ng/m3, in which 
case, only 0.25-0.5 Ilg of the element is present. 

There have been enormous improvements in the analy
tical techniques that can be used; particularly, the devel
opment of instrumental neutron activation analysis 
(INAA) . Zoller and Gordon (1970), for example, used INAA 
to determine concentrations of up to 24 elements in indi
vidual air samples in 1- to 2-mg filter samples of particulate 

1 Present address, Shields Warren Radiation Laboratory, Har
vard Medical School, Boston, Mass. 02115. 

2 To whom correspondence should be addressed. 

material. With the collection of samples with cascade im
pactors and analysis by INAA one should be able to char
acterize particulates from major types of sources and ob
serve their interactions after release. 

Several investigators have previously used cascade im
pactors to measure size distributions of particles bearing 
various elements in urban and rural areas (Corn and De
Maio, 1964; Lee and Patterson, 1969; Nifong and Win
chester, 1970; Lee, 1972; Lee and Goranson, 1972; Lee et 
aI., 1972). In this study of Boston area aerosols, we have 
shown that, for elements whose sources are well-known, 
the observed size distributions are in good agreement with 
known size distributions, or projected size distributions 
based on known atmospheric injection mechanisms. For 
other elements whose sources are not clearly established, 
we observe several types of size distributions that are suf
ficiently distinctive that they could be used as a means of 
source identification if more data on size distributions of 
particles from specific types of sources were available. 

Experimental Methods 

Cascade Impactor. Samples were collected using a six
stage Scientific Advances Co. cascade impactor (Mod. CI
S-6) connected to a Gelman Air-Sampling Kit. The im
pactor stood vertically, with a polyethylene shield above it 
to prevent collection of very large debris or precipitation. 
The collectors were high-purity polyethylene films of 
about 5 cm2 in area mounted on circular glass slides. 

Collection efficiencies of the Scientific Advances (SA) 
impactor for particles of various size have been measured 
by Mitchell and Pilcher (1959). Their values of the 50% 
effective cutoff diameter (ECD) for each stage are listed 
in Table I. These calibrations apply to spherical particles 
of unit density. Since most ambient aerosols probably do 
not have these characteristics, there is some uncertainty 
about the size fractions actually collected. Also, the sizes 
and densities of hygroscopic particles depend on relative 
humidity (Duce et aI., 1967) . 

Two other effects can distort the observed particle size 
distributions: wall losses and re-entrainment of particles. 
Studies of impactor characteristics indicate that these ef
fects are often quite serious (Mitchell and Pilcher, 1959; 
O'Donnell et aI., 1970; Lundgren, 1967, 1972; Gordon et 
aI., 1973a) . Although the SA impactor has a lower flow 
rate (0.75 m3/ hr) than most other impactors, we chose it 
because our studies showed that it produces less distortion 

Table I. Effective Cutoff Diameters for Scientific 
Advances Impactor 

Stage 

A 
B 
C 

[CD, "," 

16 
8 
4 

" Mitchell and Pilch er (1959). 

Stage 

D 
E 
F 

[CD, "," 

2 
1.0 
0.5 
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Table II. Conditions During Collections of Samples 
Wind 

Rei . 
Velocity, Temp, 

Site Sample Date knots Direction ·c 
humidity, 

% Remarks 

MIT·1 #1 Feb. 6-7 2-7 

#2 Feb . 7-8 3-6 

#3 Feb. 8-9 3-6 
M11·2 #1 Feb. 15-16 3-16 

#2 Feb. 17-18 2-10 
#3 Feb . 21-22 9-15 

RT·128 #1 Mar. 2-3 6-10 
#2 Mar. 3-4 2-12 
#3 Mar. 6-7 10-14 

Table III. Averages of Summations of Elemental 
Mass Concentrations per Stage Compared 
with Other Whole-Filter Measurements 

Concentration, ng/m 3 

Av of 6 Av of 3 
runs at runs at Filter data", NASN' 

Element MIT sites RT-128 MIT-l site 1968 

Na 2340 1560 1480 
AI 1320 870 1630 
CI 2300 1570 590 
Sc 0.25 0.26 0.36 
V 8bO 86 980 620 
Mn 30 20 30 10 
Fe 1370 820 1480 1900 
Co 2.3 0.62 1.3 
Zn 340 100 260 300 
Se 4.4 4.9 1.4 
Sb 7.4 1.3 12 
Ce 4.1 2.3 3.0 
Yb 0.03 0.04 0.02' 
Lu 0.003 0.002 0.01' 
HI 0.05 0.03 0.03' 
Ta 0.06 0. 05 
Th 0.11 0.13 0.03 

Strongly -2 to 0 69-80 Trace preci pi· 
variable . tation 

Strongly -3 to +3 65-81 
variable variablel 

SE·SW -1 to +6 53-74 
N·WSW -3 to +1 47-87 Trace precipi· 

tation 
N·E -3 to +2 70-81 
W -5 to +1 41-54 
NW·SW -4 to +2 55-81 0.03" ppt 
N·E 
N 

-3 to +2 44-80 
-1 to +3 65-87 

available, samples at the various sites were taken at dif
ferent times under somewhat different conditions. A sum
mary of the weather conditions during the 24-hr sample
collection periods is given in Table II. 

Analyses. The INAA method used was almost the same 
as that reported previously for filter samples of particulate 
material (Zoller and Gordon, 1970). Each of the six poly
ethylene films from a collection experiment was sealed in 
a precleaned polyethylene bag and irradiated in a reactor 
simultaneously with a monitor solution, containing known 
amounts of the elements of interest. Irradiations were 
done in the MIT reactor ('" = 2.1013 n/cm2-sec) and the 
National Bureau of Standards reactor ('" = 6.1013 n/cm2 -

sec). Aliquots of the irradiated monitor solution were pi
peted onto Millipore filter material that 'approximated the 
size and shape of the polyethylene-film samples in order 
to give the same geometrical configuration during count
ing. 

a Gladney et al. (1973a) unless otherwise noted. b Data from the Na-
tional Air Surveillance Network (Akland. 1973). e Zoller and Gordon 

Spectra of the )'-rays emitted by the samples were ob
served several times after irradiation with large (2&-65 
cm3 ) high-resolution Ge(Li) detectors (FWHM for 60CO 
routinely 2.2 keY) coupled to 4096-channel pulse-height 
analyzers. (1970). 

of the particle-size distribution than other types of impac
tors (Gladney et aI., 1973b). Other studies (e.g., Weso
lowski, 1973) have shown that nonhygroscopic particles 
(e.g., rock dust) tend to have severe bounce-off problems 
when collected with Lundgren impactors, especially dur
ing periods of low humidity, that can be prevented by ap
plication of a sticky substance to the collection surfaces. 
Our studies show that bounce-off is much less severe with 
use of the SA impactor. 

Sample Collection. Samples were collected at the three 
sites in the Boston area indicated on the map of Figure 1. 
The first, MIT-I, was on the roof of the two-story MIT 
Nuclear Chemistry Building located about three blocks 
from the Charles River in an area of mixed activities (ed
ucation, commercial, and light industry), with high traffic 
density. The second site, MIT-2, was on the roof of the 
19-story MIT Green (Earth Sciences) Building about 100 
m above ground level in the middle of the campus. The 
third site, RT-128, was in the lawn of a private home in 
Wellesley, a suburb about 12 miles to the west of Boston 
and about 1 mile west of the heavily traveled circumferen
tial highway, Route 128. Wellesley is largely a residential 
city, with few major pollution sources other than automo
biles and home-heating units. 

Three sets of samples were taken at each site during 
February and March 1970. As only one impactor was 
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Results 

The observed particle-size distributions for the various 
elements are shown below in Figures 3 to 9. The mass of 
the given element per stage per m3 of air sampled is plot
ted vs. the stage designation with Stage A (the largest parti
cles) at the right and Stage F (smallest particles) at the 
left. 

Before considering the detailed interpretation of the re
sults, we would emphasize the excellent ability of the im
pactor to separate particles of various sizes. In the particle 
size distributions of Figures 5, 6, and 9, we see that in the 
most extreme case, Al is differentiated by a factor of 
about 103 between intermediate stages and Stage F, 
whereas elements such as Zn, Sb, and Se are often differ
entiated by a factor of 102 between Stage F and Stage A, 
giving a relative differentiation of up to a factor of 1O~ be
tween various elements. 

Absolute weights are not given for Br in Figure 4 be
cause of difficulties with the Br monitor. During several
hour irradiations, the monitor becomes warm enough to 
lose volatile Br. Thus, the absolute magnitudes of each set 
of points have no significance, but the points from a par
ticular run are good relative to one another. 

To give an estimate of the composition of aerosols in the 
Boston in-town and suburban areas, we have listed aver
age values of the summations of elemental concentrations 
on the six 'impactor stages in Table III. Separate averages 
for the three RT-128 experiments and the six MIT experi-



BOSTON METROPOLITAN AREA 

8 MIT 162 

@) RT-128 

ROUTE 3 

Figure 1. Map of the Boston area showing sampling sites 
In general , the high population density is located in the shaded region . 
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Figure 2. Typical size distributions for continental dust in remote 
areas observed by Rahn (1971) with an Andersen sampler , for 
marine aerosols observed in Hawaii by Duce et al. (1967) with 
a Scientific Advances cascade impactor, and auto exhaust par
ticles by Ondov (1973) with a Scientific Advances impactor 
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Figure 4. Size distributions obtained for Br and CI in the Boston 
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Figure 9. Size distributions observed for Se and Sb in the Bos
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ments are given. It should be noted that we did not use 
back-up filters on the impactors; thus, the summations 
include only particles large enough to be collected on the 
impactor- i.e., d > 0.4 I'm. The error introduced for 
large-particle elements such as Fe and Al is quite small, 
but for predominantly small-particle elements such as Se 
and Br, a substantial fraction (perhaps 20-30%) may pass 
beyond the last impactor stage. For comparison with the 
summations, we also list concentrations previously deter
mined from whole filter analyses. The generally good 
agreement between filter and impactor data, especially for 
small-particle elements such as V, suggest that the frac
tion of material passing through the entire impactor is 
small. 

Interpretation of Results 

To make a detailed interpretation of data of the sort 
obtained, one would wish to have available knowledge of: 
(a) size distributions of particles originating from various 
important types of sources and (b) the relative magni
tudes of sources of each element. At present, information 
on both points is far from complete. Regarding point (a), 
it is known that mechanical processes such as abrasion 
and wind erosion release particles of predominantly large 
size and that vaporization followed by cooling and con
densation yields particles of very small size. However, the 
only sources whose particles are well characterized ac
cording to size are marine aerosols (Duce et aI., 1967), 
continental background particles (Rahn, 1971), and lead
and halogen-bearing particles from gasoline combustion in 
automobiles (Ondov, 1973) (see Figure 2). Beyond that, it 
is known that aluminosilicate fly ash particles from coal 

combustion are of large size as frequently observed by mi
croscopy but volatile elements in coal are probably depos
ited on small particles (Natusch, 1974). Little is known 
about particles produced by other important sources such 
as oil combustion, incineration of trash, and most types of 
industries. The Boston area has sizable particulate contri
butions from the first two of those sources, but very little 
from industry (U.S. Dept. of HEW, 1968; Massachusetts, 
1968; Morgenstern et aI., 1970). 

Regarding point (b) above, we (Gordon et aI., 1972) and 
others (Miller et aI., 1972; Friedlander, 1973) have at
tempted to resolve patterns of elemental concentrations 
on urban particulates into components originating from 
different types of sources such as coal and oil combustion, 
automobiles, marine aerosols, and wind erosion of soil. 
Elemental patterns of the components are usually as
sumed to be the same as the source materials- i.e., sea
water, oil, local or worldwide average soil, the ethyl fluid 
added to gasoline, and whole coal or fly ash collected in 
precipitators of coal-fired plants. 

Although resolutions of this type often achieve a semi
quantitative self-consistency for many elements, they 
often fail by orders of magnitude to account for observed 
concentrations of several elements, especially Zn, Cd, Se, 
and Sb. The major reasons for these failures are fairly ob
vious: (1) the lack of information about certain types of 
sources such as incinerators and industries that make im
portant particulate contributions in many areas and (2) 
the almost total absence of knowledge about the modifica
tion of the elemental concentration pattern when a fuel 
undergoes combustion. Regarding point (2), studies of the 
Allen steam plant by Bolton et a1. (1973) have shown that 
there are marked differences of concentration patterns be
tween coal entering the plant and suspended particles col
lected beyond the electrostatic precipitator. A number of 
chalcophile elements are enriched by factors of three to 
ten in the emitted particles relative to lithopile elements 
such as aluminum (Gordon and Zoller, 1973; Gordon et a1. 
1973b). One element, selenium, was enriched by a factor 
of 10,000: Even compositions of particulates collected in 
the stacks of major pollution sources may not be sufficient 
for resolutions of urban particulates, as the particles may 
be further modified by fallout and condensation of volatile 
species as emissions move up the stack and into the near
by ambient air. Thus, complete and accurate resolutions 
will become possible only after much more detailed analy
ses are made of particles released by the several types of 
important sources . 

Although it is not possible to establish the relative mag
nitudes of the various sources for all the elements ob
served, those of several elements are known well enough 
to serve as a test of the applicability of size measure
ments. For several of the elements whose sources are not 
known, . the observed size distributions place definite lim
its on the natures of their sources. In the following para
graphs we discuss the observed size distributions of parti
cles bearing various elements in relation to the sources 
predicted for the elements. 

Elements from Known Sources 

Sodium and Chlorine. The cascade-impactor data for 
sodium and chlorine are shown in the upper half of Figure 
3 and the lower half of Figure 4, respectively. The major 
portions of these elements undoubtedly originate from 
marine aerosols as in most coastal areas. The shapes of 
the size distribution curves for Cl for all runs except MIT-
2-#3 and RT-128-#1 and #3 are in general agreement with 
the marine aerosol data of Duce et a1. (1967) shown in 
Figure 2. Also, there is a strong correlation between Na 
and C1. When winds were from inland directions between 
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Nand SW (Runs MIT-2-#3 and RT-128-#1 and #3) the 
concentrations of Na and CI were abnormally low and 
their size distributions flatter than for the other runs. It 
should be noted that the Na/Ci ratio, especially for the 
smallest particles, is noticeably' greater than the seawater 
ratio of 0.55. Measurements of Na/CI over land areas in
variably show a deficiency of CI relative to seawater, even 
in an area such as Los Angeles which is on a coast and has 
prevailing sea breezes (Miller et aI., 1972) . Apparently 
reactions of acids or oxidizing agents with Cion particles 
in polluted air masses releases CI to the gaseous state 
(see, for example, Cadle, 1972) . 

Broinine. Although Br is chemically similar to CI, we 
see in Figure 4 that the size distributions for the two ele
ments are quite different, Br being more predominantly 
associated with small particles. This is in agreement with 
the general finding that most Br in urban areas originates 
from automobile exhaust (see, for example, Duce et aI., 
1965; Moyers et aI., 1972) . 

Vanadium. It has previously been shown that the un
usually large atmospheric concentrations of vanadium in 
Boston and other northeastern U.S . cities result from 
combustion of residual oil (Zoller et aI. , 1973). As one 
would expect for such a high-temperature combustion 
source, the vanadium-bearing particles are preferentially 
of small size (Figure 5). The only uncertainty ahout the V 
distributions is the origin of the secondary peak observed 
on Stage C in most of the distributions. It is observed 
with such consistency that it cannot be dismissed as an 
experimental artifact; however, we have no obvious expla
nation for its presence. It's most unlikely that there is any 
additional source of V of magnitude comparable with that 
ofresidual oil (Zoller et aI. , 1973). 

Other Elements 

Sources of the remaining elements are not as well
known as those of the four elements discussed above. We 
have grouped these other elements according to the gener
al shapes of their size distributions- i.e. , those that favor 
large particles, those attached to small particles, and 
those having both large- and small-particle components. 

Large-Particle Elements. Particles bearing the ele
ments AI, Sc, Fe, and Th are predominantly of large size 
(Figures 6 to 8) . The most likely sources of large particles 
in Boston are fly ash particles from coal combustion and 
windblown soil and rock dust. Furthermore, these would 
be probable sources for the lithophile elements AI, Sc, 
and Th. The distributions of Al and Sc are so similar to 
each other that they surely originate from the same 
sources in about the same relative proportions. 

Although the Fe distributions also favor large particles, 
most of them are distinctly different from those of Al and 
Sc. The curves for Al and Sc drop off very sharply at the 
small-particle end of the size spectrum, whereas the 
slopes are much shallower for the Fe curves. The Al and 
Sc distributions, especially at the MIT· 1 site, appear to 
be quite different from those of continental weathering 
particles as shown in Figure 2. This probably means that 
much of the in-town Al and Sc are produced by local 
sources, possibly coal combustion as modified by electro
static precipitators (which could account for the downturn 
at the large-particle end). The Al and Sc distributions ob
tained at Sites MIT-2 and RT-128 are more similar to 
continental weathering patterns. 

Although the Fe patterns, in general, have an appear
ance similar to those of continental weathering, this may 
be fortuitous for the in-town sites. Much of the Fe un
doubtedly originates from the same sources as AI- e.g., 
coal combustion. However, the size distribution of Fe-
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bearing particles from coal combustion may not be the 
same as for AI-bearing particles from the same source. 
Aluminum in coal is mainly present in aluminosilicate 
particles, whereas much of the Fe is in the form of sul
fides. Iron in the latter form may be vaporized, followed 
by condensation on small particles, which would account 
for the observed greater number of small particles bearing 
Fe, as well as the enrichment of Fe relative to Al brought 
about by coal combustion (Gordon and Zoller, 1973). Ad
mittedly, these suggestions are highly speculative and can 
be tested only by studies of particles from specific major 
sources. The main point that has been shown is that par
ticles bearing two major elements, Al and Fe, which occur 
with comparable concentrations in many materials, dis
play quite recognizably different size distributions. 

The size distributions for Th-bearing particles are inter
mediate between those of Al and Fe, perhaps being some
what more similar to the curves for AI. 

Small-Particle Elements. In addition to vanadium dis
cussed above, the size distributions for particles contain
ing Zn, Se, and Sb strongly favor small diameters (Fig
ures 5 and 9) . The size distributions suggest that all are 
released primarily by vaporization followed by condensa
tion. Selenium and Sb are so volatile that they could be 
vaporized by combustion of many materials such as coal, 
oil, or refuse. Although Zn is much less volatile than those 
elements, it is apparently also injected into the atmo
sphere after being vaporized . Friedlander (1973) has sug
gested tire dust as a major source of Zn in the Los Angeles 
atmosphere. However, since tire dust is surely created by 
abrasion, this suggestion is not consistent with the small
particle distribution that we observe for Zn in Boston. 
Apparently Zn originates from a combustion process. If 
major amounts of Se, Sb, or Zn originate from residual oil 
combustion, it is interesting to note that none of their size 
distributions shows much indication of a secondary peak as 
is observed for V. 

Mixed Size Distributions. As shown in Figures 3, 7, 8, 
the size distributions for Co, Mn, and Ce show both small
and large-particle components, indicating that each of those 
elements originates from two or more processes of com
parable magnitude. For Co, the drop-off in mag
nitude of the entire curve between Site MIT-l and 
RT-128 is similar to that of V, so the small-particle com
ponent of the latter is probably due to oil combustion . 
Little can be said about the large-particle component, ex
cept that it is more similar in shape to the Al curves than 
those of Fe. On the other hand, the large-particle compo
nent for Mn appears to be more similar to that of Fe. The 
most interesting feature of the Ce curves is the fact that 
many show definite evidence of a small-particle compo
nent, despite the fact that Th, which is chemically rather 
similar, does not. 

The samples were also analyzed for Yb, Lu, Ta, and Hf, 
whose summations are listed in Table III . However, ana
lytical uncertainties for these elements are so large that 
we have not shown the size distribution curves for them. 
For the most part, the curves are either almost flat or 
they show a predominance oflarge particles. 

Summary and Conclusions 

The Scientific Advances cascade impactor used in this 
work provided excellent separations of particles of different 
size as shown by the sharp contrast in size-distribution 
curves obtained for different elements. 

For elements from known sources, we find the expected 
size distributions: marine aerosol distributions for Na and 
CI, and predominantly small-particle distributions for Br 
from auto exhaust and V from residual oil combustion. 



However, the V distributions exhibit a secondary peak, as 
yet unexplained, at intermediate sizes. 

Size distribution curves for elements whose sources are 
not well-established can be divided into the following 
broad classes: predominantly large-particle (AI, Sc, Th, 
and Fe) ; preferentially small-particle (Se, Sb, and Zn); 
and mixed small- and large-particle distributions (Co, 
Mn, andCe). 

These results demonstrate that cascade impactor mea
surements with the use of a sensitive analytical technique 
such as INAA are a powerful tool for the determination of 
origins and behavior of elements attached to particulates 
in urban areas. Not only can the classifications of size 
spectra noted above be made, but one can also observe 
differences between elements within those classes-e.g., 
the Fe curves are distinctly different from those of Al and 
Sc. 

To exploit these techniques in the study of particles in 
urban areas, one should now study particulates from 
known sources with use of the same methods. 
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Determination of Particle Size Distribution of Oil-in-Water 
Emulsions by Electronic Counting 

Thomas R. Lien and Colin R. Phillips 1 

Department of Chemical Engineering and Applied Chemistry, University of Toronto , Toronto, Ont. , Canada 

• The particle size distribution of a hydrocarbon-in-water 
emulsion was determined by a Coulter counter model T. 
Dilution of the emulsion prior to the measurement re
sulted in a large decrease in particle numbers for the size 
range studied-i.e., 0.75-12.5 Il. This decrease in numbers 
after dilution was time-dependent and was attributed to 
the dissolution of the oil particles into the diluting elec
trolyte solution. Prior saturation of the electrolyte solution 
with hydrocarbon and a method of zero-time extrapolation 
are suggested to obtain a correct particle size distribution. 

Particle size distributions of oil-in-water (O j W) emul
sions are useful in studies of general and rheological prop
erties of oil emulsions (Sherman, 1968) in the laboratory 
and in the environment. Coulter counting (Coulter Elec
tronics, Hialeah, Fla.), by which large numbers of parti
cles can be sized automatically and very rapidly, has usu
ally been preferred over optical methods. The purpose of 
this paper is to ill ustrate various problems in using the 
Coulter counter, in particular the time dependency of the 
particle count after diluting the 0 j W emulsion with elec
trolyte solution. To determine the correct size distribu· 
tion, prior saturation of the electrolyte solution with oil 
and zero· time extrapolation are proposed. 

Problems in the application of the Coulter counter are 
three. 

Background Noise. It was found that random back
ground noise in the submicron range occurred, apparently 
because of electrical and mechanical interferences. Ulti
mately, low and reproducible background count could be 
attained by placing the counter in an isolated room and 
by shielding the sample stand (manometer) of the counter 
with copper screen. 

Limited Size Range of Aperture Tube. The problem 
arose mainly from the emulsion system used in this study. 
The size of the oil particles ranged from submicron to 
about 15 Il and, depending on the 0 j W ratio, concentra
tion of surfactant, and the treatment of emulsions some 
oil particles larger than 15 Il were also observed: With 
such a broadly dispersed system, a two-tube technique 
should be employed. However, methods of separating oil 
particles dispersed in water can hardly give a satisfactory 
quantitative analysis with such a two-tube technique. Up 
until now, only one 30'1l aperture tube has been used in 
this study. This tube is recommended for the range 0.5-
12.5 Il (manual of Coulter counter model T) . However, it 
was found that electronic noise intruded at a size of about 
0.65 Il . Apparently, a small aperture tube cannot retain 
the same range of coverage as a larger one-e.g. , 100 Il. 

Effect of Dilution on Emulsion Stability. The third 
problem is the most serious limitation on the application 
of the Coulter counter to sizing Oj W emulsions since it 
requires that the emulsions be diluted with electrolyte so
lution prior to the analysis. Depending on the concentra
tion of oil droplets, a dilution factor of over 10,000 is often 

1 To whom correspondence should be addressed. 
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required to make the dispersed oil droplets dilute enough 
to avoid serious coincidence loss. The dilution can then 
cause instability of the dispersed emulsion system 
(Groves, 1968). Although the Coulter counter has been 
widely used for studying aggregation and flocculation be
havior of 0 j W emulsions, the effect of dilution has been 
largely overlooked or ignored (for instance, Rowe, 1965). 

One of the few studies dealing with the dilution effect is 
that of Singleton and Brown (1965) who found that the 
number of particles in diluted intravenous fat emulsions 
was dependent upon the elapsed time of contact of the 
emulsions with the diluting saline electrolyte. The original 
particle numbers were then determined by extrapolation 
to zero time. The increase in particle numbers observed 
after dilution was attributed to coalescence or aggregation 
of particles smaller than the sizing limit. This coalescence 
can be retarded by adding glycerin or other stabilizer to 
the electrolyte (Groves, 1968) but the amount of glycerin 
must first be determined by trial and error for each sam
ple (Sprow, 1967). The rate of aggregation was dependent 
on the critical micelle concentration of surfactant in the 
emulsion. A loss in count with elapsed time was observed 
for emulsions with concentration of surfactant lower than 
the critical micelle concentration (Shotten and Davis 
1968) . ' 

For all the oil emulsions prepared in the present inves
tigation a consistently large reduction in count was ob
served, especially in the first few minutes after dilution 
(Table Ia) . Although the loss in count was noted by Shot
ten and Davis (1968) , and by Loriston-Clarke and Thew 
(1969), a decrease of this magnitude was not reported be· 
fore. The rate of loss in count after dilution was less if oil· 
saturated electrolyte solution was used for the dilution 
(Table Ib) , which indicated that dissolution of the oil 
phase in the diluent could be the main cause of the obser
vation. When we saturated the electrolyte solution with 
the oil and employed the method of zero-time extrapola
tion, a more accurate size distribution was obtained with
out employing such special techniques as polymer disper
sion (Rehfeld, 1967). Results of this analysis method are 
presented. 

Experimental 

Preparation of Emulsions. Tetralin of chemical re
agent grade was chosen as the dispersed oil phase because 
its density is close to that of water and thereby the sedi
mentation of oil droplets during the sizing could be elimi
nated. A wide range of Oj W ratios and surfactant concen
trations has been studied but, for the purpose of this dis
cussion, only one emulsion is described here . The emul
sion consisted of 20 ml tetralin and 180 ml filtered water 
containing I.ll % by weight of Tween 80 so that the final 
emulsion contained 1% by weight of the surfactant. The 
mixture was emulsified with a Virtis homogenizer model 
25 at a speed of 10,000 ± 1000 rpm for 10 min. 

Electrolyte Solutions. A saline solution with 3% sodi
um chloride was filtered three times through 0.3 Il Milli
pore filter membranes. The solution was then shaken with 
filtered tetralin and left to separate overnight. This solu
tion was then saturated with tetralin. The unsaturated 



Tables la and lb. Particle Size Distribution of 10% Tetralin / Water Emulsion 
Dilution factor = 1.27 X 10'. Vol ume of sample sized = 0.05 ml 

la. The diluent was not saturated with tetra li n 
lb. The di luent was sa turated with tetra lin 

Particle 
Coulter d ia m,1l 
cou nte r no. of Ta ble la, Ela psed ti m e, sec Ta ble lb. Ela psed ti me, sec 
channe l particles Ze ro 

no. counted 3D 60 90 120 150 180 600 3D 60 90 120 150 180 time 

14" 0.50-0.75 
13 0.75-1.0 1809 1926 2482 2848 2614 2354 1800 4012 2847 2637 2243 2294 2386 6000 
12 1.0-1.5 3680 1518 1012 732 761 780 430 6917 4760 3495 2661 2314 1842 10000 
11 1.5-2.0 2969 1428 675 339 184 163 50 5739 3897 2858 2292 1709 1415 7500 
10 2.0- 2.5 2222 969 469 321 132 102 11 4021 2806 2170 1651 1280 1035 6000 
9 2.5- 3 1254 588 263 182 85 59 1 2134 1524 1196 917 737 564 3000 
8 3-4 1503 796 355 237 136 94 2647 1976 1501 1168 964 801 3700 
7 4-5 377 217 131 84 51 45 671 487 390 355 314 245 900 
6 5-6 108 73 46 37 28 46 0 199 184 147 115 94 101 260 
5 6-7 39 21 15 23 10 19 0 72 57 49 49 41 33 90 
4 7-8 12 6 8 5 8 0 23 19 24 12 22 13 28 
3 8-9 8 5 2 5 1 9 12 5 7 9 
2 9-10 4 6 0 1 4 
1 10-12.5 3 0 2 2 1 2 

12.5- 1 1 0 
" The counts in channe114 are ignored because of the la rge background noise . 

and the saturated electrolytes were used as indicated in 
Tables la and lb. All glassware used was rinsed with the 
appropriate electrolyte. Correction for background count 
was not necessary for particle sizes larger than 1.50 Il and 
was not more than 10% for the size range 0.75- 1.0 Il. The 
temperature at which the solut ion and the emulsion were 
stored was 70°F. 

Counter . The particle size analyses were obtained by a 
Coulter counter model T with an adjustable t hreshold 
unit employing a 30-1l aperture tube calibrated with stan
dard latex particles of 2.02 and 3.49 Il. The advantage in 
using the model T is that it can produce a complete parti
cle size distribution in 15 increments (channels) in a few 
seconds whereas the model B requires manual adjustment 
of channels, one at a time, over many minutes. 

P r ocedure for Par t icle Counting. The adjustable 
threshold unit was set as shown in Tables Ia and lb to 
cover the whole aperture range. The emulsion was diluted 
twice before the analysis. Exactly 1 ml of the emulsion 
was first diluted with 100 ml of the electrolyte solution ; 
then 1, 2, or 3 ml of this first dilution was again diluted 
with 250 ml of the electrolyte solution in a sample beaker 
for analysis. For convenience, these final solutions are 
designated as A, B, and C, respectively. The elapsed time 
after the second dilution was noted. The first count was 
made at an elapsed t ime of 30 sec to ensure that t he oil 
droplets were uniformly dispersed . Generally a 30-sec in
terval was kept between the countings. The t ime for each 
counting was set at 14 sec, which represented a volume of 
0.05 ml diluted emulsion. At all times, the diluted emul
sion was gently stirred . 

Results and Discussion 

Typical results of the counting of particle numbers for 
the diluted emulsion B as described above at a series of 
elapsed times are given in Table lb. For comparative pur
poses, results from an identical experiment performed 
using diluting electrolyte not previously saturated with 
tetralin are presented in Table la. The decrease in num
bers in most size ranges in Table la is so great that the 
original size distribution cannot accurately be recon
structed . 

When we use Table lb, the correct count at zero t ime 
can be obtained by extrapolating the plot of particle num
ber against elapsed time . These results indicate that the 
loss in count for oil droplets less than 3 Il in diameter 
amounted to about 50% in t he first minute, and that the 
percentage loss is inversely related to the particle d iame
ter. The dependence of the particle num ber on the 
elapsed time is better illustrated in Figure 1 in which the 
cumulative particle numbers are plotted against the parti 
cle diameter. The solid curve represents the cumulative 
particle number at zero time. Particles larger than 7 Il in 
diameter were small in number so t hat fl uctuation in the 
count was expected; nevertheless, it appears t hat a slight 
loss in number with respect to the elapsed time occurred. 

To examine dilution changes quantit atively, the emul
sion was diluted to various extents . The results are plot
ted in Figure 2 for the diluted emulsion solutions A, B, 
and C as described above, and show that the cumulative 
particle numbers of B or C were about twice or three 
t imes that of A at a particular particle diameter as ex
pected. 

T he correct size distribution in the present investiga
tion, then, could only be established if the electrolyte so
lution was saturated with oil and if the method of zero
time extrapolation was employed. This is apparently due 
to the dissolution of the oil droplets into the electrolyte 
solution as indicated before. If we take the diluted emul
sion B, for example, the total volume of all oil particles 
amounted to only 1.98 X 10- 3 ml. However, using the cor
relation of Leinonen et al. (1971), the estimated solubility 
of tetralin in water at 25°C and atmospheric pressure is 
about 100 ppm, which is close to the measured values for 
many hydrocarbons. Thus the amount of oil required to 
saturate 250 ml of the electrolyte solution in the final 
dilut ion is about 2.5 x 10- 2 ml which is 16 times more 
than the amount of oil phase present in emulsion B. 

To examine the dissolution process furt her, it is of in
terest to estimate the dissolution rate of t he suspended oil 
particles. The first problem, of course, is to determine the 
mass transfer coefficient, k, of the oil from the particle 
surface to the continuous phase. Since the system was 
constantly under slow stirring during the counting, the 
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value of the Sherwood number (NSh = kd/D, where d is 
particle diameter and D is the diffusivity) was expected to 
be greater than the limiting value two for a spherical par
ticle when the Reynolds number approaches zero (N Re ~ 

0) (Grassman, 1971). Since there exists no rigorous corre
lation for calculating NSh , the following two correlations 
were used (Grassman, 1971; Treybal, 1963): 

NSh = 2.0 + 0.6NR,"2Ns/13 (1) 

N Sh = 2.0 + 0.6(NG,Ns.J'/' + 0.347(NReNsc'12)"" (2) 

If the oil particles are assumed to be spherical, and if 
the relative velocity of oil particles with respect to the 
continuous phase is 1 cm/sec, then for an oil particle of 
2.5!lm in diameter (which was the mean diameter for the 
original particle distribution as given in Table Ib), the 
first correlation (Equation 1) gives NSh = 3.3, whereas the 
second correlation (Equation 2) gives NSh = 2.4. Accord
ingly, the mass transfer coefficients were estimated to be 
0.051 and 0.037 g-mol/(s.ec) (cm2) (g-mol/cm3 ), and the 
initial dissolution rate to be 1.0 X 10- 2 and 0.75 X 10- 12 

g/sec, respectively. The mass of a 2-!lm diameter oil par
ticle is 8.0 x 10- 12 gram. Thus, the particle would dis
solve into the continuous phase completely in about 10 
sec, since the dissolution rate would increase as the parti
cle diameter decreases. 

However, the data show that about 58% by weight of 
initial oil particles, or about 63% by number (which was 
about the percentage of initial oil particles less than 2 !lm 
in diameter) were dissolved into the water after 30 sec 
(Table Ia). 
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A difference of this magnitude between the calculated 
and the measured values could be due to any of the fol
lowing four items: 

The concentration of oil in the aqueous phase is greater 
than zero and increases during the dissolution. 

The surface of the oil particles may be somewhat pro
tected by the surfactant which would considerably de
creas.e the dissolution rate. ' 

The diluted emulsion itself contains a swarm of parti
cles which would decreas.e the dissolution rate compared 
to the calculated value based on a free particle suspended 
in the aqueous phase. 

The estimate of particle-liquid relative velocity (1 cm/ 
s.ec) may be in error. 

It is, therefore, not surprising that the dilution of the oil 
droplets with the electrolyte solution resulted in a drastic 
change in number with respect to elapsed time, especially 
for particles in the submicron range . Hence, presaturation 
of the electrolyte solution with oil and use of the zero-time 
extrapolation is of prime importance. 

It may seem puzzling that a loss in count was always 
observed in the present investigation even though the 
electrolyte was saturated with tetralin. A microscopic ex
amination did not reveal any evidence of deaggregation, 
and the sedimentation effect during the counting was 
minimized by constant stirring. Evaporation may be a 
minor factor. The effect of the Kelvin equation (Davies 
and Rideal, 1963) for submicron particles is insignificant . 
A possible explanation is that the electrolyte solution was 
not fully saturated with tetralin because of the method of 
preparation. If the electrolyte solution were only 10% un-

1x105 ,---,---,----,---r---,---, 

lxlO"' 

10 

o 4 6 8 10 ,2 

PARTICLE DIAMETER , JJ 

Figure 2. Correct particle size distributions of 10% tetralin/ 
water emulsion at different dilution ratios . Diluent, tetralin-satu
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dersaturated with the oil, the dispersed oil particles would 
dissolve into the solution. 

The emulsion after the first dilution was very stable. 
Repeat measurements using this emulsion for second dilu
tions over a period of 2 hr showed excellent reproducibili
ty with fluctuations of less than 5% in count. This can be 
explained from considerations of solubility, since the first 
dilution contained a total of 0.1 ml of oil and it took only 
about 0.01 ml of oil to saturate this l00-ml electrolyte so
lution. 

A comparison of the total volume of oil particles count
ed with the original volume of the oil phase should pro
vide a good check on the analysis. If a geometric mean di
ameter can be assumed for each size range as shown in 
Table Ib, a total volume of 2.7 x 10- 7 ml is obtained for 
0.05 ml diluted emulsion B sized. This accounts for about 
70% of the original volume of 3.9 x 10- 7 ml oil used to 
make up the emulsion. Higuchi et al. (1962) examined a 
relatively monodispersed emulsion and obtained not bet
ter than 50% of the oil phase. The missing volume of the 
oil phase may be due to incomplete sizing, evaporation, or 
the emulsification technique. 

Conclusions 

Coulter counting is an extremely valuable method for 
determining particle size distributions of a /W emulsions, 
but care should be taken in its use. The Coulter orifice 
assembly should be shielded, especially when sizing parti
cles in the submicron range. In addition, the dilution ef
fect should be carefully examined. A correct count of par-

tiele numbers can be deduced if the diluting electrolyte 
solution is saturated with oil and the method of zero-time 
extrapolation is employed. 
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Potential Effects of Thermal Discharges on Aquatic Systems 

Ronald M. BUSh,' Eugene B, Welch, and Brian W. Mar 
Department of Civil Engineering, University of Washington, Seattle, Wash. 98195 

• Ecological changes in the aquatic environment caused 
by temperature increase are estimated in order to aid the 
decision process in siting cooling water discharges. Princi
pal consideration is given to the fish community for which 
predictions of 'change in composition are based on lethal 
and preferred temperature. Six representative river sys
tems in the country are considered. Insufficient data pre
cluded similar community response estimations for fresh
water invertebrates. However, data indicate that adequate 
protection of fish species results in like protection of the 
invertebrate fauna and thus the estimated effect of elevat
ed temperature on freshwater fish communities will suf
fice as a guideline for both the protection of fish and in
vertebrates. Similar predictions were not possible for the 
marine community since thermal requirements are known 
for only a few species. However existing data and site 
studies are summarized for use as guidelines . 

In response to the predicted increase in use of natural 
waters for cooling purposes, several comprehensive litera
ture reviews have been compiled to provide quick refer
ence to effects of changes in water temperature upon 
aquatic organisms (Brett, 1956; Wurtz and Renn, 1965; 
Altman and Dittmer, 1966; Welch and Wojtalik, 1968; 

Jensen et aI. , 1969; Parker and Krenkel, 1969; de Sylva, 
1969; Hawkes, 1969; Coutant, 1968b, 1969, 1970, 1971; 
Marble and Mowell, 1971). Despite this concentration of 
literature there has been a great reluctance by biologists 
to estimate the response of an aquatic system to increased 
water temperatures. One reason, and perhaps the basic 
one, is that many of the multitude of interactions within 
an aquatic community are unknown and the under
standing of the known is hazy at best . Thus, it may seem 
unrealistic to predict the consequences of altering one 
basic environmental parameter. 

Other reasons for reluctance stem from the fact that the 
great majority of the data available are from research pro
grams investigating the effects of temperature elevation 
on single test organisms. There is a paucity of studies at 
the population or community level. Also, much of the re
search has been performed in laboratories, and there is 
hesitance to extrapolate laboratory results to field situa
tions. 

However, in planning the use of a waterway for cooling 
water discharge, it is essential to determine the amount of 
heated water that can be safely introduced or make some 
estimation of the consequences of altering the natural 
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temperature regime . The authors recognize the immediate 
need for studies designed especially for the purpose of es
timating the response of aquatic communities to elevated 
temperature, but feel in the absence of these data there is 
information enough, at least, to set forth guidelines and 
highlight possible problems that may be expected to re
sult from increased water temperature . Even though only 
a first approximation, such guidelines would be useful in 
siting power plants if properly applied and qualified . 

This manuscript has been prepared as a guide to the 
possible effects of increased water temperature on both 
freshwater and marine aquatic systems with special con
sideration to fish as the principal indicator organisms. 

Freshwater Aquatic Systems 
Freshwater Fish. Data on the thermal requirements for 

85 species of freshwater fish were tabulated by Bush et al. 
(1972) and have been placed with the ACS Microfilm De
pository Service . Although the data are the result of nu
merous studies using a variety of experimental tech
niques, they provide a good approximation of the thermal 
tolerance limit and preferred temperature for a significant 
sample of the important fish species. 

By tabulating the typical fish species inhabiting a river 
system and compiling the available data on thermal re
quirements for the species, estimations were made on 
which fish species would be adversely affected by in-

Table I. Estimated Effect of Increasing Water Temperature on Fish Community of Columbia Rivera 
% of species % of species % of species 
within pre- in suboptimal expected to 

terred temp temp be lost from 
°c OF range conditionsb system Species expected to be lost from system 

8 46.4 100 0 0 
10 50.0 95 5 0 
l2 53.6 93 7 0 
14 57.2 88 12 0 
16 60.8 60 40 0 
18 64.4 54 44 2 Columbia River smelt 
20 68 .0 51 44 5 Freshwater smelt 
22 71.6 28 65 7 Puget Sound smelt 
24 75.2 26 48 26 Sockeye salmon, chinook salmon, chum salmon, pink salmon, coho 

salmon, Dolly Varden, Rocky Mt. whitefish, chiselmouth jack 
26 78.8 16 44 40 Brook trout, Aleutian sculpin, prickly sculpin, Columbia sculpin, 

sculpin, starry flounder 
28 82 . 4 9 49 42 Lake trout 
30 86.0 9 26 65 White sturgeon, green sturgeon, American shad, cutthroat trout, 

brown trout, longnose sucker, tuichub, squawfish 
32 89.6 12 81 Rainbrow trout, coarsescale sucker, yellow perch, freshwater burbot, 

Columbia finescale sucker, chiselmouth, longnose dace, western 
speckled dace, Columbia R. chub 

34 93 . 2 14 86 Redside shiner, threespine stickleback 
36 96.8 0 7 93 Tadpole madtom , smallmouth bass, black crappie 
38 100.4 0 0 100 Carp, largemouth bass, bluegill 

a Based on preferred and lethal temperature data for adult and juvenile fish. Wh ere specific data for a species were unavailable. data from closely 
related species were used. 

b Temperature range above the preferred temperature and below the lethal temperature. 

Table II. Estimated Effect of Increasing Water Temperature on Fish Community of Sacramento Rivera 
% of species % of species % of species 
within pre- in suboptimal expected to 

ferred temp temp be lost from 
°C OF range conditionsb system Species expected to be lost from system 

8 46.4 100 
10 50 .0 97 
12 53.6 95 5 0 
14 57.2 92 8 0 
16 60.8 72 28 0 
18 64.4 72 28 0 
20 68.0 69 28 3 Freshwater smelt 
22 71.6 59 36 5 Sacramento smelt 
24 75.2 38 44 18 Pink salmon, chum salmon, coho salmon, sockeye salmon, chinook 

salmon 
26 78.8 33 41 26 Aleutian sculpin, prickly sculpin, rough sculpin 
28 82.4 23 51 26 
30 86.0 15 49 36 White sturgeon, green sturgeon, brown trout, Sacramento squawfish 
32 89 .6 8 46 46 Rainbrow trout, California sucker, Sacramento smallscale sucker, 

striped bass 
34 93.2 33 67 Hardhead, Sacramento blackfish , splittail, hitch, western roach, 

tuichub, thicktail chub, threespine stickleback 
36 96.8 13 87 White catfish, channel catfish, brown bullhead, black bullhead, 

smallmouth bass, black crappie, Sacramento perch, green sunfish 
38 100.4 100 Threadfin shad, carp, largemouth bass, spotted bass, bluegill 

a Based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for a species were unavailable, data from closely 
related species were used. 

b Temperature range above the preferred temperature and below the lethal temperature. 
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creased water temperature. Such estimations are present
ed for six representative river systems in the U.S. The es
timations are based upon three assumptions: that a fish 
species would be lost from an area, either by death or em
igration, if the water temperature was raised to the lethal 
limit for that species, that a fish would be subjected to 
suboptimal conditions that would have a detrimental ef
fect on its activity, growth, and survival or would avoid 
the reach of the river if the water temperature in that 
reach were raised above the preferred temperature of the 
species, and that a change in the temperature regime that 
did not raise the water temperature above a fish's pre-

ferred temperature would not have an adverse effect on 
that species. 

The estimated community -response of freshwater and 
anadromous fish species to elevated temperature for six 
representative river systems is presented in Tables I-VI. 
The river systems chosen were the Columbia River, Sac
ramento River, Upper Mississippi River, Lower Missis
sippi River, Tennessee River, and the Delaware River. No 
one reach of each river will contain all the fish species in
dicated for the river system. Thus, in using these tables, 
the reader must be aware of the fish species in the reach 
of the river concerned, and must adjust for fish species 

Table Ill. Estimated Effect of Increasing Water Temperature on Fish Community of Upper Mississippi River" 
% of species % of species % of species 
within pre- in suboptimal expected to 

terred temp temp be lost from 
°c of range conditions!> system Species expected to be lost from system 

18 64.4 100 0 0 
20 68.0 98 2 0 
22 71.6 75 25 0 
24 75.2 61 39 0 
26 78 .8 49 51 0 
28 82.4 18 82 0 
30 86.0 14 79 7 Shovel nose sturgeon, pallid sturgeon, lake sturgeon, emerald shiner 
32 89.6 7 49 44 Blue sucker, largemouth buffalofish , smallmouth buffalofish, quill· 

back carpsucker, rabbitmouth sucker, silver red horse, golden red-
horse, greater red horse, blacknose dace, long nose dace, creek 
chub, white bass, yellow bass, yellow perch, sauger, walleye , log 
perch, slenderhead darter, greenside darter, Johnny darter, 
banded darter 

34 93.2 35 63 Stoneroller, golden shiner, redside dace, fathead minnow, blunt-
nose minnow, bullhead minnow, redfin shiner, mimic shiner, black· 
chin shiner, ironcolor shiner, spottail shiner 

36 96.8 12 88 Northern pike, blue catfish, channel catfish, flathead catfish, yellow 
bullhead, brown bullhead, black bullhead, stonecat, madtom, 
smallmouth bass, black crappie, white crappie, warmouth, green 
sunfish 

38 100.4 98 Gizzard shad, carp, largemouth bass, bluegill, orange-spotted sun· 
fish, pumpkinseed 

40 104.0 100 Banded killifish 
a Based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for a species were unavailable, data from closely 

related species were used . 
b The temperature range above the preferred temperature and below the lethal temperature. 

Table IV. Estimated Effect of Increasing Water Temperature on Fish Community of Lower Mississippi River" 
% of species 

°C OF 

within pre-
ferred temp 

range 

18 64.4 100 
20 68.0 98 
22 71.6 78 
24 75.2 64 
26 78.8 50 
28 82.4 26 
30 86.0 22 
32 89.6 10 

34 93.2 

36 %.8 

38 100.4 

40 104.0 

% of species 
in suboptimal 

temp 
conditions" 

22 
36 
50 
74 
74 
54 

38 

18 

% of species 
expected to 
be lost from 

system 

0 
0 
0 
0 
0 

4 
36 

58 

82 

% 

100 

Species expected to be lost from system 

Shovel nose sturgeon, emerald shiner 
River herring, blue sucker. largemouth buffalofish, smallmouth 

buffalofish, quillback carpsucker, carpsucker, Alabama chub· 
sucker, rabbitmouth sucker, black red horse, yellow bass, white 
bass, Arkansas sand darter, yellow perch, log perch, dusky darter, 
goldstripe darter 

Stoneroller, golden shiner, fathead minnow, pugnose minnow, 
silvery minnow, cypress minnow, blacktail shiner, flagfin shiner, 
common shiner, blackfin shiner, river shiner 

Redfin pickerel, blue catfish, channel catfish, brown bullhead, 
black bullhead, flathead catfish , flier, black crappie, rockbass, 
warmouth, green sunfish 

Gizzard shad, carp, largemouth bass, spotted bass, spotted sun
fish, bluegill, redear sunfish 

Blackstripe topminnow, blackspotted topminnow 
.. Based on preferred and lethal temperature data for adult and juvenile fish . Where specific data for a species were unavailable, data from closely 

related species were used. 
"The temperature range above the preferred temperature and below the lethal temperature. 

Volume 8. Number 6. June 1974 563 



that are predicted to be harmed but are not present. Sim
ilarly, the user must acknowledge that species not listed 
in the tables may indeed occur in the reach of the river 
concerned and these should be considered in the estima
tion of community response. 

The estimates in Tables I-VI are based on preferred and 
lethal temperature data for adult and juvenile fish. They 
exclude the effect of increased water temperature on 

spawning and egg hatching success. Where specific data 
for a species were not available, data from closely related 
species (species from the same genus or family) were used. 

Referring to Tables I-VI, the first column gives 2°C 
(3.6°F) increases in river temperature with the succeeding 
four columns showing the estimated fish community re
sponse to that temperature change. The second column 
lists the percent of species that are within their preferred 

Table V. Estimated Effect of Increasing Water Temperature on Fish Community of Tennessee River" 

12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 

34 

36 

38 

40 

OF 

53.6 
57 .2 
60.8 
64 .4 
68.0 
71.6 
75.2 
78.8 
82.4 
86 .0 
89.6 

93.2 

96.8 

100 .4 

104.0 

% of species 
within pre

ferred temp 
range 

100 
99 
99 
97 
96 
72 
61 
51 
21 
15 
6 

% of species 
in suboptimal 

temp 
conditions6 

o 
1 
1 
3 
4 

28 
39 
48 
78 
81 
43 

30 

12 

% of species 
expected to 
be lost from 

system 

o 
o 
o 
o 
o 
o 
o 
1 
1 
4 

51 

69 

88 

99 

100 

Species expected to be lost from system 

Brook trout 

Shovel nose sturgeon, brown trout 
Skipjack herring, rainbrow trout, blue sucker, smallmouth buffalo· 

fish, largemouth buffalofish, highfin carpsucker, carpsucker, 
spotted sucker, hogsucker, silver red horse, shorthead red horse, 
river redhorse, black red horse, golden red horse, white sucker, 
longnose dace, white bass, walleye, sauger, log perch, gilt darter, 
dusky darter, speck darter, greenside darter, Tennessee snub
nose darter, Johnny darter, goldstripe darter, banded darter, 
red line darter, spottail darter, Cumberland fantail darter 

Stoneroller, golden shiner, bluntnose minnow, river chub, blotched 
chub, spotfin chub, bigeye chub, common shiner, popeye shiner, 
mimic shiner, Tennessee shiner, silver shiner 

Muskellunge, blue catfish, channel catfish, flathead catfish, brown 
bullhead, stonecat, smallmouth bass, black crappie, white crappie, 
warmouth, longear sunfish, orangespotted sunfish, redear sunfish 

Gizzard shad, threadfin shad, carp, largemouth mass, spotted bass, 
rockbass, bluegill 

White streaked killifish 
II Based on preferred and lethal temperature data for adult and juvenile fish. Where specific data for a species were unavailable. data from closely 

related species were used , 
/> Temperature range above the preferred temperature and below the lethal temperature. 

Table VI. Estimated Effect of Increasing Water Temperature on Fish Community of Delaware River" 
% of species 
within pre-

terred temp 
°C OF range 

12 53.6 100 
14 57 .2 100 
16 60.8 100 
18 64.4 96 
20 68.0 82 
22 71.6 72 
24 75.2 52 
26 78.8 36 
28 82.4 26 
30 86.0 20 

% of species 
in suboptimal 

temp 
conditionsb 

0 
0 
0 
4 

18 
28 
48 
62 
70 
66 

% of species 
expected to 
be lost from 

system 

0 
0 
0 
0 
0 
0 
4 

14 

Smelt 
Alewife 

Species expected to be lost from system 

Tomcod, Atlantic sturgeon, shortnose sturgeon, American shad, 
Atlantic salmon 

32 89.6 24 22 Alewife, hickory shad, common sucker, spotted sucker, chubsucker, 
eastern red horse, hogsucker, blacknose dace, pearl dace, silver· 
line shiner, striped bass, white perch, yellow perch, blackside 
darter, Johnny darter, creek chub 

34 93.2 32 66 Fallfish, golden shiner, fathead minnow, bluntnose minnow, north· 
ern chub, satinfin shiner, bridled shiner, swallowtail shiner, silvery 
minnow, silverfin shiner, threespine stickleback 

36 96 .8 12 88 Chain pickerel, redfin pickerel , white catfish, yellow bullhead, brown 
bullhead, madtom, banded sunfish, bluespotted sunfish, rock· 
bass, yellowbelly sunfish, smallmouth bass 

38 100.4 0 98 Gizzard shad, carp, largemouth bass, bluegill, pumpkinseed 
40 104.0 0 100 Variegated cyprinodon 

re~a~~~esdp~~i~~e~~::~:;'J.lethal temperature data for adult and juvenile fish. Where specific data for a species were unavailable, data from closely 

b The temperature range above the preferred temperature and below the lethal temperature. 
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temperature range at the given temperature. A fish 
species is assumed to be within this range if the given 
water temperature (or mixed river temperature) is lower 
than the highest reported preferred temperature deter
mined at the highest acclimation temperature for the fish . 

The preferred temperature is indicative of the most fa
vorable temperature for a fish and to a large extent deter
mines the fish's distribution (Sullivan, 1954). If a fish is 
subjected to a temperature above its preferred tempera
ture, there will probably be an avoidance reaction. If the 
fish remains in the area, all its life processes will be ad
versely affected and it will function at reduced efficiency 
depending on the extent of the temperature increase 
above the preferred level. 

The third column in the tables lists the percent of 
species able to survive in the area but at suboptimal tem
perature conditions. This is the sublethal temperature 
range above which a fish prefers but below its lethal limit. 
In this temperature range, the fish is considered stressed 
and an adverse effect on its activity, growth, and survival 
is predicted. Exposures to sublethal temperatures over 
long periods of time can be just as harmful as lethal tem
peratures and may cause the elimination or drastic reduc
tion in the population size of stressed species even to the 
eventual elimination of species (Tarzwell, 1970). 

The last two columns (four and five) in the tables give 
the percent of species and their identification that is ex
pected to be lost from the reach of the river heated to the 
water temperature given in the first column. Except for 
the anadromous fish, the temperature at which a species 
is expected to be lost from the system was derived from 
the highest recorded lethal limit reported in the literature 
unless it seemed atypical as compared to the other limits 
reported. Although numerous factors such as season, sex, 
age, physiological condition, water chemistry and accli
mation cause variation in the experimentally determined 
lethal limit, the use of the highest reported lethal temper
ature can safely be assumed to reduce significantly the 
survival or occurrence of the fish in question in the reach 
of river affected. Because of the possibility of these esti
mates being too liberal (i.e., fish will be killed or emigrate 
at lower temperatures), importance of the fraction of fish 
in suboptimal conditions surely should not be overlooked 
for it may bea better guide for siting thermal discharges. 
If the only reported lethal limits for a fish were deter
mined at low acclimation temperatures, the estimation of 
lethal limits at a higher acclimation temperature was de
rived from proportions developed from data with closely 
related species. During their migration through a reach of 
a river with elevated temperatures, anadromous fish 
would not have time for full acclimation to the heated 
waters. Therefore the temperature at which an anadrom
ous fish was estimated to be lost from the system was de
rived from lethal limits determined at intermediate accli
mation temperatures . 

In most cases the lethal limits reported in the literature 
were presented as the TLm (median tolerance limit) or 
ill-50 (lethal dose-50%). Such data indicate that 50% of 
the fish suffered mortality at the indicated temperature 
and exposure time (usually four days). According to Mi
hursky (1969), short-term lethal tests have indicated that 
only a 0.5"C (1°F) to a little over 1°C (2"F) increase in 
temperature may be the difference between a low percent
age mortality and 100% mortality, Likewise Brett (1960) 
indicated that the difference between temperatures that 
produce 5 and 50% lethality is small, suggesting a large 
increase in mortality can result from a small change in 
temperature near the tolerance limit. The use of the high
est reported lethal limit for prediction of the loss of a fish 
species from a reach of a river sustaining the given tem-

perature would certainly be a liberal estimate of the ef
fect-that is, loss is possible at a lower temperature but 
highly probable at the given temperature. 

The tables of estimates of alterations in fish communi
ties in a river are meant to set forth guidelines and high
light possible problems that .are expected to result from 
increased water temperature. The accuracy of these esti
mates must be qualified not only because of the varied 
techniques used by researchers who produced the data 
upon which the predictions are based, but also because 
they do not consider the response of a fish species to the 
numerous other environmental variables that interact 
with a temperature increase to affect the species. These 
altered responses would result from, for example, changes 
in dissolved oxygen, synergism of increased temperature 
and toxins, susceptibility to disease and parasites, loss or 
gain of competitive advantage, and influences on a fish's 
food, shelter, and predators. 

It is impossible at this time to integrate all the biotic 
and abiotic environmental variables that change with in
creased water temperature into a comprehensive table to 
predict effects on fish. If possible, such integration would 
undoubtedly indicate a loss of more native fish species 
from a river system than would result from consideration 
of temperature alone. In this sense the estimates in the 
tables are probably again liberal. Recognizing the need for 
such qualification and more detailed studies at most sites, 
we think these estimates will be useful as guidelines in 
predicting the consequences from altering the natural 
temperature regime in a section of a river. Of particular 
importance will be the table column listing the percent of 
species in suboptimal conditions. The purpose of the ta
bles is to add the initial evaluation of thermal power plant 
siting and cooling water discharges. In no way do these 
preliminary estimates replace the need for extensive stud
ies to define thermal environmental impacts at the select
ed site. 

Although the six-sample environments are widely sepa
rated geographically and also probably in temperature re
gime, a remarkable similarity in estimated community 
effect is seen in five of the environments (Tables II-VI). 
At about 24 ± 2°C (75.2 ± 3.6°F) fewer than one half of 
the fish species in each of five environments, upper and 
lower Mississippi, Tennessee River, Delaware River, and 
the Sacramento River, are within their preferred tempera
ture range. Between 32 and 34"C (89.6 and 93.2°F) is the 
break point where one half of the fish species are expected 
to be lost from the system. The maximum allowable tem
perature with unspecified duration is listed in many State 
standards for warm water streams as 90°F (32.2°C). In 
contrast to those five similar environments, the Columbia 
River contains a larger proportion of cold water forms. 
There (Table I) one half of the fish species would be be
yond their preferred range if the temperature exceeded 
20"C (68°F), while one half the species would be lost be
tween 28 and 30°C (82.4 and 86°F). Even though similar 
to the warm water rivers when temperatures causing a 
50% community effect are considered, the Sacramento 
must be considered a cold water environment like the Co
lumbia because the temperature at which species begin to 
be lost is similar (18-20°C) (64.4 and 68°F). 

Freshwater Invertebrates 

The data compiled from the literature search for lethal 
temperature limits for freshwater invertebrates are re
ported by Bush et al. (1972) and are on file with the ACS 
Microfilm Depository Service. The literature search indi
cated that temperature tolerances have been determined 
for only a small percent of the total number of freshwater 
invertebrate species. There is estimated to be about 8500 
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described species of freshwater invertebrates excluding 
protozoa and parasitic classes (Pennak, 1953). The rela
tively small number (94) of species for which data on 
thermal requirements are available precludes community 
response estimations similar to those given for freshwater 
fish. However, there seems to be evidence that in pro
tecting fish, the invertebrate fauna will also be protected 
(Mount, 1969). Further there does not seem to be an ex
ample in the literature of a heated discharge destroying 
the bottom fauna to the extent that the fish population 
was adversely affected by lack of food organisms. Parker 
and Krenkel (1969) site Usinger as stating that the heat 
tolerance of most macroscopic invertebrates is well above 
that of fish. 

If the 94 invertebrates for which data on lethal limits 
reported by Bush et al. (1972) (ACS Microfilm Depository 
Service) are representative of the tolerance range of fresh
water invertebrates in general, then Figure 1 supports the 
thesis that protection of the fish will in general result in 
the protection of most invertebrate fauna or at least an 
adequate fish food supply. Figure 1 gives the mean lethal 
temperature for each freshwater fish and invertebrate, re
spectively, for which data were found. The figure suggests 
that when nearly all fish species are protected from heat
ed water discharge the invertebrate organisms would also 
be protected. At least, as Mount (1969) suggested, there 
would be food organisms present. In an extreme case, Fig
ure 1 indicates that invertebrate species, many of which 
are fish food items, will still exist after all fish are killed 
by heat. 

Studies of the effects of raised water temperature on 
macro invertebrate communities have been few. Both 
Trembly (1960) and Coutant (1962) reported on the effects 
of heated water discharge from the Martins Creek power 
.plant on the benthic organisms of the Delaware River. 
Each showed a reduction in the number and diversity of 
benthic organisms in the zone receiving heated water. 
Normal abundance and diversity were established about a 
mile downstream from the discharge. A tolerance limit 
near 32.2°C (90°F) was suggested for a normal community 
composition. At temperatures above 32.2°C (90°F) a sub
stantialloss in num bers, diversity and biomass occurred. 

In agreement with Trembly's results, Strangenbery and 
Pawlaczyk (1962) reported that bottom organisms de
creased in numbers when a river receiving a heated water 
discharge exceeded 30°C (86°F). Also Wurtz (1970) re-

Figure 1. Number of species and mean lethal limit for freshwat
er fish and invertebrates 
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ported on a study where 35°C (95°F) was commonly ex
ceeded below a power plant discharge in a Pennsylvania 
stream. However, the results indicated a less severe re
duction in species than would be expected if 32°C (89.6°F) 
were the upper tolerance limit for the bottom organisms 
[as found by Trembly (1960) for the Delaware River]. 

Because of the regional variation in the composition of 
invertebrate fauna, results from the few studies reported 
above may not be indicative of the temperature tolerance 
for an invertebrate community in general and therefore 
are not a sound basis for guidelines. However, if indeed 
the adequate protection of fish species results in like pro
tection of the principal invertebrate fauna, at least to the 
extent that there will be preservation of fish food orga
nisms to support the fish population, then the use of the 
tables on the estimated effect of elevated tern perature on 
freshwater fish communities will suffice as a guideline for 
both the protection of fish and invertebrates. 

Freshwater Algae. The composition of an algal com
munity in a river may change with variations in environ
mental conditions as the competitive advantage of some 
forms is changed. Because of the acute competition 
among algal species for space, nitrients, light, etc. , condi
tions need not reach the lethal limit for an algal species to 
be replaced (out-competed) by a more tolerant form. The 
conditions need only be unfavorable for that species and 
not for another. Thus, in evaluating the effect of tempera
ture on an algal community the optimum temperature for 
the species is of prime concern . Differences in tempera
ture optimums are among the major factors causing suc
cession and dominance in algal communities. 

In general, the optimum temperature for growth of dia
toms is from 15-25°C (59- 77°Fl, that for green algae 25-
35°C (77-95°F) and for blue-green algae 30-40°C (86-
104°F) (Hawkes ,. 1969) and is supported by data com
piled by Bush et al. (1972) (ACS Microfilm Depository 
Service). Whether increased water temperature would re
sult in succession to the more tolerant forms would de
pend on other environmental conditions such as light and 
nutrient supply. However if light and nutrients are suffi
cient, and the temperature change is great enough, suc
cession in algal composition from diatoms to a flora pre
dominantly of green algae or blue-green algae will occur. 
The determining factor then is whether the change in 
temperature is "great enough" and the duration long 
enough. 

Patrick et al. (1969) were able to induce succession to a 
blue-green flora from a diatom flora in study streams by 
increasing the water temperature above 35°C (95°F). In 
concluding a presentation on temperature effects on fresh
water algae, Patrick (1969) stated that blue-green algae 
will often become dominant when the water temperature 
is maintained above 35°C (95°F) for fairly long periods of 
time. If the temperature is held between 32.5 and 35°C 
(90.5-95°F) an increase in green algae can be expected. 
Below these temperatures she indicated diatoms usually 
dominate, assuming the streams were already populated 
by diatoms and were not previously affected by other pol
lution which had changed the flora from a community 
dominated by diatoms. It should be noted that the algal 
community of many streams is composed predominantly 
of blue-green algal forms while the water temperature is 
well below 35?C (95°F). Succession to blue-green algae can 
be caused by nutrient enrichment without an increase in 
temperature. 

Studies made concerning passage of algae through a 
power station condenser system indicate that little if any 
harm will result to the algae if the temperature does not 
exceed 34-34.5°C (93.2-94.1°F) (Patrick, 1969). Howell 
(1969) reports that there was no significant damage to 



phytoplankton passing through the condensers of the 
power station at Indian Point on the Hudson River . 

Morgan and Stross (1969) studied the effect of passage 
of algae through the condenser of an electric power gener
ating station using algal photosynthetic rate as an indica
tor. Photosynthesis was stimulated by an increase of SoC 
(14.4°F) when the water temperature was less than 16°C 
(6O.S0F). An increase of SoC (14.4°F) inhibited photosyn
thesis when the water temperature was greater than 20°C 
(68°F). In extreme cases photosynthesis was decreased by 
95%. They concluded that reduction in primary produc
tion could be significant; however, a real reduction in pro
duction in receiving waters may result only if the rate of 
photosynthesis is herbivore controlled and not nutrient 
limited. 

Because of the complexity and dynamics of an algal 
community as an integral part of an ecosystem, state
ments of consequences from altering the algal community 
structure by increased water temperature can only be 
speculative at best. The selection preference toward blue
green algal forms is an advancement toward dominance 
by nuisance algae. The community increase in blue-green 
algal mass is characteristically greater than the concur
rent decrease of other algal forms resulting in greater total 
biomass (Coutant, 1966). As a result of their increased 
growth, the blue-green algae add to the organic enrich
ment of a stream. Further, the blue-green algae are not 
utilized in the food web to the extent that diatoms and 
green algae are . Thus, the increase production resulting 
from blue-green growth is lost to the higher trophic levels. 
The consequences of this are relatively unknown. 

Marine Fish and Invertebrates. Data on thermal le
thal limits for marine fish and invertebrates have been 
compiled by Bush et al. (1972) and are on file with the 
ACS Microfilm Depository Service. Because of the rela
tively small number of marine organisms for which there 
are available data, estimates of community response to 
elevated temperatures similar to those made for freshwat
er fish are not possible. Instead, general statements must 
suffice for guidelines and more emphasis must be placed 
on special site studies. 

The thermal tolerances of the major groups of marine 
fish and invertebrates are summarized in Table VII in 
order of increasing sensitivity or decreasing tolerance. As 
was the case in freshwater , the most sensitive groups of 
organisms are the fish with mean values for thermal toler
ance (lethal) limits of 26.5°C (79.7°F) and 2S.3°C (S2.9°F) 
for Osteichthyes and Chondrichthyes, respectively. Data 
are also most prevalent for the bony fishes. Marine phyto
plankton, macroalgae, and rooted plants are not included 
in the table . Marble and Mowell (1971) indicate that 
thermal tolerance values are higher for these groups than 
for fish. The mean tolerance values presented by Marble 
and Mowell (l971) for red algae, phytoplankton, brown 
algae and sea grasses was 30.5°C (87°F), 32.2°C (90°F), 
37.0°C (9S.6°F) , and 37.6°C (99.7°F), respectively. 

Although studies in the vicinity of power plants are 
scarce, several are significant and indicate that the fish 
species may not be the most sensitive. The flora of Mor
row Bay, Calif., was found to be much more sensitive 
than the fauna to heated water discharge. Abundance and 
species diversity of both the aquatic plants and benthic 
organisms were reduced for about 500 ft (152 m) from the 
power plant; the flora however was affected much more 
severely. The fish population did not seem to be affected. 
The mean intake temperature of the water to the power 
station at Morrow Bay was 13.3°C (56°F) with an annual 
range of 10-15.6°C (50-60°F). Temperatures 5.6°C (lO°F) 
above normal were found within 500 ft of the discharge 
(Adams, 1969; Zeller and Rulifson, 1970). North and 

Table VII. Thermal Tolerance of Various Groups of 
Marine Fish and Invertebrates 

Mean temp 
Ra!'c!e, No. of 

°c OF species 

Order Thoracica 47.3 117.1 42.3-53.7 
(barnacles) 

Class Xiphosura 42 . 7 108.9 42.7 
(horseshoe crabs) 

Phylum Protozoa 38.5 101.3 34 -43 
(unicellular animals) 

Phylum Mollusca 37 . 2 99.0 29 -45 .5 44 
(mollusks) 

Phylum Coelenterata 36.6 97.9 27.4-40.9 17 
(jellyfish, hydroids, sea 
anemones, corals) 

Phylum Annelida 36.2 97.2 31.6-42.7 
(segmented worms) 

Phylum Echinodermata 35 . 9 96.6 29 -40.7 13 
(sea urchins, starfish) 

Phylum Arthropoda- 34.5 94.1 17 -53.7 52 
(arthropods) 

Order Amphipoda 34.4 93.9 27.5-41 13 
(amphipods) 

Order Decapoda 32.9 91.2 17 -43 26 
(shrimps, lobsters, crabs) 

Phylum Ctenophora 32.1 89.8 26.5-38.2 
(comb jellies) 

Order Eucopepoda 30.3 86.5 28 -32.8 
(copepods) 

Order Anostraca 30.0 86.0 28 -42 2 
(fairy shrimp) 

Class Chondrichthyes 28.3 82.9 26.7-29.8 
(fish with cartilaginous skele-
tons) 

Class Osteichthyes 26.5 79.7 10 -38 58 
(fish with at least partly ossi· 
fied skeletons) 

Order Euphausiacea 25.1 77.2 23 .2-27 
(euphasids) 
/I Includes several orders and a class listed separately. 

Adams (1969) suggested that if the water temperature in
creased 5.6°C (lO°F) above summer ambient in areas on 
the Pacific coast, all cold water biota would be eliminated 
and many of the species considered to be able to tolerate 
warm water would be adversely affected. An increase of 
1.1°C (2°F) over normal summer temperatures was pre
dicted to reduce or eliminate cold water biota during 
warm summers. They report that the Laminarian kelps of 
California will be severely affected by a 5.6°C (lO°F) in
crease in water temperature in the summer months and 
that canopy deterioration of Macrocystis spp (kelp) fre
quently occurs when summer temperatures 1.1°C (2°F) 
greater than normal are maintained for several weeks. 
Such predictions are supported by the Morrow Bay expe
rience. 

Fewer species and num bers of fish were reportedly 
found in the discharge area of the Turkey Point power 
station on Biscayne Bay, Fla. The effluent also altered the 
aquatic plant and benthic communities. Summer ambient 
temperatures were 30-31°C (86-S7.S0F) . Many plants and 
animals in the zone +4°C (7.2°F) above ambient were 
killed or greatly reduced. The turtle grass (Thalassia 
testudium) population was killed within the +4°C (7.2°G) 
isotherm. The turtle grass provided an important habitat 
and food source for many of the invertebrate species of the 
area. Within the +3°C (5.4°F) isotherm, species diversity 
and abundance of algae were reduced. The mollusks and 
crustaceans increased while the number of fish decreased 
in this area (Levin et aI., 1972; Marble and Mowell, 1971). 

A table of estimated occurrence and loss of estuarine 
species at various temperatures was presented by Mihur-
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sky (1969). The table was based on laboratory tempera
ture data for 13 species (both fauna and flora) of the Ches
apeake Bay system at Maryland. It was estimated that 
8% of the species would be lost from the system and 61% 
would be in suboptimal temperature conditions at 32.2°C 
(90°F). At 35°C (95°F) 69% of the species were estimated 
to be lost from the system. Such estimates are supported 
by the reported effect of the heated discharge of the Tur
key Point power station on Biscayne Bay, Fla. 

As a guideline for the siting of cooling water discharges 
in the marine environment, the estimates of North and 
Adams (1969) for the Pacific coast and Mihursky (1969) 
for the Atlantic coast are the best available and are sup
ported by site studies. 
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• Appreciable concentrations of dissolved ferrous iron 
can be maintained in aerobic aquatic systems in the pres· 
ence of organic species of natural origin. Tannic acid, gal. 
lic acid, pyrogallol, and other products of natural vegeta· 
tive decay can completely retard the oxidation of Fe(II) 
for several days, even under an oxygen partial pressure of 
0.21 atm. Correspondingly, manometric measurements 
show that the rate of oxidation of tannic acid as reflected 
by the rate of oxygen consumption is inhibited in the 
presence of Fe(I!) due to the [ormation of an oxidation· 
resistant complex between Fe(I!) and tannic acid. Polaro· 
graphic analyses confirm that complexation of Fe(II) by 
tannic acid is responsible for the inhibition of Fe (II) oxi· 
dation, the extent of complexation increasing as pH and 
the organic-FellI) ratio increase. A model is presented de· 
scribing the complexation and oxidation-reduction behav
ior of aqueous iron in aerobic systems in the presence of 
organic matter. 

High concentrations of iron are often associated with or
ganic matter of natural origin in many natural aquatic 
systems. Previous investigators (Theis and Singer, 1973; 
Komolrit, 1962: Ghosh et al. 1967) have indicated that the 
oxidation of ferrous iron is severely retarded in many nat
ural waters which contain humic substances, including 
ground waters, surface waters, and municipal wastewaters. 
It has been demonstrated (Theis and Singer) that many 
model organic compounds which possess the structural 
features of humic substances are capable of significantly 
altering the rate of oxidation of ferrous iron from that re
ported by Stumm and Lee (1961) for simple aqueous 
media. These effects are shown in Figure 1. Gallic acid 
and pyrogallol completely inhibited Fe(lI) oxidation, giv
ing identical results as shown for tannic acid. Glutamic 
and tartaric acids behaved analogously to glutamine, 
while vanillic acid, vanillin, phenol, resorcinol, syringic 
acid, and histidine had no effect on the oxidation rate. 
Tannic acid was particularly effective in stabilizing high 
concentrations of Fe(I!) for several days as illustrated in 
Figure 2. Furthermore, many of these same compounds 
were shown to rapidly reduce ferric iron as summarized in 
Table 1. 

These findings have a number of ramifications relative 
to water quality management. In particular, water treat
ment plants for the removal of iron from groundwaters 
rely upon the oxidation of ferrous iron by oxygen and on 
sedimentation and filtration of the resultant ferric hy
droxide. The presence of humic substances in groundwat
er has been reported to interfere with iron oxidation and 

1 To whom correspondence should be addressed . 

iron removal (Ghosh et aI., 1967: Komolrit, 1962; Robin
son, 1967) . In addition, Davies (1970), Prakash and Rash
id (1968), and Martin et aI., (1971) have demonstrated 
that the iron associated with humic materials is generally 
available as a nutrient for the growth of aquatic species, 
and that these humic substances tend to stabilize the 
iron, thereby increasing its nutritive availability. 

Morgan and Stumm (1964) suggested that the inhibi
tion of Fe(I!) oxidation by organic species involved the cy
clic oxidation of Fe(II) followed by the reduction of Fe(IlI) 
by the organic substances. Their scheme is given in equa
tions 1a through 1c. 

Fe(Il) + 0 , ->- FeWl) (la) 

FeW!) + organic ---+ Fe(Il) + oxidized organic (lb) 

Fe(Il) + 0, -- Fe(lI!) (Ic) 

If the reduction step (Equation 1b) is rapid, this scheme 
predicts that a steady state concentration of Fe(lI) will 
persist in the environment, even under oxidizing condi
tions, as long as organic matter is available to reduce 
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Figure 1. Effects of representative organic compounds on rate 
of oxidation of ferrous iron at pH = 6.3 Po, = 0.5 atm, and T 
= 25"C as compared with rate in simple aqueous media 
(Stumm and Lee, 1961) (after Theis and Singer, 1973) 
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Fe(III). An interesting feature of their scheme is the im
plication that, in spite of the constancy of the Fe(ll) con
centration, oxygen is consumed and organic matter is oxi
dized. The Fe(II)-Fe(III) couple serves as an electron 
transfer catalyst in the oxidation of organic matter by 
oxygen. 

Jobin and Ghosh (1972) provided experimental evidence 
for the occurrence of Equations 1a through 1c. However, 
their analytical technique in distinguishing between Fe(II) 
and Fe(III) is questionable since their samples were boiled 
in acid to free the iron associated with the organic matter. 
As Shapiro (1966) has shown, boiling drastically alters the 
existing ferrous- ferric ratio. Oldham and Gloyna (1969) , 
using polarographic techniques, demonstrated that much 
of the iron associated with laboratory-prepared leaf lea
chates is in a com plexed form. Schnitzer and Skinner 
(1964) measured stability constants for many metal humic 

Table I. Reduction of Fe(lll) by Model Organic 
Compounds . 

pH = 6.3. Fe(lIl) added = 8.0 X lO- 'M 
Compound,lO - 4M 

Tannic acid 
Pyrogallol 
Gallic acid 
Syringic acid 
Resorcinol 
Citric acid 
Tartaric acid 
Vanillic acid 
Vanillin 

Quantity of Fe(lll ) reduced , M" 

7.9 X 10-' 
6.9 X 10-5 

3.4 X 10- ' 
2. 6 X 10-' 
5.2 X 10- 5 

4. 7 X 10-6 

1.9 X 10- 6 

9.0 X 10-7 

7.0XlO-7 

<I Reduction was virtually instantan eous, as determined by analysis 
for change in Fe(ll) concentration immediately foll owing the addition 
of Fe(III) to a solution of the orga nic compound indicated. See Theis 
and Singe r (1973) for ana lytical detai ls. 
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Figure 2. I nhibition of ferrous iron oxidation in presence of vari
ous concentrations of tannic acid . at pH = 6.3. Po, = 0.5 
atm. and T = 2S"C (after Theis and Singer, 1973) 
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acid complexes, including both ferrous and ferric iron. 
Christman (1967) emphasized the significance of chelation 
to explain iron-color interactions. Thus, the complexation 
of iron in one or both of its oxidation states may be an im
portant additive mechanism to the scheme shown in 
Equations 1a through 1c. 

The purpose of this investigation is to explain the mode 
of inhibition of Fe(l!) oxidation by oxygen in the presence 
of dissolved organic species of humic origins, and to pres
ent a more complete picture of the behavior of iron under 
oxidizing conditions in natural waters. 

Experimental 

The consumption of oxygen by a mixture of tannic acid 
and ferrous iron and by tannic acid alone was measured 
manometrically using a Warburg respirometer (Precision 
Scientific Co.). Equimolar concentrations of tannic acid and 
ferrous perchlorate were added to the reaction vessel and 
the pH was adjusted with concentrated HClO. or NaOH 
to pH values of 7.0, 9.5, and 10.8. Studies were conducted 
for several days, and the pH, once adjusted , exhibited lit
tle variance with time. Ferrous iron was monitored during 
these tests using a modification of the bathophenanthro
line procedure of Lee and Stumm (1960). Aliquots were 
acidified initially to pH 4.5 with an acetate buffer in order 
to free the Fe(II) from the tannic acid and yet prevent al
teration of the ferric-ferrous ratio. Boiling of samples and 
acidification to extremely low pH's were avoided as these 
steps are known to hasten the reduction of Fe(III) . Micro
bial influences were absent; t here were no differences in 
the results between runs previously sterilized by autoclav
ing and those which were not , A thermo barometer was 
used to account for natural fluctuations in atmospheric 
pressure. 

Classical polarography by means of a dropping mercury 
electrode (DME) was employed (using a Heath Polaro
graph Model EUA-19-2) to distinguish free from com
plexed ferrous iron in the presence of tannic acid . All tests 
were performed under a nitrogen atmosphere to prevent 
oxidation of Fe(ll) as well as to eliminate the oxygen knee 
which occurs at a potential of approximately 0.0 V. Fer
rous iron is reversibly reduced at the DME and produces a 
clear half-wave in a 1M KCI supporting medium at E' /2 
= -1.35 V (Meites, 1955) . A standardization curve relat
ing the diffusion current at this half-wave potential to the 
concentration of free ferrous iron in 1M K CI was linear. 
Various references (Milner, 1957; Kolthoff and Lingane, 
1946) tend to indicate that tannic acid is not adsorbed at 
the Hg electrode; polarograms run on solutions of tannic 
acid in the absence of iron failed to detect any current po
tential waves in the range + 0.10 to -2,0 V. Tests were 
performed at pH 5, 6, and 7 at various Fe(II)- tannic acid 
ratios. Polarographic studies utilizing solutions of ferric 
iron and tannic acid were also performed in an attem pt to 
determine the relative proportion of Fe(III) reduced and 
complexed by tannic acid. 

Results and Discussion 

The consumption of oxygen in systems containing fer
rous iron and tannic acid, and tannic acid alone, at pH 
7.0 and 10.8, is shown in Figure 3. In the absence of or
ganic matter, the half-time for Fe(II) oxidation at pH 7.0 
is 4 min (Stumm and Lee, 1961), implying complete 
(>99%) oxidation of Fe(II) in a relatively short time. Con
sequently 2.5 x 10- ' mol/ I. of O2 should be consumed 
within a few minutes in oxidizing 10- 3M Fe(l!) in accor
dance with the stoichiometry, 

4Fe +, + 0 , + 4H+ = '4Fe +, + 2H,0 



�4r-------,-----~r-----_,------,_~~__. 

.. 
Q 12 

POz :: 0.21 atm 

T:: 25°C 
[TA] " 10-'M 
[FeIIll): 10-'M 

°0~~~---5~0------~IO~0------~15LO------~2LO-O----~250 
TIME, HOURS 

Figure 3. Rate of oxygen consumption by equimolar concentra
tions of Fe(ll) and tannic acid as compared with tannic acid 
alone at pH 7 and 10.8, Po, = 0.21 atm, and T = 2S'C 

It is apparent from Figure 3 that the rate of oxygen con
sumption by the Fe(II)-tannic acid system at pH 7.0 is 
appreciably slower than the rate in the absence of organic 
material, again demonstrating the inhibitory effect of tan
nic acid on Fe(lI) oxidation. Additionally, it is apparent 
from Figure 3 that the consumption of oxygen by tannic 
acid at pH 7.0 is initially inhibited in the presence of 
Fe(lI) , whereas no inhibition occurs in its absence. Fol
lowing this initial lag period, the rate of oxygen consump
tion reflects the oxidation of both tannic acid and Fe(l!). 
The difference between the oxygen taken up by tannic 
acid at pH 7.0 in the presence and absence of Fe(lI) after 
about 100 hr is seen in Figure 3 to be approximately 2.5 X 

10- 4 mol/I., the equivalent amount required for the oxi
dation of 1O- 3M Fe(II). This lag is attributed to complex
ation of the tannic acid by Fe(lI). Furthermore, at pH 9.5 
and 10.8, the presence of Fe(l!) was observed to retard the 
oxidation of tannic acid, as illustrated for pH 10.8 in Fig
ure 3. The rate of tannic acid oxidation by oxygen in
creases with pH but complexation of tannic acid by Fe(lI) 
decreases the oxygen uptake rate at these elevated pH 
values. 

Qualitatively, it was observed that, upon mixing the 
Fe(lI) and tannic acid, a deep purple color resulted. At 
pH 10.8 this purple color of the Fe(II)- tannate complex 
gradually gave way to an orange suspension and, at the 
completion of the study, a reddish orange precipitate of 
ferric hydroxide had deposited ill the reaction vessel. 
Complexation was no longer in effect and Fe(lI) had un
dergone oxidation. This qualitative observation is sup
ported by the quantitative results indicated in Figure 4 
which shows the corresponding concentration of Fe(lI) 
during the course of the oxygen uptake study. A steady 
state concentration of Fe(lI) persists in the system for 
about 100 hr during which tannic acid undergoes oxida
tion as reflected by the consumption of oxygen. After 
about 100 hr Fe(lI) oxidation begins leading eventually to 
Fe(III) deposition. These observations point to the forma
tion of a stable complex between Fe(lI) and tannic acid 
which is more resistant to oxidation at physiological pH's 
than either Fe(lI) or tannic acid alone. 

The results of the polarographic studies of ferrous iron 
and tannic acid substantiate this supposition and are 
summarized in Table II. The results indicate that as the 
tannic acid to ferrous iron ratio increases, the diffusion 
current (proportional to free aqueous ferrous iron, Fe+ 2 ) 

decreases, implying a greater degree of Fe(lI) complexa
tion by tannic acid. Furthermore, as the pH increases, the 
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Figure 4. Consumption of oxygen by system of ferrous iron and 
tannic acid as compared with residual Fe(ll) in system at pH = 
10.0. Po, = 0.21 atm. T = 2S'C: [Tannic Acid] = 1O- 3M 

Table II. Polarographic Results for Ferrous Iron and 
Tannic Acid in 1M KCI 

Diffusion 

Fe(II), Mil 
Tannic acid, current, 

pH Mil ~amp Fe +2, MIl 

5.0 5.0 X 10-' 0.0 4.6 5.0 X 10- ' 
1 X 10-' 4.6 5.0 X 10-' 
5 X 10-' 3.5 3.8 X 10- ' 
1 X 10-3 3.0 3.2 X 10-' 

6.0 5.0 X 10-' 0.0 4.6 5.0 X 10-' 
1 X 10-' 4.2 4.5 X 10- ' 
5 X 10-' 1.5 1.6 X 10- ' 
1 X 10-3 0 0 

7.0 5.0 X 10-' 0.0 4.6 5.0 X 10-' 
5 X 10- ' 1.1 1.2 X 10-' 

diffusion current for an equivalent amount of iron and 
tannic acid decreases, again implying an increase in the 
extent of complexation with increasing pH. 

The difference between the total ferrous iron added 
(Fe(lIh) and the free Fe+ 2 measured polarographically 
can be attributed to complexation of the iron by tannic 
acid. (The elimination of oxygen from the polarographic 
cell precludes the disapperance of Fe(l!) by oxidation.) If 
one assumes, for purposes of simplicity, the formation of a 
1:1 ferrous-tannate complex, then 

Fe+' + TA - = Fe-TA + (2) 

The stability constant, K, for this ferrous-tannate com
plex is 

[Fe-TA+] 
K = [Fe +z][T A-] (3) 

and its magnitude can be calculated from the data of 
Table II, employing mass balances for ferrous iron and 
tannic acid: 

[Fe(I!)]T = [Fe+' ] + [Fe-TA +] (4) 

and 

[TAlT = [HTA] + [TA - ] + [Fe-TA +] (5) 

where HTA is the concentration of undissociated tannic 
acid. Tannic acid has an acidity constant of about 10- 5 

(Hem, 1960) 

(6) 
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By use of Equations 3 through 6 and the experimental 
values for Fe(IIh, Fe+ 2 , and [TAh from Table II, an av
erage value for K of 9.5 x 103 can be calculated. This 
value is in reasonable agreement with Hem's revised esti
mate of the ferrous-tannate complex of 106 (1973) and 
that reported by Schnitzer and Skinner (1966) of K = 
1()".8 for complexes of ferrous iron and polyphenolic soil 
leachates. All of these values can be considered as repre
sentative of complexes between ferrous iron and humic 
material, but cannot be used as absolute values because of 
the complex nature of the natural humics. The fact that 
the calculated K is in general agreement with previously 
published values suggests that the 1:1 ferrous-tannate 
complex is a good approximation. It should also be em
phasized that while the data of Table II are in basic quali
tative and semiquantitative agreement with previous po
larographic investiation by Oldham and Gloyna (1969), 
the results of the present study are of a single compound 
(tannic acid) for which the molecular structure is known 
(Hem, 1960) and not for a combination of leachates of an 
unspecified structure. Thus, the stability constant re
ported here is a somewhat more meaningful chemical 
quantity . 

Results of polarographic studies employing ferric iron 
and tannic acid are summarized in Table III. Due to ex
tensive hydrolysis and precipitation of Fe(III) above pH 3 
(thereby preventing reduction at the Hg surface), the in
vestigation was confined to the acidic pH range. As in the 
case of ferrous iron, Table III indicates that for ferric iron 
the diffusion current (Fe+ 3 ) decreases as the organic-iron 
ratio increases. The disappearance of Fe+ 3 can be attrib
uted to reduction by tannic acid or to complexation with 
tannic acid, the extent of such reactions increasing as the 
pH increases from 1.5 to 3.0. (The free [Fe+ 3] as measured 
by the diffusion current in Table III decreases with in
creasing pH.) Previous studies by the authors (Theis and 
Singer, 1973) indicated that, in this pH range, much of 
the Fe (III) is reduced. The fact that a rather small con
centration of tannic acid (1O- 5M) results in the disap
pearance of as much as 6 x 1O- 5M Fe+ 3 at pH 1.5 is fur
ther evidence for chemical reduction of Fe(III) by tannic 
acid. Still, the possibility of complexation of Fe(III) can
not be ruled out in view of the number of references to it 
in the literature. 

Table III. Polarographic Results for Ferric Iron and 
Tannic Acid in 1M KCI 

Diffusion 

pH Fe(III), Mil 
Tannic acid, current, 

Mil ~amp Fe+ 3, MIl 

1.5 4.3 X 10- ' 0.0 2.60 4.3 X 10-' 
1 X 10- 5 2.00 3.7 X 10-' 
5 X 10- 5 1.80 3.3 X 10- ' 
1 X 10-' 1.35 2.5 X 10- ' 
5 X 10-' 0.80 1.5 X 10-' 
1 X 10-3 0.35 ~1 X 10- 5 

2.0 4.3 X 10-4 0.0 2.10 4.3 X 10-' 
1 X 10- 5 1.80 3.8 X 10-' 
5 X 10-5 0.75 1.6 X 10- ' 
1 X 10-' 0.40 ~1 X 10- 5 

5 X 10-' 0.35 ~1 x 10- 5 

1 X 10- 3 0.0 0 
3.0 4.3 X 10- ' 0.0 1.80 4.3 X 10-' 

1 X 10-5 1.28 3.3 X 10-' 
5 X 10- 5 0.75 1.8 X 10- ' 
1 X 10-' 0.35 ~1 X 10- 5 

2 X 10-' 0.17 <10-5 
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The effects of organic matter on the rate of oxidation of 
ferrous iron (shown in Figures 1 and 2) can be interpreted 
in terms of metal-organic complexation superimposed on 
Fe(II) oxidation if one considers the following interrelated 
reactions: 

+') k ~ to, 
Fe - + org. k: Fe(ll)-org ~ Fe(III) (7b) 

K = k,/k3 (7c) 

where the k's represent rate constants and K is the stabil
ity constant of the ferrous-organic complex. There are 
four cases of interest as follows: 

(a) K small, k. « k, 
(b) K large, k4 «k, 
(c) K moderate, k, » k3' k4 « k, 
(d) K large, k4» k, 

For Case a, little ferrous iron is tied up in a complex 
and the oxidation proceeds very nearly in accordance with 
the rate in simple aqueous media (Stumm and Lee, 1961) 
via reaction 7a. This is illustrated schematically by curve 
(a) in Figure 5, and explains the results for vanillic acid, 
vanillin, phenol, resorcinol, syringic acid, and histidine 
described by Figure 1. 

Case b describes the formation of a sizable oxidation
resistant complex. Most of the Fe+ 2 is complexed and re
sists oxidation. The relative magnitude of k. compared to 
ki will determine whether there is complete inhibition, as 
illustrated by curve (b), or partial inhibition shown by 
(b') in Figure 5. Tannic acid and glutamine, respectively, 
illustrate these two effects. Tannic acid ties up a sizable 
fraction of the Fe(II), leaving little free Fe+ 2 to react with 
oxygen according to simple kinetics, and oxidation takes 
place through the Fe(II)-organic complex (Reaction 7b). 

Case c involves the oxidation of free ferrous iron in 
equilibrium with the complex. The iron, which is irrevers
ibly complexed, is neither released nor oxidized . Such an 
effect is shown by curve (c) of Figure 5. There is an initial 
oxidation of the free Fe+ 2 but a gradual leveling off as 
Fe+ 2 is depleted, such as occurred with tannic acid in 
Figure 2. Case c can be considered a special form of Case 
b. 

Finally, Case d is a possible explanation for the acceler
ation of the oxidation rate as found with citric acid. It in
volves the formation of a strong complex with Fe+ 2 that 
enhances the oxidation reaction, h. being greater than hi. 
Curve (d) of Figure 5 illustrates this case. 

Unfortunately, the complexity of the reactions do not 
allow a more rigorous quantitative treatment of the data. 
For such a treatment, the precise steps involved in each 
reaction must be known. This is simply not the case, par
ticularly in the slow oxidation reaction of the ferrous-or
ganic complex which was indicated by manometric stud
ies. Nevertheless, the agreement of the curves of Figure 5 
with those actually found for the organic compounds stud
ied is indicative of the probable manner in which ferrous 
iron and organic matter interact. 

The results of this investigation coupled with the results 
of other studies have led to the development of a model to 
explain the behavior of iron in the presence of humic sub
stances. A schematic of this model is given in Figure 6. In 
the absence of appreciable quantities of dissolved organic 
matter, ferrous iron is oxidized quite rapidly upon the in
troduction of oxygen to ferric iron which precipitates as 
Fe(OHla and is removed from the system (Reactions 1 



Time 

Figure 5. Schematic curves depicting kinetics of oxidation of 
ferrous iron in presence of Fe(II)-complexation by organic mat
ter as described by Reactions 7a through 7c 

Fe(n)-OrQ ~. Fem-Oro ®' Fe+
2

+Oxidized OrQ 

®1~orQ ®1l OrQ 

Fe +2 __ ..:0..:2,---~.~ Fe + 3 

Q) ®HOH-
Oxldatlon- Reduction 

Fe(OH). 

Figure 6. Schematic diagram of model which describes behavior 
of iron in presence of organic matter and oxygen. Complexation 
reactions are indicated vertically, while redox reactions are indi
cated horizontally 

and 2 of Figure 6). If significant concentrations of organic 
matter are present. the complexation reaction with ferrous 
iron (Reaction 3) will compete with the oxygenation reac
tion. The fractions of ferrous iron com pie xed or oxidized 
will depend on the pH and the quantity and type of or
ganic matter present. Oxidation of the com pie xed ferrous 
iron (Reaction 4) proceeds via a slow step (manometric 
studies plus visual observations indicate it may be several 
days before significant amounts of ferrous iron are oxi
dized) to form the corresponding ferric complex with the 
organic matter. The resultant Fe(I1I) is unstable and is 
reduced by the organic compound (Reaction 5). The fer
rous iron is free to participate in the cycle again. The oxi
dized organic matter may still be capable of complexing 
iron again, and may participate in the cycle until it is oxi
dized to an inert form. The rate of Reaction 5 is depen
dent on the specific type of organic compound that is 
complexed with the iron. 

An additional competition exists for the ferric iron be
tween the organic species and hydroxide (Reactions 2 and 
6). Again, pH is a determining factor in regard to the rela
tive proportions of ferric iron complexed by organic mat
ter (Reaction 6), reduced by the organic compounds 
(Reaction 5), or complexed by hydroxide (Reaction 2). 

The model of Figure 6 differs from the behavior indicat
ed by Reaction la through lc by the addition of Reactions 
3 and 4-namely the complexation of Fe(II) and subse
quent slow oxidation to the corresponding Fe(I1I) com
plex. These two reactions provide an explanation for the 
slow rate of oxygen consumption by the iron-organic sys
tem. 

Aqueous iron behaves according to the model of Figure 

6 because of the relative ease with which the ferrous-ferric 
couple can undergo reversible oxidation and reduction. 
However other metals, notably manganese and cobalt, 
also possess this property such that the potential path
ways are not specific for iron. In addition, the complexing 
ability of the organic matter for other metals (regardless 
of their redox characteristics) plus the adsorptive capacity 
of hydrous ferric oxide for other metals indicates that the 
model presented may have a significant effect on the 
availability and distribution of other trace elements in 
natural waters. 

Conclusions 

Iron, in both the ferrous and ferric forms, can be stabi
lized in an aqueous environment by dissolved organic 
matter in amounts in excess of that predicted by simple 
thermodynamic and kinetic considerations. Ferrous iron is 
capable of forming complexes with organic matter and, as 
such, is resistant to oxidation even in the presence of dis
solved oxygen. The relative strength of such complexes is 
illustrated by the ferrous-tannate complex that has a sta
bility constant of approximately 104 . 
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Synergistic Inhibition of Apparent Photosynthesis Rate of Alfalfa by 
Combinations of Sulfur Dioxide and Nitrogen Dioxide 

Kenneth L. White, A. Clyde HiII,l and Jesse H. Bennett 

Department of Biology. University of Utah, Salt Lake City, Utah 84112 

• Alfalfa was exposed in environmental chambers to 
combinations of sulfur dioxide (S02) and nitrogen dioxide 
(N02) at concentrations ranging from 15-50 pphm of each 
gas in 1· and 2-hr fumigations. Inhibition of apparent 
photosynthetic rate [carbon dioxide (C02) uptake ratel 
due to the presence of each gas alone and to combinations 
of both gases was measured. While 2-hr exposure to 25 
pphm S02 produced 2-3% inhibition and exposure to 25 
pphm N02 produced no measurable depression, exposure 
to both gases at 25 pphm produced 9-15% inhibition. 
Concentrations of S02 and N02 required to measurably 
depress the apparent photosynthetic rate were redlolced 
when both gases were applied; a mixture of 15 pphm of each 
gas caused a 7% decrease. The degree of synergism de
creased as concentrations increased-50 pphm of both 
gases did not elicit synergistic response. 

Situations in which only one air pollutant is present in 
an airshed are rare . Urban sources emit one or more pollu
tants into air already contaminated by a large number of 
substances. Many sources emit two or more major pollu
tants. Coal-fired power plants, for example, produce both 
sulfur dioxide and nitrogen oxides as well as particulate 
matter . The need for research into the adverse effects of 
combinations of air pollutants is therefore apparent. 

The phytotoxicity of the major air pollutants has been 
studied, and concentrations required to produce injury 
and reduce photosynthetic rate have been reported for 
many plant species. Less is known, however, about the 
effects of combinations of pollutants on vegetation. The 
possibility of nonadditive (synergistic or antagonistic) re
sponse of plants to combinations of phytotoxic air pollu
tants has only recently been given consideration. 

A number of authors have reported decreased injury 
threshold concentrations and potentiation of injury symp
toms due to combinations of ozone (03) and sulfur dioxide. 
Injury to Eastern white pine (Jaeger and Banfield, 1970; 
Dochinger et aI. , 1970), peanuts (Applegate and Durrant, 
.1969), and tobacco (Grosso et aI. , 1971 ; Menser and 
Heggestad , 1966) has been attributed to exposure to S02-
Os mixtures. 

Data for other combinations of pollutants are more lim· 
ited. Tingey et al. (1971) have reported that while the 
N02 injury threshold for several crop species in a 4-hr 
fumigation is about 200 pphm and the S02 threshold is 
about 50 pphm over 4 hr, injury developed when these 
plants were exposed to mixtures of less than 25 pphm of 
each gas for 4 hr . 

Another area of research concern has been determining 
whether growth suppression may result from concentra
tions of air pollutants that do not result in visible injury. 
Hull and Went (1952) reported that alfalfa, endive, sugar 
beet, and tomato plants grown in the am bient air at Pasa
dena, Calif. , were smaller than those grown in charcoal 
filtered air. A study with Bel-B tobacco (Menser et aI., 

1 To whom correspondence should be addressed . 
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1964) indicated that the ambient air at Beltsville, Md., 
also can reduce plant growth even in the absence of visi
ble injury. Hill and Bennett (1970) have shown that N02 
and NO inhibit apparent photosynthesis of oats and alfal
fa at concentrations below those required to cause visible 
injury. The threshold concentration for photosynthetic ef
fects due to oxides of nitrogen appeared to be about 60 
pphm in 2-hr fumigations. Sulfur dioxide, too, has been 
shown to decrease apparent photosynthetic rate, with ef
fects beginning at approximately 20 pphm S02 (Bennett 
and Hill, 1973; Thomas and Hill, 1937). 

The purpose of this study was to determine whether 
combinations of S02 and N02 would elicit a synergistic 
effect in decreasing photosynthetic rate in alfalfa . 

Methods and Materials 

Alfalfa (Medicago sativa 1. var. Ranger) was grown 
under greenhouse culture in I-gal pots and redwood flats 
measuring 36 x 53 x 20 cm. Plants varied from 30-45 cm 
in height at fumigation . 

Plant fumigations were conducted in the airtight, inter
nal recirculation environmental chambers previously de
scribed by Hill (1967). Thirty-six pots or six flats were 
placed in each of two identical chambers, and fumigation 
was begun when carbon dioxide uptake rate had stabi
lized. One chamber served as a control; the CO2 uptake 
rate in the fumigation chamber is reported as percent of 
control chamber uptake. Temperature was maintained at 
25 ± 2°C and relative humidity between 50 and 60%. Illu
mination was provided by air- and water-cooled light 
banks consisting of 33 fluorescent lights, one uv emitting 
fluorescent light, six 150-W tungsten lamps, and six 
500-W quartz iodide lights. The light intensity at plant 
height was 45-50 klux. Temperature and relative humidi
ty were controlled by recirculating the air through cooling 
and condensing coils before re-entering the plant com
partments. Wind velocity above the plants was 1.2-1.5 m 
sec - i. 

Apparent photosynthesis rate was determined by adding 
pure carbon dioxide serially into each chamber through a 
solenoid-controlled valve. Carbon dioxide addition flow 
rate was measured with glass flow meters, and its concen
tration within the chambers was monitored with a Beck
man IR215 CO2 infrared analyzer connected to a recorder 
equipped with a microswitch control point . The control 
point was set at the equivalent of 330 ppm CO2 concen
tration. When this CO2 level was reached in each environ
mental chamber, a solenoid valve controlling CO2 flow 
was closed. A time delay system regulated the interval the 
solenoid remained closed before subsequent CO2 flows 
were permitted into the chambers. The times of occur
rence for each impulse were recorded by a Simplex Time 
Event Recorder and from these data, in conjunction with 
the CO2 flow rates, CO2 uptake rates were computed. 

Pollutant concentrations within the fumigation cham
ber were regulated by a system similar to that described 
for controlling CO2 concentrations. Nitrogen dioxide, NO, 
and S02 were diluted and pressurized with nitrogen in 
separate tanks before being added to the fumigation 
chamber through solenoid control valves. The pollutant 



concentrations were monitored continuously by analyzers 
whose outputs were fed to recorders equipped with micro
switch sensors controlling pollutant flow solenoid valves. 
Sulfur dioxide was measured with a Melloy UOO-B Flame 
Photometric Sulfur Analyzer and a Beckman 906 S02 an
alyzer . The modified West-Gaeke spectrophotometric 
method of Scaringelli et al. (1967) was used to substan
tiate S02 levels during fumigations. 

Nitrogen dioxide and NO concentrations were measured 
with a Mast Ozone Meter; NO was converted to N02 by 
use of "dichromate" papers (Wilson and Kopczynski, 
1968) . In fumigations in which both S02 and N02 were 
present in the chamber these same dichromate papers 
were used to remove S02, which causes negative interfer
ence in the Mast response,from the sample stream (Saltz
man and Wartburg, 1965). Total oxides of nitrogen (NO x ) 

were therefore measured in the combination studies. In 
N02 fumigations, it was observed that NO was produced 
in the chamber by reduction of N02 and, since NO is re
moved at approximately 1f20 the rate at which N02 is re
moved by the plants (Hill, 1971), its concentration in the 
cham ber increased from zero to no more than a third of 
the NOx concentration. Most sources of nitrogen oxides 
emit both NO and N02 and the two gases exist in chemi
cal equilibrium in the atmosphere. Since NO is thus near
ly always present in the atmosphere when N02 is present 
and NO-S02 combinations did not appear to elicit syner
gistic response, this buildup was not considered a serious 
problem. The colorimetric methods of Saltzman (1965) 
and Nash (1970) were used to corroborate chamber N02 
and NOx concentrations. 

All analyzers and wet chemical methods were calibrated 
against known concentrations of S02 and N02 produced 
by S02 and N02 permeation tubes (Scaringelli et aI., 
1970) and by a dynamic flow method similar to that re
ported by Thomas and Amtower (1968) . 

Four types of fumigations were run: (1) NOx or S02 
alone for 1- and 2-hr periods, (2) NOx and S02 simulta
neously for 1 and 2 hr, (3) NOx alone for 1 hr, then both 
NOx and S02 during the second hour, and (4) S02 alone 
for 1 hr, then S02 and NOx during the second hour. 

Results and Discussion 

Combinations of S02 and N02 inhibited apparent pho
tosynthesis in alfalfa to a greater degree than would be ex
pected from summing the effects due to each pollutant 
alone at the same concentrations. Also, concentrations 
well below those required to cause measurable photosyn
thesis depression in fumigations with S02 or N02 alone 
were found to inhibit CO2 uptake rate when both gases 
were applied. Table I lists data obtained in each type of 
fumigation. The synergistic effect was most marked at the 
lower concentrations used and decreased as concentrations 
increased. At 50 pphm of each gas no synergism was ob
served . 

The data for S02 indicate that the concentration below 
which photosynthetic inhibition cannot be measured with 
our system (approximately 2% change in CO2 uptake rate) 
is between 20 and 25 pphm. This agrees with data re
ported by Thomas and Hill (1937) in which fumigation 
with 24 pphm S02 was found to have no effect on pho
tosynthetic rate over a 3·day period . The average CO2 up
take rate of alfalfa exposed to 25 pphm S02 for 1 hr was 
98 ± 2% of the uptake rate measured for the control. 

The N02 threshold concentration required to measura
bly depress photosynthetic rate in 2-hr fumigations of al
falfa is approximately 60 pphm as previously determined 
at this laboratory (Hill and Bennett, 1970). Two-hour 
fumigations with 25 pphm N02 did not produce signifi
cant C02 uptake rate inhibition. 

Table I. Inhibition of CO, Uptake Rates of Alfalfa 
(Percent of Control) Due to Exposure to S0" 
NO. and NO, and Combinations of These 
Gases in 1- and 2-Hr Fumigations 

Pollutant A •• 
cone", pphm No. of depression of 

Fumigation replica- C02 uptake Std 
type SO, NO. NO tions rate, % dey 

SO, only 25 15 2 2 
35 5 8 4 
42 3 11 3 
50 7 22 3 

NO. only 25 10 13 0 2 
40 15 4 2 2 

SO, + NO. 
simultaneous 15 15 5 4 7 2 
application 25 25 10 13 9- 3 

35 30 10 3 16 2 
50 40 15 7 20 4 

Sequential, 
SO, 1st hr 25 25 10 16 13- 4 

Sequential, 
NO. 1st hr 25 25 10 14 15-

.. Values significantly different at 99% confidence interval from sum 
qf response due to S02 and NOz alone at corresponding concentra · 
tlons. 
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Figure 1. Photosynthesis inhibition and recovery rates induced 
by combinations of SO, and NO, at 25 pphm in three types of 
studies 

Studies in which alfalfa was exposed to a mixture of 25 
pphm of S02 and N02 in 1- and 2-hr fumigations, which 
would be expected to inhibit apparent photosynthetic rate 
by no more than 2-4% if the effects were additive, pro
duced from 9-15% inhibition. Two statistical methods, 
the two sample t-test and the Mann-Whitney-Wilcoxon 
test (Steel and Torrie, 1960), were used to show nonaddi
tivity at the 99% confidence interval. A mixture of 15 
pphm of each gas reduced photosynthetic rate by 7% in 
2-hr fumigations . The sequential studies, in which plants 
were exposed during the first hour to one pollutant after 
which the other pollutant was added to the first during 
the second hour, did not produce a significantly greater ef
fect than did simultaneous application of both pollutants. 

Initial studies were run to determine whether N02 or 
NO was more responsible for the synergistic response ob
served in combination with S02 . Since N02 may be re
duced to NO and some NO is oxidized to N02 as it enters 
the chamber at high concentration, an evaluation of each 
gas separately in combination with S02 was not possible. 
However, increasing the ratio of NO to NOx for a given 
NO x concentration decreased the degree of synergism, in
dicating that NO had little or no effect. 
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Figure 1 shows composite graphs of CO2 uptake rate vs . 
time for fumigations with 25 pphm S02 and N02. In all 
fumigations the CO2 uptake rate inhibition was complete 
within about 20 min, after which the rate remained quite 
stable over a 2-hr period . The sequential studies in which 
S02 is added first demonstrate the synergism strikingly. 
The inhibition due to S02 alone at 25 pphm was mea
sured during the first hour; a decrease in CO2 uptake rate 
due to addition of the N02 at 25 pphm (which causes no 
effect when added alone) during the next hour shows that 
the response is nonadditive. 

So long as tissue injury does not occur, photosynthetic 
rate inhibition due to fumigation with S02 and/or N02 is 
reversible . Depending upon the degree of inhibition, re
covery of C02 uptake rate to control levels was complete 
within 30 min to 2 hr . 
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Poly-j3-hydroxyalkanoate from Activated Sludge 

Lowell L, Wallen 1 and William K, Rohwedder 

Northern Regional Research Laboratory, Peoria, III. 61604 

• A new heteropolymer has been isolated by chloroform 
extraction of activated sludges supplied by the Greater 
Peoria Sanitary District and from the waste purification 
facility of an industrial grain-processing plant. The com
pound is a polyester with physical and chemical proper
ties similar, but not identical , to those of polY-/3- hydroxy
butyrate (PHB). The polyhydroxyalkanoate (PHA) is 
composed primarily of /3-hydroxyvaleric and /3-hydroxy
butyric acids, along with lesser amounts of higher molecu
lar weight components. It melts at 97-100'C, whereas 
PHB melts at 160- 170'C. Because PHA is soluble in hot 
95% ethanol, it can be separated from the alcohol -insolu
ble PHB. Gas chromatographic analysis of products ob
tained by hydrogenolysis and by saponification of PHA 
has given evidence for a mixture of C., C5 (major compo
nent) , C6 , and C7 components. Structural studies show 
PHA to be a new microbial polymer present in activated 
sludge . 

Activated sludge is a gray-black, flocculent, sticky ma
terial formed during the microbial oxidation of raw sew
age. Wallen and Davis (1972) have shown that activated 
sludge contains microbial cells, heteropolysaccharides, 
and a polyester. Crabtree et a1. (1966) implicated polyhy
droxybutyrate (PHB) as a factor responsible for the floc
culation properties of activated sludge, but Deinema 
(1972) has refuted this claim. However, PHB often serves 
as an endogenous reserve nutrient for some bacterial cells 

1 To whom correspondence should be addressed. 
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when their extracellular carbon sources are depleted (Ma
crae and Wilkinson, 1958). The concentration of PHB in 
samples of activated sludge from domestic sewage was re
ported by Deinema (1972) to range from 0.0-0,2% on a dry 
weight basis. Now we are reporting further work on the 
identification of the polyester present as 1.3% of the dry 
weight of activated sludge obtained from the Greater Peo
ria Sanitary District. The polyester also is present in 
sludge from the commercial treatment facility of a grain
processing plant in Pekin, Ill. It is a new compound being 
reported as a component of activated sludge. 

Materials and Procedures 

Gas chromatography (gc) of derivatives was done in 
'I.-in. 4-ft columns of either 10% SP-1000 modified Car
bowax, 20% SE-30, or 3% SE-52 silicone columns. Isother
mal determinations with SP-1000 columns were run at 
100' and 120'C, whereas programmed analyses were begun 
isothermally for 1 min at 100'C and then heated to 230'C 
at a rate of 20'C/ min. All runs made on SE-52 and SE-30 
columns were isothermal at 125°C for 1 min and then pro
grammed at 15°C/ min to a maximum of 275°C. Trimeth
ylsilyl (TMS) esters and ethers were prepared with Tri
Sil/BSA reagent (Pierce Chemical Co., Rockford , IlL). 

Nuclear magnetic resonance (nmr) spectra were ob
tained on a Varian HA-100 spectrometer from deutero
chloroform solutions of a known sample of PHB and of the 
isolated polyester [polyhydroxyalkanoate (PHA)). 

Gc and mass spectroscopy (gc/ms) were combined for 
analysis of the methyl esters of saponification reaction 
products. A Nuclide Model 12-9OG mass spectrometer, in 
conjunction with a computer, provided printed mass spec
tra of the individual components separated by gc. 



Infrared (ir) spectra were obtained on a Beckman 
Model IR-8 spectrometer by internal reflection spectrosco
py in the solid state from material deposited by evapora
tion of chloroform solutions onto a 2-mm KRS-5 plate 
(Wilks Scientific Corp., South Norwalk, Conn.). Gc ef
fluent was entrapped in a Wilks chilled collector contain-

. ing two KRS-5 plates, each 1.27 mm thick. Ultraviolet 
(uv) spectra were recorded on a Beckman Acta III scan
ning spectrometer from sulfuric acid solutions of PHA and 
PHB. 

All melting points were determined with a Fisher-Johns 
apparatus and are uncorrected. Samples of authentic 
PHB from Bacillus ' megaterium NRRL B-1827 were sup
plied by W. C. Haynes (NRRL). Activated sludge was ob
tained from waste treatment facilities of the Greater Peo
ria Sanitary District and CPC International of Pekin, Ill. 

Results 

Isolation. A slurry of activated sludge was centrifuged 
and the semidry sludge extracted several times with hot 
water. Subsequent drying and extraction of the sludge 
with either benzene or chloroform gave a black solution. 
Evaporation of solvent gave a black gummy mass. When 
this material was washed with either hexane or ether to 
remove unwanted products, an insoluble residue re
mained, originally thought to be PHB because of its 
known insolubility in these solvents. Furthermore, the sol
ubility characteristics of the residual material were simi
lar to PHB, and the implication of PHB in the sewage 
flocculation process (Crabtree et aI., 1966) made such a 
conclusion logical. In addition, the unknown. material, 
like PHB, formed films when chloroform solutions 
were evaporated. 

Chloroform extracts of activated sludge contain both 
PHB and PHA. The latter is soluble in hot ethanol (95%) 
making possible its separation from PHB (identified by ir) 
as well as from other occluded impurities derived from the 
sludge. PHA is also soluble in acetone (with warming), 
hot methanol, benzene, chloroform, tetra hydro fur an, and 
pyridine. 

Analysis. The procedure of Slepecky and Law (1960) 
for the detection of PHB in biological materials was fol
lowed in analyzing PHA. A sample of PHA was heated 1 
min in concentrated sulfuric acid, cooled, and scanned by 
uv. Under these conditions, PHB gave an absorption max
imum at 235 nm, indicative of crotonic acid. Because our 
product absorbed uv at the same value, we could draw no 
conclusions. Thus both PHA and PHB give a value show
ing the presence of crotonic acid derived from the dehy
dration of p-hydroxybutyric acid moieties in each com
pound . Care should therefore be exercised when using this 
assay procedure because it is not specific for PHB. It is 
likely that PHA has been found in sludge or in bacterial 
cultures but was reported erroneously as PHB. 

Further comparison with PHB showed that our product 
differed in several ways. It melted at 100- 105°C, but re
peated washing with hexane reduced this value to 97-
100°C; PHB melts at 160- 170°C. When subjected to ir 
analysis, major differences were noted between its spec
trum and that of PHB. For example, the ir absorption for 
methyl and methylene groups differs in the 2870- 2990 
cm - 1 region; also, PHB has more detailed sharp bands in 
the "fingerprint" range between 1000--1400 cm -1 (Figure 
1) . Our product and PHB show strong ester carbonyl 
bands at 1723 and 1725 cm -1, respectively. 

The nmr spectrum (Figure 2) of the isolated sludge-de
rived product indicated that it contained P-hydtoxybutyr
ic acid and possibly p-hydroxyvaleric acid. Bands at 9.0, 
9.1, and 9.2 T show the presence of a CH2 group joined to 
a CHao These bands were absent in the spectrum for au-

thentic PHB. Other bands in the polyester spectrum ap
peared at 8.2-8.5 T (also missing for PHB). These indicat
ed the presence of a CH2 group, a moiety not found in 
PHB. 

When heated in a test tube, PHA gave a strong odor of 
crotonic acid (confirmed by gc) and a solid residue formed 
which retained some ir absorption characteristics of un
heated PHA. When analyzed for carbon and hydrogen 
content, the compound contained 60.62% C and 8.06% H. 
These values approximate those for a compound contain
ing a hydroxyvalerate moiety. Because the presence of hy
droxybutyrate would lower the values for C and H, it is 
likely that the material also contains a structural unit 
having more than 5 carbon atoms. 

Structure Studies. A gc separation of oils obtained by 
thermal degradation of PHA (235°C) was done on a 10% 
SP-1000 column and on a 3% SE-52 column. Two compo
nents showed retention times identical to those of crotonic 
acid and 2-pentenoic acid, respectively. The known ten
dency of p-hydroxy acids to dehydrate to unsaturated 
acids indicates that the crotonic and 2-pentenoic acids in 
the oil from destructive distillation of PHA were formed 
by dehydration of p-hydroxybutyric and p-hydroxyvaleric 
acids, respectively. 

Saponification of PHA by refluxing 1 hr with dilute 
(2.0%) NaOH in 50% methanol gave a mixture of the sodi
um salts of organic acids. Acidification, followed by ex
traction with ether, gave a mixture having an odor char
acteristic of low-molecular-weight aliphatic acids. These 
were derivatized with Tri-Sil/BSA to form TMS esters 
and ethers suited for gc on a 3% SE-52 column. Forming a 

Wavelength, microns 
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Figure 1. Infrared spectra of polyhydroxyalkanoate (PHA) and 
poly-p-hydroxybutyrate (PHS) 
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TMS ether with the {:l-hydroxyl group, in addition to the 
usual TMS esters of carboxyl groups, was expected to pre
clude dehydration and give peaks representative of any 
{:l-hydroxy acids or aliphatic nonhydroxylated acids pres
ent. The TMS derivatives were analyzed by ms combined 
with gc. Crotonic acid and {:l-hydroxybutyric acid were 
identified by this procedure, using TMS derivatives of au
thentic samples of acids . Although some cleavage of the 
TMS group occurred which made interpretation difficult, 
the ms data was normalized to show that 2-pentenoic acid 
was also present, indicative of its precursor, {:l-hydroxyval
eric acid. The largest peak had a retention time consistent 
for {:l-hydroxyvaleric acid. A fifth gc peak had a retention 
time intermediate to that for a Cs monounsaturated acid 
and {:l-hydroxybutyric acid. As no interpretation could be 
made from a mass spectrum, an eluted gc sample of the 
unknown product was trapped between two chilled KRS-5 
plates for ir analysis by internal reflection spectroscopy. 
Unexpectedly, the spectrum showed no unsaturation pres
ent; the compound may be an alkanoic or hydroxyalkanoic 
acid. 

Hydrogenolysis of 0.5 gram of PHA with aluminum hy
dride (Alane, 0.87M) in benzene (Lithium Corp. of Amer
ica, Bessemer City, N.C.) for 48 hr gave 0.11 gram of oily 
material. Silylation and analysis by gclms confirmed the 
presence of a C. and Cs diol. The diols are the compounds 
expected to be formed by cleavage of ester linkages and 
subsequent reduction. Identified as 1,3-butanediol and 
1,3-pentanediol, respectively, they confirmed the presence 
of {:l-hydroxybutyric and {:l-hydroxyvaleric acids in PHA as 
a polyester. 

PHA 

PHB 

8 9 
Figure 2. Nuclear magnetic resonance spectra of PHA and PH B 
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When temperatures were lowered (lOO°C) in conjunc
tion with an SP-1000 column, a gclms analysis of methyl 
esters of saponified PHA gave identification data for a C., 
Cs, Cs, and possibly a C7 hydroxy acid as components of 
the reaction mixture. The Cs {:l-hydroxy acid predomi
nates, with C. next in abundance, whereas the higher ho
mologs are present in minor amount only. The ratio of Cs 
to C. {:l-hydroxy acids is 5 to 1, based upon integration 
(Disc integrator) of gc peaks. The Cs peak was identified 
by ms as methyl {:l-hydroxyhexanoate (Figure 3). A very 
small gc peak with a higher retention time was presumed 
to be the methyl ester of a C7 hydroxy acid. However, the 
mass spectrum lacked sufficient data to confirm the iden
tity of the compound unequivocally; thus it is not certain 
that it is a C7 component of PHA. A comparison of the 
properties of PHA and PHB are summarized in Table 1. 

Discussion 

We have not been able to produce PHA in vitro from 
microbial species isolated from activated sludge provided 
by the Peoria District or from CPC International sludge, 
even though PHA was isolated from both samples. Possi
bly PHA production depends upon formation of essential 
precursors by more than one microorganism in a mixed 
bacterial population. 

The {:l-hydroxy acids which comprise PHA can be pro
duced as intermediates in the metabolic degradation of 
higher molecular weight fatty acids via {:l-oxidation; thus 
their presence is to be expected in sewage. However, the 
predominance of a Cs hydroxy acid is of interest because 
it would be derived from odd-numbered fatty acids which 
are less common than those having even-numbered carbon 
chains. The presence of microbial {:l-hydroxyvaleric (3-

Table I. Physical Properties of PHAa and PHB 
PHA 

White solid 
Soluble in CHCI,; precipitated 

with ether 
Melting point, 97-100°C 
Soluble in hot ethanol 
Forms film by evaporation of 

CHCI 3 sdlution 
Heteropolymer containing C" 

C,,, and C, hydroxy acids 

PHB 

White solid 
Soluble in CHCI3; precipitated 

with ether 
Melting point, 160-170°C 
Insoluble in hot ethanol 
Forms film by evaporation of 

CHCI, solution 
Homopolymer containing a C, 

hydroxy acid 
a PHA = polyhydroxyalkanoate; PHS = poIY-.B-hydroxybutyrate. 
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Figure 3. Mass spectrum of methyl {:l-hydroxyhexanoate 



hydroxypentanoic) acid as a major component of PHA is 
unique inasmuch as the compound is not recognized as a 
common product of microbiological activity (Asselineau, 
1966). We feel that PHA is a microbial product because it 
is related to the polyester, PHB, which is produced by 
many bacteria; both compounds have structural and 
physical properties that are similar. Furthermore, the 
presence of PHA in grain-derived activated sludge sam
ples from CPC International as well as from the domestic 
sewage-derived activated sludge of the Greater Peoria 
Sanitary District facility indicates that the polyester is 
not present in the raw sewage entering these plants. The 
raw sewage coming from the CPC International plant con
tains washings from normal grain processing plant opera
tions, and would not be expected to contain insoluble 
PHA. It is formed instead within a 2-hr period of aerobic 
growth under conditions of intensive oxidation. We have 
subjected samples of activated sludge containing PHA to 
further oxidation over a 20-hr period. The weight of PHA 
recovered was 44% of the original weight prior to oxida
tion. The polyester is thus biodegradable under conditions 
of prolonged oxidation. 

The polyesters reported by Kolattukudy and Purdy 
(1973) in sludge are of longer (C'S-C'S) chain length and 
were isolated from digested, or anaerobic, sludge, the end 
product of 20 days of anaerobic growth. Our compound 
was found in activated sludge, formed during a 2-hr aero
bic process. The variety of homologous hydroxy acids 
present in PHA demonstrates the unique ability of micro
organisms to synthesize unusual compounds ordinarily 
difficult or impossible to attain by synthetic routes. In ac
tivated sludge, the presence of PHA is an example of the 
potential variety of materials to be obtained from waste 
treatment facilities. 

Polyesters have been chemically synthesized from Ct-

hydroxy esters. A patent issued to Filachione et al. (1950) 
describes a process for forming polyesters from methyl 
lactate and higher homologs, using sulfuric or p-toluene
sulfonic acid as a catalyst . The products were prepared 
from the acetate, propionate, butyrate, and several other 
a-hydroxylated esters. Such a-hydroxy esters are quite 
different in stability and mode of reactivity from ~-hy
droxy esters and acids. 
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Photostationary State in Photochemical Smog Studies 

Robert J. O'Brien 1 

California State Air Resources Board, 9528 lelstar, EI Monte, Calif. 

• The photostationary equilibrium predicted by Leighton 
and others holds over most or all of several smog chamber 
experiments. However, late in the reaction of a "reactive" 
hydrocarbon, the equilibrium becomes unbalanced due to 
competition of reactive (radical) species for nitric oxide. 
Accurate measurement of low concentrations of NO at the 
late stages of these reactions allows the unbalancing of 
this equilibrium to be measured and the concentration of 
radical species to be estimated. 

The existence of an ultraviolet light- induced dynamic 
equilibrium between the concentrations of NO, N02, and 
0 3 in photochemical smog was recognized very early in 
the study of the mechanism of photochemical smog for
mation. 

1 Present address, Department of Chemistry. Portland State 
University, Portland, Ore. 97207 

The two gases NO and Oa react very rapidly to produce 
N02 and O2 and cannot coexist in the dark for more than 
a few seconds, even at low concentrations. However, in 
the presence of uv light, N02 is continually photolyzed to 
regenerate Oa and thus it is possible to have a low level of 
0 3 in equilibrium with a high level of NO or vice versa. In 
the past, with the air pollution monitoring instruments 
available, it was not possible to measure a meaningful 
value of the concentration of the lesser of these two 
species. With the advent of rapid, accurate chemilumines
cence NO and Oa measurement devices, these measure
ments can now be made. Reported here are determina
tions of the extent to which the photostationary equilibri
um holds for several hydrocarbons irradiated with NO in 
an environmental chamber. 

Experimental 

The environmental chamber used was an nOO-fta glass
walled room enclosing 72 fluorescent black lights in two 
banks of 36 each. Black lights emit radiation in the inter
val 300 to 400 nm which simulates the portion of the solar 
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spectrum effective in photolyzing N02 . Ozone was formed 
at a slow rate in the environmental chamber even after it 
was purged with air low in reactive hydrocarbons and ox
ides of nitrogen. Thus it is not well suited to the study of 
hydrocarbons of low reactivity. It was deemed acceptable , 
however, for the work described in this report, which is 
essentially a verification of photoequilibrium levels of Oa, 
NO, and N02 • A gas purification system (consisting of a 
permanganate bed, activated carbon bed, and a filter) 
lowered background levels of NOx and reactive hydrocar
bons in the chamber. The degree of reduction is depen
dent upon the day to day cleanliness of ambient air used 
in filling the chamber. In general the background NO x 

was around 0.05 ppm. 
The concentrations of NO and Oa were measured by 

separate commercial chemiluminescent air-monitoring in
struments, both having a most sensitive full-scale range 
setting of 10 ppb. Both instruments had a response time 
of less than 1 sec, and the sample transit time through 15 
ft of Teflon tubing was 2 sec. The accuracy of chemilumi
nescent air-monitoring instruments has been described by 
Stedman et al. (1972), who give a discussion of their use 
in smog studies. The exponential dilution method per
formed on the NO instrument showed that it was linear 
and accurate down to 10 ppb at which point background 
NO levels in the zero dilution gas interfered. The NO in
strument was calibrated by addition of known amounts of 
NO to the llOO-fta chamber. The instrument zero was de
termined by sampling gas containing ozone. (This was 
performed merely by turning off the chamber lights at the 
end of a run .) This zero was about 2 ppb higher than the 
zero obtained by turning off power to the lamp serving as 
an Oa generator. The ozone instrument was zeroed in the 
presence of NO in the dark and calibrated by the neutral
buffered KI method used with an ozone generator. Ozone 
concentrations of approximately 0.5 ppm were used for 
this calibration. The NO instrument also measured N02 

by passing the sample gas through a hot stainless steel 
catalytic converter. This reading is a measure of total ox
ides of nitrogen and also includes some contribution from 
organic and inorganic nitrates if present. Thus, the N02 

measurement has some uncertainty late in a chamber run 
after appreciable N02 has been oxidized to nitrates. The 
concentration of N02 was also measured with a continu
ous Saltzman analyzer. This instrument does not present 
real time data. However, for gradual changes in concen
tration the data can be corrected by subtracting 20 min 
from the time of each reading. This compensates for the 
time lag of the instrument while ignoring the integration 
effect . 

The sample line extended to the middle of the chamber 
between the two banks of lamps. The sample transit time 
in the dark tubing was only 2 sec, but ignoring the deple-

Table I. Chemical Reactions Considered 

tion of NO or Oa by their mutual reaction even for this 
short period could lead to errors as high as 30% in the 
measured concentrations. It is a simple matter, however, 
to correct the observed reading to the actual reading at 
the beginning of the sample line. When we use the known 
rate of the NO + Oa reaction (Table I) , it can be shown 
that 

[NOl = [NO], exp ([03],k3t) 

[031 = [03], exp ([NO],k3t) 

(1) 

(2) 

where i refers to the initial reading at the sample probe 
inlet and 0 to the observed reading. These equations are 
exact for cases where the concentration of the major 
species far exceeds that of the other species. During these 
periods the correction in the minor species (Oa at the be
ginning of an experiment and NO at the end) is large 
while the correction in the major component is negligible. 
For example if [NO] » [Oa] then [NO]; '" [NO]o which is 
the value used in the exponential of Equation 2. 

During the midpoint of the run, when [Oa] '" [NO], 
Equations 1 and 2, while not exact, can be used since they 
give a correction which differs negligibly from the exact 
solution to the differential equation. 

For example, the exact solution when [NO]o = [Oa]o is 

[ TO] - [0] _ [NO], 
N ; - 3; - 1 - kt[NO], 

In these experiments the NO and Oa concentrations were 
equal in the region [NO]o = [Oa]o '" 0.030 ppm. For this 
concentration the exact solution gives [NO]; = 0.03093 
while Equation 1 yields [NO]i = 0.03092. It is during this 
period of approximately equal concentration that the net 
error (product of the correction term for NO times the 
term for Oa) is smallest. The error is then about 3% for 
each species. We have used Equations 1 and 2 to calculate 
the reported concentrations. 

These equations were checked experimentally by con
necting bags of NO and Oa to the monitoring instruments. 
These bags were first connected individually to determine 
their true concentrations and then connected in parallel to 
the instruments using a "Y" connector and 10ft of tub
ing. The predicted and measured decrease in concentra
tions agreed within a few percent. 

The internal ultraviolet lights caused the chamber 
gradually to heat up over a period of several hours. As the 
chamber heated up, the uv output of the black lights de
creased in accord with their known operating characteris
tics. These difficulties were surmounted by using only 24 
of the 72 lamps. The temperature then rose from 70- 85'F 
in about 2.5 hr. The concurrent diminishing light intensi
ty was monitored with a photocell sensitive from 300-400 

No. Reaction Rate Constant Reference 

Holmes et a I. (1973) 
Johnston (1968) 

1 NO, + uv light- NO + ° 
2 ° + 0, + M - 0, + M 
3 NO + 0 , - NO, + 0, 
4 RO,+ NO- NO,+ RO 
5 0, + C,H,- initial products 
6 0, + chamber walls - products 
7 0 .3 + NO,- NO" + 0, 
8 NO, + NO - 2NO, 
9 NO, + NO, <=;: N,O, 

10 N,05 + H,O- 2HNO, 
11 HNO, + NO- NO, + HONO 
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See Tables II and III 
2.33 X 10-5 ppm-' min-I 
29.5 ppm- I min- I 
See text 
0.0134 ppm-I min-I 
2 X 10-' min-I 
0.106 ppm-I min-I 
Fast 
Fast 

Fast 

Johnston and Crosby (1954) 

Johnston (1970), av value of several studies 
This work 
Johnston and Yost (1949) 

Gray et al. (1972) 



Table II. Parameters for Reaction of 0.25 Ppm NO 
with 1.0 Ppm Isobutane 

I, m~~ - I NO" 0" Predicted" Predicted" 
min ppb ppb 0 " ppb NO, ppb NO, ppb 

0 0 50 0 280 
40 0.139 80 1.45 1.51 250 
80 0.125 130 4.23 2.82 195 

120 0.117 200 7.95 6.14 129 
160 0.114 253 13.7 12 .7 77.0 
200 0.114 290 27.2 28.0 40.2 
240 0.112 300 52.0 22 .4 21. 9 
280 0.112 300 76.0 14.8 15.0 
320 0.112 300 98.0 10 .2 11.6 

a Equation 3. 

Table III. Parameters for Reaction of 0.25 Ppm NO 
with 1.0 Ppm Ethylene 

I, k" NO" 0 " Predicted" Pred icted" 
min min - I ppb ppb 0 3, ppb NO, ppb NO,ppb 

0 0 38 0 0 235 
20 0.143 82 1.71 2.0 196 
40 0.140 125 3.58 3.9 153 
60 0.129 175 7.55 7.4 103 
80 0.127 220 14.8 15.8 60 

100 0.124 249 32.4 30 32.3 
120 0.120 263 62.0 15.5 17 .3 
" Equation 3. 

Table IV. Parameters for Reaction of 0.25 Ppm NO 
with 0.25 Ppm Propylene 

I, k" NO,," 0 " Predictedb Predicted6 
mIn min - L ppb ppb 0 3, ppb NO, ppb NO, ppb 

0 40 0 0 250 
20 0.139 84 1.9 1.9 206 
40 0 .123 127 3.6 3.3 163 
60 0.113 174 6 .8 5.7 116 
80 0.110 216 12.1 10.9 74.0 

100 0 .110 250 21.8 22 . 2 42.0 
120 0.108 265 41.0 25.0 23 .6 
140 0.107 275 63.6 15.5 15.7 
160 0.106 280 87.3 11.0 11.5 
180 0.105 280 106 9.0 9.4 
200 0 .105 (261) 126 6.5 7.4 
250 0.103 (245) 159 4.6 5 .4 

" Parentheses indicate Saltzman data. b Equation 3. 

nm. This light intensity was put on an absolute basis by a 
k1 determination as described by Holmes et al. (1973). At 
the conclusion of the run a 1-mil Tedlar bag containing 
about 1 ppm N02 in N2 was prepared. This bag was cov
ered with a black shroud and attached to the end of' the 
sample line in the chamber. The shroud was pulled away 
to initiate the N02 photolysis, terminated after about 1 
min by turning off the lights. This method eliminates 
problems due to very nonuniform changes in light inten
sity if the lamps are turned on to initiate photolysis. The 
light transmission of the 1-mil Tedlar in the region 300-
400 nm was determined to be 89%. 

Results and Discussion 

Table I lists the reactions considered in this work. The 
first three reactions listed comprise the most rapidly oc
curring reactions in smog and establish the photostationa
ry state as described in Equation 3 

[03J 
k,[N02J 
k3[NOJ (3) 

For a discussion of the photo-induced equilibrium see 
Leighton (1961) or Stephens (1969). 

For high [NO] in the early stages of photolysis the diffi
cult to measure 0 3 concentration can be predicted from 
Equation 3. Conversely, late in the photolysis the diffi
cult-to-measure NO level can be predicted from the high 
0 3 concentration. 

One uncertainity in the prediction lies in values of the 
rate constants k1 and k3 . The value of k1 has been dis
cussed above and is felt to be accurate. The values of' k3 
determined previously are compiled in Johnston et al. 
(1970) , and we have used their recommended value of 29.5 
ppm - 1 min - 1. This value yields good agreement with our 
own results as seen below. 

The accuracy of' Equation 3 for two "unreactive" sys
tems is illustrated in Tables II and III. These experiments 
involved the reaction of 0.25 ppm NO with 1.0 ppm isobu
tane and 1.0 ppm of ethylene. The experimentally ob
served values of NO and 0 3 are tabulated next to their 
values predicted from the photostationary equilibrium . 
There is very good agreement between predicted and ob
served concentrations for the duration of both of these 
runs, the difference in most cases is within ±10%. The 
N02 concentrations in these tables were measured with 
the chemiluminescent instrument and no appreciable in
terference from other forms of NO x (nitrates) is indicated . 

Table IV and V present data from a more reactive hy
drocarbon, propylene, irradiated at 0.25 and 1.0 ppm with 

Table V. Parameters for Reaction of 0.25 Ppm NO With 1.0 Ppm Propylene 
Predicted Predictedb 

I, k., C JH6, NO,," 0" 0 " NO, NO, k4RO~,c k4R01,d k~ RO~~ , 
min min - 1 ppb ppb ppb ppb ppb ppb min- 1 min - 1 min-1 

0 950 35 0 240 
10 0.161 75 1.6 2.0 205 
20 0.154 113 3.2 3.5 167 
30 0.145 890 165 6.1 6.5 125 
40 0.139 205 10.4 11.2 86 
50 0.139 23.1 45 
60 0.139 820 49.0 20 
70 0.132 88.0 9.6 
80 0.129 (220) 135 5.4 7.1 1.3 1.6 0.6 

90 0.129 710 (200) 175 3.7 5.0 1.8 2.5 1.0 

100 0.125 (190) 205 2.9 3.9 2.2 2.9 1.4 

150 0.120 450 (134) 253 1.3 2.2 4.5 4.3 2.8 

" Parentheses indicate Saltzmann data. b Equation 3. c Equation 5. d Equation 7. t Equation 8. 
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Figure 1. Discrepancy in NO, concentration data 
Curves refer to the run given in Table V: (a) Saltzman data, (b) N02 
concentration predicted from photo stationary equation (Equation 3) . (e) 
chemiluminescence data obtained with stainless steel converter 

0.25 ppm of NO. For the lower propylene concentration 
(Table IV) there is again excellent agreement between 
measured and predicted Oa and NO concentrations. The 
last two entries for N02 concentration are taken from the 
Saltzman data because the chemiluminescent instrument 
is probably in error. The N02 reading obtained with the 
catalytic converter probably contains a contribution from 
PAN which will cause its value to be high. 

This discrepancy is illustrated more clearly in the N02 

data for the more reactive system of 1 ppm propylene 
(Figure 1). Three values of the N02 concentration are 
plotted. These are the Saltzman and chemiluminescent 
data and values of the N02 concentration predicted from 
Equation 3 using the measured concentrations of NO and 
0 3. The three curves are in good agreement in the rising 
portion. This indicates three things: The time correction 
in the Saltzman data is approximately correct, there are 
no appreciable interferences in the chemiluminescent de
termination, and the photostationary equilibrium is valid. 
This latter conclusion is expected on the basis of data in 
Tables II, III, and IV. 

After about 50 min of irradiation, however, all three 
curves diverge. The time of 50 min is approximately when 
the ozone concentration exceeds the NO concentration 
(Table IV) and a rapid increase in the net ozone forma
tion rate occurs. This time corresponds to the traditional 
appearance of measurable ozone using a wet chemical in
strument and to PAN appearance (see data of Altshuller 
et al. 1967). The chemiluminescent readings continue to 
increase until they reach a maximum which is approxi
mately equal to the initial total NO x . Thus, the catalytic 
converter apparently reduces nitrate, principally PAN, as 
well as N02 with 100% efficiency. In other words, total 
NOx includes PAN. Saltzman readings decline in the lat
ter part of the run in agreement with the reported behav
ior of this system (Altshuller et al. 1967) indicating con
version of N02 to PAN or other organic or inorganic ni
trates. There is a considerable discrepancy between the 
Saltzman data and the value of [N02 ] predicted from the 
photostationary equilibrium, however. Although the un· 
certainty in the Saltzman data must be considered, the 
agreement in the first half of the run followed by a consis· 
tent disagreement of about 50 ppb later in the run is largo 
er than the experimental error can explain and is there
fore meaningful. Thus the photostationary equilibrium, 
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Equation 3, appears to break down in the latter stages of 
the reaction causing NO/N02/Oa concentrations to de
viate from photoequilibrium levels . 

Deviations from photoequilibrium levels, of course, have 
been anticipated by many workers in the field, although 
their actual measurement has not been made in the past. 
These deviations may be explained by considering Reac
tion 4, as well as Reactions 1, 2, and 3 in Table 1. 

Writing the equation for interconversion of NO and 
N02 , 

d[~O] = k,[NO,] - k3[NO][03] - k.[RO,][NO] (4) 

and making the steady state assumption for [NO] (cer
tainly valid at the end of a run when [NO] is changing 
very slowly), we obtain 

[NO,] 
k.[RO,] = kl [NO] - k3[03] (5) 

The right-hand side of this equation is simply the precur
sor of the photostationary equilibrium, Equation 3, and will 
be equal to zero if the photoequilibrium is valid. In other 
words, the term k.[R02] will be negligibly small. How· 
ever, if this term becomes large enough to perturb the 
photostationary state, then its value may be calculated 
from Equation 5. This is actually the case at the end of 
the run made with 1 ppm propylene. Calculated values of 
the term k.[R02] are shown in Table V. 

This analysis can be carried a step further by consid
ering the first seven reactions in Table 1. Reactions 1, 2, 3, 
5, 6, and 7 attempt to account for all ozone reactions fast 
enough to be important. Writing the differential equation 
for ozone, we obtain 

k,[NO,] - k3[NO][03] - k5[03][C3H6] -

k,[03][NO,] - k6[03] (6) 

By subtracting Equations 4 and 6 and rearranging, we can 
obtain an independent measure of the term k.[R02] : 

1 {d[03J d[NO] 
k.[RO,] = [NO] ----;j[ - ---;It + k5[03][C3H6] + 

k,[03][NO,] + kJ:03]} (7) 

The values calculated from Equation 7 are also tabulated 
inTableV. 

This is a less certain method (relative to Equation 5) 
since it involves rate constants known with less certainty 
and also since Equation 6 may conceivably ignore an im
portant Oa formation or destruction reaction. The agree
ment in Table V between Equations 5 and 7 is quite good, 
however. 

This agreement is significant, since it tells us that we 
probably have accounted for all important 0 3 reaction 
processes. One process which has been suggested in the 
past is R02 + O2 - ' 0 3 + RO . This reaction is usually re
jected on the grounds that it must be endothermic, but it 
is still invoked in the interpretation of some smog pro
cesses (see for instance Ripperton and Lillian, 1971). If 
some other important process of ozone generation were oc
curring, then this would result in Equation 7 yielding a 
larger value of k.[R0 2 ] than Equation 5. The actual dif
ferences in Table V, however, are not significant in terms 
of uncertainties in k5 and k7 • 

Another way of saying the same thing is that there is 
reasonably good agreement between the experimentally 
observed value of d[03] /dt and the value predicted from 
Equation 6. 



The generalized term k4[R02] does not imply that alkyl 
peroxy radicals are the only NO to N02 conversion 
species. Rather, this term is simply the sum of all conver
sion species (other than 0 3) times their respective rate 
constants. 

In fact, two conversion processes omitted from consider
ation until now are comprised in Reactions 7 and 8, and Re
actions 7, 9, 10, and 11. These processes make a small con
tribution except late in the reaction, and they do not 
"drive" the ozone buildup since each consumes a molecule 
of 0 3 to convert NO to N02. 

An upper limit for the contribution of these two pro
cesses to the term k4[R02] may be calculated if we as
sume that all N03 radicals eventually convert NO to 
N02. Equating the rate of N03 formation to the rate of 
NO conversion by N03 or its reaction products and divid
ing by [NO], we obtain 

klN03] + kll[HN03] 
k,[ 0,][ NO,] 

[NO] 
(8) 

Values of this term are also listed in Table V and are seen 
to make an appreciable contribution to the term k4 [R02] 
calculated using Equation 5. These values are probably an 
overestimation since N03 does have other removal pro
cesses in addition to its reaction with NO or N02. 

Conclusions 

In this study, photoequilibrium levels of 0 3, NO, and 
N02 have prevailed during most or all of a number of 
photochemical smog reactions employing hydrocarbons of 
moderate-to-low reactivity. This fact has been anticipated 
by a number of workers in the field of photochemical air 
pollution although the extent over which equilibrium 
would hold has not been demonstrated in the past. Con
versely, light intensity measurements using the k1 or kd 
method of Tuesday have been shown to be in good agree
ment with k1 values calculated from Equation 3. In fact, 
Equation 3 coupled with the proper monitoring instru
ments can probably obviate the necessity of making an in
dependent k1 determination by the N02 photolysis meth
od. The most accurate time to calculate k1 from Equation 
3 would be when the 0 3 and NO concentrations are equal, 
since this is when the product of the two needs to be cor
rected the least for reaction in the sample line. It is likely, 
furthermore, that Equation 3 will be valid this early in 
most smog reactions. 

The validity of Equation 3 during much or all of the 
runs discussed does not imply that there are no R02 radi
cals (or their equivalent) present, but only that their con
centration is small . These radical species are of great im
portance in photochemical air pollution since they actual
ly drive the smog-forming reaction. They are responsible 
for the conversion of NO to N02 and subsequently are in
directly responsible for ozone accumulation. The key pro
cess, as discussed by many writers in the field, is the con
version of a molecule of NO to N02 without the destruc
tion of an ozone molecule in the process. The phrase hy
drocarbon reactivity as commonly used is simply a refer
ence to the ability of a particular hydrocarbon or group of 
hydrocarbons to generate and maintain appreciable lev
els of these radical conversion species. 

The magnitude of the term k4 [R02] can be estimated 
late in a smog experiment by Equation 5 and this requires 
the accurate measurement of ppb levels of NO in the 
presence of high 0 3 levels. During this portion of the ex
periment, the term k4 [R02] can become appreciable, as 
evidenced in Table V. If a value of 1 min -1 is taken as 
reasonable for the term k4 [R02] in Table V late in the 

reaction, it is possible to approximate a concentration for 
R02 using values of k4 . Unfortunately experimental values 
of k4 are largely unknown except for the case of H02 + 
NO ~ HO + N02 for which an experimental value of k4 
'" 450 ppm -1 min- 1 has been established (Davis et al. 
1973). Demerjian et al. (1973) have recently estimated the 
rate constant for CH30 2 + NO ~ CH30 + N02 as 910 
ppm - 1 min- 1 . If k4 is indeed about 800 ppm- 1 min-" 
then the concentration of "ROo" radicals late in the ex
periment shown in Table IV will be about 0.1 ppb. 

This analysis is limited by the uncertainties inherent in 
use of a wet chemical method (Saltzman) to measure ac
curate real time concentrations of N02. Figure 1 illus
trates the inadequacy of the catalytic converter used in 
conjunction with the chemiluminescent method for [N02] 
determination. Once a more precise, real time, [N02] in
strument is available, the analysis described in this paper 
can be applied to other reactive systems. 

While Table V is not sufficient evidence to rule out the 
reaction R02 + O2 ~ RO + 0 3 for the propylene system, 
it does suggest that it is at best of minor importance. 
Rather, the influence of radical species on rapidly con
verting NO to N02 is sufficient to account for the 0 3 

buildup. Measurement of low NO concentrations in other 
smog chamber experiments and in the atmosphere should 
give additional information along these lines. The com
mon usage that chemiluminescent instruments are now 
achieving should clear up this and other questions and 
put all of smog kinetics on a much firmer ground. 

One final point worthy of mention lies in the interpreta
tion of Equation 3 describing the photostationary state. 
This equation gives useful information about the smog 
process but it does not determine what the ozone concen
tration will be late in a smog reaction. If anything, the 
quantity determined by Equation 3 is the very low NO 
concentration. The 0 3 concentration is determined rather 
by the complicated chain of chemical reactions which .oc
curred prior to its measurement, the effect of which can 
only be estimated by an integration process over this prior 
time period. 
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NOTES 

Development of Sampling and Analytical Procedure for Determining 
Hexachlorobenzene and Hexachloro-1,3-butadiene in Air 

Jon B. Mann,' Henry F. Enos, Jorge Gonzalez, and John F. Thompson 

Environmental Protection Agency, Pesticide and Toxic Substances Effects Laboratory, National Environmental 
Research Center , Research Triangle Park, N.C. 27711 

• Chromosorb 101 efficiently trapped vapors of hexachlo
robenzene (HCB) and hexachloro-1,3-butadiene (HCBD) 
from air at a sampling rate of 3 l.jmin. No loss of efficien
cy was noted with sampling times of up to 3 hr. Increasing 
the sampling rate to 10 I. / min. for 1 hr decreased the effi
ciency by 20%. The method as described has a detection 
limit of 28 ng of hexachlorobenzene per cubic meter of air. 

A recent episode in whiCh the guidelines for hexachloro
benzene (HCB) in meat (0.3 ppm) was exceeded prompt
ed an investigation into the source of the contamination. 
The grass in pastures around certain chemical plants was 
found to contain hexachlorobenzene (HCB) . Air pollution 
was considered as one possible source of this contaminant. 
An efficient, portable, air-sampling device, which would 
yield HCB in a form amenable to subsequent analysis by 
electron capture gas chromatography, was needed. 

The objective of this study was to develop, evaluate, 
and field test such a device. An on-going in-house research 
program designed to improve methodology for determin
ing pesticides in air provided clues to the best approach 
for resolving this problem (Seiber et a I. , 1973). 

An ethylene glycol impinger system originally described 
by Miles et al. (1970) and later adapted by Enos et al. 
(1972) was less desirable for field use than a solid adsor
bent trap attached to a portable battery-powered air 
pump. The solid adsorbent suggested for this work (Sei
ber, 1973) was Chromosorb 101. 

Experimental 

Preparation of Chromosorb 101. Chromosorb 101 (60/ 
80 mesh) was extracted for 4 hr using a Soxhlet apparatus 
charged with 5% acetone in methanol. Six washing cycles 
per hour proved adequate. A similar wash with hexane 
was repeated twice. The Chromosorb 101 was dried for 30 
min at 70°C. A I-gram portion was extracted with 20 ml 
of hexane by shaking in a 50-ml test tube for 20 min on a 
reciprocating mechanical shaker. A 4-ml aliquot of the su
pernatant was concentrated to 1 ml and a 5-1'1. portion in
jected into a gas chromotograph for the purpose of estab
lishing the background contribution from the adsorbent . 
Injection was made into a gas chromatograph containing a 
1.5% OV-17/1.95% QF-1 column heated to 150°C and 
equipped with an electron capture detector. The sensitivi
ty of the gas chromatography system was such that a 
50-pg injection of HCB resulted in at least a 50% full· 
scale deflection with a noise level oftess than 2%. 

1 To whom correspondence should be addressed . 
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Table I. Trapping Efficiency for HCB and HCBD on 
Chromosorb 101 

Trapping 
No. of Ai r Sampling efficiency, 

replicates "g / m3 time and rate % Range 

HCB 

5 5560 1 hr, 31pm 92.9 88.5-97.5 
2 1666 1 hr, 10 Ipm 79.0 78.0-80.0 
1 1110 1 hr, 

1850 3 hr, 
370 3 hr. 

4170 1 hr. 

Figure 1. Field sample col
lected at rate of 2 l.jmin for 
1 hr was equal to 900 ng 
HCB/ m3 air diluted to 40 ml 

31pm 97.0 
31pm 91.6 87 .4-95 .7 
31pm 99.5 98.9-100 

HCBD 

21pm 100 .5 98 .0-103 

~ -:i~ +-t;: ::a; 
.=:" -'-":'" 7P: , ~ 

" I---r'" • • • . x' 

Figure 2. One gram Chromo
sorb 101 after cleanup; 20 
ml concentrated to 5 ml 



Preparation of Collection Tube. A 4·in. length of 
lO-mm i.d. glass tubing was fire polished at both ends. A 
crimp was made about 1 in. from one end of the tube to 
retain a small plug of glass wool. One gram of Chromosorb 
101 was placed in the tube followed by another plug of 
glass wool. 

Evaluation of Collection Tube. Known amounts of 
HCB and hexachlorobutadiene were placed in a U tube 
and the U tube was connected to the collection tube. 
After air was drawn through the tubes at a known rate for 
a specified period of time the Chromosorb 101 was trans
ferred to a test tube containing 20 ml of hexane and shak
en for 20 min . Analysis was completed by injecting a 5-1L1. 
aliquot into a gas chromatograph equipped and operated 
as described above. 

Results and Discussion 

The results in Table I indicate that a high level of trap
ping efficiency can be obtained for vapors of HCB and 
HCBD. HCB was trapped efficiently at a sampling rate as 
high as 10 l.jmin (lpm) . 

For most purposes, a rate of 2 I./min and a sampling in
terval of 3 hr should be sufficient. Under these conditions 
and with a preliminary concentration of the extract (4 to 
1), a limit of detection of 28 ng/m3 of air [about 22 parts 
per trillion {ppO] can easily be achieved . 

HCB was stable when adsorbed on Chromosorb 101 
from the vapor phase and stored at room temperature for 
up to 6 days. This allowed sufficient time to transport 
samples from the field to the laboratory. 

Field evaluation of the sampling device was accom
plished by obtaining samples upwind and downwind of a 
chemical plant manufacturing perchloroethylene. Samples 
were also taken around a land fill area used by the plant 
for disposing of waste chemicals. 

An air sample taken downwind of the plant contained 
990 ng HCB/m3 while an upwind sample contained 915 
ng/ m3 . An air sample taken on a dustless day in the vi
cinity of the land fill contained 18.6 mcg/m3 • 

HCBD was also found in the samples described above 
but it was not quantitated. 

The identities of HCB and HCBD in the field samples 
were confirmed by mass spectrometry. 

Figure 1 is a chromatographic tracing depicting both 
the HCB and HCBD as they appear in a field sample . 
Figure 2 is typical of the background obtained from Chro
mosorb 101 when it was prepared and evaluated as de
scribed in this method . 
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Rare Earth Element Composition of Atmospheric Particulates 

Mark J. Potts, 1 Charles W. Lee, and James R. Cadieux 

Center for the Biology of Natural Systems. Washington University, St. Louis, Mo. 63130 

• The relative and absolute rare earth element (REE) 
concentrations of atmospheric particulate matter are still 
very poorly known. The REE do not constitute an appar
ent health hazard, although their toxicology is not well 
defined. However, as a tool for determining sources and 
particulate formation processes, they warrant further 
study. Analyses for nine of the REE (sufficient to define 
relative distribution patterns) are reported for three air 
particulate samples collected in the metropolitan St. 
Louis area . Differences are observed that, with additional 
data, should prove useful in defining source materials and 
modes of atmospheric particulate loading. 

Very few data on the rare earth element (REE) contents 
of air particulates are available in the literature. In addi
tion, the available information is either of high uncertain
ty (Henry and Blosser, 1971) or incomplete (Gordon et aI., 
1973; Kay et aI., 1973). The REE contents of air particu
lates do not present an obvious toxicological hazard at 
their ng / m3 level but do perhaps warrant closer study for 

1 Present address, Texas Instruments Inc ., Geophoto Services, 
P.O. Box 5621, Dallas, Tex. 75222. To whom correspondence 
should be addressed . 

their ability as tracers and discriminators. The utility of 
the REE in determining the origin and formation pro
cesses of natural materials such as rocks and minerals is 
well documented (Haskin and Frey, 1966; Herrmann, 
1970). The processes by which the REE were added to the 
total particulate loading of the atmosphere are certainly 
different from geologic processes but may be amenable to 
the same type of analysis based on both absolute REE 
contents and relative REE fractionations. 

The REE behave as an essentially coherent group of el
ements. Relative fractionations within the group or anom
alous contents of individual elements (notably Ce and Eu) 
are generally the most useful types of information, and 
they reflect directly on the formation processes and 
sources. To effectively view such differences it is necessary 
to normalize, element by element, the concentrations of 
the REE in a sample by those in some standard reference 
material. Doing so not only removes the nuclear structure 
effect causing the abundances of even atomic number ele
ments to exceed those of odd atomic number elements in 
nature (Oddo-Harkins rule) but also yields an immediate 
comparison with the reference material. 

The REE data (Table I and Appendix) for three air fil
trate samples from the metropolitan St. Louis area have 
been normalized to the average REE contents of shales 
and are plotted versus atomic number in Figure 1. This 
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choice of reference material will be justified below. Two of 
the samples, Soulard-OOll and GC-23, both from areas of 
heavy industry, have similar absolute and relative abun
dances. The third sample, OVLD-067, from an area domi
nated by light industry and residences, contains some
what higher amounts of the REE and shows a distinctly 
different distribution pattern. This comparison of REE 
patterns and the types of urban setting is made here only 
as a point of information and with no intended inferences. 
It is certainly premature to attempt such correlations with 
the available data. The important fact to be noted is that 
significantly different fractionations of the REE (best il
lustrated here as differences in the ratio of heavy to light 
REE) are observed in the air particulates from a single 
metropolitan area. 

The types of distribution patterns observed in the air 
particulate samples are perhaps most meaningful when 
compared with the average REE composition of sediments 
and sedimentary rocks, the most common materials of the 
earth 's surface. For this purpose we have selected the av-

4. 
OVLO-067 

Figure 1. Rare earth element distribution patterns normalized by 
the average rare earth element content of 40 North American 
shales (Haskin et al.. 1968) 

Table I. Rare Earth Element Concentrations (Ppm) in 
Atmospheric Particulates from Metropolitan 
5t. Louis 
(See Appendix for analytical methods) 

GC-23, Soulard-OOll, OVLD-D67. 
Granite City, St. Louis Ove rland, 

Element III. City Mo. 

La 25.9 ± 0.9" 14.6 ± 0.8 27 ± 1 
Ce 39.9 ± 0.9 32 ± 1 82 ± 2 
Nd 29 ±2 20 ± 2 58 ± 3 
Sm 3.59 ± 0.06 2.83 ± 0.07 10.1 ± 0.1 
Eu 0.42 ± 0.04 0.46 ± 0.06 4.1 ± 0.2 
Gd 1.8 ± 1.2 2.4 ± 1.4 14 ± 3 
Tb 0.43 ± 0.06 0.55 ± 0.08 2.9 ± 0.2 
Yb 1.4 ± 0.4 2.5 ± 0.4 10.2 ± 0.8 
Lu 0.33 ± 0.04 0.55 ± 0.03 2.07 ± 0.08 
l:REE' 113 87 257 
Air volume 1476 851 1732 

sampled, m3 
Wt particulates 0.208 0.146 0.214 

collected, grams 
rI Stated errors are one standard deviation based on counting 

statistics . 
b Tot al REE conten t, La-Lu, 

determin ed. 
including estimates for elements not 
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erage REE compositIOn of 40 North American shales 
(Haskin et aI., 1968) as the reference material. The REE 
content of these shales is very similar to that of the crus
tal abundance (Wedepohl , 1968) used by Gordon et al. 
(1973) for normalizing other elemental abundances in the 
atmosphere, but the shale data are more complete for the 
REE. The REE composition of shales should be fairly rep
resentative of natural sources of particulate matter such 
as soils and sedimentary rocks (Haskin and Frey, 1966). 
Absolute values, however, may be significantly different. 
The average REE content of shale should be especially 
representative of the rock and soil cover in metropolitan 
St. Louis, a terrain composed almost exclusively of resid
ual soils, loess, and .sedimentary rocks. 

In general, we would expect the REE in air particulates 
derived entirely from natural sources (and perhaps those 
derived from the burning of coal), when normalized as in 
Figure 1, to yield a horizontal line, but not necessarily at 
1.0. Distribution patterns deviating significantly from the 
horizontal , such as the OVLD-067 sample, suggest contri
butions from artificial sources. It is too early to speculate 
about the possible causes for this large enrichment of the 
heavy REE (or possibly the depletion of the light REE) 
relative to the assumed natural source materials . How
ever, it is difficult to explain as resulting from natural 
processes. On the other hand, "enrichment factors" for in
dividual elements in atmospheric particulates led Gordon 
et al. (1973) to conclude that for the four REE determined 
there was no significant enrichment or depletion relative 
to that expected for source materials having a crustal-type 
elemental composition. 

Further study of the distribution of the REE in air par
ticulates may provide at least a partial solution to the 
problem of distinguishing natural sources from man-made 
sources of air pollutants. The REE have limited commer
cial or industria( uses at present, and each generally 
would have its own characteristic distribution pattern (or 
signature). In addition, it should be possible to character
ize particulate stack emissions resulting from the combus
tion of natural fuels and particulate matter from wind 
erosion of rocks and soils. However, much more work on 
the REE is needed for them to become an effective tool. It 
would be desirable, for example, to study the REE con
tents in coal and the differences in REE distribution pat
terns, if any, in particulates emitted during its combus
tion . The present study, which presents data for only 
three metropolitan St. Louis air particulate samples, lacks 
such necessary background information. Continuing work 
in this direction on a complete set of previously collected 
samples, we hope, will prove as useful as these first data 
suggest. 
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APPENDIX 

Analytical Methods 

Samples were collected over a 24-hr period on 8 X 10-in. 
Whatman 41 filter paper using a high-volume air sampler. 
Analyses were performed by neutron activation analysis 
using a postirradiation chemical separation of the REE and 
high resolution, Ge(Li), counting (Potts et aI., 1973). Blank 
values obtained on the Whatman 41 filter paper were con
sistently negligible. 
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Improvements in Colorimetric Analysis of Chlorine and Hydrogen 
Fluoride by Syringe-Sampling Technique 

Robert M. Bethea 

Chemical Engineering Department, Texas Tech University, Lubbock, Tex. 79409 

• The syringe-sampling technique for the analysis of re
active gases in air has been improved. The o-tolidine 
method for free Cl2 has been extended to 300 ppm for 
stack gas analysis. The lanthanum- alizarin-complexan 
method for HF has been adapted to the syringe procedure 
over the range of 0.3-70 ppm. The relative analysis errors 
are below 4.2 and 1.6%, respectively . 

The syringe-sampling technique of Meador and Bethea 
(1970) has been extended to the colorimetric analysis of 
high concentrations of Cb in stack samples. Additional 
work has also led to a change in the colorimetric proce
dure used for the analysis of trace quantities of HF in 
both ambient and stack samples. 

Experimental 

The experimental apparatus used to prepare the cali
bration samples by the permeation tube technique was as 
described in the Federal Register (U.S. Environmental 
Protection Agency, 1971) . Oil-free, breathable grade air 
containing no measurable amounts of any reactive gas was 
used as supplied in commercial compressed air cylinders. 
The permeation rates of the Cb and HF were determined 
gravimetrically after the system had reached thermal equi
librium at 25 ± O.17°C. 

Chlorine. At concentrations above approximately 100 
ppm Cb, the working o-tolidine solution (0.005 gi l., Mea
dor and Bethea, 1970) was unusable. Under those condi
tions, the orange color formed by the reaction between Cb 
and the o-tolidine became immediately pronounced and 
then faded completely within 5- 10 min. To avoid the color 
bleaching, 3 ml of the stock o-tolidine solution (1.00 gi l.) 
were drawn into 50-ml disposable polypropylene syringes 
(Becton, Dickinson, and Co., No. 850L/ S) fitted with dis
posable stainless steel needles with polypropylene hubs 
(Becton, Dickinson, and Co., No. 1(00). Sample air (47 
ml) was then drawn into the syringe from the permeation 
tube apparatus at a rate of 2 ml / sec. Absorption of the 
Cl2 was complete in 5 min of gentle hand shaking. The 
developed reagent was then expelled into a l-cm i.d. cu
vette and read in a colorimeter (Bausch and Lomb, Spec
tronic 20) at 450 nm against unexposed reagent as the 
100% T reference. The cuvettes used were matched to 
±0.5%T. 

The calibration was carried out for 50-350 ppm. Cb 
corresponding to a color range of deep orange to burnt 
siena (corresponding to 23- 4% T) . The colors so formed 
were stable for 2 hr. The calibration curve for the data 
(points taken at least in triplicate) showed Beer's law to 
be followed for 50-300 ppm Cb. The relative analysis error 
was between 3.34 and 4.18% over this concentration range. 

Two cautions must be observed with this technique. 
Unless the syringes have been in semicontinuous use, they 
require overnight conditioning with several thousand ppm 
Cl2 to obtain reproducible results. This conditioning step 
is required for any syringes that have not been used for 
stack sampling for an 8-hr period. Preconditioning of the 
syringes is necessary to avoid surface absorption of the re
active gas on the syringe wall. If this is not done, the first 
few samples (as many as 3) usually showed chlorine con
centrations below those actually present . 

As glass and plastic syringes from several different 
manufacturers had been previously evaluated (Gully et 
aI., 1969) for their effect on reagent stability, extensive re
evaluations' were not necessary for the present work. The 
glass syringes consistently gave poorer reproducibility 
than plastic syringes in our previous work and were thus 
not retested. The polypropylene syringes described above 
gave the most reproducible results of the three varieties 
checked, and were therefore used throughout this re
search. 

The second precaution to be observed is the require
ment for preventing ghost effects between samples. This is 
especially important when the concentration in subse
quent samples is expected to be lower than that of previ
ous samples. The syringes must be rinsed three times with 
4 ml of unexposed stock solution between samples to ob
tain best results . 

Hydrogen Fluoride. The lanthanum-alizarin-complex
an procedure of Belcher and West (l961a,b) was investi
gated for adaptation to the syringe sampling technique. 
The initial evaluation consisted of triplicate observation 
of various points on a standard aqueous N aF calibration 
curve prepared to be equivalent to 2.0-70 ppm fluoride in 
a 46-ml gas sample according to the directions of Gully et 
aI., (1969). 

In the evaluation of this procedure, a commercially 
prepared reagent (Amadec-F, Burdick and Jackson Labo
ratories, Inc ., 1966, 1967) was used. The procedure was 
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that recommended by the manufacturer with the fol
lowing exception: The solvent used was a 60% (v/v) solu
tion of 1,4-dioxane in demineralized, deionized (DMDI) 
water to form a solution containing 100 mg of Amadec-F 
per ml of solution. This corresponds to 1.0 mM each of 
total acetate and the lanthanum complexan chelate. This 
solvent gave considerably more sensitive results than the 
60% (v Iv) isopropanol, diethyl ether, methanol, ethanol, 
acetonitrile, or acetone solutions recommended by the 
manufacturer. 

The most sensitive and reproducible results were ob
tained when 1 ml of the Amadec-F concentrate was added 
to 4 ml of the fluoride standard. The calibration was car
ried out using matched (±0.5% T) l -cm i.d. cuvettes and 
read at 620 nm against an unexposed reagent as the 100% 
T reference. 

The preliminary experimental data showed that after a 
color development time of 30 min, the depth of color be
came stable and remained so for 16 hr, thus confirming 
the observations of Yamamura et al. (1962). Further ex
perimental work showed that solutions higher in fluoride 
content stabilize in shorter times after exposure as origi
nally noted by Belcher and West (1961a). As examples, 
the % T decreased hyperbolically from 84 to 65 over 28.5 
min at 10 ppm fluoride , from 57 to 26.4 over a 24.5-min 
period at 30 ppm fluoride, and from 28 to 10 over a 21-min 
period at 60 ppm fluoride. Thus, a minimum color devel
opment time of 30 min was selected for use. 

When equivalent pairs of exposed reagent were subject
ed to light stability tests, no difference was noted. The 
rate and degree of color change as measured by % T de
crease were the same for light shielded samples as for 
those exposed to laboratory light levels. This indicated 
that diffuse light (indirect natural light or fluorescent) has 
no effect on the stability of the exposed fluoride reagent. 

In adapting this procedure to the analysis of airborne 
HF, 4 ml of DMDI water were drawn into properly pre
conditioned (about 150 ppm HF for 8 hr) 50-ml polypro
pylene syringes and used as the absorbing medium. Sam
ple gas (46 ml prepared by the permeation tube technique 
to cover the range of 0.1-100 ppm HF) was drawn into 
vertically oriented syringes at the rate of 2 ml /sec. Fol
lowing gentle hand shaking for 2 min, the resulting solu
tions were expelled into cuvettes and 1 ml of the Amadec
F concentrate was added followed by thorough mixing. 
The fluoride concentration was plotted against the % T 
after the 30-min color development time had elapsed. The 
data so obtained show Beer's law to be followed over the 
range of 1-35 ppm fluoride (corresponding to 97- 20% 
T) . The lower detection limit was 0.3 ppm fluoride. The 
upper reliable limit of calibration was 70 ppm fluoride. 
The relative analysis error for triplicate analysis of nine 
equally spaced points over this range was consistently 
below 1.52%. 

As an alternate to the permeation tube technique, cali
bration with standard NaF solution may be used. To ten 
25-ml volumetric flasks , add graduated amounts (1 ml, 2 
ml, 3 ml , , 10 ml) of 6.417 x 10- 5M NaF solution. Dilute 
each flask to the mark with DMDI water. Add 1 ml of the 
Amadec-F test reagent to 4 ml of the calibration solution 
in a clean l-cm cuvette and mix well by pouring back and 
fortb into another clean cuvette. The first point is equiva
lent to 5 ppm HF in air as measured with a 46-ml syringe 
air sample. The last point is equivalent to 50 ppm. Cali
bration points should be determined in triplicate. The rel
ative analysis error which may be expected over the 5-50 
ppm range is between 1.4 and 2.06%. 

Any syringes not used for calibrations or ambient air 
sampling for a period of 8 hr should be reconditioned prior 
to use. 
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This adaptation of the lanthanum-alizarin-complexan 
method to the syringe-sampling procedure for airborne 
fluoride provides a greatly extended useful range with a 
fivefold increase in sensitivity over the ferric sulfosalicy
late fluoride bleaching method used by Meador and Beth
ea (1970). 
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Further Development of a Generalized 
Kinetic Mechanism for Photochemical 

Smog-Addendum 

T, A, Hecht, J, H. Seinfeld, and M. C. Dodge 

For those readers who might wish to reproduce the sim
ulations reported in the article which appeared in Envi
ronmental Science and Technology, Vol. 8, No.4, pages 
327-39, we present here some additional data. 

In carrying out chemical analyses of reactants and prod
ucts, large volumes of gas were drawn from the chamber 
during an experiment. Removal of such large samples for 
analysis was necessary to obtain accurate determinations 
of contaminant concentrations. A volume of clean air, 
equal in volume to the amount of gas removed for sam
pling, was added to the chamber to maintain the total 
chamber pressure at 1 atm. To determine the amount of 
dilution, ethane, a hydrocarbon which is virtually unreac
tive in photochemical smog, was added to the reactant 
mix as a tracer gas. If ethane is assumed to be chemically 
inert, its loss from the chamber can be attributed entirely 
to sampling and dilution, carried out at an average rate 
given by -dc/dt = kc. The "rate constant" for the reac
tion is then k = [2.3 log(co/c, )1/(t, - to), where 0 and f 
denote the beginning and ending times of the irradiation. 
The average dilution rate constants for the experiments 
used for validation were: ' 

EPA run k X 104 (min -I) EPA run k X 104 (min -I ) 

306 7.5 307 9.5 
314 8.5 333 10 .0 
345 7.5 348 J .9 
318 8.2 349 9.3 
325 8.5 352 9.5 
329 8 .9 457 6.9 
459 4.8 
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Composition and size distributions of atmospheric 
particulate matter in the Boston area 

E. S. Gladney, W. H. Zoller, A. G. Jones, and G. E. 
Gordon 

549 

551 

Samples of particulates were collected with a cascade impactor 
at three sites in the Boston area and analyzed for t 8 elements 
by neutron activation analysis. Particulates of different 
composition could be easily classified by size into small. large. 
and mixed component classes. 

Determination of particle size distribution of oil-in-water 
emulsions by electronic counting 558 

T. R. Lien and C. R. Phillips 

Particle size distributions of oil-water emulsions were 
determined with a Coulter counter model T. A decrease in 
particle numbers after dilution with the necessary electrolyte 
solution was the major limitation. and methods for correcting 
this are suggested. 

Potential effects of thermal discharges on aquatic 
systems 

R. M. Bush, E. B. Welch, and B. W. Mar 

Changes to aquatic environments caused by temperature 
increases were studied with respect to freshwater fish 
communitieS. Data indicate adequate protection for fish species 
results in like protection for invertebrates. Present data are 
insufficient for predicting effects of temperature on marine 
systems. but they are summarized for use as guidelines. 

Complexation of iron(lI) by organic matter and its effect 
on iron(lI) oxygenation 569 

T. L. Theis and P. C. Singer 

Ferrous iron remains in aqueous systems longer than expected 
because it complexes with naturally occurring organic 
compounds. Polarography confirms that Fe (II) -tannic acid 
complexation inhibits Fe(ll) oxidation. A model is presented for 
behavior of aqueous iron in an aerobic system in the presence 
of organic matter. 

Synergistic inhibition of apparent photosynthesis rate of 
alfalfa by combinations of sulfur dioxide and nitrogen 
dioxide 574 

K. L. White, A. C. Hill, and J. H. Bennett 

Alfalfa was exposed to combinations of SO, and NO,. testing for 
decreased CO, uptake. Concentrations of SO, and NO, needed 
to depress CO, uptake were reduced when both gases were 
applied. Exposure of both gases at 25 pphm. resulted in a 
decrease in CO, uptake of 9-15%. 

• Supplementary mater ia l for this paper is ava ilable separately. in photocopy or 
microfiche form. Ordering information is given in the paper . 

PoIY-/J-hydroxyalkanoate from activated sludge 576 

L. L. Wallen and W. K. Rohwedder 

A new heteropolymer has been isolated from activated sludge 
by chloroform extraction. The poly-{:i-hydroxyalkanoate is 
composed mostly of {:i-hydroxyvaleric and {:i-hydroxybutyric 
acids. Physical properties are similar to pOly-{:i-hydroxybutyrate , 
but it is soluble in hot alcohol and melts at 97 -1 OO'C. 

Photostationary state in photochemical smog 
studies 579 
R. J. O'Brien 

Competition by reactive hydrocarbons for nitric oxide late in the 
photochemical smog reaction unbalances the photostationary 
equilibrium. Accurate measurement of low concentrations of NO 
allows this unbalance to be measured, and the concentration of 
the radical species estimated. 

NOTES 
Development of sampling and analytical procedure for 

determining hexachlorobenzene and hexachloro-1 ,3-
butadiene in air 584 

J. B, Mann, H. F. Enos, Jorge Gonzalez, and J. F. 
Thompson 

Chromosorb 101 was used to trap vapors of hexachlorobenzene 
and hexachloro-1 ,3-butadiene in air. At a trapping rate of 31./ 
min, collection efficiency averaged 94%. Detection limit for 
hexachlorobenzene was 28 ng / m'-

Rare earth element composition of atmospheric 
particulates 585 

M, J. Potts, C, W, Lee, and J. R. Cadieux 

Analysis of nine rare earth elements are reported for three air 
particulate samples collected in the SI. Louis area. Differences 
are observed which should prove useful in defining source 
materials and modes of particulate loading. 

I mprovements in colorimetric analysis of chlorine and 
hydrogen fluoride by syringe-sampling technique 587 

R. M, Bethea 

Detection limit for free CI, by syringe sampling using the 0-

tolidine method has been extended to 300 ppm. The lanthanum
alizarin- complexan method for HF has been adapted to the 
syringe procedure with a range of 0.3-70 ppm. 

ADDENDUM 
Further development of generalized kinetic mechanism 

for photochemical smog 588 

T, A. Hecht, J. H. Seinfeld, and M. C. Dodge 

Credits: 489, U.S. Geological Survey; 493. Richard J . Seltzer; 495. 497, John V. 
Sinnett: 510. Everett l. Huffman 

Cover: EPA~Documerica-T. Eiler 



When you're asked to "comply with," or 
"document," or "correct," or "predict" the effects 
of potential pollutants in any aquatic environment 

we're ready to help you ... now. 
We're a service oranization at Union Carbide - in business to help 
you cope effectively with the aquatic environment. 

We define. We test. We analyze. We recommend. We document. We 
even restore-and maintain aquatic environments for some of our clients. 

We've developed this new service capability .around refinements 
we've made in a number of analytical methods - physical, chemical , 
and biological- the results of which we use to define and help you 
effectively deal with aquatic problems. Problems such as: 

• complying with the aquatic toxicity provisions of federal 
and local legislation; 

• predicting the effects of effluents from proposed facilities 
on the environment; 

• documenting the environmental effects of existing effluents; 
• restoring fresh waters to their natural state - and keeping 

them that way. 
Send for complete details. The series of folders shown above can 
help you define your particular problem and detail precisefy the 
services we offer. To obtain copies, write'or phone us directly at 
the address shown below. 

Look over the material. Then, when you need help with an aquatic 
environmental problem .. . we're ready to help you . .. now . 

Complete aquatic 
environmental services from ... • a9uati~--ellvironnlenlOl 

sCiences 
CIRCLE 19 ON READER SERVICE CARD 

UNION CARBIDE CORPORATION 
Tarrytown . New York 10591 
(914) 345-3974 
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