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And get a mass spectrometer in the bargain. 
Simply add a Bendix pumping system, a~d the new 
Bendix RGA-l Time-of-Flight Residual ,Gas Analyzer 
becomes a versatile mass spectrometer. T!lus, you get 
both for virtually the price of the RGA alone. 

You also get the only Time-of-Flight type RGA on the 
market. The analyzer tube (with or without pumping 
system) can be remotely controlled up to 100 feet from 
the console. And the analyzer, including the magnetic 
electron multiplier, is bakable to 300oe. The Bendix 
RGA-l also can determine total pressure or partial pres
sure to below 1(j"13 Torr. How's that for meeting the needs 
of calculating and duplicating processing conditions? 

You get fast scan rates, too. 50,000 spectra-per-second 
for oscilloscopes. 1.5 seconds to 60 minutes for 2 to 200 

amu on recorders. The operating range is 1 to over 500 
amu. Resolution exceeds 200 amu. Sensitivity is greater 
than 1 ppm, 1()"13 Torr, 100 amps per Torr,10'12 gram. 

The RGA-l has three simultaneous outputs, too. A 
continuous oscilloscope spectrum display plus two analog 
channels which can be used for scanning any desired mass 
range at any desired rate or for monitoring single peaks. 

Latest generation, solid state integrated circuits on 
plug-in cards assure trouble-free operation and main
tenance. Simplified controls permit operation and adjust
ment without highly trained personnel. For complete 
information, write: The Bendix Corporation, Scientific 
Instruments Division, 3625 Hauck Road, Cincinnati, Ohio 
45241. Or phone (513) 772·1600. 
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Two ways to find out what's being 

publis.hed in the world of chemistry. • • 

this way . 

. or this way 

The quick, positive way to find out what's being 
currently published (or about to be published) in 
the world of chemistry is through CHEMICAL 
TITLES. An issue of CHEMICAL TITLES is sent 
to you every two weeks listing current articles in 
650 important U.S. and foreign chemical and chem
ical engineering journals. For finding your area of 
interest fast, articles are indexed by title, author, 
and significant terms (or ideas) in context. 

Regular scanning of CHEMICAL TITLES in 
combination with thorough reading of several key 
journals is an excellent way to provide for your 
information needs. CHEMICAL TITLES can lead 
you to articles which you otherwise would miss, 

especially in publications you do not normally read 
and in foreign-language publications. 

All titles are translated into English. As a re
search tool ... users report ten minutes spent with 
CHEMICAL TITLES can uncover enough mate
rial to keep them busy all week. 

Regardless of your interest in chemistry, 
CHEMICAL TITLES can direct you to the most 
up-to-date facts and keep you alerted to papers 
whose abstracts will be published shortly in 
CHEMICAL ABSTRACTS. 

For complete information and subscription prices 
. write to: E. G. Johnson, Subscriber Information 
Dept. CTP. 

CHEMICAL ABSTRACTS SERVICE 
American Chemical Society 

Columbus, Ohio 43216 
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Current Research 

Fate of airborne benzo[alpyrene 33 

J. F. Thomas, Mitsugi Mukai, and B. D. Tebbens 

on the basis of infrared data, the fate of airborne benzolal 
pyrene is controlled by three factors: state or phase of 
airborne benzo[alpyrene; its carrier, soot; and photochemical 
modification in the airborne state. Infrared spectra of 
isomers of the compound did not reveal changes under the 
same experimental conditions. 

Interaction of nitrogen dioxide-olefin mixtures with 
lecithin monomolecular films 40 

Alvin Felmeister, Mohammad Amanat, and N. D. Weiner 

Nitrogen dioxide·olefin gas atmospheres interact with 
monomolecular films of egg lecithin, an unsaturated 
phospolipide, but do not interact with monomolecular films of 
dipalmitoyllecithin, a saturated phospho lipide. From surface 
pressure measurements, the observed effects appear to be 
the result of a chemical interaction of nitrogen dioxide with the 
double bond of the egg lecithin rather than a simple 
penetration of the film and may explain to some degree part 
of the mechanism of nitrogen dioxide interaction on biological 
systems. 

Sulfur hexafluoride as a gas-air tracer 44 

Amos Turk, S. M. Edmonds, H. L. Mark, and G. F. Collins 

Sulfur hexafluoride, a useful tracer of airborne pollutants, can 
be separated from other components of moist air by gas 
chromatography. Using columns of silica gel and activated 
carbon in series, the material can be detected by electron 
capture analysis in concentrations of 1 p.p.b. A freeze·out 
concentration procedure enhances the sensitivity at least 
2000·fold. 

CONTENTS 

Chemical interactions in the aggregation of bacteria: 
Bioflocculation in waste treatment 

P. L. Busch and Werner Stumm 

Microorganisms present in the biological treatment of waste 
are flocculated with anionic and non ionic polymers such 
as polyacrylamide, polystyrene sulfonate, polyglutamic acid, 
and dextran. The aggregation is effected by an interaction 
of the polymers excreted by the microorganisms or 
exposed at the cell surface. The interaction forces 
operative in biological self·flocculation appear to be 
stronger than those encountered in the aggregation by 
synthetic polyelectrolytes. 

Tertiary treatment of municipal sewage effluents 

F. X. Pollio and Robert Kunin 

49 

54 

The Desai process for the desalination of brackish waters 
using ion exchange units has been modified so that secondary 
sewage effluents are renovated. The modified process 
brings about simultaneous reduction in both the organic and 
inorganic mineral content of sewage water, offers operational 
flexibility, and can be engineered to produce water for 
industrial, agricultural, or domestic use. 

Communication 

Organic content of Southwest and Pacific coast municipal 
waters 61 

K. H. Nelson and Ihor Lysyj 

Factors such as source, climate, and treatment affect the 
organic content of municipal waters. Tests using a 
pyrographic technique show that organic content of 
municipal waters from subsurface sources ranged from 0.7 
to 1.6 mg. of carbon per liter and averaged 0.9 mg. of carbon 
per liter. The organic content of surface waters ranged from 
3.7 mg. of carbon per liter in Santa Rosa, Calif., 
to 7.7 mg. in Portland and Eugene, Ore. In contrast, the organic 
content of similar surface waters in the Southwest ranged 
from 1.3 mg. of carbon per liter for the Santa Fe River to 
0.9 mg. for Albuquerque, N. Mex. 
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Specific air pollutants: 
their detection 
and quantitation 

Monitor AutoAnalyzer$: the only automatic instrument that provides a profile 
of air contamination through the specifiC wet chemical procedures of the USPHS 

Consider these unique advantages of the AutoAnalyzer: II Specific. Colorimetric analysis zeroes in 
on one pollutant only at a time. Employs specific absorption and chemistry of USPHS Procedures. 
II Flexible. Interchangeable modules permit the determination of all parameters on one system . 
• Sensitive. Detects and quantitates down to parts per billion. II Automatic. Standardizes and cali
brates itself. Unattended operation. II Mobile. Portable racks or trailer laboratory may be used at 
many sites. II Graphic. Permanent record within minutes of sampling is evidence for both indus
trial and governmental policing. There's a much bigger story to tell. Write for the 12-page booklet 
"Specific Air Pollutants . .... TECHNICON CORPORATION. Ardsley. New York 101502 

Circle NI. 29 In Readen' SerYice Card 
4 Environmental Science and Technology 



EDITORIAL 

People can engineer for human fulfillment 

If a single program to provide maximum economic, 
health, and social benefits had to be chosen for an 
underdeveloped region, that program would nearly 

always be to develop reliable water supplies 

I n our sophisticated, affiuent society 
we are more often troubled by problems of too much 
and too soon than of too little and too late. Fortunately, 
our too much and too soon are relatively easy to live 
with. But much of the rest of the world's too little and 
too late are not easily ignored, and should not be easily 
tolerated. 

Take, for example, the problems of water 
supply in Latin America (see page 17). Whereas we 
in the United States are now very much concerned
and rightly so--with setting water quality standards, 
huge areas and large populations in Latin America are 
concerned solely with the task of obtaining some pota
ble water. 

Picture the extent and magnitude of the 
job to be done there. According to the World Health 
Organization, as recently as 1961 almost no city in 
Latin America had water under pressure all day, every 
day of the week. Or consider the tribulations of living 
in a town of 25,000 where water is available only in the 
town's center, and there from only three small pipes 
which deliver water, under very low pressure, for only 
three hours on only three mornings of each week. 

Happily, new and exciting solutions and 
techniques to overcome these difficulties are available, 
or are in the process of being developed. Indeed, con
siderable progress has been made toward supplying 
potable water to Latin Americans-66% of the urban 

population and 19 % of the rural population are by 
now served by house connection or public hydrant. 

Yet a formidable task remains. Sewage 
facilities are seriously deficient-only 53 % of Latin 
America's people live in houses connected to a sewage 
system. But in this instance, too, the Latin Americans 
are making progress. Learning from the difficulties of 
the two-organization water supply-sewage disposal 
system that evolved in the U.S. in the 1930's and has 
persisted since then, Latin Americans are taking a 
combined approach-water in and sewage out as a 
package program. 

Once Latin Americans have achieved the 
minimal goals of an adequate water supply and an 
effective sewage disposal system they will be able to 
turn their attention, as others have started to do, to 
the task of letting man look on the positive side of 
health. It is in this added, special way that the exer
cises of the environment manipulators can bear their 
most joyous fruit. It is the reduction to practice, the 
translation of the philosophical into the pragmatic, 
that leads to the betterment of man. 

Health is not just the absence of disease 
and disability, says Surgeon General, William H. 
Stewart (see page 21). The healthy man is more than 
"unsick"; he is strong. The truly healthful environ
ment is not merely safe but stimulating; it is a goal for 
all seasons and for all men. 
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Eutrophication Task Force Seeks Standardized Procedure 

Algal blooms on lakes can be a sign of accelerated eutrophication, 
but scientists have not always agreed on a best or standard technique for 
measuring the capacity of a lake to grow algae or the tendency of chemicals to 
stimulate alkal growth. The Joint Task Force on Eutrophication, composed 
of Interior Department and detergent industry representatives, is now going to 
try to develop a standardized procedure to determine algal growth potential 
(AGP) . The Soap and Detergent Association, meanwhile, is pursuing other 
approaches to the possible role of phosphates (largely from detergents) in 
eutrophication. One is to seek substitutes to phosphates, an effort Interior 
recently applauded. However, the association cautions, extensive research 
has not so far uncovered a suitable substitute. Thus, the association believes, 
removal or control of nutrients is "of primary importance in the overall effort 
to control eutrophication." 

Industry and Govemment Fight a Losing Air Pollution Battle 

It calls itself the "Big Sky" country. Actually, it's the "Dirty Sky" country. 
And Montana is likely to remain so for some time, says C. C. Gordon, Univer
sity of Montana botany professor. He attributes this situation to the apathy of 
government (at all levels) and the obstruction of industry. The governor 
vetoed a potentially effective air pollution bill in 1965; a bill was finally 
enacted in 1967. Industry then tried strenuously-but unsuccessfully-to 
persuade the State Board of Health to set nonstringent standards for ambient 
air. State agencies continue to refuse to talk of pollution-unless it is politically 
or economically advantageous. Typical of the problems is the fluoride pollution 
in Garrison (ES&T, September 1967, page 686) . Since 1963, the emissions 
from a small phosphate plant have crippled cattle and killed vegetation within 
an eight-mile radius. Only after long inaction by state and local officials did 
the Federal Government act. But the Federal Government has not acted in 
Columbia Falls, where hydrogen fluoride from the Anaconda Co.:s aluminum 
plant is causing severe damage to conifers on Forest Service land. Another 
example of the problems, Gordon told the New York meeting of the American 
Association for the Advancement of Science, is the way Anaconda, "the state's 
largest single taxpayer and major polluter," continues illegally to dump copper 
mine wastes in the Clark Fork of the Columbia River. 

Council Checks for Foul Flavor Fish Flesh 

Is the off-taste of fish freshly caught in the San Francisco Bay region related to 
wastes discharged into the bay? The North Bay Water Advisory Council 
intends to find out. Its study, to be completed by the end of the year, will take 
three approaches. In one, dilute waste materials will be introduced into 
untainted fish by intracardial injection; the fish can be prepared and tasted 
within a few hours. Another approach will use gas chromatographic analysis 
of the tainted fish. The third will involve growing fish in dilute wastes, then 
having them tested by organoleptic taste panels. 





Exhaust Manifold Reactor 

The cylinder below the hand is one 
of two exhaust manifold reactors. 
The short cylinder just behind the 
radiator is a pump that feeds air to 
the reactors 

Additional requirements and 
degrees of control for 1970 
model vehicles' 

Evaporative losses' 
Automobiles and light trucks 

6 grams of hydrocarbons 
per test (90 %) 

Exhaust 
Heavy trucks and buses 

275 p.p.m. hydrocarbons 
(35%) 

1.5% carbon monoxide 
by volume (35%) 

Diesel powered 
20% reduction of light 

transmission by smoke 

11 For engine crankcase emissions 
from automobiles and light trucks 
there is no change from 1968 
standards, which require 100% 
control. 

b This test simulates evap'Jration 
from gas tank and carburetor dur
ing one city trip, plus the evapora
tion caused by expansion and con· 
traction of gas tank vapor during 
one day. 

Comparison of exhaust emis
sions in new automobiles ami 
light trucks (grams per mile) 

Hydro- Carbon 
carbons monox;de 

Uncontrolled 9.7 71 
1968 

standards 3.2 33 
1970 

standards 2.2 23 

11 Environmental Science and Teclmology 

Many Act to Curb Vehicle Exhaust Emissions 

Exhaust manifold reactors, evaluated by Bureau of Mines (Bartlesville, 
Okla.), are technically but not yet commercially feasible for reducing 
automobile exhaust emissions below the levels required by federal standards 
for all 1968 models. Developed by Du Pont, these reactors mix additional 
air with exhaust gases to change the gases' chemical properties. As part of 
BuMines' demonstration car project, these reactors reduced exhaust emissions 
to the following concentration levels: • Total hydrocarbons to 70 p.p.m. 
• Photochemically reactive hydrocarbons to 50 p.p.m .• Carbon monoxide 
to less than 0.7% .• Oxides of nitrogen to 400 to 500 p.p.m. 

One reactor showed considerable wear on its inner baffles after 48,000 road 
miles. But an R&D materials effort concentrating on stainless steels may solve 
this problem, says Du Pont. Some approaches to the reduction of hydrocarbons 
and carbon monoxide emissions result in the formation of greater amounts 
of oxides of nitrogen. However, BuMines' total systems approach using these 
reactors permits making other adjustments to the engine so that oxides of 
nitrogen can be reduced to less than 350 p.p.m. 

Certifications for 1968 model automobiles reveal that exhaust emission levels 
are lower than those prescribed by federal standards. Ninety per cent of 
these models, having engine displacements greater than 140 cubic inches, 
have been certified with emission levels of 225 p.p.m. hydrocarbons and 
1.25% carbon monoxide, lower than the federal standards of 275 p.p.m. 
hydrocarbons and 1.5% carbon monoxide, according to Dr. John T. 
Middleton, Director of the National Center for Air Pollution Control. 
However, although these models meet all federal standards they curtail 
only 55 to 60 % of the total emissions, he cautioned, at the recent hearings 
on environmental quality of the House Subcommittee on Science, Research, 
and Development. 

Proposed federal standards for 1970 model vehicles include additional items 
for control and the first step toward uniform regulation of the amount of 
pollution discharged by a vehicle regardless of its size. Since the development 
of 1968 standards the National Center for Air Pollution Control has found 
a more useful relationship between a vehicle's weight and the volume of 
exhaust discharged by the vehicle per mile. The proposed 1970 standards 
reflect this relationship and are expressed in terms of weight of pollutant 
per mile. The proposed 1970 standards limit the discharge to no more than 
2.2 grams of hydrocarbons and 23 grams of carbon monoxide per mile for 
all 11 weight classifications of vehicles. These proposed standards reduce by 
about one third the 1968 allowable level of pollution from automobiles and 
require 77% control of hydrocarbons and 68% control of carbon monoxide 
emissions. For example, under the 1968 standards the Falcon 6 and the 
Cadillac 8, both in the same engine displacement category of greater than 
140 cubic inches, are limited to 275 p.p.m. hydrocarbons emissions. Based 
on the new NCAPC measure, the Cadillac discharges 4.2 grams of 
hydrocarbons per mile, the Falcon 6 only 2.5 grams. Under the proposed 
1970 standards both cars would be limited to the same discharge, namely 
2.2 grams of hydrocarbons per mile. (Also see page 13.) 



ENVIRONMENTAL 

CURRENTS 

Science Studies the Far North 

The ability of Eskimos to thrive in the Earth's most hostile environment will be 
studied by a team of scientists from the U.S., Canada, Denmark, and France. 
With their close relatives, the Aleuts, Eskimos occupy the longest linear dis
tance of any group in the world. Research sites have been set up at four points 
along the original routes of Eskimo migration-stretching from near Point 
Barrow to northeastern Greenland. The study, part of the International Bio
logical Program, hopes to gain insights into the general patterns of human 
adaptability and evolution, patterns that still seem to affect the Eskimo culture. 

Science is intruding into another part of the far north, this time to study the 
ecology of Amchitka, an island near the western end of the Aleutian chain. 
Reason for the study is that the Atomic Energy Commission is considering the 
island as a site for underground nuclear tests. The ecological study, to be made 
by Battelle Memorial Institute, is intended to provide a basis for predicting 
the possible bioenvironmental effects of the proposed tests and for minimizing 
adverse effects, whatever they may be. The two main types of hazards to be 
considered by Battelle are: • The potential biological consequences of physical 
effects (such as ground motion and water-transmitted shock waves) on fish, 
wildlife, and their habitats. • The possible transport to man of radionuclides 
via food chains in the event radioactivity is accidentally released. 

Sonic Boom May Not Be Here to Stay 

Forward expUlsion of electricity by supersonic aircraft could possibly attenuate 
the sonic boom, according to M. S. Cahn and G. M. Andrew of Northrop 
Norair (Hawthorne, Calif.). In their paper, "Electroaerodynamics in Super
sonic Flow" at the recent Sixth Aerospace Sciences Meeting of the American 
Institute of Aeronautics and Astronautics in New York City, the two scientists 
described experimental results, based on small-scale wind tunnel and hydraulic 
analogy tests, which indicate that electrostatic forces can alter the flow pattern 
of a fluid. They postulate that if an electrical voltage could be applied to a 
supersonic aircraft, the oncoming air particles which are charged would be 
repelled so that the air particles would change their path and flow smoothly 
around the aircraft, as in subsonic flight. This approach also promises 
reduction in heat and drag on the aircraft, but the scientists concluded that 
further research, including wind tunnel tests, would be required before any 
conclusive data could be obtained. 

Meanwhile, don't look for immediate and dramatic reductions in the sonic 
boom of the current generation of supersonic aircraft, warns a National 
Academy of Sciences subcommittee. The NAS subcommittee does not rule out 
the possibility that unconventional aircraft designs may be developed, but feels 
it more realistic to expect small reductions brought about by better under
standing of theory, refinements in aircraft design, and improvements in 
propulsive efficiency and operating procedures. 
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National Clean Water Effort Demands 
More People with Better Skills 

10 Environmental Science and Technology 

Billions of dollars have been spent in 
recent years in the U.S. for waste 
treatment facilities-and even larger 
amounts are due to be spent. For ex
ample, federal legislation already on 
the books authorizes $1.2 billion in 
1971 for financial assistance grants to 
communities for construction of waste 
treatment facilities. 

More plants will require more peo
ple-not only more people, but better 
trained people to operate the larger 
and more complex plants being built. 
Personnel shortages already exist, and 
will grow worse unless corrective ac
tbn is taken. 

So concludes a report presented to 
the Senate on "Manpower and Train
ing Needs in Water Pollution Con
trol." The report was prepared by the 
Federal Water Pollution Control Ad
ministration in compliance with the 
Clean Waters Restoration Act of 1966 
(ES&T, August 1967, page 601). 

Classifying employees 

In considering manpower needs, 
FWPCA classifies personnel into three 
categories: 

• Professionals. A great many dis
ciplines are represented--engineers, 
biologists, chemists, economists, for ex
ample-with the range widening as 
water pollution control problems be
come more complex. 

• Technicians. Their duties include, 
among others, collection of samples, 
laboratory analysis, and computer pro
graming. Technicians usually have at
tended technical-vocational schools or 
junior college. 

• Sewage treatment plant operators. 
They are responsible for day-to-day 
operations. Their training require
ments depend on complexity of the 
plant and are usually satisfied by high 
school, vocational school, or junior 
college, plus on-the-job training. 

The FWPCA report estimates that 
3600 professionals are now employed 
by state and local agencies. These esti
mates are highly conservative and ex
clude replacement needs, FWPCA 
notes. By 1972, about 9000 should be 
employed, an increase of 150%. The 
number of technicians should grow 
from 2600 to 6500, again a 150% in
crease. And operators should increase 
50%, from 20,000 to 30,000. 

But to get these people, state and 
local agencies will have to compete 
with other employers in the fields
consulting engineers, industrial waste 
treatment plants, suppliers of chemi
cals and equipment for waste treatment 
plants, other federal agencies, and uni
versities. Looking at some of these 
needs, FWPCA estimates: 

• Consulting engineers, which now 
account for 6000 professionals and 
6000 technicians, will see their needs 
grow 250%, reaching 21,000 in each 
category by 1972 . 

• Industrial waste treatment plants 
now employ 1700 professionals 
(about half of whom are chemists, the 
other half engineers), 1700 tech
nicians, and 3500 plant operators. 
These plants, which would number 
6000 by 1972, will then require 6000 
professionals, 6000 technicians, and 
12,000 operators-increases of 250%. 

Meetlnl the needs 

How will these manpower needs be 
met? By bolstering efforts in higher 
education, vocational training, and 
short-term training. As for professional 
employees, the FWPCA report com
pares the current situation in water 
pollution control with that at the be
ginning of the space program. 

There were few "space scientists" 
then, but, attracted by the challenges 
of space, professionals joined the pro
gram. If salary levels and employment 



Manpower requirements 
for water pollution control 

1972 
1972 

1967 

OUTLOOK 

1972 

Professions Technicians Plant operators 

_ Industrial waste treatment 

[:::::=J Consulting engineers 

_ State and local agencies 

opportunities are competitive, profes
sionals-both new and experienced re
cruits from allied fields-will join the 
water pollution control effort. 

Both FWPCA and the Office of 
Water Resources Research (also in the 
Interior Department) have programs 
directed at increasing professional per
sonnel. FWPCA's programs include: 

• Graduate training grants, awarded 
to institutions to establish or exp~nd 
advanced education in water pollution 
control. Funds can be used for stipends 
to graduate students. 

• Research feUowships, awarded to 

individuals for suppOI't of graduate and 
postgraduate training. 

• Research grants, awarded pri
marily to support research projects in 
water pollution control. However, such 
grants help develop competent profes
sional personnel through indirect sup
port of graduate students. 

OWRR's program has provided 
grant support for establishment of 
water resources research institutes in 
51 land grant colleges. More than 
1000 graduate students a year receive 
financial aid and training as research 
assistants in projects under way at the 

various research institutes. In addi
tion, about 14,000 water-study oriented 
students are enrolled in colleges and 
universities in the U.S. 

Such programs usually take four or • 
five years before they have a significant '. 
effect on professional manpower pools. 
Short-course training can have a more 
immediate effect, however. Therefore, 
short-course programs can be used to 
develop specialized skills in profes
sionals recruited from allied -fields, as 
well as to update the skills of more 
experienced personnel in the field. 
FWPCA, for example, offers a series 
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of such courses based at the Robert A. 
Taft Sanitary Engineering Center in 
Cincinnati, ohio. These courses are be
ing expanded to FWPCA's regional 
laboratories. 

According to the report, "There is 
probably a sound justification for each 
professional employee attending at 
least one week of short-course training 
per year." However, FWPCA's train
ing courses are projected to reach only 
about 1000 professionals in fiscal year 
1968-and 3600 are currently em
ployed by state and local agencies. 

Technicians neglected 

FWPCA also offers similar courses 
for technicians. But in general, little 
effort has been directed to develop 
either formal or short-course training 
programs for the technicians. The re
port cites two reasons for this lack of 
effort: the diversity of skills involved 
and the relatively small number em
ployed by state and local agencies. 

FWPCA plans to initiate soon a new 
program of technical training for sub
professional skills. Under this pro
gram, grants will go to technical 
schools, junior colleges, and similar 
institutions. The grants will provide 
funds for teaching staff, equipment, 
and stipends to trainees. Awards will 
normally be made to schools in loca
tions with present and future needs for 
both technicians and sewage treatment 
plant operators. 

The specialized training that tech
nicians and plant operators need may 
also be developed by other federal pro
grams for vocational and technical 
training. The report lists five such pro
grams: 

• Manpower development and train
ing program provides training for un
employed and underemployed persons 
in both institutional and on-the-job en
vironments. This effort, directed to
ward reducing skill shortages, offers 
considerable opportunity for training 
waste treatment plant operators. 

• Vocational education program. To 
take full advantage of the various state 
programs, water pollution control 
agencies will have to estimate the 
quantity of manpower and the quality 
of skills needed at least two years in 
advance. 

• Commnnity service and continu
ing education program, under the 
Higher Education Act, provides ex-
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tremely wide latitude of trammg and 
educational activities at subprofessional 
levels. South Dakota, for example, has 
already used this program for training 
sewage plant operators. 

• Community development training 
program, administered by the Housing 
and Urban Development Department, 
could be used to train state and local 
government personnel for water pollu
tion control programs. 

• Cooperative Area Manpower 
Planning System is an effort to coordi
nate programs of five federal agencies 
concerned with technical manpower 
problems. 

Plant operator, the end man 

The billions put into sewage treat
ment plant construction culminate in 
plants operated by personnel poorly 
trained and poorly paid. "The result," 
says the FWPCA report, "is continued 
pollution of the Nation's water and an 
unsatisfactory rate of return on the 
public's clean water investment." 

The opportunities for formal train
ing in sewage plant operation are simi
lar to those outlined for technicians. 
Short-course training, on the other 
hand, is generally handled by state 
agencies. In 1966, 8000 operators at
tended courses offered by 43 states; the 
type and number of courses offered 
reflect, to a degree, the size and tech
nical resources of each state. In most 
cases, however, the courses have not 
meant improved plant o;:>erations, 
pointing to the need for critical exami
nation of training methods and opera
tor motivation. 

The report specifically applauds the 
training methods of the Missouri Water 
and Sewerage Technical School at 
Neosho, which "has developed a world
wide reputation for excellence in its 
intensive, practical courses in opera
tion of waste treatment facilities." 
This school receives direct or indirect 
financial support from state and local 
agencies, consulting engineers, sup
pliers of chemicals and equipment, 
FWPCA, and the Labor Department. 
This wide support is a contributing 
factor in the school's success. 

Recruiting problems 

State and local agencies will need 
more than training programs to get 
trained personnel. The new graduate is 
likely to look elsewhere if salaries are 

noncompettttve, if positions are filled 
on the basis of patronage not merit, or 
if work at the community sewage treat
ment plant has a low level of prestige 
and.ipublic acceptability. The same is 
true for plant operators. 

Licensing is one effective means of 
upgrading employment conditions for 
this group of employees. Licensing, on 
the basis of demonstrated skills, has 
the combined effect of improving plant 
operations and employee status, which 
provides a better basis for merit sys
tem grading of the position. Fifteen 
states now require licensing of sewage 
treatment operators. 

Still another approach the states 
might take is to improve productivity 
of their employees. Some possibilities: 

• Review design of sewage treatment 
plants and pumping stations to mini
mize maintenance needs and to reduce 
skill levels required for operation. 

• Undertake management studies of 
employee utilization at all levels to 
determine how current employees are 
utilized and to seek maximum use of 
technicians. 

• Seek increased use of automation 
in design of sewage treatment plants, 
in sample collection and analysis, in 
data collection and analysis, and in 
operation of sewage treatment plants. 

Action plan 

To assure that adequate supplies of 
trained manpower are available, 
FWPCA plans to: 

• Continue the orderly expansion of 
its grant programs. 

• Encourage and assist states in em
phasizing training aspects of their pro
grams. 

• Expand its short-course training 
programs. 

• Develop a cooperative govern
ment-wide education and training pro
gram to make full use of other federal 
programs for developing professional 
and vocational skills. 

• Seek to improve the stature and 
conditions of employment for opera
tors of sewage treatment plants. 

• Undertake and support research 
and development efforts to improve 
employee productivity. 

Copies of "Manpower and Training 
Needs in Water Pollution Control" are 
available for 20 cents from: Superin
tendent of Documents, U.S. Govern
ment Printing Office, Washington, 
D.C. 20402 



OUTLOOK 

New Procedure Checks Vehicle Exhaust Emissions 

Both old and new cars are being tested 

so that New Jersey can curb air pollution 

'from its more than three million cars 

A new test procedure and associated 
testing equipment has been demon
strated for the rapid and low cost 
evaluation of automobile exhaust emis
sions. These advances in technology 
and instrumentation will make avail
able to local, state, and federal authori
ties the long-sought monitoring system 
they need for periodic inspection and 
surveillance. Such regular inspection 
is essential for major inroads in curb
ing air pollution caused by auto
mobiles. 

Federal procedure 

Used to establish emission standards 
for 1968 automobiles, the federal pro
cedure consists of a prescribed se
quence of vehicle operating conditions 
on a chassis dynamometer. The ex
haust gases are sampled continuously 
through an analytical train. The basic 
test is designed to determine hydro
carbons and carbon monoxide concen
trations for an average trip in a metro
politan area of 17 minutes from a cold 
start. The test has two parts : four 
seven-mode warmup cycles and three 
seven-mode hot cycles (the fifth cycle 

is not read). The average concentra
tions for the warmup cycles and the, 
hot cycles are combined to yield the 
overall emission value for the car. . 

This federal test procedure yields 
values for hydrocarbons and carbon 
monoxide concentrations from a tested 
vehicle or engine for comparison with 
the standards. However, the finding 
that the vehicle or engine operates 
within the standards is not judged on 
the basis of a single vehicle or single 
engine. Performance is judged on the 
basis of emissions of groups of test 
vehicles. 

Developed by Scott Research Lab
oratories (Perkasie, Pa., and San Ber
nardino, Calif.), the test procedure 
gives information on the composition 
of automobile exhaust emissions. These 
data, in turn, provide a basis for de
termining the proper maintenance pro
gram needed to reduce vehicle emis
sions. Scott's test procedure takes only 
a minute for a complete analysis and 
gives data equivalent to those obtained 
from the lengthier (17 minutes) exist
ing federal procedure that was used to 
set federal emission standards for 1968 
automobiles. 

Proposed loading device 

The Scott system employs a set of 
inertial rolls with a fixed load that 
serves as external loading to absorb the 
power output of the automobile. This 
fixed loading system is inexpensive and 
requires minimal skill to operate. Yet, 
data so obtained correlate well with 
those from the federal procedo/e. 
Before settling on the inertial rolls, 
Scott explored a variety of other ex
ternal devices including ramps and 
dynamometers. 

Rolls 

Volume 2, Number I, January 1968 13 



Based on data from 20 to 30 ve
hicles, each having a road life of 50,-
000 miles, emission standards for 1968 
automobiles having a displacement 
greater than 140 cubic inches were set 
at 275 p.p.m. hydrocarbons and 1.5% 
carbon monoxide by volume. Costs for 
such a testing program run about $200 
per test. 

Scott's procedure 

The vehicle is driven on the dyna
mometer, which is set for 3000 pounds 
of inertia with the horsepower equiva
lent to 11 at 50 m.p.h. With the ap
propriate sampling devices attached to 
the vehicle, the driver twice depresses 
the accelerator half-way to the floor 
with the transmission in neutral. Then 
he puts the transmission to drive for 
automatic transmissions or low for 
manuals, and immediately drives the 
following ACID cycle once, shifting 
on acceleration at 15 and 25 m.p.h. for 
manual transmissions. 

ACID cycle 

Of the several test emission cycles 
that Scott tested and compared with the 
federal seven-mode test, a one-minute 
four-mode cycle gave good correlation. 
Corresponding to the four modes of 
operation-Acceleration, Cruise, Idle, 
and Deceleration-ACID places the 
modes of operation in order of decreas
ing importance as established in the 
seven-mode federal cycle. The ACID 
cycle was developed through the help 
of a computer study that used a multi
ple regression technique to analyze 
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Comparison of ACID cycle with 7-mode cycle. 

o 

data from several hundred seven-mode 
tests. 

Sample collection and analysis 

The preferred method of collecting 
a sample of exhaust gas uses a variable 
dilution technique, expected to be used 
in the standard method to be proposed 
by the Federal Government later this 
year. In this method a blower is at
tached to a large diameter tube which 
leads to the exhaust and fits it very 
loosely. The flow rate is constant yet 
great enough to collect all of the ex
haust under the most extreme condi
tions to be used. Ambient air makes up 
any volume difference. After exhaust 
and air have thoroughly mixed, a con
stant mass flow sample is withdrawn 
for analysis. In addition to its low cost, 
this method has the added feature of 
removing exhaust fumes from the in
spection station. 

The analytical system consists of a 
flame ionization analyzer for hydro
carbons and nondispersive infrared an
alyzers for carbon monoxide and car
bon dioxide. (A catalytic combustor 
is provided before the carbon dioxide 
analyzer.) In operation, each analyzer 
completes its cycle in less than 15 
seconds. 

Cnnkcase emission and smoke test 

In the method for analysis of crank
case emissions, a tube is connected to 
the crankcase compartment. A pump 
draws a known and constant volume 
of gas out of the crankcase compart
ment. This volume of gas is greater 
than any possible blowby volume. 
While the vehicle is driven through the 

1 2 

Time (minutes) 

exhaust test cycle, the gas mixture is 
analyzed for hydrocarbons. The analy
sis is directly proportional to emissions 
because the sampling rate is constant 
and known. 

For the smoke test an opacity smoke 
meter is placed on the variable dilution 
duct where the meter measures maxi
mum smoke opacity or density. Al
though this test is not required by 
present federal standards, it is required 
by the state of New Jersey and is in
cluded in proposed 1970 federal stan
dards. 

Legislation 

In 1966 the state of New Jersey 
authorized its Department of Health to 
set standards for automobile exhaust 
emissions. New Jersey may well be
come the first state in the nation to 
control and regulate the exhaust emis
sions from its automobiles-more than 
three million registered. The New 
Jersey ,law, which will become effective 
this fall, requires the' Department of 
Health to set emission standards for all 
motor vehicles, including cars, buses, 
trucks, and the like. Most importantly, 
the law includes both old and new 
vehicles. 

Under a federal demonstration grant 
from the National Center for Air Pollu
tion Control, for which 75% of the 
funding was available from the Fed
eral Government, the N.J . Department 
of Health awarded a two-year con
tract totaling $400,000 to Scott Re
search Laboratories to develop a rapid 
low-cost diagnostic test for exhaust 
emissions from automobiles. It was this 
project that led to this new test se-
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Federal standards for exhaust emissions 
For new (1968) motor vehicles and motor vehicle engines 

Cylinder Carbon 
displacement Hydrocarbons monoxide 
(cubic inches) (p.p.m.) (per cent by volume) 

50-100 410 2.3 
100-140 350 2.0 
> 140 275 1.5 

Source: Federal Register 
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quence and equipment that takes one 
minute to complete at a cost of 30 to 
40 cents per test. 

Development 

In Phase I (December 1966-July 
1967), two prototype exhaust emission 
testing units were developed by Scott. 
Data from these units were compared 
with data on the already established 
federal standards. These prototype 
units also had provision for smoke 
determinations, as required by the New 
Jersey statute, and possibly by the 
1970 federal standards. 

Phase II consists of testing the proto
type unit on a sample of vehicle rep
resentative of the vehicle population in 
New Jersey. Phase III will be used to 
test the equipment in California . 
Phases II and III are being conducted 
concurrently and should be completed 
in March. 

Phases II and III were initiated last 
August. Using one of the prototype 
units located at a test site in Trenton, 
Scott will obtain data on some 200 
vehicles within New Jersey. At the 
same time, Scott will obtain data on 
another 200 vehicles at a test site in 
California. Scott will give the results 
of both the New Jersey and California 
tests (Phases II and III) to the New 
Jersey Department of Health. These 
tests should provide reliable informa
tion on levels of exhaust emissions for 
pre-1968 New Jersey automobiles sans 
control devices, pre-1966 California 
automobiles having an additional two
year road life, as well as intermediary 
1967 California automobiles, and new 
1968 California automobiles. Cali-
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TAHOE: The inside story 

Funded in part by the F. W. P. C. A. and E. D. A., the second phase 
of the world's most advanced waste treatment facility is now 
under way. Bartlett·Snow·Pacific will provide the solids handling 
system, including primary /secondarY sewage sludge incineration 
and secondary/tertiary lime sludge regeneration. During the first 
phase, B· S· P supplied multiple hearth carbon regeneration 
equipment for economical carbon adsorption filtration . 

For the inside story of Tahoe, one of several operating plants pro· 
ducing water of potable quality from secondary treatment plant 
effluents, write B·S·P. You ' ll receive a complete flow diagram of 
South Tahoe Public Utility District Water Reclamation Plant, 
technical reports presented at the Advanced Waste Treatment 
Seminar, Osaka, Japan, and the full story of B·S·P's role in the 
war against water pollution and uneconomical waste treatment. 

Write Bartlett·Snow·Pacific, San Francisco. 

Practical Solutions 
to water and waste 
treatment problems 

if 1:: iW CORPORATION 
A BANCOR PUNTA COMPANY' San Francisco· 80,( 8/58· CaltY.· .94128 

SAN FRANCISCO, BOX 8158, CALIF., 94128/ N.Y., N.Y. 10020, 1270 AVE. OF AMERICAS/ 
CLEVELAND, OHIO 44105, 6200 HARVARD AVE./LiCENSEES THROUGHOUT THE WORLD 

Circl. NI. 22 " Roode .. ' Seni,e Cord 
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fornia has required automobiles to have 
both exhaust and crankcase control 
devices since 1966. 

s.c .. d lenentlon prototype unit 

A second generation unit, really a 
modification of the basic prototype 
units, permits mass analysis rather than 
concentration analysis as in the early 
units. The mass analysis feature has 
been incorporated in the setup as an 
aid to the instrumentation. Further
more, mass analysis should help in 
measuring pollutants in the new units 
(grams per mile) proposed for the 
1970 federal standards. 

New Jeney time schedule 

New Jersey has a system of state
operated safety inspection stations for 
motor vehicles. Installation of the new 
emission test equipment at these sta
tions should provide a means for con
trolling the state's pollution problem 
caused by automobile exhaust. In this 
manner, both old and new vehicles, 
already subject to safety inspections by 
New Jersey's State Board of Motor 
Vehicles, can be made to meet the 
emissions standards that will be set by 
the state's Department of Health be
fore the vehicle is allowed to operate 
in the state. 

Most likely, the New Jersey Depart
ment of Health will place a production 
contract on open bid for at least 78 
testing units-one for each of its state
operated safety inspection stations. A 
conservative estimate places the cost of 
each unit at $10,000, for a total pro
duction contract of about three quar
ters of a million dollars. 

Data from Phases II and III will 
point out what qualitative and quanti
tative effects a tune-up of an old engine 
has on its exhaust emission patterns. 
After the data have been evaluated by 
the New Jersey Department of Health, 
a public hearing will be convened, 
probably in the fall of 1968, so that the 
data can be presented and all interested 
parties heard. By that time some of the 
78 test units should be available. In all, 
New Jersey authorities estimate that 
more than three million cars will be 
evaluated in the state. And that in all 
probability the number of tests will ap
proach the four million mark because 
of repeats and evaluations for tune-ups 
and the like. 



Bringing Potable Water to 
Some Have-Not People 

In six years, the Alliance for Progress has 
brought potable water (and in some cases 
sewage systems) to 55.6 million Latin Americans
but a formidable job is still to be done 

Well digging. Villagers near La Chorrera, Panama, are able to sink their own 
wells by forming neighborhood commillees, raising funds through social activi
ties such as movies, 10lleries, and fiestas, and working under the guidance 0/ the 
Public Health Department. Here workers roll a concrete liner into place. 

OUTLOOK 

"To provide adequate potable water 
supply and sewage disposal to not less 
than 70% of the urban and 50% of the 
rural population during the present 
decade ... " 

This was one of the goals of the 
Charter of Punta del Este (1961) 
which set up the Alliance for Progress. 
It was reaffirmed early last year in the 
Declaration of the Presidents of 
America, signed by the American 
chiefs of state at their meeting in Punta 
del Este, Uruguay. 

Six years of that decade are past. 
In his Washington office recently, Dr. 
Mark D. Hollis, chief engineer, Pan 
American Health Organization-World 
Health Organization, assessed for 
ES&T, the progress made to date on 
this goal, which involves reaching 
about 150 million people in Latin 
America. His assessment: The water 
objective will probably be met for the 
urban population, but efforts will have 
to be stepped up considerably to do so 
for the rural population. As for sewage 
systems, the urban centers are mov
ing along in good order. However, 
on a continental basis, the program 
of sewage disposal is just getting 
under way. But the achievement in 
providing water supplies has produced, 
in most countries, the organizational 
structures, administrative- capabilities, 
and technical methods that can ac
celerate the entire sewage program. 

Thus, portions of the goal may not 
be achieved. Still, the overall achieve
ment is considerable-55.6 million 
people obtained potable water in six 
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Homeward trek. After waiting in long queues for many hours, the inhabitants of 
this village of 25,000 in Peru carry their precious water home. The water is 
available from only three small pipes which deliver water, under very low pres
sure, for only three hours on only three mornings each week 

Water mains. To in
crease the supply of wa
ter, villagers lay water 
mains in the rural vil
lage of Poa, State of 
Yaracuy, Venezuela 
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If a single program were chosen which 
would have the maximum health bene
fits, which would rapidly stimulate so
cial and economic development, and 
which would materially improve the 
standard of living of people, that pro
gram would be water supply with pro
vision for running water into or adja
cent to the house. "Facts on Health 
Problems," Pan American Health Or· 
ganization 

years. It was a cooperative effort all 
the way. The people ~through their 
governments) put their talents and 
money ($723.5 million to date) be
hind the projects; PAHO lent technical 
assistance: and the international banks 
(principally the Inter-American Devel
opment Bank) extended loans totaling 
$534.6 million. 

Crucial to all of this, as Hollis sees 
it, is involvement of the local populace. 
"When it's their money, their people, 
thei r institutions, projects are likelier 
to be set up properly and maintained 
properly once they are set up," he 
notes. 

PAHO's resources for the water and 
sewage disposal program are about $2 



Latin America's water supply much improved in cities, 
but still needs much improvement in rural areas 

3.0 ( 
EI Salvador -,--.-
1.2 (80%) 
1.8 (28%) 

Costa 
0.7 (100%) 0 
0.8 (48%) 0.7 (1 

Other Caribbean Countries 
0.6 (77%) 
0.7 (65%) 

Totals 137.1 (66%) 
118.5 (19%) 

All population figures in millions. 
Numbers in black show urban population; 
those in parentheses show the percent served 
by house connection or public hydrant. 

Numbers in color show rur<ll population; 
those in parentheses show the per cent served 
by house connections or public hydrant. 

Barbados 
0.1 (100%) 
0.1 (88%) 

Trinidad and 
Tobago 

0.4 (100%) 
95%) 
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Community water supply 
program in Latin America 

Funds for first six years of the 
Alliance Decade (1961-71) 

million annually. Early in the game 
P AHO realized that getting enough 
local professionals was a problem. 
Therefore, one of the first moves was 
to shore up the engineering depart
ments of the 50 or so universities in 
Latin America. 

Now the health organization has 
agreements with more than 30 univer
sities. These agreements cover such 
things as: 

• Hiring consultants for reviewing 
or starting educational programs. 

• Providing advisory services for im
proving physical facilities or for pre
paring requests to financing agencies. 

• Establishing fellowships for the 
teaching staff. 

• Initiating short courses. 
• Promoting research. 
Still another way P AHO has helped 

is in setting up national or provincial 
authorities empowered to plan, orga
nize, construct, manage, and finance 
water systems. These strong adminis
trative structures, PAHO believes, will 
lead the way to the improvement of 
other aspects of environmental health 
in Latin America. 

Water first 
When it comes to actually starting 

the projects, P AHO feels that potable 
water supplies should come first. 
"We're approaching the problem the 
way it was done in the U.S. in the 
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Public fountain. Because their homes have no running wa
ter, villagers fetch water from a public fountain in San 
Jorge, Guatemala, a rural village like myriad others where 
63% of the population in Central America and 58% of the 
population in South America live with hope of better days 

1930's-only we're doing it much 
faster," Hollis says. "Starting the ef
fort with water for the cities was the 
quickest way to reach large numbers 
of people, as well as the easiest way 
to develop the know-how needed to 
push the program on into the rural 
areas." 

Some other parts of the world are 
trying to develop water supplies and 
sewage disposal hand in hand. Funds 
are not always available to do this, 
Hollis points out. "Besides, we feel 
there's just nothing more basic than 
water. And that job alone was tre
mendous when you consider that in 
1961 almost no cities in Latin America 
had water under pressure 24 hours a 
day, seven days a week." 

The results to date in Latin Ameri
can cities are impressive. Of 137.1 mil
lion people, 90.6 million, or 66%, now 
have water supplies, either from house 
connections or nearby public hydrants. 
(The figure for the entire Latin Ameri
can population is 44%.) Thus, the 
1971 goal of 70% should easily be met, 
Hollis believes. Indeed, 19 countries 
have already done so. 

The rural population is another mat
ter, and progress for this group is ur
gent. "We must reduce the contrast be
tween the amenities in urban and rural 
areas," according to Hollis. "It will 
help stem the rush to the cities. At the 
same time, it will strengthen the agri-

cultural economy and bring more 
social stability." 

Of the 118.5 million people in rural 
areas, 22.6 million, or 19% are being 
served with potable water. Yet, another 
37.1 million will have to be served in 
the next four years to meet the Alliance 
decade goal of 50% for the rural areas. 
Eight countries have already met the 
goal. 

Getting waler to these countless 
small communities will require new ap
proaches, according to Hollis. One ap
proach under consideration was de
scribed at the Wate'r for Peace Con
ference by Harvey F. Ludwig and Al
fred W. Jorgensen of Engineering
Science, Inc. The approach involves 
standardizing methods for engineer
ing, installing, and maintaining rural 
water systems. 

In practice, the approach works 
this way: an engineer in a central of
fice works from photographs showing 
the community and its environs, in
cluding sources of water supply. (This 
procedure eliminates expensive and 
time-consuming field surveys.) He 
then turns to a design manual, one of 
three manuals specially prepared for 
this kind of approach, and selects 
the standardized package module that 
fits the study area and population. 
He assembles the equipment and sup
plies needed from a catalog, also 
specially prepared. 



The package is delivered as a unit 
to the village, where it is ins~alled by 
local personnel, following illustrations 
and step-by-step directions in the in
stallation manual. An operation and 
maintenance manual is also provided, 
again highly simplified, to permit per
sonnel of limited technical training to 
operate, maintain, and repair the sys
tem. 

Sewage disposal 

The remainder of the Alliance for 
Progress decade will stress the rural 
areas and sewage disposal. Whereas 
water supply has been approached on 
a national basis, sewage disposal has 
been case by case. PAHO plans to keep 
the management and financing of water 
supplies and sewage disposal in one or
ganization. According to Hollis, "We 
want to avoid the two organization 
system that developed in the U .S. In 
the 1930's, water bonds had no trouble 
getting popular support, but as many 
as half the sewage treatment bonds 
were turned down. Water in and 
sewers Ollt should be considered a 
package." 

These figures give the scope of the 
job still to be done: 53% of the urban 
popUlation lives in houses connected 
to a sewage system. Only Uruguay has 
reached the charter goal of 70%. Only 
five countries exceed the 53 % average 
for all Latin America. 

Very little headway has been made 
on the rural population. Here again, 
says Hollis, "We may have to come up 
with some new approaches to reach 
the small rural communities. But with 
the momentum the water program has 
given to these communities, plus the 
organizational structures established, 
we may still see substantial progress 
on the rural sewage problem." 

"And when these traditional sanita
tion problems are under better control, 
we will be faced-and, of course, Vie 
are to a degree even now-with the 
urbanization and industrialization 
problems already plaguing the U.S. and 
other more developed countries." 

QUOTE. • • 

ENGINEERING FOR HUMAN FULFILLMENT 

Clearly our first target in dealing with man's environment is to 
make it safe-as free as possible of specific hazards . I am not 
suggesti ng that we try to create a world totally free of risk. That 
would be not only impossible of achievement but very possibly 
detrimental to man's long·range growth. -Rather, I am suggesting 
that no man or population group should be compelled to expose 
themselves to preventable risk of disease or disability, as a condi· 
tion of employment or as a condition of urban living. This is a 
fair goal. It is also a minimal goal. 

Yet we don't have to look very far to discover that we are a long 
way from achieving this minimum. The air over our cities is filled 
with substances known to be dangerous. Thousands of workers 
in dozens of industries place their health in jeopardy when they 
punch the clock in the morning. Through the water we drink, the 
food we eat, and the air we breathe, we are ingesting minute quan· 
tities of SUbstances from arsenic to zirconium, day by day, through· 
out a lifetime. No one can yet say with any certainty what the 
cumulative effect may be. Meanwhile we already know how to 
remove a great many of these substances from our surroundings. 
What is lacking is the firm social decision to do it. This decision 
will not be made by professionals; it belongs to society at large. 

One way by which professionals can affect the decision is to en
large the concept of health . It is out·of·date to think of health solely 
in negative terms-as the absence of disease and disability. The 
healthy individual is not merely unsick. He is strong, aware of his 
powers, and eager to use them. Therefore, in our approach to the 
environment we need to be conscious of sanity as well as sanita· 
tion . We should be as concerned with ugliness and loneliness as 
we are with carcinogens. The truly healthful environment is not 
merely safe but stimulating. This is a much higher goal than mere 
freedom from definable hazard. But by shooting for it we shall, I 
think, rally to our banner many people for whom the negative ob
jective is not worth the effort. 

It seems to me that we urgently need a major effort in what 
might be termed "engineering for consumption." Consider, for ex· 
ample, the problem of solid wastes which is plaguing every city 
and blighting much of our countryside. Every day our urban com· 
munities produce 800 million pounds of solid wastes. Every year 
we spend upwards of $3 billion to collect and dispose of this ac
cumulation. There is no limit in sight, either to the production of 
wastes or to the cost of getting rid of them. 

Yet the basic technologies for waste collection and disposal have 
remained relatively unchanged during a quarter·century in which 
the size of the problem and its visibility have magnified enor· 
mously. The same old methods are still in use-incineration, land· 
fill, composting, salvage, and reclamation. They have been studied 
here and there, refined in certain ways. Occasionally they are put 
to :imaginative use. But if there has been a real advance, it is 
much better hidden than the refuse. 

Dr. William H. Stewart 

Surgeon General, Public Health Service. 
U.S. Department of Health. Education, 
and Welfare. at the Third Annual Meeting 
of the National Academy of Engineering, 
Ann Arbor, Mich., Sept. 21, 1967. 
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Air quality program needs uniform tests 

With increasing emphasis on establishing and policing air quality regulations throughout 

the U.S., experts see a real need for standard, professional-approved laboratory methods 

T he accelerating pace of air pollu
tion control activities has intensified 
the need to examine critically the meth-

.' ods of measurement. Methods of air 
analyses are the basic tools for study-

. ing air pollution processes and effects, 
for monitoring the present degrees of 
pollution, for setting air quality stan
dards, and for evaluating control ef
forts. Collaborative testing of proposed 
procedures is the essential final step 
before the procedures can be accepted 
as standard methods. This article out
lines the objectives of the standardiza
tion program, the present activities, 
and plans for future work. 

Many experts have reviewed the 
unfilled needs in the field of air pol
lution measurements. And many states 
and organizations have established cri
teria and standards. For example, Cal
ifornia has recognized standardization 
of methods as a principal aim for 
many years. The First Conference on 
Methods in Air Pollution Studies was 
held in 1958 under the sponsorship of 
the California State Department of 
Public Health. The purpose of the con
ference was to exchange information 
on methods and techniques, to discuss 
critically their practicality and the lim
itations on interpretation of results, 
and to standardize methods. In the 
keynote address for the seventh of 
these conferences, which was held in 
Los Angeles in January 1965, Mr. 
Clifton J. Seymour, Air Pollution Con
trol Officer for Riverside County, em
phasized that standard methods were 
needed for state air quality standards: 
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"Have we come up with recom
mended procedures for methods and 
techniques used in calibration of auto
matic atmosphere analyzers and ana
lytical methods used for pollutants, has 
any extensive research been done on 
practicality of the various methods 
and instruments for laboratory or field 
use, has any definite limitation been 
set on interpretation of results from 
sampling of the common air pollutants? 
It is very unfortunate, but the answer 
is an emphatic 'no'." 

The World Health Organization's 
"Methods for Measuring Air Pollu
tants-A Draft Report" recognized 
the same problem. The report was pre
pared in 1965 with the assistance of 
Dr. Morris Katz and will be issued 
soon. The report notes : 

"Where it is possible or expedient 
to employ several methods for the 
characterization of a specific or non
specific air pollutant, the relation be
tween these methods in terms of ap
propriate conversion factors must be 
known. Only by such means can the 
results of work in different countries 
be compared." 

Enforcement experience 

Much can be learned from experi
ence in other enforcement activities. 
The Food and Drug Administration, 
after early defeats in the courts, de
cided to allocate substantial portions 
of its funds for testing of laboratory 
methods and for promulgation of stan
dard methods. FDA recognized be
latedly that calling a method a stan-

dard method was not sufficient; the 
actual supporting evidence was re
quired in court. 

A similar experience befell the Pub
lic Health Service's Division of Water 
Supply and Pollution Control in prose
cution of a case involving fish kill in 
the lower Mississippi River. One de
fense of the Velsicol Chemical Corp. , 
which PHS accused as being a major 
polluter, consisted of an attack on the 
validity of the analytical work done by 
PHS. 

Large organizations can probably 
litigate a few cases through the courts 
without benefit of standard laboratory 
methods. provided that recognized ex
perts are available to testify and that a 
substantial amount of supporting lab
oratory data is prepared. When the 
number of cases expands to tens and 
hundreds, however, and when some of 
these cases also involve smaller indus
tries and state and local agencies, the 
only practical approach is to use stan
dard laboratory methods approved by 
a recognized professional organization. 
Past experience has shown that the 
courts accept this practice, especially 
if certified laboratories and chemists 
conduct the tests. The possibility of 50 
sets of regulations emphasizes the need 
for national standard laboratory test 
methods. 

Many organizations 

A variety of organizations engage in 
activities directly or indirectly related 
to methodology for air pollution mea
surements. The American Society for 
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Testing and Materials, Committee 
D-22, presented 14 methods in the 
manual "ASTM Standards on Methods 
of Atmospheric Sampling and Analy
sis" (second edition, 1962) . This com
mittee consists of about 75 representa
tives of governmental, institutional, 
and industrial organizations. ASTM 
has developed a well established pro
cedure for approval of methods by 
letter-ballot and for their publication. 
Its standard methods for materials have 
been tested and have received wide 
recognition in certain industrial fields . 
However, there has been only limited 
laboratory testing of its air pollution 
procedures. 

The American Conference of Gov
ernmental Industrial Hygienists has 
maintained a Committee on Recom
mended Analytical Methods since 
1944. This committee has issued a 
manual describing 18 procedures, all 
collaboratively tested; the first of these 
were approved in 1949. Most are for 
concentrations encountered in indus
trial hygiene work, levels that may be 
100 times or more higher than those of 
air pollution interest. The committee's 
activity has been retarded by the volun
teer nature of the work and by the 
lack of adequate funding and recogni
tion by participating groups. 

Other organizations have also col
lected analytical methods. Amqng 
them: American Industrial Hygiene 
Association, American Petroleum Insti
tute, Manufacturing Chemists Associ
ation, Air Pollution Control Associa-

Table 1 
Classification of responding laboratories· 

Number responding 

Governmental 
Location Federal State Local 

Alabama 
California 
Colorado 
Connecticut 
District of Columbia 
Florida 
Hawaii 
Idaho 
Illinois 
Indiana 
Kentucky 
Maryland 
Massachusetts 
Michigan 
Missouri 
New Jersey 
New York 
Nevada 
North Carolina 
Ohio 
Oklahoma 
Pennsylvania 
South Carolina 
Tennessee 
Texas 
Utah 
Virginia 
Washington 
Wisconsin 
Foreign 

Totals 14 18 
a Reports-received before April 25, 1967. 

15 

University, 
testing 

laboratory 
or 

research 
organization 

Indus
trial 

22 

Total 

4 

78 
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tion (through its technical manuals), 
Los Angeles County Air Pollution Con
trol District, California State Depart
ment of Public Health, Organization 
for Economic Cooperation and Devel
opment (Paris), and World Health 
Organization (Geneva) . 

Relevant publications of the PHS 
National Center for Air Pollution Con
trol are "Air Pollution Control Field 
Operations Manual" prepared in 1962 
by the Los Angeles County Air Pol
lution Control District (Weisburd, 
1962) , "Methods of Measuring and 
Monitoring Atmospheric Sulfur Di
oxide" (Hochheiser, 1964) , and "Se
lected Methods for the Measurement 
of Air Pollutants" (Interbranch Chemi
cal Advisory Committee, 1965) . 

All these collections were made in 
an informal manner, with no claim of 
formal collaborative laboratory testing. 
Comparisons indicate a variety of over
lapping and differing procedures. 

Intersociety Committee 

In April 1960, representatives of 
several national societies unanimously 
adopted the following resolution: 

"There is need for compilation of 
recommended methods of air sampling 
and analysis over and beyond current 
activities in the field and for coordinat
ing a more rapid action on evaluation 
of methods." 

As a result of this resolution and 
subsequent deliberations, the American 
Public Health Association, on behalf 
of six societies, applied for and re
ceived a grant in 1963 from PHS for 
development of a Manual of Methods 
for Ambient Air Sampling and Analy
sis. A seventh society later joined the 
group. 

The Intersociety Committee com
prises the following: 

• Air Pollution Control Association 
(Dr. E. R. Hendrickson, chairman and 
principal investigator). 

• American Conference of Govern-
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mental Industrial Hygienists (Mr. R. 
G. Keenan) . 

• American Industrial Hygiene As
sociation (Dr. Allen D. Brandt). 

• American Public Health Associa
tion (Dr. Leonard Greenburg). 

• American Society for Testing and 
Materials (Mr. Paul Giever). 

• American Society of Mechanical 
Engineers (Mr. Arthur C. Stern). 

• Association of Official Analytical 
Chemists (Dr. Bernard E. Saltzman) . 

• Co-principal investigator (Dr. 
George J. Kupchik of APHA) and 
editor (Dr. Moyer D. Thomas). 

Eight substance subcommittees were 
organized in 1966 to cover the various 
categories of pollutants; each subcom
mittee consists of representatives from 
the seven societies. These subcommit
tees will recommend methods of analy
ses to be reviewed by the editor and 
approved by the Intersociety Commit
tee. After approval a procedure will be 
published as a tentative method. At 
this stage the procedure will be referred 
to the collaborative testing coordinat
ing organization set up in July 1966 
by the PHS Division of Air Pollution 
(now the National Center for Air Pol
lution Control) . The testing group, 
known as the Analytical Methods Eval
uation Service, seeks the following: 

• Development of technology for the 
collaborative testing of methods of air 
sampling and analysis. 

• Application of identical sampling 
and analytical methodology by a group 
of collaborating laboratories. The 
groups use identical methods of gas
eous or aerosol sample preparation to 
establish the reproducibility of a pub
lished method in the hands of different 
chemists in different laboratories. 

• Optimization of these sampling 
and analytical methods before or after 
their collaborative testing, including 
the minimizing of the effects of inter
fering substances. 

The Analytical Methods Evaluation 

Service will work in close cooperation 
with the Intersociety Committee on 
Manual of Methods for Ambient Air 
Sampling and Analysis, and will give 
first priority to testing the committee's 
methods. Results of the collaborative 
tests will be forwarded to the commit
tee and also will be published. 

National survey 

As a first step the Analytical Meth
ods Evaluation Service published a 
questionnaire inviting laboratories to 
submit information on the methods and 
instruments currently in use and to in
dicate their interest in participating in 
collaborative testing. Tables I through 
9 summarize the responses. They indi
cate a pattern of present usage of meth
ods that suggests an order of priority 
in importance. Almost all laboratories 
indicated their willingness to partici
pate in collaborative testing. 

Table I shows that close to 80 lab
oratories responded from 28 states and 
three foreign countries. In 1966 V. G. 
Mackenzie of the National Center for 
Air Pollution Control told a Congres
sional committee that 33 states had air 
pollution programs, although many 
programs were nominal. In 19 states 
the agencies had abatement responsi
bilities, but only a half .dozen engaged 
in more than nominal abatement ac
tivity. Thus, the 17 state agencies re
sponding to our survey represent a 
large portion of this group. 

Mackenzie also indicated that there 
were 130 local air pollution programs, 
62 of which were five or more years 
old. We received 15 responses from 
local governmental agencies. 

It is difficult to estimate the number 
of active laboratories in the nongovern
mental categories. However, the re
sponses are a significant, although not 
necessarily representative, sample of 
what is being done. 

Tables 2 through 7 summarize con
tinuous monitoring instruments in use 



Table 2 
Continuous monitoring instruments in use for sulfur dioxide in ambient aira 

Type 

Conductometric: 
Leeds & Northrup Co. 

(Thomas Autometer) 

Davis Emergency Equipment Co. 

Beckman Instruments, Inc. 

Instrument Development Co. 

Scientific Instrument Co. 

Industrial Scientific Research Corp. 
Scientific Industries, Inc. 
Homemade or unspecified 

Colorimetric: 
Precision Scientific Development Co. 

Technicon Controls, Inc. 
Kimoto Electric Co. (Japan) 
Wilkens-Anderson Co. 

Coulometric: 
Beckman Instruments, Inc. 
Bell and Howell Co. (CEC-Titrilog) 

Miscellaneous: 
Barringer Research, Ltd. 

(spectrophotometric) 
Gas Chromatography (5. Africa) 

Model 65-8 
Any type 

Method of standardization: 
H,SO, 
SO, gas 
H,SO./SO, 
SO, permeation tube 
NaHS03, Na,S,O, 
Calibrated optical filters 
Electronic 

Number of 
labs 

possessing Number of 
instrument instruments 

11 38 

12 

10 

Remarks by laboratories on performance ' 

(2,1,1,1) no comment; (10,2) good; (1) satisfactory; (2) adequate; 
(16) fair, not good at <0.1 p.p.m.; (1) heavy maintenance; 
(1) erratic, trouble with bubbles 

(1' ,1,1,1,1) no comment; (1) excellent; (1) good; (1) Moce ' 
11·7010, no comment; (5) Model 11·7010, good, question low 
values 

(3,1) no comment; (6) good; (2) slow response to change in 
concentration 

(1',1,1) no comment; (1) good; (3) OK, bad features include no 
temperature compensation and 30·minute integrated 
sample; (1) questionable 

(2) no comment; (1) excellent in operation, ease of calibration, 
portability, and reagent requirements 

(3) fair 
(1) good 
(6,3) no comment; (1) not accurate below 0.5 p.p.m. 

(2) no comment; (1) solution pump very poor; (1) excessive 

39d 

14 
16 
6 
3 
4 
1 
1 

104' 

28 
26' 
28 
4' 
5 
1 
1 

maintenance required 
(1) no comment 
(1) no comment 
(1) excellent (by manufacturer) 

(3,1) no comment 
(1) no comment, (1) hard to maintain 

(1) specific (by manufacturer) 

(1) satisfactory 

~ ~~~ob~sr r;{r~~1~u~e~~~~ ~ft~i~5i/g~7posfessed by the laboratory making this comment is 
in dicated in ( ). Thus (10,3) denotes that this remark was made by two laboratories, having 10 
and 3 instruments, respectively. Validity of the comments was not investigated. 

C Number may be greater; only one instrument of each type was credited to some laboratories 

n?,t+~?~C~~i~,,~~~~:!s than the sum of the preceding items because some la boratories have 
more than one t ype of instrument. 
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Table 3 
Continuous monitoring instruments in use for oxidant 

(including ozone) in ambient air' 
Number 
of labs Number 

possessing of 
Type instrument instruments 

Remarks by laboratories on 
performance'> 

Coulometric: 
Mast Development Co. 16 

Wellsbach Corp. 
Beckman Instruments, 

Inc. 

Colorimetric: 
Beckman Instruments, 

Inc. 

Harold Kruger Instruments' 3 

Homemade 

Any type 
Methods of standardization: 

37 (2.1.1,1,1,1,) no comment; (5) ex· 
cellent; (8) good; (5) good but 
some problems; (2) fair to 
good; (1) fairly satisfactory: 
(1) satisfactory; (1) requires 
very careful preconditioning; 
(1) three breakdowns in six 
months; (5) variable, inconsis· 
tent; (1) marginal 

(2) fair 
(3,1) no comment 

(1) no comment; (11) good; (1) 
good in lower ranges; (6.1') 
fair; (1) fair, but readings are a 
little low; (5') continued main· 
tenance and periodic calibra· 
tion required 

(3) excellent but large; (1) trouble 
free; (4') continued mainte· 
nance and periodic calibration 
required 

(1) excellent 

Almost all laboratories use dynamic systems employing ozone lamps and wet 
analysis with neutral KI reagent. Chlorine and iodine were also mentioned. 

~ ~~~b~rr~fT~~~~u~e~~~~ ~r~~i;5tig~7possessed by the laboratory making this comment is 
indicated in ( ). Thus (10,3) denotes that this remark was made by two laboratories havin g 10 
and 3 instruments, respectively. Validity of the comments was not Investigated. 

' Number estimated; some laboratories did not exactlv specify numbers and types. 
dThis number is less than the sum:of the precedin g items because some laboratories have 

more than one type of instrument. 
f! No lon ger manufactured . 

Table 4 
Continuous monitoring instruments in use for 

hydrocarbons in ambient air' 

Type 

Flame Ionization: 
Beckman Instruments, 

Inc. 

Power Design, Inc. 

Number 
of labs Number 

possessing of 
instrument instruments 

31' 

20 

Varian Aerograph (Wilkens) 
Homemade 

Any type 14 

Methods of Standardization: 

Remarks by laboratories on 
performance'> 

(10,2,1,1) no comment; (8,5,1',1) 
good; (2) unsatisfactory so far, 
constant drift:- (3,3,1) used 
with carbon tube as methane 
analyzer 

(1) excellent; (6) good; (13) 
adequate 

(1) satisfactory 
(3) excellent 

Almost all laboratories use tank gas for zero and span (either methane or propane). 

: ~~~ob~~ r;fcr~~ir~~e:~t: ~ft~i~5iy~~7possessed by the laboratory making this comment is 
indicated in ( ). Thus (10,3) denotes that this remark was made by two laboratories havin g 10 
and 3 instruments, respectively. Validity of the comments was not investigated . 

C Number may be greater; only one instrument of eac!1 typa was credited to so:ne lab oratories 
not indicating number. 
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for ambient air analysis. The pollutants 
being analyzed, arranged in decreasing 
order of number of operating instru
ments, were the following : sulfur di
oxide, dust and hydrogen sulfide (tape 
samplers), oxidants, hydrocarbons, ni
trogen oxides, carbon monoxide, and 
several others in smaller numbers. A 
substantial number of the instruments 
are operated by large users (defined as 
possessing five or more instruments). 
Users remarked on the performance of 
the instruments. We noted these re
marks as a measure of their satisfaction 
but we did not investigate the validity 
of the comments. 

Table 8 lists manual methods used 
by the PHS Air Quality and Emission 
Data Branch (formerly the Air Quality 
Section) . 

Table 9 summarizes manual methods 
in use for ambient air analysis. Ar
ranged in order of decreasing number 
of samples per year, the pollutants 
are: sulfur dioxide; fluorides, including 
hydrogen fluoride; suspended particu
lates, including various analyses of 
components; nitrogen oxides: oxidants; 
aldehydes; dustfall; carbon monoxide; 
and various others in smaller numbers. 

First collaborative study 

In March 1967 the Analytical Meth
ods Evaluation Service announced its 
first collaborative study by direct mail
ing to all those laboratories which had 
registered, to members of the Inter
society Committee ana its subcommit
tees, to appropriate committee mem
bers of the participating organizations, 
and to various others. About 90 labora
tories indicated their interest in par
ticipating. Each was then sent a pair 
of sulfur dioxide permeation tubes, 
with instructions. 

The primary objective of this col
laborative study is to evaluate the per
meation tube technique as a primary 
standard method for generating cali
bration concentrations of sulfur di
oxide in air. Evaluation is based on a 
study of the accuracy and the repro
ducibility with which such tubes can 
be utilized. 



A secondary objective is to obtain 
data that indicate the accuracy and the 
precision with which some of the pres
ently used analytical methods can de
termine known concentrations of sul
fur dioxide. Retrospectively, these data 
will permit an estimate of the accuracy 
of data originally obtained by any 
method. More detailed evaluations of 
analytical methods: including effects of 
interfering substances, may be made 
in future studies. 

A third objective is to develop and 
refi ne one or more preferred techniques 
by which the constant flow of sulfur 
dioxide from a permeation tube may be 
diluted to a desired concentration un
der field or laboratory conditions. 

O'Keeffe and Ortman (1966) showed 
that a liquefiable gas such as sulfur 
dioxide, when enclosed in an inert 
plastic tube, escapes by permeating the 
tubing wall at a constant, reproducible, 
temperature-dependent rate. They sug
gested the use of such tubes as primary 
standards for chemical or instrumental 
analyses of air pollutants. The plastic 
tubes were calibrated gravimetrically, 
the weight loss of a tube being assumed 
to be the weight of escaped gas. 

Scaringelli, Frey, and Saltzman 
(1966) demonstrated exact equiva
lence between weight loss and sulfur 
dioxide effusion by measuring the latter 
both colorimetrically and microcoulo
metrically. Thomas and Amtower 
(I 966) also reported successful tests. 

Procedure used 

Each collaborating laboratory will 
set up a flow system of its own choice. 
Certain specifications are given, the 
most important of which is controlling 
temperature to ±O.! 0 C., preferably 
within the range 20-30 0 C. This is 
necessary because of the high tempera
ture coefficient of the permeation rate. 

The temperature coefficient is high 
principally because the permeation 
process requires that the molecules Qf 
sulfur dioxide have a certain minimum 
activation energy temporarily to rup
ture the weak bonds connecting the 
polymer chains in the tubing as they 

Table 5 
Continuous monitoring instruments in use for nitrogen oxides 

in ambient air· 
Number 
of labs Number 

possessing of Remarks by laboratories on 
Type instrument instruments performance' 

Colorimetric: 
Beckman Instruments, 13 32' (1,1,1,1,1) no comment; (12,6,1) 

Inc. good; (1) fair ; (3') continued 
maintenance and periodic cali· 
bration required; (2) poor; (1) 
trouble with calibration, read · 
ings with NaN~, are one half 
what they should be; (1) ter-
rible 

Borman" 13' (11) good; (2' ) continued main-
tenance and periodic calibra· 
tion required 

Harold Kruger Instruments' 3' (3) continued maintenance and 
periodic calibration required 

Precision Scientific (2,1) no comment 
Development Co. 

Kimoto Electric Co. l' (1 ' ) no comment 
(Japan) 

Homemade (3) excellent but large 

Any type 18d 55' 

Methods of standardization: 
Generally dynamic with NO, gas, vs. Saltzman manual method; also NaND, solu· 

tions. 

: ~~~b~sr r~tr~~~~~e;:~~~ ~ff~i;\ylg~7possessed by the laboratory making this comment is 
indicated in ( ). Thus, (10,3) denotes that this remark was made by two laboratories, havin g 10 
and 3 instruments, respectively. Validity of the comments was not Investigated. 

C Number estimated; some laboratOries did not exactly specify numbers and types. 
d This number is less than the sum of the preceding items because some laboratories have 

more than one type of instrument. 
~ No longer manufactured. 

Table 6 
Continuous monitoring instruments in use for carbon monoxide 

in ambient air· 

Number 
of labs Number 

possessing of 
Type 

Nondispersive IR: 
instrument instruments 

Remarks by laboratories on 
performance' 

Mine Safety Appliances 
Co. 

Beckman Instruments, 
Inc. 

Unspecified or home
made 

Any type 14d 

Method of standardization: 

27' 

17' 

49 

Generally standard CO mixtures in cylinders. 

(5) excellent; (1) excellent but 
large; (Hp) good; (ll) sat is· 
fac tory 

(2,1',1) no comment; (1) very 
good with SiD, dryer; (1' ,1,1) 
good; (2) generally not too 
good, expensive to replace 
parts; (7) Monobeam-no 
longer manufactured 

(1) excellent; (4) good 

~ ~~~b~sr r~fcr~~~~~e:~f: ~ffgi~5iig~7possessed by the laboratory m ak in g this comment is 
indicated in ( ). Thus (10,3) denotes that this remark was made by two laboratories, having 10 

an? Jui~s~~~~:n~af:af;g~:lra'b~~~~~~e~f Jrd
e ;~te~aec'1}; :~:c~f~t ~~~~~r:~endd types. 

d This number is less than the sum of the preceding Items because some laboratories have 
m ore than one type of instrument. 
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Table 7 
Miscellaneous continuous monitoring instruments i ll use for ambient air' 

Number 
of labs Number 

possessing of 
Type instrument instrunfents 

Tape samplers: 
American Iron and 

Steel Institute-Re
sea rch Appliance Co. 

Gelman Instrument Co. 

Mine Safety Appliances 
Co. 

Km-custom (Chaney) 

Any type 
CO,- Nondispersive IR: 

Beckman Instruments, 
Inc. 

Mine Safety Appliances 
Co. Model 200 

Miscellaneous: 
Barton-reducing 

sulfur gases 
Homemade-

mercaptans 
Instrument Development 

Co., 914 series-fluoride 
Mine Safety Appliances 

Co. Billionaire-acids 
and bases 

Nuclear Measurements 
Corp.-particulate 
radioactivity 

14 64' 

12 

18 80' 

Remarks by laboratories on 
performance/l 

(20,1' ,1' ,1,1.1) no comment; (6) ex· 
cellen t after valve replace· 
ment; (12,5,1) good; (7) fair to 
good; (4,3) satisfactory; (1) 
photocell has short Iife;- (20,7, 
5,4,1 ,1,1,1,1) used for H,S 

(2) satisfactory with modified 
flow regulation; (1) sampling 
inconsistent 

(1) motor problems, short life 

(12) good 

(2) no com ment 

(1) fair 

(1) satisfactory 

(1) good 

(1) no comment 

(1) poor 

(1) good 

~ ~~~b~r r;fcr~~~~u~e:~~~ ~f~~ i;5h~~:7possessed by ·~he laboratory making this comment is 
indicated in ( ), Thus (10,3) denotes that this remark was m ade by two laboratories, having 10 
and 3 instruments. respectively. Validity of the comments was not investigated. 

C Number may be greater: only one instrument of each type was credited to som e laboratories 
not indicating number. 

Apparatus with constant-temperature bath 

Calibration mixture outlet 
to analytical apparatus 

Permeation tube 

Purified air inlet _----+-..... 

Copper coil (v.. inch) 

Figure 1 

1 
West condenser 
(Corning #2800) 

500 mm. long jacket 
withT 24/ 40 joints 

Water pump 

Constant temperature 
water bath (± 0.1 0 C.) 



Apparatus with constant bolllniliquid 

1 ~ inch styrofoam 
insulation 

1----- 1(2 inch o.d. copper tube with crimped sides 

Hotplate 

Stainless steel beaker 
6 inch diameter X 61h inches , 

deep (packed with ice) < 

""'-__ LID pierced by three ~ inch 
swagelock fittings and one 
Ih inch swage lock fitting 
(stainless steel or Teflon) 

Permeation tube holder 
(see detail at right) 

Screw cap from 
Corning catalog 9826 

'-... 

Glass tube, 15 mm. Ld. X 430 mm. long 

Assembled apparatus Detail of permeation tube holder 

pass through in a series of discontinu
ous jumps. The energy released when 
the bonds recombine behind the mole
cules is not available for the permea
tion processes. Added to this activa
tion energy is the requirement for heat 
of vaporization of the sulfur dioxide; 
this requirement is reflected in the 
change in vapor pressure with tempera
ture. The vapor pressure provides the 
driving force for the permeation proc
ess. 

Figures 1, 2, and 3 illustrate some 
systems for using the permeation tubes. 
The Figure 1 system is most convenient 
for a laboratory. In certain cities tap 
water may be used as a substitute for 
a thermostated water bath when the 
temperature from the mains is suffi
ciently constant for several hours. Fig
ure 2 illustrates a system using Freon 
11 (CFCIg ) as a safe reflux liquid w~h 
a convenient boiling point (23.5° C.); 
Freon 11 is available from refrigera
tion supply houses. For calibration of 
instruments where facilities are very 

Figure 2 

Table 8 
Manual methods applied for National Air Surveillance Networks" 

by Laboratory Services Activity 

Pollutant 

Suspended 
pa rticulates 

so, 
NO, 

NH, 

Sulfation 

Aldehyde 

H,S 

Sampting 
period 

(hours) 

24 

24' 

24 

24 

24 

720 

24 

24 

Me ~ hod 

Hi·vol. sampler·gravimetric 
Hi·vol. sampler, sulfate (methyl thymol blue)' 
Hi·vol. sampler, nitrate (hydrazine reduction· 

diazo coupling)' 
Hi·vol. sampler, NH, (Nessler)' 
Hi·vol. sampler, arsenic (silver diethyldithio· 

carbamate) 
Hi·vol. sampler, metals (emission and atomic 

absorption spectrography) 
Hi·vol. sampler, benzene soluble (gravi· 

metric) 
Hi·vol. sampler, benzo[aJpyrene (TLe-fluo-

rescent) 

West·Gaeke" 

J acobs- Hoch heiser' 

Nessler' 

Lead candle-methyl thymol blue' 

MBTH 

Methylene blue 

(I Formerly known as National A ir Samp.ing Network, PHS. 
11 Automated. 
~ Quarterly compos.te of samp.es. 

Samp!es 
per 
yea. 

5950 
5000 
5000 

5000 
7000 

1000 

1100 

500 

1300 

1300 

1300 

400 

300 

50 
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Table 9 
Manual methods in use for ambient air analysis" 

Number Large users' 
Sampling of labs Samples Number Samples 

period using per of per 
Pollutant (hours) Method' method year labs year 

SO, 720 Lead candle 10 3,530 3 2,000 
72 H,O,-NaOH titration 1 4,500 1 4,500 
24 West-Gaeke 8 1·;676 
6 West-Gaeke 1 6,000 1 6,000 

4 or less West-Gaeke 27 29,480 11 27,650 
Any method 39d 45,186 15d 40,150 

F, HF 720 Lime filter-ECR 2 220 
12 to 24 Thorium nitrate titration 1 2,000 2,000 

8 SPADNS-colorimetric 1 780 780 
6 Willard-Winters 1 6,000 6,000 
4 Technicon 1 4,500 4,500 
3 SPADNS-colorimetric 1 12 

2 to 4 Colorimetric 1 1,000 1,000 
Variable Conductivity 1 2,000 2,000 

Short Neutral KI 1 ?, 
Short USBM-RI6314 1 180 

Any method 11 16,792' 16,280 

Suspended 24 Hi-vol. sampler, gravimetric 9,500' 6 9,500 
particulates Hi-vol. sampler, sulfate (turbidimetric) 4,200' 2 4,000 

Hi-vol. sampler, nitrate 4,300 2 4,000 
Hi-vol. sampler, benzene soluble 400 
Hi-vol. sampler, polycyclics (UV + 2,000 2,000 

fluorescence) 
Hi-vol. sampler, metals (spectrographic, 1,200 1,100 

atomic abs.) 
Hi-vol. sampler, lead (polarographic) 2,000 2,000 
Hi-vol. sampler, iron (tripyridine) ?, 
Millipore filter; arsenic (silver diethyldi- 1,000 1,000 

thiocarbamate) 
1 Millipore filter, microscopic 1 50 

24 Ragweed pollen (microscopic) 1 180 
Any method 9 12,680'/ 7d 12,20()<,/ 

NO, NO, 24 Jacobs-Hochheiser 3 1,100 500 
\12 or less Jacobs-Hochheiser 1 100 

24 Saltzman 3 516 
2 or less Saltzman 23 6,528' 4,600 
2 or less Mueller-Lodge (NO) 1 200 

Any method 29d 8,444' 5,100 

0 3, oxidant 360 Rubber strips-cracking 1 ?, 
168 Rubber strips-cracking 1 500 500 

24 Alkaline KI 1 ? 
1 to 2 Alkaline KI 2 120 
1 to 2 Unstated 1 200 
3 to 6 Na diphenylamine sulfonate 1 50 

I/, or less Neutral KI l3 1,728' 
Y, or less Phenolphthalin 3 1,950 1,500 
1f, or less Unstated 1 1,000 1,000 

Any method 23' 5,548' 3,000 

Aldehyde 24 MBTH 1 100 
lor less MBTH 4 2,200 2 2,000 

? Bisulfite 3 210 
1f, Chromotropic acid 1 288 

Any method 8d 2,798 2 2,000 
Dustfall 720 PHS, miscellaneous 6 1,812 2 1,220 

24 or less Acidity or alkalinity 1 50 

CO \12 MSA-N BS detector tube 4 1.180 1,000 

H,S 1 to 2 Methylene blue 4 41()< 
RSH lto 2 Moore, Calif_ State Dept_ of Public 1 200 

Health 

H,SO, 2 Cummins 1 50 
Hydrocarbons 1 Gas chromatography 1 75 

(CloC,) 

NH, Indophenol blue 200 

Nessler 75 
Pyridines Silicate column-cyanogen bromide 100 

a Reports received before April 25, 1967 (excluding National Air Sampling Network). 
b Including modified forms. 
C At least 500 samples per year for listed method. 
d This number is less than the sum of the preceding items because some laboratories use more than one method for a given pollutant. 
/! Actual number is greater because a few laboratories did not list the number of samples per year. 
I This number is less than the sum of the preceding items because of multiple analyses of some samples. 



limited, a heat sink, as illustrated in 
Figure 3, may be employed. 

Tube construction 
Figure 4 illustrates the construction 

of the permeation tubes, which are 
manufactured from r'lr-ir.ch i.d. FEP 
Teflon tubing with 0.030-inch wall 
thickness. Stainless steel balls of ... \_ 
inch diameter are used to seal the 
liquid sulfur dioxide in lengths of 10 
and 30 cm. 

Each laboratory will analyze mix
tures of sulfur dioxide in air in the 
range of 0-2 p.p.m. by the method or 
instrument of its own choice. The per
meation rates, in micrograms of sulfur 
dioxide per minute per centimeter of 
tube length, will be computed and cor
rected to 25° C. by means of the chart 
in Figure 5. This chart is applicable 
only for the particular tubing used in 
this study. 

Each laboratory was supplied with 
forms for a preliminary report to be 
sent within three months after receipt 
of the tubes and for reports on later 
measurements to determine the con
sistency of output of the tubes over at 
least a three-month period. 

We believe that the technique is 
simple, convenient, and relatively in
expensive. It will be especially useful 
for calibration of instruments and for 
future studies of any particular analyti
cal method. The tubes, which probably 
have a useful lifetime of one year, may 
be retained by the laboratories after 
the work is completed. Results of the 
study will be made available to the 
participants and to the Intersociety 
Committee and will also be published. 

Further Improvements 
Selection of standard methods need 

Apparatus with a heat sink 

Thermometer 

~ inch. u.u.,_~ 

7mm. 
X 25mm. long 2% agar solution 

Figure 3 

5 gal. can (holes in lid) 

not retard either progress in research 
or the development of new methods. 
A standard method is not necessarily 
the best method. Rather, it is one the 
approving group has tested and found 
to be valid within a certain degree of 
error. Such a method provides the basis 
for certain legal activities. It also may 
be used as a reference for comparison 
with improved methods. Laboratories 
should be encouraged to use any im
proved new method if they can demon
strate satisfactory agreement with the 
standard or reference procedure or can 
clearly show a hitherto unrecognized 
weakness of the reference procedure. 

The testing of methods requires the 
broadest possible participation. Sci
entific talent is needed from all levels 
of government, professional organiza
tions, industrial laboratories, and edu
cational and research institutes. The 
widest variety of approaches and ex
reriments should be sought. 

Any program of laboratory testing 
must include publication of the results. 
The participants should be listed for 
two reasons: to fix general responsi
bility, and to provide recognition, even 
if the standard methods based upon 
this work are ultimately issued by the 
sponsoring organization in an anony-

Construction of sulfur dioxide permeation tubes 

Sealiniballs 1---- Exposed length ---I Reinforcing collar (reinforcing 
collar and second ball 
sometimes omitted) 

Figure 4 
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Correction of observed permeation ' rate to standard temperature 
(250 C.) 
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0.6 

0.5 L __ .....L ___ J.... __ ~:--__ -=-___ -::-
20 22 24 26 

Temperature (0 C.) 

Figure 5 

mous manner. However, the results of 
individual participants should remain 
anonymous. 

A good start has been made in stand
ardization activities. Palticipation will 
aid groups engaged in pollution mea
surements to keep up with the latest 
developments and to compare their 
results with those of others. Adequate 
progress will require proper recognition 
and emphasis of this work. Qualified 
individuals should be allowed gener
ous, though reasonable, use of official 
time and facilities, as well as of travel 
funds, to participate in committee ac
tivities. Research support should be 
provided. 

Finally, during program planning, 
appropriate funding should be ar
ranged. Probably 5 to 10% of the 
budget of a laboratory engaged in mea
suring pollutants should be allocated 
for participation in standardization ac
tivities. Only if we proceed in this 
broad manner can we progress at the 
rate needed to provide effective tests to 
implement adequate control and man
agement programs. 

Additional reading 

"Air Pollution Abatement Manual," 
Manufacturing Chemists Assoc., 
Washington, D. C., 1965. 
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alytical Abstracts," Amer. In-
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Fate of Airborne Benzo [a] pyrene 

Jerome F. Thomas, Mitsugi Mukai, and Bernard D. Tebbens 

University of California, Sanitary Engineering Research Laboratory, Richmond Field Station, 1301 South 46th St., Richmond, 
Calif. 94804 

• Little is known of the fate of arenes in the atmosphere. To 
gain some knowledge of behavior of these arenes, benzo[a]
pyrene in solid phase was studied under various treatments. 
Infrared analyses were used to describe the changes which 
occurred under treatment (900 to 700 cm.- I out-of-plane 
C- H bending vibration). Other isomers of B(a)P, perylene 
and B(e)p, and a few other polynuclear aromatic hydrocarbons 
did not show any changes in infrared curves under the same 
treatments. Hypothetical structural analyses also were postu
lated regarding the soot and polynuclear aromatic hydro
carbons, as polynuclear aromatic hydrocarbons do not exist 
when there is no soot. 

I ncomplete combustion is well accepted as the primary 
source of airborne benzo[a]pyrene, B(a)P. In contrast, 

little is known of its ultimate fate in the atmosphere other than 
it does disappear only to be continuously replaced (Green 
and Lane, 1964). This paper presents a number of related 
observations which give some insight into the fate of air
borne B(a)p. Three major areas discussed are the state or 
phase of the airborne B(a)p; factors relating it to its carrier, 
soot; and its photochemical modification in the airborne 
state. Although emphasis is being placed on B(a)P, compa
rable conclusions can be drawn for many other polynuclear 
hydrocarbons. 

Airborne Phase of Benzo(a)pyrene 

Commins (1962) concluded that no measurable amount 
of fluorescent hydrocarbons exists as vapors in the air at 
atmospheric temperatures because there was no detectable 
appearance of fluorescence after filtered air was drawn through 
pure liquid paraffin for 38 days. As B(a)p fluoresces , it may be 
inferred that it is not present in gaseous form. 

The authors attempted to verify this using a combustion 
system (Mukai el al., 1964) as an effluent source which in
corporates a recovery train for quantitative recoveries. The 

total combustion effluent was filtered through a tared glass 
thimble maintained at 80° to 90° C. to prevent moisture 
condensation. An aqueous phase was then condensed from 
the stream, followed by a dry ice-acetone condensate. A 
dead-end system collected all fixed gases. The amount of 
B(a)P contained in the condensate~ and fixed gases was used 
as an index of the amount that might be. found in the gas 
phase. 

The results of a typical combustion run indicate that a 
small percentage can be found in the gas phase at somewhat 
elevated temperatures close to the combustion source (Table 
I). Sublimation from the particulate trap was ruled out as the 
source of the small amount of the gaseous B(a)P by drawing 
air through a heated trap containing soot for a period cor
responding to the combustion run. No B(a)P could be detected 
in the condensates from this air stream, which is consistent 
with no detectable recovery from a conventional sublimation 
coldfinger using pure B(a)P at 100° C. at atmospheric pressure 
within a period of one hour. (Sublimation is detected at tem
peratures slightly below 200° C.) The weight of B(a)P con
tained on deposited soot from the upper portion of the glass 
chimney of the furnace per unit weight of deposited soot was 
the same as the weight of the B(a)P per unit weight of filtered 

Run 
Fuel 

Table I. Typical Combustion Run 

June 10, 1966 

Primary air 
Secondary air 
Duration of run 
Total soot 
Total B(a)p 

On filter 
In H20 trap' 
In cold trap' 

Isopropyl alcohol 
Fixed gas phase' 

Propane 492 cc. per minute 
None 
5.7 liters per minute 
70 minutes 
958 mg. 
1800 1'g. 
17311'g. 
541'g. 
151'g. 
40° C. 
None 

• % vapor phase 54 "g. t8~ ::: X 100 ~ 3.7 %. 
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soot, indicating that the adsorption of B(a)p to the soot 
occurred prior to the filter and not as it was being drawn 
through the filtered soot. Therefore, all measurable quantities 
of airborne B(a)P are associated with airborne soot, the quan
tity in the gas phase being insignificantly small. 

Bonding of B(a)p /0 S oot 

There are numerous types of soot, with each particular soot 
having unique properties. The relationship between the various 
types of soot and carbon in general is given in Table II. 
Compilations of the physical and chemical properties of 
industrial soot have been prepared (Smith, 1964), but un
fortunately information about airborne soot is meager. The 
major differences between industrial soot and airborne soot 
result from the mode of formation. Industrial soots are all 
quenched in the process of manufacture to maximize soot 
production, with the type of quenching and fuel imparting 
characteristics such as particle size, surface activity, and 
chain structure which are important in commercial usage. 
In contrast, conventional combustion processes, which are 
primarily responsible for airborne soots, generally minimize 
quenching to maximize thermal yields. Industrial soots are 
generally of a small diameter, with minimal chain structure, 
and are relatively " clean." Airborne soot particles are gener
ally of a large diameter, have considerable chain structure, 
generally incorporate relatively large concentrations of ben
zene-extractables, and have a high volatile component. 
(Volatile component equals the per cent weight loss at 927° C . 
on a dry basis.) For example, furnace oil blacks, the " dirtiest" 
comparable commercial soots, run about 1 % volatile com
ponent with a benzene extract of 0.05 % , while airborne soots 
run about 20% volatile component with a benzene extract 
of 0.5 to 1 % (Smith, 1964). 

Airborne soots continue to agglomerate in the atmosphere 
until deposition and fallout occur. The authors are currently 
studying coagulation and deposition of airborne soot. The 
study considers such factors as the net charge and dipole on 
airborne soot particles, how these change with time, and how 
they are affected by light, temperature, electrical fields, and 
mechanical turbulence. Needless to say, the properties of air
borne soot change with time. 

Benzo[a]pyrene belongs to the arene class of hydrocar
bons-i.e. , it is a condensed polynuclear aromatic hydrocar
bon, and all but one of the benzene rings is pericondensed. 
Soot may be thought of as an agglomerate of pericondensed 
polynuclear aromatic hydrocarbons. X-ray diffraction has 
definitely established that soot particles exhibit the hexagonal 
symmetry of graphite crystals (Houska and Warren, 1954; 
Warren, 1941). Numerous well-developed graphitic platelets, 
having a carbon skeleton analogous to a large polynuclear 
aromatic molecule consisting of 50 to 100 peri condensed 
rings, comprise the layer planes in a soot particle. The plate
lets in adjoining planes are stacked roughly parallel to one 
another but random in orientation. Several loosely bound 
adjacent platelets comprise a crystallite, and several thousand 
interconnected crystallites constitute the individual soot 
particle. During soot formation, oxidation occurs generally 
on the surface, resulting in the incorporation of 5 to 10% 
oxygen covering 30% of the surface area in addition to the 
1 to 3 % hydrogen also associated with the average soot 
particle (Riven, 1963; Rossman and Smith, 1943). The 
chemical structure of the surface groups identified on carbon 
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Table II. Relationship between Various Types of Soot and 
Carbon in General 

Noncolloidal Carbon' ,' Colloidal Carbon or Soot"·" 

A. Diamond A. Industrial soot or carbon 
B. Graphite carbon black 

l. Graphite per se l. Lamp black 
2. Vitreous or retort 2. Channel black 

carbon 3. Furnace black 
3. Amorphous car- 4. Acetylene black 

bon (charcoal, 5. Thermal black 
coke) B. Airborne soot 

4. Coal (q ualified) X. (Activated carbon) 
5. Activated carbon 

(I All of crysta lline structure except coal. 
b All na turally occurring except coke and charcoal (and activated 

carbon). 
C All of crysta lline structure based on x-ray diffraction (referred to as 

"amorphous carbon" based on microscopy). 
d All synthetically produced during combustion except thermal black 

which is prod uced pyrolytically . I·" 

t O~ly channel blacks and act iva ted carbon exhibit open-chamlel 
porosity. 
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blacks suggests that oxidation occurs predominantly in a 
stepwise manner. 

(a) {Ol (Ol (a) 
CH- COH- CO- COOH --=-cct porosity (open-channel) 

This explains the process of forming activated carbon: 
Various forms of carbon blacks or charcoal are heated in an 
oxygen atmosphere to increase their open-channel porosity. 
Of all the soots, only acetylene blacks and small-diameter 
channel blacks exhibit appreciable open-channel porosity 
as verified by helium displacement (Rossman and Smith, 
1943). 

A hypothetical diagram of a soot particle consistent with 
x-ray diffraction data is presented in Figure I. It assumes that 
each platelet is a symmetrical peripheral extension of coronene. 
An extension of three additional peripheral benzene layers 
results in a C ... H,o molecule of 61 fused rings; four additional 
layers result in a C216H36 molecule of 91 fused rings. Both 
compounds have approximately the same percentage of 
hydrogen associated with them as is given by the chemical 
analysis of extracted soot. Calculation of the number of 
C,16H 3• molecules (ca. 3200) or the number of C15oHao mole
cules (ca. 4800) that can be placed consistent with crystal
lographic data in the volume of a hypothetical soot particle of 
a diameter of 250 A. , results in an estimated density of 1.76 
and 1.78 grams per cc., respectively. This corresponds to a 
figure of 1.8 grams per cc. employed by the rubber industry 
for industrial soots (Smith , 1964) and 1.90 grams per cc. 
determined by helium displacement (Rossman and Smith, 
1943). 

The lack of open-channel porosity, the large concentration 
of oxygen functional groups on the surface of the soot particle, 
and the adherence of airborne B(a)P to the particle in a man
ner that allows for ready extraction indicate that the B(a)P 
and other arenes are primarily adsorbed on the surface of the 
soot through hydrogen bonding. Chemisorption is not too 

feasible, because the rapid rate of photomodification indicates 
that B(a)P must be primarily in an exposed position on the 
surface. If the bonding is stronger to some functional groups 
than others, an explanation of the phenomenon of graded 
elution from soot particles is offered. 

Relationships in Relative Yields of B(a)P and Soot 

Yields of soot and benzene-extractables for several fuels 
burned under comparable conditions of incomplete combus
tion are compared in Table III. The yield of B(a)P is propor
tional to the weight of benzene extract (Mukai et al., 1964, 
1965; Thomas et al., 1957). The relative proportion of B(a)P 
to the other arenes in each extract is also constant (M ukai 
et al. , 1964, 1965; Thomas et al., 1957). Analysis of sized 
fractions using a Goetz aerosol spectrometer prior to ex
traction indicated that the amount of B(a)P per unit weight of 
soot was constant for all particles (Tebbens et al., 1966). 
The relative yield of soot per gram of fuel can be predicted 
from established smoking tendencies of fuels, which in turn 
can be related to fuel structure (Gaydon and Wolfhard, 
1960). However, it is very difficult to make predictions on the 
yield of B(a)P based on fuel structure. For example, methane 
and acetylene produce equal amounts of extractable material, 
whereas acetylene produces almost eight times as much soot 
per unit weight of fuel; benzene, which has the same carbon
hydrogen ratio as acetylene, produces 12 times as much soot 
and benzene-extractables. 

A possible insight might be gained from a comparison of 
proposed mechanisms of formation of soot and B(a)P. 
Several comprehensive reviews of carbon formation in flames 
are available (Gaydon and Wolfhard, 1960; Minkoff and 
Tipper, 1962; Parker and Wolfhard, 1950; Thomas, 1952), and 
a number of papers deal with the mechanism of B(a)P forma
tion during pyrolysis (Badger et aI., 1961, 1962a,b, 1963a,b; 
Gordon, 1948; Kinney and Crowley, 1954). It is difficult to 

Table 111_ Yields of Soot and Benzene-Extractables Produced during Incomplete Combustion 

Fuel 

Methane 
I-Butene 
Acetylene 
Butadiene 
Benzene (gas) 

Mg. Soot/G. Fuel 

16 
72 

105 
135 
196 

Mg. Extractable/ Mg. Soot/ 
G. Fuel Mg. Extractable 'YB(a)p/Mg. Soot 

1.9 
9.4 
2.1 

14 .4 
21. 3 

8.4 
7 .7 

50.0 
9.4 
9 .2 

Burning conditions adjusted for maximum soot production. Fuel and air flow constant. 

I-Butene 72 9.4 7.7 
56 1.4 40.0 
56 1.2 47.0 
49 1.2 41.0 

Fuel flow constant. 

Propane + H, 1. 81 5.28 
1.42 6.20 

Propane and air flow constant. 

F{ow Rates 

Air, L./Min. 

It 3 
25.1 
35 .5 
47 .0 

Fue{, Cc./Min. 

41.5 + 5.1 
41.5 + 24 .0 
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relate pyrolysis information per se readily to pyrolysis occur
ring as part of the combustion process. Only steady-state 
flash pyrolysis approaches pyrolysis occurring during com
bustion. A rather naive hypothesis arrived at by a comparison 
of a number of mechanisms may be presented in equation 
form: 

_ (polybenzenoid radicals) (~~nes r 1 : g~ 
soot I ·R 

Polybenzenoid radicals may be produced through a variety 
of mechanisms. Continued polymerization of these radicals 
results in soot. Early termination of this final polymerization 
by hydrogen atoms results in enhanced arene production. 
The presence of high concentrates of any radical that will 
reduce the concentration of the hydrogen atom should favor 
soot; introducing hydrogen atoms from an external source 
(H, added to fuel) should favor arene production. 

The hypothesis was roughly checked by comparison of the 
relative production of soot to weight of benzene-extractables 
(assuming the arene production is proportional to the ben
zene-extractable). Table III shows that when the air flow is 
increased (conceivably increasing· 0 or ·OH) using I-butene 
as fuel , production of both soot and benzene extractables is 
decreased because combustion moves closer to stoichio
metric conditions. However, the ratio of soot to extractables 
shows that the rate of extractable decrease is much more 
rapid than soot decrease. In another experiment when the 
hydrogen is added (Table III) in combination with propane, 
the reverse trend is shown, and there is an increase in ben
zene-extractable and in B(a)P. A reported instance of adding 
nitropropane to propane gas (a radical sink for H · ) is con
sistent with this: "Small additions of nitropropane lead to a 
marked reduction in the formation of pentane-soluble mate
rial in the soot and in the amount of 3,4-benzopyrene [now 
designated as B(a)PJ. Rather surprisingly, the soot formation 
rises to a maximum with increasing amount of additive and 
then declines" (Long, 1962). 

The following data suggest that a portion of the hydrogen 
may originate from the late pyrolysis of simple hydrocarbons 
formed during early pyrolysis. The flash pyrolysis of kraft 
black liquor is currently under investigation. The polyphenolic 
material comprising the liquor is injected at short intervals into 
a reactor vessel maintained at fixed temperatures, and the py
rolysis gases are directly chromatographed. A plot of methane 
and hydrogen production as a function of temperature is 
shown in Figure 2. The methane decreases and the hydrogen 
increases as the temperature increases. On a mole basis it is 
apparent that other gases, such as ethane and acetylene, 
must also contribute hydrogen during late pyrolysis. By 
quenching the combustion process, hydrogen production from 
late pyrolysis is minimized, and consistent with this hypoth
esis soot production should be maximized and arene pro
duction minimized. This is consistent with methods and find
ings in the production of industrial soots. 

Pholomodijicalion of B(a)P 

The photomodification of B(a)P has been studied pre
viously, with the B(a)P being in crystalline form as a compo
nent of smoke from diesel engines caught on filter surfaces 
(Falk el 01., 1956), and in solution (Kuratsune and Hiro-
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Figure 2. Pyrolysis of kraft black liquor at various 
temperatures 

hata, 1962). The authors will attempt to extend basic con
cepts as well as to present information on the photomodifica
tion of B(a)P as contained on airborne soot (Tebbens el 01., 
1966). 

Airborne B(a)P on soot was studied by coupling a furnace 
(Mukai el 01., 1964) through a dilution chamber to a tubular 
reactor (~II feet X 6 inches)(Tebbens el 01., 1966). Lighting 
is controlled up to one-quarter intensity of average July 
noonday sun. The soot particles are introduced as close to 
laminar flow as possible, with retention times determined by 
flow rates. The flow results from suction applied at the exit 
end. Flow characteristics are indicated in Figure 3. It is not 
feasible to reduce retention times in the reactor below one 
hour, because coagulation and sedimentation of the soot 
reduce the reliability of B(a)p analysis. Sampling is accom
plished through tared glass thimbles at the entrance and exit 
ends of the reactor. 

The amount of B(a)P per unit weight of soot at the exit 
end of the reactor and at the source end in both light and dark 
is compared in Table IV. A small decrease is noted in the dark 
but a very large decrease occurs very rapidly in the light. 
This further corroborates earlier observations (Tebbens el 01., 
1966). 

If one of the early hypotheses that B(a)P is primarily con
tained on the surface of soot is correct, one explanation for the 

Table IV. Effect of Light on Production of Acid Fraction and 
Reduction of 8(a)P 

Flow Retention Neutral, B(a)p, Acid, 
Rate, Time, "g./Mg. "g./Mg. "g./Mg. 

Sample L./Min. Min. Soot Soot Soot 

Source 630 .8 3.77 4 .34 
Light off 1.5 40 543.7 3.44 4.14 
Light on 1.5 40 334 .1 1.62" 28.44' 

" B(a)P decrease 58 %. 
b Acid fraction increase 6-fold. 



rapid disappearance is the very large exposed surface area on 
the colloidal-sized soot particles. To check the effect of surface 
area , a coating of 1 mg. of B(a)P was applied to 1 gram of glass 
beads of 220- and 28-micron diameters by evaporation from 
solution. The beads were placed in flasks exposed to the sun 
and agitated hourly to expose fresh surfaces. A visible yellow 
discoloration and a disappearance of fluorescence under 
ultraviolet light occurred in a matter of hours for the B(a)P 
contained on the small beads, whereas a corresponding change 
on the big beads took 5 to 10 days. Measuring the decrease 
of B(a)P by fluorescent techniques on ether extracts showed 
that approximately a 1 % decrease had occurred in 12 hours on 
the small beads, but approximately 7 days in the sun was 
required for a corresponding decrease in the large beads. 
This compares to a 60% decrease in 40 minutes on the soot. 
Therefore, the relatively rapid decrease of B(a)P on soot may 
be related to much greater surface exposure to light. 

Infrared spectroscopy was very sensitive as an indicator of 
these changes associated with the photomodification of B(a)P. 
(Unless noted, all infrared curves were obtained using the KBr 
pellet technique.) Jones and Sandorfy (1956) reported that 
all polynuclear aromatic compounds show intense absorption 
bands between 900 and 700 cm.- 1 characteristic of the out-of
plane C-H bending vibrations. A large number of arenes 
have been analyzed in detail in this region, and four sub
divisions have been suggested based on the number of residual 
hydrogens on the peripheral benzene rings (Vingiello and 
Ojakoar, 1966). B(a)P shows spectral response in all four 
subdivision regimes: The hydrogens on the I, 2, and 3 carbons 
are referred to as trio hydrogens and give a response in the 
810- to 750-cm.- 1 region; 4, 5, and 11, 12 are duo hydrogens 
and give a spectral response between 860 and 800 cm. -1 ; 
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6 is a mono hydrogen responding between 900 and 860 cm. -1; 
and 7, 8, 9, and 10 are quartet hydrogens responding between 
770 and 735 cm.- 1 Infrared curves for freshly chroma
tographed perylene, B(e)P, and B(a)P are shown in Figure 
4, A, B, and C. Note the lack of solo response for B(e)p and 
the lack of solo, duo, and quartet response for perylene which 
are missing the corresponding hydrogens. 

The infrared curve for B(a)P that has been exposed to light 
for several hours is modified compared to the freshly chro
matographed B(a)P, as shown in Figure 4, D. Changes in 
intensity and frequency of the noted characteristic bands indi
cate changes in the carbon-hydrogen bending vibrations. 
A number of other similar hydrocarbons tested did not exhibit 
corresponding changes in their spectrum after exposure to 
light (anthracene, pyrene, benz[a]anthracene, benzo[e]
pyrene, perylene, dibenz[a,h]anthracene, dibenzo[a,h]pyrene, 
and dibenzo[a,]ipyrene). Continued exposure to light causes 
no further changes in the infrared spectrum, other than an 
over-all decrease in intensity comparable to the decrease of 
fluorescent intensity related to the disappearance of B(a)P. 

An ether extract of B(a)p coated on small beads after 12 
hours of exposure showed a much stronger yellow color than 
the B(a)P on the large beads. Both the yellow of the small 
beads and the almost colorless large beads showed the modi
fied infrared spectral changes. In both cases, however, it 
was difficult to demonstrate a reduction of B(a)P by fluores
cent spectroscopy. 

Chromatographing the yellow extract of the small beads 
through alumina using 20% ether in pentane results in three 
fractions . The eluted fraction contains pure B(a)P showing 
the original infrared spectrum of Figure 4, C. A yellow band 
halfway down the column indicated the presence of at least 

SAMPLING TIME, minutes 

Figure 3. Flow characteristics of soot particles through reactor 
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two acidic components upon further treatment by paper 
chromatography. The undeveloped yellow fraction on top 
of the alumina column, probably of a very polar nature, 
likewise indicated the presence of several other acidic com
ponents. Adding these acidic components individually or 
combined back to the chromatographed pure B(a)P in only 
trace quantities also caused an infrared spectral modification. 
Subsequently, many compounds capable of hydrogen bonding 
were found to cause the modification. Excess dosing of known 
complexing agents- for example, picric acid or TNB- resulted 
in a hypsochromic shift of the entire spectrum, as shown in 
Figure4,E. 

When added in trace amounts to B(a)P, the majority of 
arenes used directly from the shelf caused the infrared modifica
tion. Upon chromatography of the arenes from the shelf, it 
was found that the pure arenes did not cause the modification 
but rather it was the residual chromatographed fraction, indi
cating the presence of oxygenated compounds. Heat as well 
as light and oxygenated compounds could also cause the 
infrared spectral modification. 

All of the observations obtained using KBr pellets could be 
duplicated using a Nujol mulled technique or evaporating 
solutions of B(a)P directly on a rock salt window. Also, 
freshly crystallized B(a)p gives a curve comparable to freshly 
chromatographed B(a)P. 

A consideration of reported information on the photo
chemical treatment of anthracene might offer an explanation 
of the infrared curves and modifications: "It was established 
that the changing of anthracene into dianthracene in the light 
was to be considered as a reversible photochemical reaction 
which goes to a stationary equilibrium condition" (Egloff, 
1937). 

Assuming that B(a)P might also be involved in a similar 
equilibrium, the following equation is presented in conjunc
tion with spacial considerations of the C-H out-of-plane 
vibrations (Figure 5): 

The following points are made relating to previously 
mentioned observations. 

The undissociated B(a)P which gives the original spectrum 
shown on Figure 4, C, is very reactive, readily entering into 
equilibria involving complex formation. . 

The C- H out-of-plane vibrations may randomly occur 
on both sides of the B(a)P planar configuration, giving the 
original spectrum. Upon activation by light or heat a com
plex is formed, possibly a dimer, which locks the C- H out
of-plane vibrations to one side of the plane, resulting in the 
modified spectrum of Figure 4, D. 

The complex thus formed may enter into further complex 
formation through hydrogen bonding to hetero atoms further 
locking the C-H out-of-plane vibrations, resulting in a 

Figure 4. Infrared curves of B(a)P isomers 

A. Perylene 
I. Solo 
2. Duo 
3. Trio 
4. Quartet 

B. B(elP 
C. B(alP 
D. B(alP + light 
E. B(alP + complexing agent 
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Figure S. Hypothetical presentation of B(a)p complex 
formation as explanation for changes in infrared spectra 

A. Equilibrium consideration 
B. Spacial consideration 

slight hypsochromic shift of the modified spectrum as shown 
in Figure 4, E. 

In addition, the B(a)P readily undergoes oxidation with the 
products being hydrogen· bonded to the parent as indicated 
above. 

Recrystallization or chromatography readily breaks com
plex formation, shifting the equilibrium back to the monomer 
form. 

The infrared spectrum of an accumulation of the yellow 
material produced during irradiation of B(a)P is very com
plex, indicating a gross mixture, but there is a predominant 
carbonyl peak. The yellow material is readily extractable in 
dilute base and shows at least six fluorescent bands on paper 
chromatograms using a basic developer. The indication of 
acid groups is very obvious. Exposure of B(a)P to ozone, 
oxygen, or air results in the formation of yellow solutions in 
the light or dark. A greater variety of components at relatively 
high concentrations are produced in ozone and to a lesser 
extent in oxygen, indicating progressive degradations to 
simpler components depending on the availability of an oxidiz
ing agent. However, exposure of B(a)P to sunlight in an inert 
atmosphere also results in the formation of similar products 
after an extended period. Possibly, trace amounts of oxygen 
are all that are required for the oxidation to occur. 

Gas chromatographic techniques are being developed utiliz
ing the new gas cell infrared detector. An array of possible 
products is currently being investigated based on information 
in the literature on chromic acid oxidation of B(a)P (Clar, 
1964) and ozonalysis of B(a)P (Moriconi et al., 1961); in
cluded are quinones, carboxylates, dicarboxylates, diacetates, 
anhydrides, and phenols. 

A final interesting observation can lie made concerning air
borne B(a)P on soot, as indicated in Table IV. Comparing the 
decrease of B(a)P per unit weight of soot to the increase of 
acid fraction per unit weight of soot shows a manyfold in
crease of acid compared to the B(a)P decrease, probably due 

to contributions of acids from other arenes. The possibility 
of the formation of the oxygenated B(a)P complex is greatly 
enhanced on the soot, thus reducing the relative concentration 
of the reactive B(a)P-monomer. 
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Interaction of Nitrogen Dioxide-Olefin Gas Mixtures 

with Lecithin Monomolecular Films 

Alvin Felmeister,' Mohammad Amanat, and N. D. Weiner 

College of Pharmaceutical Sciences, Columbia University, New York, N. Y. 

• The interactions of nitrogen dioxide~lefin gas atmospheres 
with saturated and unsaturated lecithin monomolecular 
films were investigated using surface pressure measurements. 
Films of dipalmitoyl lecithin, a saturated phospholipide, 
:showed no interaction with any of the test atmospheres used. 
Films of egg lecithin, an unsaturated phospholipide, showed 
significant changes in the surface pressure-surface area curves 
in the presence of all atmospheres containing nitrogen dioxide. 
The observed effects appear to be the result of a chemical 
interaction of NO, with the double bonds of the egg lecithin 
rather than a simple physical penetration of the film . Bio
logical implications are discussed. 

A number of methods, both biological and physical, 
have been used in an attempt to assess the cytological 

toxicity of air pollutants. Some of these methods have demon
strated that the observed toxic effects of certain pollutants are 
related, at least to some degree, to their ability to adsorb 
and act at the cell membrane. Mendenhall and Stokinger 
(1962) and Stokinger (1965) offered evidence that ozone exerts 
a direct effect upon the cell membrane. Reports that air pol
lutants inhibit plant cell wall metabolism and inhibit bacterial 
enzyme systems located in the cell membrane add further 
support to this idea that some pollutants may exert their in 
vivo effect via their ability to adsorb at cell membranes. 
While other factors, of course, must be involved, it seems 
reasonable to expect a relationship to exist between the tox
icity of some air pollutants and their adsorption and interac
tion at cell membranes. 

In the last decade, there has been a growing interest in the 
properties of cell membranes, their chemical make-up, and 

'Present address, College of Pharmacy, Rutgers-The 
State University, Newark, N. J. 
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molecular orientation, particularly as related to their cellular 
activity. This has led to the isolation and characterization of 
membrane components from a wide variety of organisms, and 
the development of model systems utilizing these components. 
Particular emphasis has been directed toward the phospho
lipides (a group of compounds basic to membrane structure) 
because of their implication in a variety of biological processes. 

Insoluble monomolecular films of phospholipides have been 
widely used to simulate the interactions at a molecular level 
of numerous materials with living membranes. The general 
usefulness of these films as cellular membrane models has 
been demonstrated by a number of researchers. Pethica and 
Schulman (1953) showed that the in vivo lytic action of a 
series of antibacterial agents was directly related to the ability 
of these compounds, when dissolved in the aqueous phase, 
to adsorb at a monomolecular lipide film. Skou (1958) de
veloped a similar relationship for a series of anesthetic drugs. 
Since these early experiments, a number of workers have 
demonstrated similar relationships for a variety of drugs. 
More recently, Demel, van Deenen, el al. (1965) related the 
activity of polyene antibiotics to this same property. In addi
tion, some of these studies showed that the interactions ob
served were due to the presence of a specific lipide, and in the 
absence of this lipide little or no interaction resulted either in 
vivo or in vitro. The work of Bondurant (1960), Clements and 
Wilson (1962), and Mendenhall and Stokinger (1962) ex
tended the usefulness of spread-film models to include ad
sorption from the vapor phase. Bondurant (1960) reported 
the effect of cigarette smoke on the surface tension of lung 
tissue extracts. Mendenhall and Stokinger (1962) showed a 
marked change in surface pressure of films of lung extracts on 
exposure to ozone. Clements and Wilson (1962) employed a 
dynamic technique t.) determine the effect of a steady flowing 
stream of gaseous anesthetics on the surface tension of a film. 
Pure fatty acids and phospholipides, as well as lung extracts, 
were used as films in this latter study. A direct relationship 
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Figure 1. Schematic diagram of gas-mixing system 

between anesthetic potency of a series of gaseous anesthetics 
and their ability to adsorb at a film was demonstrated by 
these workers. In addition, the observed biological changes 
in cellular permeability, excitability, and metabolic activity 
caused by these gaseous anesthetics could be explained by 
their ability to adsorb at cell membranes. 

Dean, Hayes, et al. (1953) studied the effect of a number of 
gases, including nitrous oxide and ethylene, on mono layers of 
various fatty acids and phospholipides. The gases were found 
to cause only slight increases in surface pressure, which in no 
case exceeded 2 dynes per cm. 

The purpose of this phase of the investigation is to compare 
the interaction of nitrogen dioxide-olefin gas mixtures with 
monomolecular films of dipalmitoyl lecithin (DPL) and egg 
lecithin (EL) to determine the influence of unsaturated fatty 
acid groups on this interaction. 

Materials 

Air, 1 % nitrogen dioxide in air, 0.25 % trans-2-butene in air, 
and 1 % ethylene in air were obtained either from the Mathe
son Co. (East Rutherford, N. J.) or J. T. Baker (Linden, 
N. J .). L-a-Dipalmitoyl lecithin (DPL) was obtained from 
Mann Laboratories (New York, N . Y.) and egg lecithin (EL) 
from Sylvana Corp. (Millburn, N . J.). The water used was 
prepared by fractional distillation of deionized water from 
basic permanganate using all-glass equipment. All other ma
terials were reagent grade. 

Apparatus and Methods 

The gas mixtures were prepared by a procedure similar to 
that employed by Estes (1967). A schematic diagram of the 
system is shown in Figure 1. The gases were metered by indi
vidual flow meters into a glass tube equipped with baffles, 

\ \ TOOUOH 

PLASTIC COVER MOVABL.E BARRIER 

SIDE VIEW 

..__-')::::--r--<E-- GAS MIXTUR!. 

SIALID (MO 

TOP VIEW 

Figure 2. Schematic diagram of trough and cover unit used to 
spread and expose films 
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which served as a premixing tube. Mixing was completed by 
passing the gases into a 500-ml. round-bottomed flask. The 
gas mixtures were then led through a 3-foot length of glass 
tubing connected to a short length of Teflon tubing. The 
latter was affixed to the underside of the Lucite trough cover 
which served to maintain the desired gaseous atmosphere 
over the film (Figure 2). The Teflon tubing within this en
closure was formed into a loop, and a series of small per
forations was made in the wall of the tubing. The shape of the 
loop and the positions of the perforations gave a uniform flow 
of the gases over the film surface. 

The gas mixtures were permitted to flow through the system 
for at least four hours before the start of each experiment to 
ensure steady-state conditions. 

A Film Balance (Frater Instrument Co., Corona, N. Y.) 
was used to study the surface pressure-surface area (".-A) 
characteristics of the films. The balance consists of a Teflon
coated removable trough, totally free of metal contacts. 
Two variable-speed reinforced rigid Teflon stirrers are set into 
the trough to facilitate subphase mixing and temperature 
control. The temperature of the subphase was maintained at 
25 0 ± 0.1 0 C. by circulating water from a constant tempera
ture bath through the water jacket around the trough. The 
precision lead screw, which drives the reinforced Teflon barrier
allows for changes in surface area of the trough as small as 
0.0125 sq. cm. A quick disengage mechanism permits rapid 
sweeping of the film for cleaning the surface. The film balance 
was enclosed in a dust protective cabinet. 

Surface pressures were measured by the Wilhelmy plate 
method (Adamson, 1967). A thin platinum plate, roughened 
to ensure complete wetting, was used. 

Solutions of DPL (0.5 mg. per ml.) in ethanol-hexane 
(5 to 95, v./v.) and EL (0.45 mg. per ml.) in ethanol-hexane 
(I to 99, v./v.) were spread on 0.9 % sodium chloride using 
an Agla micrometer syringe. 

These films were studied while exposed to a standard at
mosphere-i.e., air flowing at the rate of 300 ml. per minute or 
to the following test atmospheres, all flowing at this same rate 
of 300 ml. per minute: (a) 0.33% nitrogen dioxide in air; 
(b) 0.33 % ethylene in air; (c) 0.08% trans-2-butene in air; 
(d) 0.33 % each of nitrogen dioxide and ethylene in air; 
(e) 0.33 % nitrogen dioxide and 0.08 % trans-2-butene in air. 

In all cases, the films were permitted to stand with the 
gases flowing for one hour before manual compression of the 
film was initiated. Surface pressure readings were then ob
tained at various film areas. 

Results and Discussion 

The ".-A curve for DPL exposed to the standard atmosphere 
is shown in Figure 3. Exposure of DPL films to all of the test 
atmospheres yielded identical ".-A curves-i.e., within ±0.4 
dynes per cm. at all areas. Thus, apparently neither the NO, 
nor the olefins interact with the DPL film. 

Figure 4 shows the ".-A curve for EL exposed to the stan-
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Figure 3. ..-A cune of dipalmitoyl lecithin exposed to standard 
atmosphere (air) and all test atmospheres 

dard atmosphere. Exposure of EL to test atmospheres band c 
yielded curves that were identical to that obtained with the 
standard atmosphere. However, exposure of EL to test atmo
spheres a, d, and e resulted in ".-A curves that were consider
ably more expanded than the standard EL curve. Thus, all 
the mixtures which contain NO, markedly affect the EL film. 
However, neither the ethylene nor the trans-2-butene ex
hibited any interaction with EL. The addition of the olefins to 
the NO, mixtures did not influence the EL-NO, interaction. 

DPL and EL differ from one another only in their fatty 
acid composition. DPL contains only palmitic acid, a C" , 
fully saturated fatty acid. EL contains both saturated and 
unsaturated fatty acids, mainly oleic and palmitic. Approxi
mately 50 % of the fatty acid groups of EL contain at least one 
unsaturated bond (Shah and Schulman, 1965). The observed 
interaction between NO, and EL films can, therefore, only 
be attributed to the presence of unsaturated bonds. 

Interpretation of the data obtained in this study indicates 
that the resultant increase in area per molecule of the EL 
film in the presence of NO, involves a chemical reaction rather 
than a simple physical adsorption or penetration. First, if the 
effect was the result of simple penetration, the penetrant (NO,) 
would probably be ejected from the film at high pressures. 
The ".-A curves in both the presence and absence of NO, 
would then become identical at these high pressures. How
ever, as can be seen in Figure 4, ejection was not observed; 
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Figure 4. ...-A curves of egg lecithin exposed to stondard atmo
sphere (air) and test atmospheres band c (0), and to test atmospheres 
a, d, and e (e) 

instead the NO,-EL film collapsed as a unit at an area per 
molecule of 62 sq. A. as compared with 52 sq. A. for the stan
dard EL film. There have been some studies reported in which 
film penetration led to a sufficiently strong interaction for the 
film to collapse as a unit (Cockbain and Schulman, 1939). 
However, this occurs only when the penetrant molecule inter
acts strongly with both the polar and nonpolar groups of the 
film molecules. NO" a relatively small and extremely polar 
molecule, probably would not exhibit such properties. In 
addition, this type of penetration usually results in a collapse 
pressure much higher than is observed for the film alone. 
This latter effect also was not observed in our work. 

Much more direct evidence indicating a chemical reaction 
was obtained in the following experiments. Separate EL films 
were exposed to each of the test atmospheres containing NO, 
(atmospheres a, d, and e). After exposure, the flow of gases 
was discontinued. The trough cover was then removed to 
allow rapid dissipation of the test atmospheres from the film 
surface. The cover was then replaced, and the standard atmo
sphere was allowed to flow over the film for one hour. This 
technique completely eliminated the test gases from the at
mosphere above the film surface. 

The ... -A curves were still identical to that of Figure 4 
(filled circles), indicating an irreversible interaction. Such an 
effect would not be expected if only simple physical adsorption 
or penetration was involved. 

Pattie (1967) noted that lungs rendered atelectatic by ex
posure to various irritant air pollutants still showed -evidence 
of functional lung surfactant. He also found that these irritants 
did not produce pulmonary collapse but rather pulmonary 
edema, apparently as a result of increased 'capillary per
meability. These data imply that the primary site of attack 
of these irritants was not the lung surfactant, but rather the' 
components of the capillary cell membranes responsible for' 
membrane integrity. 

The present work seems to support this postulation. 
Lung surfactant, which has been shown to be mainly dipal
mitoyl lecithin (Klaus, Clements, et al., 1961), is apparently 
resistant to NO,. All cell membranes in general contain sig
nificant amounts of unsaturated phospholipides (Baer, 1966), 
and therefore would tend to interact with NO" resulting in an 
expansion and conceivably increased permeability. 

While the authors recognize that this explanation is an 
oversimplification of an extremely complicated process, it 
may explain to some degree part of the mechanism of action 
of NO, on biological systems. Future work will be reported 
dealing with the interaction of pollutants with additional 
phospholipides and lipoproteins as well as the influence of 
irradiation of the pollutants on these interactions. 
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• Sulfur hexafluoride, a useful gas-air tracer, is separated in 
gas chromatography from other components of moist air on 
columns of silica gel and activated carbon in series, and is 
detected by electron-capture analysis in concentrations near 
1 p.p.b. This sensitivity can be enhanced at least 2000-fold 
by freeze-out concentration. The maximum error in calculat
ing the concentration of a diluted gas mixture is calculated 
on the basis of the fraction recovered in reconcentration. 
SF. backgrounds in air are undetectable except near leakage 
sources such as transformers. The use of SF, as a gas tracer 
to determine the dilution of a stack effluent gave results that 
were close to the calculated values. 

HalOgenated compounds have been shown to be suit-
able tracers for meteorological studies of moving 

air masses (Clemons and Altshuller, 1966; Collins, Bartlett, 
et al., 1965; Saltzman, Coleman, el al., 1966). SF, is particu
larly useful because it is amenable to ultrasensitive analysis 
by electron-capture detection, is convenient to handle and 
dispense into air, is odorless and nontoxic, is chemically and 
thermally stable, and does not usually occur in significant 
concentrations in outdoor air. 

The present study describes a procedure for SF, analysis 
that is applicable to moist samples, a concentration procedure 
that enhances analytical sensitivity, a method of evaluating 
errors in dilution systems that is particularly relevant to 
problems of validating gas calibrations at very high dilutions, 
an examination of SF, atmospheric backgrounds, and an 
outdoor exercise in which SF, is used as a tracer of gas diffu
sion from a real stack. 

Analytical Procedures 

Sampling. A 1000-cu. inch stainless steel tank was pro
vided with needle valves at both ends, a pressure gage at one 
end, and a constant differential-type flow controller at the 
other. The tank was evacuated in the laboratory, and was 
brought to the field for sampling. In comparative studies, the 
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valve was opened In the field for a fixed time (usually 20 
minutes) to permit control of the sample size. The partially 
evacuated tank was then brought back to the laboratory and 
pressurized with purified air to 45 p.s.i.g. Extreme precaution 
must be taken to avoid contamination of the sample with 
extraneous SF,. In a laboratory where SF, is handled and may 
find its way into the air supply, the air used for pressurizing 
the tank should be filtered successively through Drierite, 
activated charcoal cooled with dry ice-acetone, and silica gel 
cooled with liquid oxygen. As an additional precaution, a 
partially evacuated tank must not be stored near a supply of 
SF,. 

Analysis. A Perkin-Elmer Model 810 gas chromatograph 
with electron-capture detector and ionization detector ampli
fier was used. Samples were introduced by connecting the 
pressurized sampling tank directly to the gas sampling valve 
and using the 5-ml. loop. The columns were I-meter X '/s
inch silica gel and I-meter X ' Is-inch activated charcoal in 
series. Neither column alone would separate the sulfur hexa
fluoride from the three interfering substances in air: oxygen, 
carbon dioxide, and water vapor. The columns were main
tained at 1200 C. and the detector at 1500 C. Prepurified 
nitrogen was passed through the system at a flow rate of 60 
m!. per minute. Under these conditions, the sulfur hexa
fluoride emerged from the columns after 4 minutes, well 
separated from the interfering substances. A typical trace 
obtained from a 5-mt. gas sample is shown in Figure I . 

At the higher sensitivity settings of the ionization detector 
amplifier, electrical noise in the system was found to be ex
cessive, and a filter consisting of a 3OO0-ohm resistor and a 
10-l'f. capacitor was placed between the output terminals of the 
ionization detector amplifier and the input terminals of the 
recorder. This decreased the noise to the point where the 
minimum detectable amount of sulfur hexafluoride was 
decreased by a full order of magnitude. More filtering was 
found to be undesir"ble, as it affected the shape and height of 
the peak, thus effectively lowering the sensitivity of the system. 

Using this setup, sensitivities to about I p.p.b. of SF, in 
air were obtained. Figure 2 shows one of the calibration 
curves. SF,-air mixtures for calibration were made up by the 
double dilution system previously described (Collins, Bartlett, 
et al., 1965). The calibration sample was transferred from the 



dilution system into a stainless steel tank, and then was 
pressurized with air that had been purified as previously 
described. 

This analytical procedure is suitable for routine use with 
ambient air samples taken under conditions of typical New 
York or Connecticut summer temperatures and humidities. 
The moisture is retained on the silica gel column during the 
analysis of as many as about 50 5-ml. samples. Under these 
circumstances, reconditioning of the column for removal of 
water can be programmed during the night without encroach
ing on the time used for analysis. 

Concentration Procedure 

For SF, concentrations less than about 1 p.p.b., the direct 
technique described above is not sufficiently sensitive. In 
such cases, the analytical signal can be recovered by concen
trating the SF, in several liters of sample into a small volume. 
To do this, the 5-m!. stainless steel sampling loop of the gas 
sampling valve is bent into a U-shape so that when it is im
mersed in refrigerant contained in a Dewar flask, it serves as a 
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Figure 2. Calibration curve for SF 6 in air 

freeze-out trap. The inlet and outlet of the gas sampling valve 
are fitted with needle valves so that the sampling loop can 
be sealed off. The outlet is also fitted with a rotameter and a 
wet-test meter. The pressurized tank is then connected as pre
viously described. After flushing the trap several times with 
the sample, both needle valves are closed and the trap is cooled 
with liquid oxygen (not liquid nitrogen, which will lead to 
dangerously high pressures when the trap is warmed). The 
valves are then opened, and the sample is passed through the 
trap at a maximum rate of 500 m!. per minute. If this rate is 
exceeded, not all the SF, in the sample is condensed. Since a 
lOOO-cu. inch tank pressurized to 45 p.s.i.g. will release more 
than 40 liters of sample, this concentration procedure will 
allow sensitivities of more than 2000 times the direct method 
of analysis. The wet-test meter measures the total sample. 
When the desired sample volume has been concentrated, 
the needle valves are again closed, the loop is warmed with 
water, and the sample is introduced into the chromatograph. 

This concentration procedure is independent of the chro-
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matographic system, and can therefore be used to enhance 
the response of any analytical procedure for SF 6. 

Recovery Analysis 

The maximum error in a dilution procedure can be calcu
lated on the following basis. Assume that an initial concen
tration of vapor, C" is sufficiently high so that it can be deter
mined accurately by a reliable method of analysis. The vapor 
is then diluted by a factor, Fd, that is nominally determined by 
volume or flow ratios in the system, to a lower concentration, 
Cd. Now, using some method such as freeze-ou t trapping, 
the diluted vapor is reconcentrated by a factor, F" to recover 
a high concentration, CT , which, like Ct , can be determined 
accurately. Now the value for the concentration of the diluted 
vapor that is calculated without a confirming analysis from 
the applied dilution factor is 

The reconcentrated value is 

c, = CaF., and Cd = C.IF, 

Now, the error in measuring Cd is 

Cd(ca lcd) - Cd Error (fractional) = --_._-
Cd( Cld .. d ) 

= I 
c, 

If Fd = 11FT-that is, if the original concentration is nominally 
restored after dilution-then error = 1 - CTICt• In this cal
culation, recovery of the diluted vapor is assumed to be com
plete, and all of the error is assumed to lie in the dilution 



Table I. SF. Background Concentrations in Manhattan-

Locations near Power Station 

On roof of church on south side of 13th 
Street, midway between C and D 

Power station control room 
North side of 13th Street between Ave

nues C and D, near D 
North side of 13th Street between Ave

nues C and D, near C 
On top of transformer in approximate 

center of power station 
Northeast corner of 13th Street and 

Avenue D 
Southeast corner of 14th Street and 

Avenue D 

Locations not near Power Station 

5th Avenue between 54th and 55th 
Streets 

In Central Park at about 60th Street 
In Central Park at about 82nd Street 
Southwest corner of 106th Street and 

5th Avenue 
103rd Street and Riverside Drive 

Concentration, 
P.P.a. 

0 .09 
0.07 

0.40 

0 .01 

0 .06 

0 .00 

0 .06 

0.01 
0 .01 
0.00 

0 .00 
0 .00 

- Container backgrounds may be as high as 0.01 p.p.b. 

procedure. If some loss occurring during reconcentration is 
thus erroneously ascribed to the dilution, then the calculated 
dilution error is too high. There is no way to resolve the 
question except to state that the calculated error is a maxi
mum value, and that the real error therefore cannot be any 
greater than that obtained by this procedure. 

Data obtained from the application of this recovery analysis 
to the concentration technique described are illustrated by the 
upper curve of Figure 3. The probable cause of these extreme 
errors was determined to be loss of sample through leaks in the 
gas sampling valve due to a pressure increase in the valve 
when the concentrated sample is rewarmed. To minimize this 
loss of sample, the concentration procedure was modified 
by providing an 8-m!. expansion chamber that decreases the 
pressure buildup on the valve. The result is a sharply de
creased loss of sample, as is shown by the lower curve of 
Figure 3. The important point is that if the recovery analysis 
had not signaled the loss, it would not have been detected or 
remedied. These curves do not extrapolate to zero error, 
indicating another loss of sample, comparatively independent 
of total pressure. The source of this loss might be adsorption 
on the walls of the container. 

SF. Backgrounds 

Sulfur hexafluoride is used industrially as an insulating 
material in high voltage transformers and circuit breakers. 
Therefore, background levels should be checked when work is 
contemplated near sites where such units are likely to be 
found. For example, samples were taken near the Consolidated 
Edison power plant located in Manhattan, New York, N. Y., 
at 14th Street between Avenues C and D, where SF. is used 

as an insulator for circuit breakers. The results of these tests 
are listed in Table I. Other samples taken at random locations 
in Manhattan are also shown. The backgrounds, especially 
near the power station, are sufficiently high to be a problem if 
tracing is done over any considerable distance, where large 
dilutions and consequent low concentrations can be expected. 

Another problem inherent in the concentration tech
niq ue is sorption and desorption of SF. on the walls of the 
container. New containers, never used for SF., are free of any 
contamination .Previously exposed containers, however, can 
be a source of SF, backgrounds. Glass is an offender in this 
respect, the persistent steady-state concentration from pre
viously contaminated glass being greater than 13 p.p.b. 
This high value makes glass completely unsuitable for static 
retention of SF, (although it is suitable for dynamic systems). 
Saran bags gave responses of approximately 0.2 p.p.b., mak
ing them suitable containers for re-use if the tracing is done 
at sufficiently high levels. Stainless steel tanks gave the lowest 
concentrations of all the materials tried; approximately 
0.01 p.p.b. This allows for almost a l00-fold increase in sensi
tivity by concentrating the sample. The stainless steel con
tainers are most conveniently cleaned by flushing them with 
air that has been purified in the manner previously described. 
The flushed containers are then evacuated. 

Gas Tracing of a Slack Effiuent 

The SF. tracer method was used in a test of stack effluent 
dilution conducted on February 17, 1966, in Barrington, 
N. J., in cooperation with the N. J. State Department of 
Health and the Owens-Corning Fiberglas Corp. 

Test Site. The tracer source was an industrial stack, rising 
from a roof at 18 meters to a height of 41 meters above ground 
level (see Figure 4). Stack gas emission rate was 4070 cu. 
meters per minute, emerging at a temperature of 135° F. 
and an exit velocity of 1400 meters per minute. 

Meteorological Conditions. The weather was clear. The 
average wind speed was 14 knots, with occasional gusts to 29 
knots; the average wind direction was 304 degrees, with a 
range of 260 to 330 degrees. Atmospheric stability was close to 
neutral, there being no temperature change with elevation. 
Under the prevailing conditions, the plume was immediately 
deflected downward because of the aerodynamic downwash 
caused by an adjacent structure. The average point of plume 
touchdown was estimated to be about 4 stack heights from its 
source, or about 170 meters. 

SF. Tracer Gas Injection. Tracer gas was injected from 
8 :40 A.M. to 9 : 24 A.M . into a 'Is-inch line which ran from the 
SF. cylinder, through a rotameter at roof level, and to a point 
of penetration about halfway up the stack. The rate of gas 
introduction into the stack was 0.1325 cu. meter per minute, 
corrected for 40° F. and a back pressure of 15 p.s.i.g. 

Sampling and Analytical Findings. Samples were collected 
at each of 27 stations (Figure 5) from approximately 9:00 
A.M. to 9: 20 A.M. during the passage of the SF. cloud. The 
stations were uniformly distributed along each of two 60 ° 
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Figure S. Dispersion of SF. discharge from stack during Held test 

arcs, symmetrically oriented along the plume center line, one 
at 650 meters and the other at toOO meters from the source. 
Samples were collected in toOO-cu. inch stainless steel tanks 
equipped with valves and constant differential-type flow 
controllers. Samples were collected 2 meters above ground 
level over the entire 20-minute period at the uniform rate of 
0.028 cu. meter per hour. The results of the SF. analyses 
shown in Figure 5 present a rational dispersion pattern with 
the exception of some high values at one side of the inner are, 
which might have been the result of a puff detached from the 
main cloud. The plume centerline is delineated well. The 
average ground level concentration of SF. along the plume 
axis at 650 meters from the source was 14.2 p.p.b. The con
centration in the stack was 32,500 p.p.b. Hence, the dilution 
factor was 2290. 

Comparison of Results Obtained from Gas Tracer with 
Meteorological Calculations. 

Concn. of SF, in stack = SF. 
total effluent 

0.1325 cu. meter per min. X 10' 
4078 cu. meters per min. 

= 32,500 p.p.b. 

Observed dilution factors, referred to plume center line: 

stack concentration 
Dilution factor = 

observed downwind concentration 

(At 650 meters) = 32,500 p.p.b. = 2290 
14.2 p.p.b. 

(At tooo meters) = 32,500 p.p.b. = 2930 
11.1 p.p.b. 

The downwind ground level concentrations at plume center
line was computed from the equation of PasquiII (1962). 

Concn. = -_Q- e-';'H'l u.' 
27ruO'.O'z 
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where Q = emission rate of SF. (cu. meters per second) 

u = average winds peed (meters per second) 

0'., O'z = lateral and vertical diffusion parameters (meters) 

H = stack height (meters) 

Assuming a straight line distance from the stack to the 
centerline of the plume on the 650-meter are, the solution of 
the equation gives: 

Concn. 0.0022 -1;'(41 )'/ (35)' = 21.4 . . b. 
27r(8.0)(58)(35) p p 

Observed value at 650 meters 
From similar calculation at toOO meters, 

14.2 p.p.b. 

Calculated concn. of SF, = 12.0 p.p.b. 

Observed value at toOO meters = 11.1 p.p.b. 

In predictions of this type, results within a factor of two of 
the calculated value are considered excellent. 
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• Aggregation of microorganisms is effected by an inter
action of polymers excreted by the microbial cell or exposed 
at their surface. This proposition has been tested by demonstra
ting that bacteria can be flocculated with synthetic anionic 
and non ionic polyelectrolytes (polyacrylamide, polystyrene 
sulfonate, polyglutamic acid, and dextran). As with hydro
phobic sol-polymer systems with charges of equal sign, reduc
tion of surface potential is not a prerequisite for floccula
tion; agglomeration apparently results from specific adsorp
tion of polymer segments and from bridging of polymers 
between the cells. Extracellular or cell surface polymeric 
material isolated from cell-free supernatant of a well floccu
lating activated sludge culture is, similar to synthetic poly
electrolytes, capable of destabilizing dispersions of bacteria 
and of abiotic sols. 

M any microorganisms have a tendency to adhere to 
interfaces and to each other; under certain conditions 

they remain freely dispersed; under others they form aggre
gates. Microbial aggregation influences the temporal and spa
tial distribution of nutrients in aquatic habitats. Flocculation 
is of significance in biological waste treatment. The efficiency 
of the conventional activated sludge process greatly depends 
upon bioflocculation and subsequent phase separation of the 
flocs from the treated effluent. 

Natural polymers are of great importance in sorptive and 
colloidal destabilization reactions in biological systems. For 
example, the reaction between antibody and antigen (Gold
berg, 1952; Katchalsky, Danon, et al., 1959), the cohesion 
of tissue cells (Pethica, 1961; Moscona, 1962), the aggrega
tion of sponge cells (Humphreys, 1965), the flocculation of 
yeast cells (Mill, 1964), and the stabilization of soil aggre
gates (Greenland, Lindstrom, et al., 1961) have been inter
preted in terms of colloid-polymer interactions. Similarly, 
Tenney and Stumm (1965) have proposed that flocculation 
of microorganisms in biological waste treatment is effected 
by an interaction of polymers excreted by the microorganism 
or exposed at the microbial surface under suitable physio
logical conditions. According to this hypothesis, flocculation 
of the dispersed organisms is interpreted as a process whereby 
polymers adsorb to and bridge between cell surfaces. 

This research was undertaken to provide experimental 
corroboration for a polymer mechanism in bioflocculation 
and a better understanding of some of the factors that in
fluence aggregation of microorganisms and other colloids in 
biological waste treatment. 

Bacteria as Hydrophilic Colloids 

Within the pH-range of interest (pH 5 to 9), bacteria carry 
a net negative charge resulting from acid-base ionization of 
functional groups in the bacterial surface. Because of the hy
drophilic surface, the stability of a bacterial dispersion does 
not primarily depend on the electrostatic repulsive forces be
tween the cells. Reduction of surface potential is not a pre
requisite for bioflocculation; bacterial suspensions can form 
stable dispersions even at the isoelectric point (pH 2 to 3 for 
most bacteria). Electrolyte concentrations capable of co
agulating hydrophobic sols have no effect in destabilizing 
bacteria. The cell-free supernatant of a bacterial culture, 
presumably containing material excreted by the organisms 
or sheared off the cell surface, is capable of imparting a 
negative electrophoretic mobility to incipiently positively 
charged AI,O •. It may be inferred that polymeric material 
excreted or exposed at the surface of microorganisms contains 
functional groups that are primarily anionic and nonionic 
in the neutral pH range. Therefore, if aggregation of bacterial 
cells is assumed to result from polymer interactions, the an
ionic and nonionic polymeric cell products must be capable 
of interacting with the negatively charged bacterial surface. 

To test the proposition that specific chemical interactions 
can occur between bacterial surfaces and polymers which 
are not opposite in charge characteristics, it appeared de
sirable to validate experimentally that microorganisms can 
be flocculated by synthetic anionic and nonionic polyelectro
Iytes and to show that extracellular polymeric material 
produced by the cell has flotculative properties similar to those 
of synthetic polyelectrolytic flocculants. 

Materials and Methods 

Polyacrylamide, polystyrene sulfonate, and polygalattu
ronic acid and dextran were supplied by American Cyanamid, 
Dow Chemical Co., and Sigma Chemical Co., respectively. 
The bacteria used for pure culture experiments were obtained 
from the American Type Culture Collection. 

The methods employed in this investigation have been de
scribed in detail by Busch (1966). A continuous supply of 
bacteria of similar physiological state and similar surface 
characteristics was maintained by a 500-mt. single-stage 
continuous culture apparatus, using incipiently sterile media 
containing glucose or benzoate as carbon sources. Dilution 
rates in most nperiments were between 0.5 and 0.8 hour-I. 

Various methods of measuring bacterial aggregation (count
ing microscopically or electronically, settling, cake filtration, 
and light scattering) have been compared (Busch, 1966); 
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no method tested was entirely adequate; light scattering in
tensity, T, (the ratio of the intensity of light scattered at 90° 
to the light transmitted) was considered most satisfactory 
although not always sensitive. While not quantitative, light 
scattering results do present a qualitative measure of aggre
gation while requiring no sample dilution or extensive meas
urement times. A reduction in T indicates an increase in 
aggregation at constant weight concentration of particles. 
For comparative purposes the relative scattering intensity 
T / TO is used to indicate a change in aggregation; TO is the light 
scattering intensity of a reference sample-e.g., sample with
out polymer added. Measurements of T were made at 546 
mIL (Brice Phoenix light-scattering photometer) 20 minutes 
after addition of polymer and subseq uent slow stirring of the 
bacterial-polymer dispersion. 

Material containing cell-free flocculants was isolated from 
the supernatant of a well flocculating activated sludge culture 
maintained in the laboratory. The bacteria in this culture were 
concentrated by gravity sedimentation for 1 to 2 hours. The 
heavy sludge that resulted was centrifuged at ca. 24,000 G. 
The supernatant from this centrifugation was added to an 
ethanol solution (3 parts ethanol for 1 part supernatant). The 
precipitate which developed was centrifuged and resuspended 
in an ethanol-water solution (3 to 1) three times and finally 
air-dried. 

Results and Discussion 

Flocculation of Bacteria with Synthetic Anionic and Non
ionic Polyelectrolytes. Several representative flocculation 
curves describing the aggregation of Aerobacter aerogenes or 
Escherichia coli with various polyelectrolytes are given in 
Figure I. These curves are typical; at polymer concentra
tions larger than those required for optimum flocculation, 
redispersion or restabilization of the bacterial suspension 
occurs. As illustrated in Figure la, the electrophoretic 
mobility, reflecting a negative surface potential on the bacterial 
interface, becomes more negative as a result of the addition 
and subsequent adsorption of the anionic polyelectrolyte. 

Similar experiments were also conducted with polyglutamic 
acid and with dextran. Polyglutamic acid produced floccula
tion at a pH of ca. 4. At this pH, the polyglutamic acid mole
cule has a net charge ofzero. Bacterial aggregation with non
ionic dextran (M.W. = 6,000,0(0) occurs, however, with very 
little efficiency at a pH optimum of approximately 5. 

The forces responsible for attachment of the polyelectro
lyte segments to the bacterial surfaces appear to be relatively 
weak, since increased agitation (stirring at >30 r.p.m. with 
magnetic stirring bars) results in shear forces that disperse the 
aggregates. The pH of the medium has a rather pronounced 
effect on the efficiency of the aggregation. Different polymers 
require different pH optima; no satisfactory explanation for 
these pH effects can be given. 

The phenomena involved in the flocculation of colloidally 
dispersed hydrophobic solids by polyelectrolytes has been 
interpreted satisfactorily as a process of specific adsorption of 
polymers or polymer segments on the colloidal surface 
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Figure I, Aggregation and redispersion of bacteria by anionic and 
nonionic polymers 

a,b,e. Anionic polyelectrolytes c. Nonionic polysaccharide d. Poly
glutamic acid has no net charge at pH-4 

leading to bridging of polymer chains between solid particles 
(Ruehrwein and Ward, 1952; Michaels, 1954; Smellie and 
LaMer, 1958). The effect of polyelectrolytes on hydrophilic 
colloids such as bacteria may be explained similarly. In ac
cordance with such a model, optimum destabilization occurs 
when a certain fraction of available adsorption sites on the 
surface of the bacteria are bridged by polymers. Correspond
ingly, the optimum polymer dose should be proportional to 
the colloid concentration, or more exactly, to the available 
SUI face area. Such a linear relationship has been observed in 
this investigation (Figure 2). When polymer concentrations 
exceed this optimum, bridging is limited and cells become 
redispersed since many of the reactive surface sites are oc
cupied by polymers, which are then unable to find unfilled 
sites on other colloids or are hindered by steric (Heller and 
Pugh, 1960) or electrostatic (LaMer and Healy, 1963) inter
ferences between polymer segments. 

In this theory, polyelectrolyte segments must be held on the 
bacterial surface by forces that can outweigh those of purely 
electrostatic origin. Possible mechanisms for the attachment of 
anionic functional groups to negatively charged surfaces are: 
hydrogen bonding; anion interchange with adsorbed anions 
(such as OH-); or interactions with cations on or in the im
mediate vicinity of the bacterial surface. Flocculation of a 
polymer-sol system with charges of equal sign occurs only if 
an appropriate concentration of an electrolyte is present in the 
solution (Overbeck, 1938; Deveaux, 1939; Black, Birkner, 
et al., 1966; Somrnerauer, Sussman, et al., 1967; Nemeth and 
Matijevic, 1967). However, flocculation with polyelectrolytes 
can occur at electrolyte concentrations much smaller than 
those necessary for flocculation in the absence of polymers. 
In these investigations, satisfactory flocculation with polymers 
was observed only when the concentration of divalent cations 



exceeded a certain mInimum (for example, 3 X IO-'M of 
CaH or Mg+'). In the absence of polymers, bivalent ion con
centrations larger than 10- 1 M produced aggregation. In 
accordance with earl:er investigations on the effect of electro
lytes on the stability of a hydrJphobic negative sol-anionic 
polymel system (Sommerauer, Sussman, et al., 1967), the 
authors believe that the primary role of divalent cations in the 
flocculation of bacteria is complex or ion pair formation be
tween the functional groups of the polyelectrolyte and the 
"counter ion" in the immediate vicinity of the bacterial sur
face, thus enhancing the adsorption of polymer segments at 
the interface. Although concentrations of bivalent cation and 
polymer are not sufficiently high in the bulk solution to lead to 
complex formation, coordination becomes possible in the 
vicinity of the negatively charged bacterial surface where, for 
electrostatic reasons, incipient cation concentration is much 
larger than in the bulk of the solution. 

Flocculation with Polymers of Bacterial Origin. Material 
containing cell-free flocculants was isolated by ethanol 
precipitation from the supernatant of a centrifuged activated 
sludge culture fed on glucose. This precipitate presumably 
contained some of the capsular substances loosely bound 
to the microbial surface and other natural polymers that might 
have been excreted by the organisms. Analysis of the pre
cipitate revealed no appreciable quantities of nucleic acids or 
protein, but the material gave a positive anthrone test indica
tive of carbohydrates_ An aqueous solution of this material 
was capable of imparting a negative electrophoretic mobility 
to AI,03 particles of incipient positive surface potential at a 
pH of 7 indicating that the interfacially active components 
in the cell free supernatant were anionic in the neutral pH 
range. 

These components are also capable of flocculating inorganic 
colloidal dispersions with a negative surface potential. Figure 3 
shows typical flocculation-redispersion curves for silica and for 
A. aerogenes. An electron micrograph of a representative 
silica floc taken from this experiment is shown in Figure 4. 
The spacing between the individual particles is relatively 
uniform and rather large (100 to 1000 A.). The fact that similar 
intraparticular distances have been reported for the aggrega
tion of cells by biological polymers (Ambrose, 1964; Hum
phreys, 1965; Pethica, 1961) is suggestive. 

The material containing the natural polymers is also capable 
of aggregating suspensions of dispersely growing A. aerogenes 
(Figure 3,b). This flocculation curve is similar to the curves 
describing the interactions between synthetic polyelectro
Iytes and negatively charged colloids. 

The observation that extracellular products of the or
ganisms can change the stability of dispersed cells and in
organic sols in a similar manner suggests that these polymers 
may also form bridges between cells and other solids thus 
coflocculating inorganic colloids and bacterial cells. Figure 5 
shows that the flocculative removal of dispersed silica from 
solution is enhanced by the addition of well flocculating 
bacteria. 
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Figure 2. Relation between concentration of bacteria and tbe optimum 
dosage of polyacrylamide 
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Figure 4. Electron micrograph of particles aggregated with polymers 
of bacterial origin 
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Bioflocculation. Uncertainty exists regarding the mechanism 
of natural bioflocculation in biological waste treatment. The 
various mechanisms that have been proposed have been 
reviewed recently by Crabtree, Boyle, et al. (1966). 

A typical biological floc consists of a great variety of bac
teria and occasionally other organisms such as protozoa, 
fungi, and viruses, as well as abiotic suspended matter. 
Thus, a floc may comprise a broad spectrum of hydrophobic 
and hydrophilic interfaces. Proteins, lipides, and polysaccha
rides combined in various proportions occur on the surfaces 
of microorganisms in the form of cell walls, capsules, flagellae, 
fibrils, filaments, and fimbriae of various kinds. The morpho
logical appearance of the floc depends in a complex way on the 
structure of the microbial population and the nutritional 
conditions in the medium. Bioflocculation results from compli
cated physical, chemical, and biological interactions; many 
variables, difficult to control experimentally, are involved. 
Different mechanisms of floc formation may be operative 
for biological flocs originating from different organisms or 
combinations of organisms; a few strains of microorganisms 
may remain dispersed in the presence of excess polymer and 
may flocculate only after the excess has been removed. No 
single and unifying interpretation can be given. 

Bioflocculation is strongly influenced by the growth phase 
of the microorganisms; generally, the tendency for biofloccu
lation is larger under conditions of declining or endogenous 
growth than under conditions of prolific growth. Some 
strains of microorganisms are known to synthesize extra
cellular polysaccharides or other polymers, especially under 
conditions where growth is limited by a nutrient other than 
carbon-e.g., nitrogen. The chemical transformations and 
condensations necessary for synthesis of polymers demand 
little energy and can be carried out by the cells even in the 
absence of growth. However, since most municipal wastes are 
nutritionally deficient in carbon (atoms CfN < 5), other nu
trients (N, P) are usually not growth limiting in biological 
waste treatment. Extensive bioproduction of polymers in 
large quantities is less likely to occur under such conditions. 
Nevertheless, cell binding polymeric material conducive to 
flocculence may also be produced under declining or endo
genous carbon limited growth. Perhaps an adequate con
centration of polymer can accumulate per unit surface 
area only under conditions of declining or endogenous growth. 
While organisms are growing prolifically, new microbial 



surfaces are produced faster than surfaces can become covered 
with polymers. 

According to this simple picture, newly formed cells re
main dispersed as long as they replicate rapidly; thus, in the 
presence of sufficient metabolites, dispersed bacteria outgrow 
floes. If growth becomes very slow or ceases-i.e., under con
ditions of long detention time in continuous culture or bio
logical treatment systems- the "old" not readily replicating 
cells adhere to each other and form aggregates. Furthermore, 
because settleable organisms are recirculated, flocculating 
cells are selectively retained in the activated sludge tank, 
while dispersed cells are washed out of the system. 

Practical Aspects. In aerobic biological treatment of waste, 
there is an incompatibility between the requirements for 
large specific substrate utilization rates (high growth rate, 
small detention times) and the requirements for maximum 
bioflocculation (small growth rates, large detention times). 
In treatment processes with submerged flocs (activated sludge), 
the rapid removal of organic matter during the initial con
tact period (the so-called contact stabilization) may, at least to 
a large part, be attributed to the flocculation of colloidal 
and macromolecular organic substances. Addition of suitable 
chemical flocculants, or control of the chemical parameters 
which affect natural aggregation, are among the possibilities 
for improving the efficiency of bioflocculation. Natural 
polymers isolated from well flocculating bacteria or from 
"slime" producing algae or other plant biocolloids may be 
more expedient flocculants than the synthetic polymers used 
in this and an earlier study (cationic flocculants; Tenney and 
Stumm, 1965). 

Conclusions 

In this investigation, the authors have attempted to ap
proach only the issue concerning the nature of the interactions 
of the cells with each other and with other interfaces. The 
results presented appear to confirm the general working 
concept that polymeric extracellular or cell-surface material 
is involved in bacterial aggregation. The interaction forces 
operative in biological self-flocculation appear to be stronger 
than those encountered in the aggregation by synthetic poly
electrolytes. Bioflocs are not as sensitive to dispersion by 
shear forces as bacterial aggregates flocculated by synthetic 
polymers. Natural floes also are not so critically dependent 
on pH and polymer concentration. Little is known of the 
chemical nature of flocculent material produced by the cell. 
Quite likely different organisms produce different cell binding 
materials ; these may be of low molecular weight and soluble 
or of high molecular weight with a high degree of crosslinkage 
and exist as a rather "gelatinous slime." The molecular frame-

work may in many cases be comprised of polymeric carbo
hydrates containing anionic and nonionic functional groups, 
such as -COO- and -OH groups. The fact that synthetic 
polymers containing similar anionic (-COO- and -SO,-) 
and nonionic (-OH) groups are able to aggregate organisms 
is considered a valid demonstration that natural anionic poly
mers may, under suitable conditions, become specifically 
adsorbed at microbial surfaces and thus able to form bridges 
with adjacent surfaces leading to aggregates. This hypothesis 
is further reinforced by the observation that interfacially 
active anionic material precipitated from a cell-free super
natant of a flocculating activated sludge culture can de
stabilize dispersions of bacteria and of abiotic sols. 
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Tertiary Treatment of Municipal Sewage Effluents 

Frank X. Pollio and Robert Kunin 

Rohm and Haas Co., Philadelphia, Pa. 19137 

• A modification of the Desai process for treatment of brack
ish waters is effective for renovating secondary sewage 
effluents producing completely clarified, odor-free water. 
The treated waters exhibit a reduced over-all mineral solids 
content and contain very low levels of refractory organics. 
The renovated effluents appear to meet many of the require
ments needed for a water to be useful , at lea~t for agricultural 
or industrial purposes. 

The mineral composition of sewage can be very varied, 
being dependent primarily upon the original com

position of the municipal water supply and on the mode and 
extent to which the water has been utilized by the community. 
With each water-use cycle there is an incremental buildup 
of dissolved inorganic salts. In addition, other materials 
foreign to the original water are introduced. Principally 
through the use of synthetic detergents, there is a substantial 
increase in the phosphorus content and the methylene blue
active substances (MBAS). The principal cations in these 
waters areNa+, K+, NH,+, Ca '+,and Mg 2+, while the principal 
anions are CI- , HC03- , SO ..... , N03-, and phosphates. 
Frequently, chloride and bicarbonate salts predominate. 

Though the Public Health Drinking Water Standards do 
not place quantitative limitations on certain components 
which contribute to chemical oxygen demand (COD), bio
chemical oxygen demand (BOD), etc., it is well realized that 
elevated concentrations of these components should be 
avoided. Phosphates and nitrates act as nutrients in stimulat
ing undesirable aquatic growth; MBAS are esthetically un
desirable, since they give rise to excessive foaming when 
present in concentrations as low as ~0.5 to 1.0 p.p.m. 
Though NH,+ is apparently not of immediate concern from a 
health viewpoint, it is nevertheless desirable to eliminate most 
of this constituent in order to keep chlorination costs down. 
Since typical municipal waste water may contain as much as 
20 p.p.m. of NH.+, most of the NH .+ must be removed when 
the water is destined for human consumption. Even simple 
inorganic salts can pollute water if present in sufficiently high 
concentrations. For this reason, Public Health Service Drink-

ing Water Standards recommend that the total dissolved solids 
in drinking water should not exceed 500 mg. per liter. 

Only a few of the organic materials present in sewage 
waters have been identified. Besides linear alkylate sulfonates 
(LAS), other organic substances that may be found are carbo
hydrates, fatty acids, and proteins. 

For an advanced waste treatment process to be acceptable 
for the ultimate purification of sewage plant effluents for 
municipal use, certain requirements must be met. The pro
posed process should be able to: reduce the soluble organic 
and inorganic ionic species to a suitable level; eliminate or 
modify objectionable ions; soften the water to within toler
able levels; effect an over-all reduction of BOD and COD to a 
level comparable with that of average tap waters ; significantly 
lower the surfactant (MBAS) level to a point where foaming 
is no longer a problem; render the water free of pathogens 
and make it esthetically acceptable; and accomplish these 
results at processing costs that are not so prohibitively high as 
to render the process unsound from an economical standpoint. 

The aim of our tertiary treatment studies has been the de
velopment of a process capable of purifying these wastes. 
During the studies, a most effective process for renovating 
secondary sewage effluents was a modification of the Rohm 
and Haas Co. DesaI process (Kunin, 1963, 1964), developed 
primarily for the desalination of brackish waters. The prin
cipal reactions involved in the process, assuming for simplicity 
that the sewage contains primarily monovalent salts, are : 

(R-N) + H,O + CO,-+ (R-NH)HC03 (carbonation) (I) 

(R-NH)HC03 + NaCI-+ (R- NH)CI + NaHC03 

(alkalization) (2) 

R- COOH + NaHCO, -+ R- COONa + CO, + H,O 

(dealkalization) (3) 

(R- NH)CI + NH ,OH -+ (R- N) + NH,CI + H20 

(anion exchanger regeneration) (4) 

2 R-COONa + H,sO. -+ 2 RCOOH + Na,SO. 

(cation exchanger regeneration) (5) 

In the optimized process, a weak-base anion exchange resin 
is initially converted to the bicarbonate form (Equation 1) 
and then the secondary sewage is treated by the resin (Equa-· 



tion 2) to convert the inorganic salts present in the sewage to 
bicarbonate salts. During the alkalization step, considerable 
adsorption of organic matter by the resin also occurs. After the 
alkalization step, the alkalized sewage is subjected to a floc
culation treatment, aerated, and then lime-softened. Addi
tional organic matter is precipitated from the sewage and a 
large portion of the Ca2+ and Mg2+ hardness is removed 
through the formation and precipitation of the relatively 
insoluble carbonates and hydrous oxides. Complete turbidity 
and odor removal is also achieved. The treated secondary 
sewage may be subsequently dealkalized (Equation 3) using a 
weak cation exchange resin to reduce the dissolved salt con
tent further and to remove any ammonia that might be 
present. The anion exchange resin is treated with normal aque
ous ammonia (Equation 4) and the cation exchange resin 
with normal aqueous acid (Equation 5) during regeneration. 

Experimental 

Ion Exchange Resins and Coagulants. In the alkalization 
unit, Amberlite IRA-68 (Rohm and Haas Co.) was used 
exclusively. This compound is a weak-base polyamine anion 
exchange resin based on an acrylic structure which can be 
operated very efficiently in the bicarbonate cycle. The resin in 
question has a volume anion exchange capacity of 1.63 meq. 
perm!. 

Amberlite IRC-84 (Rohm and Haas Co.), a carboxylic 
cation exchange resin, also based on an acrylic structure, was 
used in the dealkalization unit. Operated in the hydrogen 
cycle, the resin has a volume cation exchange capacity of 
approximately 4.5 meq. per m!. Primafloc C-7 (Rohm and 
Haas Co.) was the synthetic organic cationic polyelectrolyte 
used during the flocculation step of the process. It is a straight
chain water-soluble cationic polymer of very high molecular 
weight. In these studies it was used as a 0.1 % (product basis) 
solution. KWK Volclay (American Colloid Co.) bentonite 
was used as a 1 % aqueous suspenson in conjunction with 
the Primafloc C-7 during the flocculation step. A lime of 
commercial grade was applied as a 3.6% aqueous suspension 
during the lime-softening operation. 

Secondary Sewage Effluent. All of the processing studies 
were conducted on a laboratory scale using chlorinated sec
.ondary sewage effluent from the Haddonfield, N. J., waste 
disposal treatment plant. The Haddonfield plant treatment 
process consists basically of primary treatment, secondary 
treatment (activated sludge), and chlorination. Table I lists 
some of the principal properties and compositions of the 
particular water with which most of our column studies were 
performed. Sewage effluent waters sampled at different 
periods of time showed a remarkable constancy in ionic 
composition, though some variations were noted in the 
organic content. The presence of ammonium ions and the low 
nitrate value suggest that the secondary treatment process 
was not being operated under optimum nitrifying conditions. 

Apparatus. The alkalization step was performed in a pres
surized ion exchange unit and upflow to minimize pressure
drop difficulties that might have occurred had conventional 
downflow practices been employed. The unit could be oper
ated up to 75-p.s.i. pressure (Figure 1). During regeneration, 
the configuration of the equipment allowed for both NH,OH 
regeneration under gravity flow and carbonation of the anion 
exchanger under pressure. The column was approximately 

Table I. Composition of Haddonfield, N. J., Chlorinated 
Secondary Effluent 

pH 
Specific resistance, ohm cm. 
MBAS, p.p.m. 
COD, p.p.m. 
Hardness, p.p.m. a, CaC03 

NH,+, p.p.m. as Caco3 

CI-, p.p.m. as Caco3 

NO,-, p.p.m. as CaCO, 
Orthophosphates, p.p.m. as CaCO, 
Alkalinity, MO, p.p.m. as CaCO, 
Total anions, p.p.m. as CaCO, 

7.80 
1700 

2.0 
90 
98 
50 
45 

1.5 
33 

160 
260 

36 inches long and had an internal diameter of 1 inch and was 
fitted with two stainless steel fine-wire-mesh screens at both 
ends. Using a 200-m!. resin bed volume, enough head room 
was available in the column to allow for at least 100% ex
pansion of the bed during the upflow exhaustion cycle. 
When the resin was regenerated with NH,OH, the column 
was isolated from the rest of the system by manipulating the 
appropriate valves. Two plugs at the ends of the column were 
removed and regeneration was then performed by gravity. 
The carbonation step was performed under pressure. After 
2-liter volumes of water had been introduced into the auto
clave, CO2 was percolated into the water under a 75-p.s.i. 
pressure for approximately 10 minutes. The carbonated 
water was next passed (downflow) through the pressurized 
column using a 50-p.s.i. CO2 head pressure. Once regenerated, 
the secondary sewage effluent water was introduced into the 
autoclave and in turn passed upflow through the column, 
again using a 50-p.s.i. CO2 driving pressure. 

The flocculation and lime-softening steps of the process 
were conducted using a standard jar testing apparatus (Phipps 
and Bird, Inc.). In the laboratory, the flocculation, aeration, 
and lime-softening steps were performed in a single vessel, 
though on an industrial scale it might be preferable to per
form the operations in multiple units. In the flocculation step, 
the effluents emerging from the alkalization unit were given 

NEEOLE VALVE~ 

EFFLUENT 

ROTAMETER 

- -ION EXCHANGE 
COLUMN 

PLUG 

Figure 1. Schematic drawing of pressurized ion exchange 
system for treatment of secondary sewage effluent 
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a bentonite-Primafloc C-7 treatment to remove organic matter 
which failed to be adsorbed by the alkalization unit. 

After the flocculated waters had been aerated to expel free 
CO" a cold lime-softening treatment was performed. A 
quantity of lime chemically equivalent to the initial hardness 
of the secondary effluent prior to treatment was used, applied 
as a 3.6% aqueous suspension. 

The dealkalization unit contained the cation exchange 
resin and was operated in the hydrogen cycle. In the modified 
process, the dealkalization unit need not be pressurized, since 
it further polishes the renovated secondary sewage water in 
order to effect additional solids reduction and softening if 
required. In the laboratory, a 50-ml. buret column containing 
25 ml. of the hydrated resin was used effectively under gravity 
flow. The position of the dealkalization unit in the DesaI 
process for secondary sewage water renovation is shown in 
Figure 2. 

Analysis. The progress of the alkalization step of the process 
was followed by evaluating bed volume fractions of effluent 
water emerging from the anion exchange resin unit. Chloride 
and methyl orange (MO) alkalinity were determined for 
each of the fractions, and breakthrough was taken as a point 
where 50% chloride leakage was observed. Total cations in 
the influent sewage and in the final processed waters were 
obtained by passing appropriate size samples through a 
small column containing Amberlite IR-120 (H). After the 
effluents were collected, they were titrated to the methyl 
orange end point with O.1N NaOH and the values related to 
the metal salt content of the waters, exclusive of the metal 
bicarbonates. Titration of a separate sample, not previously 
ion-exchanged by the Amberlite IR-120(H) resin, for alkalin
ity (methyl orange end point) then gave the metal bicarbonates. 
The total cation content of the waters corresponded to the 
summation of the two independent measurements. Total 
hardness, ammonia nitrogen, chlorides, nitrates, ortho
phosphates, chemical oxygen demand (COD), and methylene 
blue-active substances (MBAS) were determined using stan
dard procedures (American Public Health Association, 1960). 

Process Studies. For the modified DesaI process to function 
satisfactorily during the renovation of the secondary sewage 
effluents, the resin employed in the alkalization step would 
need to be able to function efficiently in the bicarbonate cycle 
and to remove organic matter reversibly from the secondary 
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Figure 2. Flow diagram of ion exchange process for renovation of 
secondary sewage effluent 
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Table II. Accelerated Organic Fouling Test (Amberlite IRA-68) 

Bed volume 20 ml. 
Flow rate 16 BV 

per hour 

Fresh resin 
Cycled resin 

1st cycle, 1000 BV 
2nd cycle, 3000 BV 

Temperature 25 0 C. 
Regeneration level 110% 

of theory 
Resin Exchange 

Capacity, 
Meq./G. 

6.00 

5 .90 
5.92 

sewage effluents being treated. Amberlite IRA-68, based on 
past experiences and studies with regard to the DesaI process 
for treatment of brackish waters, was found to be the only 
commercially available anion exchange resin ideally suited 
for this purpose (Kunin, 1965; Kunin and Vassiliou, 1964). 

An accelerated organic fouling test was performed to deter
mine how much the anion exchange resin would organically 
foul when brought repeatedly in contact with sewage water. 
In the test, approximately 12.7 grams of hydrated resins 
(41 % dry solids) were placed in a 30-ml. sintered glass tube. 
The resin, approximately 20 ml. in volume, was converted to 
the HCI form and approximately 20 liters of unfiltered secon
dary effluent were passed through the resin (upflow) at a 
linear flow velocity of 16 bed volumes (BV) per hour in a 
continuous manner. For convenience, the HCI rather than 
bicarbonate form of the resin was used. Operating the resin in 
one of the predominant salt forms to which the resin would 
be converted during the test should not invalidate the results, 
since the degree of organic fouling should not vary significantly 
as a function of a particular salt form of resin used in the test. 
The volume of sewage passed corresponded to roughly 1000 
BV. The resin was subsequently regenerated with NH,OH 
and the anion exchange capacity of the resin was determined 
and compared with the anion exchange capacity measured 
for the fresh resin. The same resin was converted again to the 
HCI form and another 20-liter quantity of unfiltered second
ary sewage water circulated through the resin . This time the 
20-liter quantity of sewage effluent was recycled upflow 
through the resin bed three times (total volume passed 
~3000 BV). The secondary sewage water was recycled, since 
it contained a much larger concentration of potentially fouling 
organic matter than the ion exchange resin could possibly 
adsorb. It was therefore felt that it would suffice merely to 
recycle the solution in order to achieve full saturation of the 
resin with organic mailer. After the treatment, the anion 
exchange capacity of the resin was again measured (Table II). 

Apparently the capacity data show that the resin was not 
adversely affected by the organic compounds in the secondary 
sewage effluent; otherwise the capacities of the resins would 
not have been restored to their original value after regenera
tion. During regeneration with ammonia, much color, 
presumably organic in nature, was eluted from the resin. 
One might expect that with repeated cycling some degree of 
organic fouling would eventually occur. A precaution that 
might be taken to minimize this occurrence or avoid it com
pletely would be to subject the resin to a periodic brine 



treatment, a practice commonly employed in the ion ex
change field to protect anion exchange resins from organic 
fouling. Primarily because of ion exchange resin regenerant 
costs, a lime-softening treatment was considered for the de
alkalization step of the modified process. 

During the development of the final process a series of runs 
was made using secondary sewage effluent as received. The 
sewage water contained considerable suspended matter, 
presumably inorganic in nature, since it contributed very 
little to the COD. During the upflow alkalization runs an 
appreciable amount of the coarser suspended matter present 
in the unfiltered secondary sewage effluent was being retained 
in the anion exchange resin bed. As a result, clumping prob
lems were experienced, resulting in considerably more chan
neling than would be expected during upflow operations, and 
conseq uently the resin capacity for both inorganic ions and 
organics was not being efficiently utilized. Because of the en
trapment of organic matter in the bed, complete regeneration 
of the resin could not be realized by employing ammonia at 
the usual regeneration levels, but could be achieved only when 
the resin was removed from the column, declumped mechan
ically by gentle stirring, and subsequently rinsed with a few 
bed volumes of 10% NaCi solution prior to the ammonia re-

Table III. Preliminary Renovation Studies of Haddonfield, 
N. J., Secondary Sewage Effluents Using 

Modified Desai Process 
After 

After Lime 
Influent Aeration Softening 

pH 6.95 8.2 8.8 
Specific resistance, 

ohm cm. 1900 2300 2400 
Alkalinity, p.p.m. as 

CaCO, 140 290 230 
Hardness, p.p.m. as 

CaCO, 100 90 45 
Cl-, p.p.m. as CaCO, 55 5 5 
Orthophosphates, 

p.p.m. as CaCO, 22 <I <I 
COD, p.p.m. 90 51 50 
MBAS, p.p.m. 0.4 0.2 0.2 

Table IV. Flocculation of Haddonfield, N. J., 
Secondary Sewage Effluent 

Dosage levels: 30 p.p.m. bentonite + 10 p.p.m. 
Primafloc C-7 

Untreated Flocculated 
Influent Influent 

pH 7.25 7.70 
Specific resistance, ohm cm. 1450 1550 
Alkalinity, p.p.m. as CaCO, 180 190 
Hardness, p.p.m. as CaCO, 100 100 
Cl-, p.p.m. as CaCO, 62 57 
NO,-, p.p.m. as CaCO, 1.8 1.5 
Orthophosphates, p.p.m. as 

CaCO, 39 33 
COD, p.p.m. 162 46 
MBAS, p.p.m. 2.0 1.2 

generation. To avoid these inconveniences arising because of 
the relatively small diameter of the ion exchange columns 
and lines during our laboratory studies, the authors decided to 
filter the relatively coarse suspended matter from the second
ary sewage effluent prior to its passage through the anion 
exchange resin unit. (Ibree to four layers of cheesecloth 
proved to be an excellent filtering medium for this purpose.) 
In a large scale operation, because of the increased diameters 
of column and lines, the coarse suspended matter will not 
significantly reduce the efficiency of the operation and there
fore the filtration step can be omitted entirely. By resorting 
to the filter pretreatment in the laboratory studies, clumping 
and channeling problems were practically eliminated, the ion 
exchange resin remained free-flowing during its utilization, 
and regeneration could be performed in situ using the cus
tomary levels of ammonia under gravity flow. 

Numerous runs were performed during the development of 
the final process using prefiltered secondary sewage effluents 
but, time and time again, fully clarified waters could not be 
obtained even when lime softening was practiced. Although 
the soluble inorganic composition of the waters was improved 
satisfactorily, organic removal, as measured by the COD test, 
was never as complete as desired. The best removal of or
ganics attained seldom exceeded 50% of the organic matter 
initially present. 

An attempt was made to establish whether or not the lime
softening step was contributing to any degree in reducing 
the organic content of the aerated anion exchange resin
treated water. Data collected for the alkalized water after 
aeration and after lime softening for a typical run performed 
during the early studies are listed in Table III. Based on the 
COD measurements reported, apparently the bulk of the 
organics was being removed in the alkalization ion exchange 
unit and lime softening was contributing little, if any, to 
reducing the organics further. Though the lime-softened water 
was of a satisfactory quality as regards its ionic composition, 
a completely clarified water was not obtained. The treated 
water had a COD value of 50 p.p.m., hardly suitable for a 
municipal water supply. 

At this point, additional treatment was considered. Based 
on earlier studies pertaining to the removal of soluble organic 
matter from aqueous systems (Pollio, 1967), the effectiveness 
of a bentonite-Primafloc C-7 flocculation treatment was 
examined as a means of further reducing the organic matter 
present in the alkalized waters prior to lime softening. An 
initial flocculation test was consequently performed on a 
sample of prefiltered secondary sewage to check the feasi
bility and effectiveness of such a treatment. Results in Table 
IV refer to data obtained during the flocculation of secondary 
sewage, not previously treated by the modified process. 

A 72% reduction in organic matter (COD) was observed. 
As would have been expected, the ionic compositional fea
tures of the water are not altered to any significant degree. 
Based on an increase in pH noted after flocculation, the or
ganic materials removed are apparently acidic in nature, as 
are the MBAS remo"ed. 

Optimized Process. The process was subsequently optimized 
to include the bentonite and Primafloc C-7 treatments as a 
result of the favorable reduction in organic matter obtained 
(Table IV). Specific for processing Haddonfield, N. J., 
secondary sewage effluent waters, the process consisted of: 
filtration, secondary sewage effluent filtered to remove coarse 
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sewage particles; alkalization, upflow treatment in pres
surized (50-p.s.i.) anion exchange resin (HC03- ) unit at a 
flow rate of 16 BV per hour ; flocculation, jar test equipment 
used [30 p.p.m. of bentonite (as 1 % suspension) added at 
100 r.p.m.; after 2 minutes 5 p.p.m. of Primafloc C-7 added 
(as 0.1 % product solution); agitation at 100 r.p.m. con
tinued for a total of 5 minutes, then additional 25 minutes at 
30 r.p.m.]; aeration, flocculated water aerated for 75 minutes; 
lime softening, jar test equipment used, a quantity of lime 
(3.6% suspension) added at 100 r.p.m. equivalent to the total 
hardness of the sewage water before alkalization (agitation 
at 100 r.p.m. continued for 5 minutes, then additional 115 
minutes at 30 r.p.m.); regeneration, the alkalization ion ex
change resin was converted to the free base form employing 
ammonia as a IN solution. 

A quantity of ammonia corresponding to 150% of the 
resin theoretical capacity (35 to 36 kilograins per cu. foot) 
was used initially. Although between 8 and 12 kilograins per 
cu. foot of resin anion exchange capacity was apparently 
utilized during subsequent exhaustion cycles employing the 
Haddonfield, N. J., secondary effluents, regeneration was 
always performed using the aforementioned quantity of 
ammonia in order to assure maximum regeneration. This 
quantity was used because the total anions eluted during 
regeneration were usually found to be 5 to 8 kilograins per 
cu. foot greater than the apparent capacity utilized by the 
inorganic anions. The excess capacity was apparently due to 
the organic matter adsorbed by the resin. For a 200-m\. 
resin bed, the regenerant volume was approximately 2'/. 
bed volumes of IN NH,OH. Regeneration was performed 
downflow under gravity at a flow rate of 8 BV per hour. 
To convert the resin to the bicarbonate form, deionized water, 
previously saturated with CO. at 75 p.s.i. , was passed down
flow through the resin bed under a 50-p.s.i. , CO, driving 

Table V. Renovation of Haddonfield, N. J., Secondary 
Sewage Effluent 

(After alkalization) 
P.P.M. as CaCO, 

Bed Methyl 
Volume Orange COD, 
Fraction Alkalinity Chloride P.P.M. 

1- 16 260 ''- 0 
17-32 300 2.5 10 
33-48 250 0 
49-64 270 0 
65-80 270 0 30 
81-96 270 0 
97- 112 270 5 

113-128 270 5 33 
129-144 270 10 
145- 160 260 15 
161- 176 260 20 35 
177-192 260 22.5 38 
193- 208 255 17 .5 
209-226 255 22.5 39 

pressure. Though in actuality an equivalent amount of CO. 
that corresponds to the resin exchange capacity is needed to 
convert the resin fully to the bicarbonate form, in the labora
tory a large excess (30 bed volumes) of carbonated water 
was used to effect the conversion. 

Table V lists alkalization data obtained for bed volume 
fractions of Haddonfield secondary sewage effluent (Table I) 
using the optimized process which has been detailed. 

During treatment of this particular water, a total of 226 
BV of water was processed to a chloride breakthrough of 
50 %. Analytical data obtained during the further processing
i.e., flocculation, aeration, and lime softening- of 16-BV 
fractions of alkalized water are listed in Table VI. 

Table VI. Renovated Haddonfield, N. J., Secondary Sewage Effluent 
(After alkalization, flocculation, aeration, and lime softening) 

Bed Specific Ortho-
Volume Resistance, C.O.D., MBAS, Hardness, phosphates, 
Fraction pH OhmCm. P.P.M. P.P.M. P.P.M. as Caco, NO,- Cl-

1-16 9.0 3600 13 0 . 3 30 < 1 0 .8 0 
17-32 9 .0 3000 18 0 .3 30 < 1 0.8 2.5 
33-48 9 .0 3300 18 0 .3 30 < 1 0.8 0 
49-64 9 .0 2700 17 0 . 3 40 < 1 0.8 0 
65-80 8 .9 2600 17 0 .3 42 < I 0.8 0 
81-96 9 .0 2600 20 0.3 45 < 1 0 .8 0 
97-112 9.0 2800 17 0.3 43 < 1 0.8 5 

113-128 8.9 2500 26 0 .3 44 < 1 0.8 5 
129-144 8 .9 2600 29 0 .3 46 < 1 0.8 10 
145-160 9 .0 3600 26 0 .3 30 < 1 0 .8 15 
161-176 9 .0 2800 29 0.3 42 < 1 0.8 20 
177-192 8.9 2600 26 0 .3 44 < 1 0.8 22.5 
193-208 9 . 1 3000 17 0.3 36 < 1 0.8 17 . 5 
209-226 9 .0 2500 21 0.3 48 < 1 0 .8 22.5 
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Table VII. Dealkalization of Modified DesaI Processed Secondary Effluent Using Amberlite IRC-84 
Resin bed volume. 25 m!. 
Exhaustion flow rate. 16 BV per hour 

Bed Specific 
Volume Resistance, C.O.D., Hardness, NH<l+' NH.+, 
Fraction pH OhmCm. P.P.M. P.P.M. as CaCO, P.P.M. As [s 

1- 16 3.6 100,000 
17- 32 3.5 90 ,000 
33- 48 3. 5 13 ,000 
49-64 3 7 13,000 
65-80 3 .9 21,000 
81-96 4.0 19,000 
97-112 4.5 18,500 

113-128 5 .2 17 ,000 
129-144 5 6 15,000 
145-160 6 .0 11,200 
161-176 6.1 9,300 
Influent 9.0 2,900 

Greater sedimentation and clarification rates are obtained 
after lime softening if the sludge from the flocculation and 
aeration treatment is partially retained in the system prior to 
lime treatment. The sludge apparently acts as a substrate or 
nucleating agent for the lime during the lime-softening step 
and consequently improved sedimentation rates are observed 
because of the increased sludge density . 

After treatment no ammonia (or ammonium ions) was 
removed. Its removal and further purification of the sewage 
effluent were achieved by dealkalizing the waters through a 
column of Amberlite IRC-S4 operated in the hydrogen cycle. 
The cation exchange unit also removed any sodium and po
tassium salts that remained solubilized after the lime-softening 
treatment. 

Data obtained during processing of the 226-BV composite 
water using the weak cation exchange resin are presented in 
Table VII . COD values approach those measured for Phila
delphia city water (10 to 15 p.p.m.). The effluents from the 
dealkalization unit are rich in CO" which contributes to lower
ing the pH of the effluents. To minimize corrosion problems, 
the effluents would be aerated initially to expel most of the 
free CO,. Since full deionization of the sewage effluent is not 
required, all of the water need not be treated by the cation 
exchange unit; the fraction treated need be only that required 
to reduce the salt content to that of the normal water supply 
of the community. This mode of operation will further lower 
the over-all costs. The normal ion exchange water treatment 
practice of split-stream operation would then be practiced by 
blending a portion of the influent stream to the dealkalization 
unit with the aerated dealkalized effluent to produce a desired 
pH. The split-stream operation will not increase the total 
dissolved solids significantly. In fact, a treated effluent with 
some mineral content would be more desirable than a com
pletely deionized water. 

15 

17 

17 

18 
21 

<I 0 0 
<1 0 0 
<1 <1 <1 
<1 3 1.1 
<1 3 1.1 
<I 3 1 I 
<1 3 1.1 
<1 5 1.8 
<1 8 2.9 
<I 10 3.6 
<1 14 5.0 
40 50 IS 

Table VIII summarizes the processing data obtained during 
the renovation of the Haddonfield, N. J., secondary sewage 
effluent (226 BV) using the optimized process with and without 
the dealkalization step. In addition, the chemical composition 
of the renovated waters is compared with the chemical com
position of the secondary effluent before undergoing tertiary 
treatment. 

Cost Estimate. The operating costs of the secondary sewage 
renovation process based on the optimized modified process 
were calculated for plant sizes of 1,000,000 and 10,000,000 
gallons per day, on the basis of results obtained during 

Table VIII. Renovation of Haddonfield, N. J., Sewage Effluent 
Secondary 
Effluent 

Tertiary Effluent (before 
Tertiary Not 

Treatment dealkalized Dealkalized 

pH 7.8 9.0 4.5 
Specific resistance, 

ohm em. 1700 2900 29,700 
COD, p.p.m. 90 21 17 
MBAS, p.p.m. 2 0.3 0 .3 
Hardness, p.p.m. as 

Caco, 98 40 <1 
NH" p.p.m. as 

Caco, 50 50 <5 
Total alkalinity, 

p.p.m. as CaCO, 160 220 10 
Cl-, p.p.m. as CaCO, 45 22.5 22.5 
NO,-, p.p.m. as Caco, 1.5 0.8 0.8 
Orthophosphates, p.p.m. 

as Caco, 33 <1 <1 
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treatment of the Haddonfield, N. J., secondary effluent water. 
The authors assumed that CO2 would be readily available from 
the flue gases resulting from the combustion of the gases 
emitted from the secondary treatment digesters and therefore 
only equipment costs for compressing the flue gas, etc., are 
included in the total costs. Capital investment (including resin 
costs) for the 1,000,000- and 1O,000,000-gallon per day instal
lations were approximated to be, respectively, $173,000 and 
$1,400,000. 

In Table IX the costs have been itemized for the various 
stages of the discussed optimized process. The costs include 
both equipment and chemical costs, equipment being amor
tized over 10 years and the resin over 3 years. In the floccula
tion step calculations, it was assumed that the lime-softening 
equipment would be used. With regard to ion exchange resin 
life, it should be realized that a secondary sewage effluent, in 
terms of ion exchange resins, is less aggressive than many of the 
surface water supplies and sugar liquors customarily processed 
by ion exchange resins. Though no extensive resin life study 
has been made, it is suspected that the amortization time of 3 
years used in the calculations for expected resin life may be a 
conservative figure. 

Since the total dissolved ionic contents of secondary sewage 
effluents are usually much lower than those found in brackish 
waters, regeneration costs of the ion exchange units used in 
the alkalization and dealkalization steps are correspondingly 
less than those encountered when weak electrolyte ion ex
change resins are used to process brackish waters. 

Discussion 

The modified DesaI process for the renovation of secondary 
sewage effluents appears to offer a significant advance in 
processing sewage effluent waters to render them useful for 
industrial, agricultural, or domestic use. The modified process 
for sewage water renovation appears to go a step beyond the 
proposed activated carbon-type tertiary treatment processes, 
since it brings about simultaneous reduction in both the or
ganic and inorganic mineral contents of the sewage water. 
During prolonged exposure tests (3 months), processed sewage 
effluents, with or without additional treatment with the cation 
exchange resin for ammonium removal, have shown no visual 
evidence of algae growth. Turbidity was absent, no odor was 
detectable, and no significant compositional changes have 
been noted. The problem of pathogens was not investigated. 
However, there is evidence that chlorination (Morris and 
Weber, 1962) and lime softening (Thayer and Sproul, 1966) 
do eliminate certain bacterial virus from water during process
ing. 

The process offers much flexibility, since it may be engi
neered to produce a water for a variety of uses. Where partially 
processed water is the goal, such that its dissolved ionic and 
organic contents have been lowered to acceptable levels for 
direct discharge into streams or waterways, the process pos
sibly could be operated without the flocculation and lime
softening steps; for industrial use, the waters may be suffi
ciently processed without the added dealkalization step, 
especially if the secondary treatment (biological) is producing 
a nitrified effluent. If the sewage plant has not been operated in 
such a manner, the dealkalization step is required to remove 
ammonium ions which might prove objectionable. 

Presupposing that a cheap source of CO2 were not available, 
the economics of operating this modified process would be 
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Table IX. Cost Estimate for Renovation of Haddonfield, N. J .• 
Secondary Sewage Effluent 

Alkalization 
Dealkalization 
Carbonation 
Degasification 
Flocculation 

(chemicals only) 
Lime softening 

$ Cost/1000 Gal. 
1,000,000 10,000,000 
gal./day gal./day 

0.0655 0.0631 
0.0500 0.0478 
0.0030 0.0030 
0.0042 0.0029 

0.0436 
0.0158 

Grand total $0.1821 

0.0436 
0.0158 

$0.1762 

considerably higher, since recovery of CO2 is not practical. 
Fortunately, however, availability of CO2 should not be a 
problem, especially in sewage plants which practice secondary 
treatment. Since the flue gases from the digesters are rich in 
CO2, they may be used directly, after being pressurized, to 
convert the anion exchange resin (alkalization step) to the 
bicarbonate form. 

In instances where the renovated water will be recycled and 
renovated more than once, there will be a gradual buildup 
in ionic solids. During each renovation, if the dealkalization 
step is not incorporated into the process, sodium ions tend to 
accumulate if not removed. This situation can be avoided by 
dealkalizing the waters totally or partially every other cycle or 
two, depending on the extent of the sodium ion buildup and 
the required end use for the renovated water. 

Disposal of waste regenerant from the ion exchange units 
and sludge from the flocculation and lime-softening treat
ments should present no problem. These could be readily 
combined with the solid waste from secondary treatment and 
disposed of using the normal practice of the sewage treatment 
plant. 
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COMMUNICATIONS 

Organic Content of Southwest and 

Pacific Coast Municipal Waters 

Kurt H. Nelson and Ihor Lysyj 

Research Division, Rocketdyne, a Division of North American Rockwell, Corp., Canoga Park, Calif. 

• Water samples from municipal supplies in some South
west and Pacific Coast communities were analyzed for organic 
content by a pyrographic technique. The organic content 
averaged 0.9 mg. of carbon per liter for the supplies from 
underground sources. Municipal supplies obtained from 
surface sources in desert and semiarid regions had orglnic 
contents from 1.1 to 2.7 mg. of carbon per liter. Those pro
cured from surface waters in the northern Pacific Coast, 
which has abundant rainfall and heavily forested drainage 
basins, had organic contents from 3.7 to 7.7 mg. of carbon 
per liter. 

A study was undertaken to accumulate data on the organic 
content of water available to consumers through 

municipal distribution systems, and to assess three factors 
which could affect the organic content-i.e., source, climates, 
and treatment. The only information found in the literature 
was that the carbon chloroform extract (CCE) should not 
exceed 200 ",g. per liter in municipal waters, clean surface and 
ground waters usually contain only 25 to 50 ",g. per liter of 
CCE, and highly colored waters may exceed this level (Ameri
can Public Health Association, 1965). 

For thi& study, municipal supplies from communities in 
the Southwest and Pacific Coast regions of the United States 
were used. In these regions, the climate ranges from desert 
to rain forest with the accompanying changes in vegetation. 
The sources are both surface and underground waters, and 
the treatment before delivery to the consumer varies from 
only chlorination to complex processes using coagulation, 
filtration, and chlorination (U.S. Public Health Service, 1964). 

Experimental 

Apparatus. A detailed description of the apparatus used for 
the pyrographic measurement of the organic content of water 
is presented by Lysyj and Nelson (1967). The apparatus 
consists of a steam generator and a sample injection system 
connected to a pyrolysis chamber contained in a micro
combustion furnace. This chamber is in turn connected to a 

flow stabilization column of glass beads installed in a gas 
chromatograph which is equipped with a hydrogen flame 
ionization detector. A 1-mv. recorder with a 2-inch-per
minute chart speed completes the apparatus. 

Procedure. Sample bottles cleaned with hot nitric acid 
containing 10 % sulfuric acid were used for sample collection. 
The water samples were collected from the tap in each com
munity listed in Tables I and II. 

In the analysis, a 0.25-ml. aliquot of a water sample was 
injected into the pyrolysis chamber at 6-minute intervals. 
The fragments, which were produced by the pyrolysis of the 
organic matter preo.ent in the water, were transported by the 
steam carrier gas through the flow stabilization column to the 
detector. Because no separation is achieved on this column, 
the total organic fragments were measured by the flame ioniza
tion detector. The organic content of the water sample was 
calculated from the average peak area. Materials representa
tive of the major organic classes present in the water were used 
for calibration . 

Table I . Organic Content of Municipal Waters 
from Ground Sources 

Municipality 

Arizona 
Flagstaff 
Grand Canyon 
Kingman 

California 
Carlsbad 
Paso Robles 
Salinas 
San Juan Capistrano 
Santa Ana 
Santa Barbara 
Thousand Oaks 

New Mexico 
Albuquerque 
Grants 

Organic Content, 
Mg. 

Carbon/Liter 

0.7 
0.8 
1.6 

0 .8 
0 .9 
0 .9 
1.5 
0 .7 
1.0 
0.9 

0.9 
0 .7 
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Table II. Organic Matter in Waters Distributed by 
Municipalities Utilizing Surface Sources 

Organic 
Content, 

Mg. 
Carboni 

Municipality Source Liter 

Arizona 
Williams Surface 1.3 

California 
Alameda Reservoir 2 .1 
Del Mar Cottonwood Creek and 1.1 

Otay River 
Los Angeles Owens River 2.7 
Redding Sacramento River 4.8 
San Diego Cottonwood Creek and 1.4 

Otay River 
San Luis Obispo Salinas River and Creek 1.3 
San Mateo Lakes and Streams 1.1 
Santa Rosa Russian River 3.7 
Santee Cuyamaca Lake 1.6 
Ventura Ventura River 2.5 

Nevada 
Las Vegas Lake Mead 1.3 
Reno Truckee River and 1.6 

Hunter Creek 
New Mexico 

Santa Fe Santa Fe River 1.3 
Oregon 

Eugene McKenzie River 7 .7 
Gold Beach Rogue River 6 .3 
Medford Big Butte Springs and 4 .7 

Bear Creek 
Portland Bull Run Lake and Bull 7.7 

Run River 
Seal Rock Deer Creek 3.9 
Tillamook Killiam and Fawcett 6.4 

Creeks 

Results and Discussion 

The organic contents of the municipal water supplies orig
inating from ground waters are presented in Table I. These 
municipalities are located in southern California and the 
Southwest, and all use we lis as the source of water with the 
exception of the Grand Canyon which uses an infiltration 
gallery. In general, these waters, if treated, are only chlori
nated before use. Table I shows these municipal water supplies 
averaged 0.9 mg. of carbon per liter with a range of 0.7 to 
1.6 mg. of carbon per liter, which indicates that a water supply 
obtained from underground sources in a region with a low 
annual rainfall and sparse vegetation would have an organic 
content of about 1 mg. of carbon per liter. No data on organic 
contents are available for well waters from northern Cali
fornia or Oregon where the precipitation is greater and the 
land is heavily forested. 

Organic contents are presented in Table II for the supplies 
in municipalities utilizing surface waters as a source. The treat
ment of these waters before distribution to the consumer varies 
from only chlorination to a complete purification treatment 
including coagulation and filtration. There was no correlation 
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between the amount of organic matter and the treatment given 
the water. Municipal supplies obtained from surface sources 
generally have much higher organic contents than those pro
cured underground (Table II). The municipalities in Oregon 
and northern California have waters with high organic con
tents as indicated by values ranging from 3.7 mg. of carbon 
per liter for Santa Rosa, Calif. , to 7.7 mg. of carbon per liter 
for Portland and Eugene, Ore. These high values are the re
sult of climate and vegetation. The northern Pacific Coast 
region has a high rainfall, and the drainage basins are heavily 
forested which contributes very significantly to the orgl nic 
content of the water. For example, the source of water for 
Portland is a protected, uninhabited mountainous watershed 
on the Cascade mountains and is densely covered with trees 
and other vegetation. The organic matter in this municipal 
water is derived solely from vegetation with none originating 
from pollution. 

In contrast, municipal waters procured from streams in the 
desert or semiarid Southwest region with sparse vegetation 
have a much lower organic content. The level of organics in 
the streams approaches that of the ground waters in the area 
as indicated by a comparison of the two nearby municipalities 
of Santa Fe and Albuquerque. The organic content of Santa 
Fe water obtained from the Santa Fe River was 1.3 mg. of 
carbon per liter and that of Albuquerque water from wells 
was 0.9 mg. of carbon per liter. Similarly, waters procured 
from ground and surface sources in the adjacent communities 
of Flagstaff and Williams had organic contents of 0.7 and 1.3 
mg. of carbon per liter, respectively. 

The organic contents of all these municipal waters are in the 
range of values for natural waters reported by other investi
gators using various analytical techniques. In a study of 529 
lakes, the organic carbon content ranged from 1.2 to 28.5 mg. 
of carbon per liter with a mean of 7.7 mg. of carbon per liter 
(Birge and Juday, 1934). Of these lakes, 327 had an organic 
content between 3 and 10 mg. of carbon per liter. Other in
vestigators found lake and reservoir waters contained from 
1.7 to 15.2 mg. of carbon per liter (Datsko, Vasil'eva, et al., 
1964; Krylova and Skopintsev, 1959; Votintsev, 1955). 
River waters had from 2.0 to 34.8 mg. of carbon per liter de
pending on the season (Alekin and Brozhnikova, 1960; 
Datsko and Vasil'eva, 1961; Krylova and Skopintsev, 1959). 
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BOOKSHELF 

New book takes an old look at industrial hygiene and toxicology 

Analytical Toxicology of Industrial In
organic Poisons. Morris B. Jacobs. 
xxv +943 pages. John Wiley & Sons, 
Inc., New York, N.Y. 10016. 1967. 
$25, hard cover. Herbert E. Stokinger 
is chief, Laboratory of Toxicology and 
Pathology, and Robert G. Keenan is 
associate chief, Occupational Health 
Program, of the National Center for 
Urban and Industrial Health, Cincin; 
nati, Ohio 45202 

By Herbert E. Stokinger and 
Robert G. Keenan 

This volume is an enlarged edition 
of M. B. Jacobs' Analytical Chemistry 
of Industrial Poisons, Hazards, and 
Solvents, which appeared in 1949, but 
which now is confined solely to inor
ganic industrial chemicals. 

The title is unfortunate in two re
spects. First, the word "poison" is 
archaic, having been abandoned by 
toxicologists and industrial hygienists 
alike for several years-industry is no 
longer to be regarded as a producer of 
poisons. Second, "analytical toxico
logy" is a meaningless phrase. A more 
descriptive title would have been Ana
lytic Chemistry, Toxicology, and In
dustrial Hygiene of Industrial Inor
ganic Chemicals. 

As the title should have indicated, 
the book is a composite of analytic 
methods useful in industrial hygiene 
(and air pollution) and the toxicology 
and industrial hygiene of commercial 
chemicals. The part concerned with 
analytic methods far excels the portion 
or. toxicology and industrial hygiene, 
for the late author was preeminently an 
analytic chemist and only secondarily 
a toxicologist and industrial hygienist. 

The analytic chemistry sections of 
this book contain many well-prepared 
procedures, including some of the best 
from the older literature. We were dis
appointed, however, to find the proce
dures limited almost exclusively to 
colorimetric and gravimetric methods 

of analysis. For example, in the entire 
book, the author has cited but three 
emission spectrographic methods, of 
which only one was published in the 
past 20 years. Hence, no recognition 
is given to the increased specificity, 
sensitivity, precision, and accuracy now 
realized with a host of physical and 
combined chemical-physical methods 
of analysis which have become avail
able since the publication of Dr. 
Jacobs' previous text on this subject. 

Omissions 

Other methods and techniques are 
notably absent. For example, there is 
no citation of the microprocedures for 
the colorimetric determination of free 
silica or of the diffusion methods for 
the separation of fluorides. Also, there 
is no mention of the highly refined 
fluorometric methods for beryllium, 
which provide reported sensitivities of 
determination 10 to 100 times that of 
the procedure presented in Chapter X. 
Such methods have assumed great im
portance in recent years because of 
the increased emphasis on the analysis 
of body tissues and fluids and of per
sonal environmental samples for trace 
quantities of agents. 

It is regrettable that Dr. Jacobs did 
not see fit to include the latest analytic 
techniques along with the best of the 
older methods. With the current rec
ognition of the importance of charac
terizing and determining all of the 
chemical agents in samples represent
ing mixed environmental exposures and 
in biologic samples, many of us are 
taking advantage of ion exchange and 
gas chromatography combined with 
well-refined spectroscopic methods of 
analysis (emission, mass, infrared, ul
traviolet, visible, and atomic absorp
tion) in solving the complex analytic 
problems which we face routinely. 
Hence, such procedures should have 
been highlighted in this widely used 
text for industrial hygiene chemists, 

because the book is unsurpassed in pro
viding detailed procedures for the 
analysis of the commonly encountered 
inorganic chemicals. 

Outdated references 

In its toxicologic and industrial hy
giene coverage, the volume is rather 
elementary and suffers again in many 
important sections from lack of up-to
date references. For example, in the 
section dealing with halogenated com
pounds, only 4 of 56 references are 
dated since 1949. The following sec
tion contains only 3 of 88. However, 
the section on clinical chemistry and 
industrial toxicology fares better, con
taining 92 of 142 references dated 
since 1949. 

Possibly because of the author's 
failure to update the volume, there are 
several inaccuracies regarding the ac
ceptable air standards for industry
many of those quoted are either out of 
date or nonexistent. So slight is the 
updating of this book that it repre
sents, with few exceptions, more closely 
a reprinting than a revised edition. 

One man's view of 
Industrial water 
pollution control 
Industrial Water Pollution ControL 
W. Wesley Eckenfelder, Jr. vii + 275 
pages. McGraw-Hill Book Co., Inc., 
New York, N.Y. 10036. 1966. $14.50, 
hard cover. Ross E. McKinney is Par
ker Professor of Civil Engineering, 
University of Kansas, Lawrence, Kan. 
66045 

By Ross E. McKinney 
Professor W. Wesley Eckenfelder, 

Jr.'s new book on industrial waste pol
lution control is a very ambitious un
dertaking. As stated in the preface, the 
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automated 
colorimetric 
analvsis 
01 S02 
102 

Waco's Air Analyzer is truly a continuous sampling 
colorimeter, automating the accepted chemical 
methods of analysis for sulfur dioxide and nitrogen 
dioxide providing: reliability ... highest quality com
ponents used throughout. Designed for continuous 
operation with flexibility ... convert from S02 to 

. N02 in 20 minutes. Variable range, from 1 to 8 ppm 
full scale. Accuracy . . . zero drift. Less than ",3% 
in 7 day periods. Automatic zero and photometer 
calibration every 24 hours. 

For complete information, contact: 

wilkens-anderson co. 
4525 W. Division St., Chicago, Illinois 60651 
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aim of this book is ·to establish a basic 
approach to industrial waste evalua
tions rather than to present detailed 
data on specific industrial wastes. This 
approach, no doubt, has considerable 
merit. 

Many years of experience in solving 
industrial waste problems have given 
Professor Eckenfelder a valuable in
sight into this vital area of pollution 
control. Over the years he has helped 
organize and teach the Summer Insti
tute in Water Pollution Control at 
Manhattan College. These two facts 
together with his regular teaching ex
perience combine to make Eckenfelder 
a perfect author for a basic text in 
industrial wastes. The notes developed 
form the basis for this book. 

Unfortunately, because of Ecken
felder's extensive background, there is 
a tendency to expect his book to be 
all-inclusive. However, no one text 
can hope to cover all topics related 
to industrial wastes in sufficient depth 
to satisfy all readers. The author has 
indicated that his book is intended for 
the first year graduate student in civil 
engineering and for practicing engi
neers. 

Inadequate background 

This book contains much valuable 
information; but it should be used with 
caution. It is definitely not a book for 
the inexperienced young engineer de
siring an insight into industrial waste 
problems or for the engineering stu
dent without the assistance of a teacher 
with considerable industrial waste ex
perience. There are simply too many 
broad statements and precise equations 
presented without adequate back
ground development or references. 

The problem that the author faced 
was to expand a basic set of notes into 
a full book without making the final 
product too large, but he appears to 
have fallen short of the optimum re
sults. It may well have been a case of 
too much familiarity with the subject 
and not enough familiarity with the 
reader's ability to bridge the gaps. 
In any event, the final product is still 
little more than a series of notes and 
problems definitely lacking sufficient 
explanations. 

Specifically, this book consists of 
one chapter on "Source and Charac
teristics of Industrial Wastes" and 19 
chapters on different waste treatment 
processes and concepts. Unfortu-



nately, Eckenfelder did not choose to 
discuss the philosophy of industrial 
waste control. One of the prime prob
lems lies in the proper understanding 
of the social, political, and economic 
relationships of industrial wastes, and 
any book dealing with industrial wastes 
which ignores these vital topics must 
be considered as inadequate. 

Basic approach 

The basic approach to industrial 
waste control lies in evaluating waste 
quantities and their characteristics, re
ducing wastes to a minimum through 
in-plant changes and improved house
keeping, evaluating effluent require
ments, and determining the optimum 
treatment system to produce the de
sired results. Unfortunately, Ecken
felder devoted little time to the first 
three parts of this problem. By passing 
them in a few brief pages, the im
pression is given that these items are 
not really important. Actually, very 
little consideration was given to the last 
part of this problem. In effect, Ecken
felder chose to look at discrete proc
esses used in industrial waste treat
ment and ignored the crucial role of 
tying the various unit processes to
gether into a complete industrial waste 
treatment system. 

False Impression 

Further examination of specific sec
tions of this book indicates that Ecken
felder has chosen to ignore opinions 
which disagree with his views. The net 
result of this technique is to give the 
reader the impression that there are no 
disagreements with the opinions stated 
in this book. But improvement in treat
ment processes and improved under
standing of basic concepts can come 
only through competent discussion of 
different concepts and presentation of 
sufficient data to allow ·the reader to 
draw his own conclusions. 

This deficiency is most apparent in 
the area of biological treatment. Too 
little information is presented for any 
rational understanding of the various 
biological treatment processes. It is 
also regrettable that there was not 
better development of the various de
sign factors in the design examples. In 
their present form the design examples 
leave much to be desired and may well 
lead to serious problems if they are not 
carefully understood. 

Overall, Eckenfelder's book presents 
little new information that has not al
ready appeared in other books (in
cluding his own) on the general con
cepts of waste water treatment. In 
spite of its faults, the volume will 
prove of some value to the experienced 
engineer who wants a quick review of 
the various waste water treatment proc
esses, whether for domestic sewage or 
industrial wastes. 

NEW 

Index to Catalog of Information on 
Water Data-Surface Water Stations 
Reported by Federal Agencies. Com
piled by J. R. Rapp, W. W. Doyel, and 
K. F. Harris. xxii + 517 pages. U.S. 
Geological Survey, Washington, D.C. 
20242. 1966. Free on request, paper. 

More than 20,000 stations through
out the U.S. are collecting surface 
water data at regular intervals. These 
stations supply data on the amount of 

0600 SERIES 
AUTOMATIC RECORDING and 

CONTROLLED OZONE TEST CHAMBER 

Operate nights, weekends, holidays in the absence of laboratory 
personnel with complete strip chart record of ozone test conditions. 

FEATURES: 
1. Continuous strip chart recording of actual chamber 

ozone concentrations. 
2. Continuous automatic control of chamber ozone con

centrations. 
3. Continuous automatic control and read out of chamber 

temperature. 
4. Six cubic foot stainless steel oven. 

OZONE RESEARCH AND EQUIPMENT CORPORATION 
3840 NORTH 40TH AVENUE P HOE N I X, A R I Z 0 N A 8501 9 
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water passing through rivers, Jakes, 
reservoirs, and estuaries. 

The catalog contains information 
pertaining to the location of the sta
tions, the reporting agencies, and the 
type of data available such as stage, 
discharge, low flow, high flow, drain
age area, flood duration, flood fre
quency, means and extremes of flow, 
and runoff. Although the catalog does 
not contain the actual data, it serves as 
a guide to the location of the data. 

The catalog is one of four sections 
which make up the "Catalog of Infor
mation on Water Data," a coordinat
ing source for the collection of water 
data by federal agencies, and will aid 
in the design and operation of a na
tional water data network to solve the 
problems of water supply, water quali
ty, and water development and man
agement. 

Index to Catalog 'of Information on 
Water Data-Water Quality Stations Re
ported by Federal Agencies. Compiled 
by K. F. Harris, J. R. Rapp, and W. 

W. Doyel. xxii + 151 pages. U.S. 
Geological Survey, Washington, D.C. 
20242. 1966. Free on request, paper. 

More than 6000 stations throughout 
the U.S. are collecting water quality 
data at regular intervals. These stations 
supply data on water quality of 
streams, lakes, estuaries, and ground 
waters. 

The catalog contains information 
pertaining to the location of the sta
tions, the reporting agencies, the fre
quency of reporting, and the type of 
data available such as physical, chemi
cal, organic, biological, and informa
tion on sediment. The catalog serves as 
a guide to the location of the data and 
is one of four sections which make up 
the "Catalog of Information on Water 
Data." 

llighways and Environmental Quality. 
Highway Research Record No. 182. 
38 pages. Highway Research Board, 
Washington, D.C. 20418. 1967. $1.60, 
paper. 

Interscience 

Treatment and Disposal of Wastes. 
World Health Organization Technical 
Report Series No. 367. 30 pages. 
World Health Organization, Geneva, 
Switz. 1967. 60 cents, paper. 

Study of Strip and Surface Mining in 
Appalachia. 78 pages. U.S. Govern
ment Printing Office, Washington, 
D.C. 20402. 1966. $1.00, paper. 

Managing tbe Air Resource in 
Northeastern Illinois. Technical Report 
No.6. xvii + 112 pages. Northeastern 
Illinois Planning Commission, Chica
go, Ill. 60606. 1967. $5.00, paper. 

Proceedings: The Third National 
Conference on Air Pollution. Public 
Health Service Publication No. 1649. 
xvi + 667 pages. U.S. Government 
Printing Office, Washington, D.C. 
20402. 1967. $4.25, paper. 
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the exploitation and control of biological systems 
and their activities, it also offers comprehensive 
coverage of advances in bioengineering now be
ing made in research and industrial laboratories 
throughout the world. Because of the growth of 
the field, and because of the success of Biotech
nology and Bioengineering as a journal, 1968 will 
witness the expansion of the journal to publication 
on a bi-monthly, rather than on a quarterly basis. 

The subscription rate for 1968 wiU be $25.00 
(Foreign postage: $2.(0). 
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Bimetal Thermometer 

The Multiform bimetal, adjustable 
(5-inch) dial, stainless steel thermom
eter features a silicone-dampened 
moisture- and fume-proof mechanism 
and a cupped scale to reduce parallax. 
Accurate within 1 % of range, the ther
mometer can be adjusted externally. 
Princo Precision Thermometer and In
strument Co. 64 

Proportlonln, Pump 

Model 67-1P proportioning pump 
feeds and regulates the flow of liquid 
fertilizers, herbicides, pesticides, or 
fumigants in sprinkler or irrigation 
water. Metering accuracy with the 
pump is said to be ±0.5% . Inject-O
Meter Manufacturing Co. 65 

Coolin, Tower Treatment Chemicals 

Zimmite series 500 water treatment 
chemicals for cooling tower treatment 
are based on chelating agent complexes 
rather than conventional phosphate 
sequestering agents. Overtreatment 
leads to faster removal of old deposits 
rather than new scale formation, the 
company notes. Zimmite B-530, a 
single premium product in the series, 
treats for mud, scale, rust, algae, and 
slime. W. E. Zimmie, Inc. 66 

Fine-Particle Dust Collector 

The twin cyclone dust collector is 85-
95 % effective in collecting particulates 
in the 4 to 151' range--coal dust, bark 
char, phosphate dust, salt cake, and 
other industrial dusts, according to 
the company. Other features attributed 
to the device are low erosion and plug
ging incidence, minimal cross-hopper 
flow, and a wide range of loadings 
(0.25 to 20.0 grains per standard cu. 
ft. ) . The company also notes that col
lection efficiency is independent of in
let dust loading. Combustion Engineer
ing, Inc. 67 
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NEW PRODUCTS 
DIGEST 

Polnt-of-use pollution control devices 

If compact, automatic, commercial industrial incinerator (top, left) 
accepts a wide variety of refuse without presegregation. Dual-chamber 
configuration allows refuse combustion (lower cylinder) and after
burner consumption of smoke, gases, and fumes (upper cylinder). The 
company claims that only heated air is discharged from the stack. 
Midland-Ross Corp. 61 
If portable sewage treatment system (top, right) can process as much 
as 10,000 gallons of raw sewage daily. Designed for facilities such as 
military camps, ships, or recreational areas, the unit operates as fol
lows: Raw sewage enters a holding tank where it is ground, screened, 
then sprayed over a bed of microorganisms before being released, for 
up to 85% BOD reduction. General Tire & Rubber Co. 62 
If packaged gas-washing unit (bottom) cycles hot, dirty gas from in
cinerator operations through a quench spray which removes large par
ticulates. The gas is then restricted by an adjustable damper plate and 
discharged through a flue . Completely automatic, the unit meets New 
York City's pol/ution control codes, Peabody Engineering Corp. 63 
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AIR POLLUTION 
SPECIALIST 

An excellent growth opportunity has been created in our 
Water and Air Systems Group for an Air Pollutant 
Specialist. Position will involve evaluation and develop
ment of Air Pollutant Sensors for incorporation into eco
logical systems monitors. Prefer candidate with PhD in 
Physical Science or Engineering with experience or strong 
interest in Air Quality Control. Will consider MS with 
equivalent experience. 

Send resume in confidence, with salary requirements to 
Mr. J. V. Hicks. 
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Pesticide Analyzer 

A dual-channel isothermal gas chro
matograph determines chlorinated 
pesticides to the picogram level and 
phosphorylated pesticides to the 1/ 10 
nanogram level. The unit incorporates 
both an electron capture and a sodium 
thermionic detector, enabling simul
taneous assay of these pesticides. 
Trace amounts of other chlorinated or
ganic compounds or organophosphates 
can also be detected. Packard Instru
ment Co. , Inc. 68 

Dual-Purpose Coagulant 

A combination primary coagulant and 
coagulant aid eliminates the need for 
separate treatment steps for small to 
medium size plants. The liquid pro
motes faster settling floc formation and 
even removes oil from waste water, the 
company notes. At high dosages, the 
material serves as a demulsifier. It is 
available in 30- or 55-gallon drums. 
W. R. Grace & Co. 69 

Protein and Nucleotide Detector 

An ultraviolet flow analyzer features 
an automatic scale expansion device 
for use in measuring trace quantities 
of proteins and nucleotides. Sensitivity 
is automatically switched between two 
ranges to give maximum scale magnifi
cation and prevent the pen from run
ning off-scale when strong absorbers 
are measured. Two styles of 8-inch 
wide preprinted chart paper (trans
mittance units or absorbance units) 
are available. Single or dual cuvette 
capacity may be selected, with dual 
phototube detectors in each to provide 
automatic compensation for source 
lamp brightness fluctuations. Model 
1205 fraction collector provides plug
in connection with the flow analyzer, 
and collects up to 60 samples (at pre
set intervals with a timing accessory) 
from up to four sources (240 fraction 
capacity). Canal Industrial Corp. 70 



From McCrone . . • 

Take The "Ask~~ 
Out of Your "Task" 

Identify Almost Any 
Microscopic Particle 

Just get a copy of this new PAR
TICLE ATLAS, place it beside your 
microscope, and you'll have immediate, 
positive identification of your particle 
.. . accurate as a fingerprint! 

THE PARTICLE ATLAS pr ... ents 
512 FULL-COLOR photomicrographs 
.(2%" x 3 3/0") of particle. from 

• biologicals 
• abrasives 

• cements 
• Jertilizeu 

• polymers 
• industrial dust 
• rocks and minerals 
• catalysts 
• detergents and cleaners 
• lood processing 
• metals refining Bnd process;n, 
• combustion products 

THE PARTICLE ATLAS also in
cludes in one big volume a complete 
handbook on the preparation of slides 
and microscopic techniques for particle 
identification, along with a Michel Le~y 
chart, drawings, color illustrations of 
dispersion staining, morphological tables 
and a complete cross· index. 

For the first time in scientific history, 
a reference is available which may well 
revolutionize particle identification. 

WHO NEEDS A PARTICLE 
ATLAS? You'll want one for your li
brary or laboratory if you're in: 

Aerospace 
Agriculture 
Aviation 
Criminalistics 
EleCtronics 

Metallurgy 
Microbiology 
Microchemistry 
P arenterals 
Pollution Control 

Food Proc .... ing Quality Control 
Industrial Hygiene 

The work of Dr. Walter C. McCrone, 
Ronald G. Draftz, John G . Delly, 
THE PARTICLE ATLAS is available 
for immediate delivery at $125 per copy. 
Write for additional infonnation, or 
ORDER YOURS TODAY. 

~ ann ~bor science publishers inc. W. P .O . BOX ''''25, ANN ARBO", MICHIGAN 48108 
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Standard Spectroscopy Solutions 

Standard solutions having ion con
centration levels of 1000 p.p.m. are 
available for the 12 commonly ana
lyzed elements: Ca, Cr, Co, Cu, Fe, 
Pb, Mn, Ni, K, Ag, Na, and Zn. Beck
man Instruments, Inc. 71 

Water and Waste Analysis Kit 

A rugged photometer, a procedure 
handbook (with calibrations) for all 
popular water ·and waste tests, and all 
necessary reagents and labware for 14 
standard tests, are packaged in a water
proof, chemical-resistant, battery or 
line-operated, compact case. Tests in
cluded are for ammonia, chlorine, 
fluoride, iron, nitrate, nitrite, pH, phos
phate, poly phosphate, silica, sulfate, 
sulfite, and turbidity. Optional extra 
tests are for amines, aluminum, bro
mine, chromium, color of water, cop
per, cyanide, dissolved oxygen, hydra
zine, manganese, phenols, silver, sur
factants, tannin and lignin, and zinc. 
Delta Scientific Corp. 72 

Direct-Reading Thermal Balance 

Changes of mass within the range 
- 10 mg. to + 120 mg. can be con
tinuously weighed and observed with
out manipulation of balance controls 
of this direct-reading thermal balance. 
If the reading goes off-scale, it can be 
brought back on-scale by turning a 
knob. The balances are avai lable in 
capacities of either 100 or 200 g. with 
readability of 0.1 mg., and a choice 
of iron-chromium-aluminum heaters 
which operate to 10000 C. or silicon 
carbide heaters which operate to 
15000 C. Voland Corp. 73 

is this 
the answer 

to your 
dissolved O2 

problem? 

The new YSI Model 54 an
swers the need for a quickly 
calibrated, temperature com
pensated instrument with re
corder output for accurate 
single measurements or short
term monitoring of dissolved 
oxygen. It reads and records 
directly in ppm. The extremely 
compact Model 54 is ideal for 
both lab use and field sampling 
of sewage plants, lakes, rivers, 
etc . to 50 feet (100 feet on 
special order). A unique, self
agitating motorized accessory 
probe permits BOD bott le 
readings in less than a minute 
without a stirrer. Instrument 
and probe under $500.00 . 
Write for bulletin. 

YELLOW SPRINGS INSTRUMENT CO. 
YELLOW SPRINGS. OHIO 4S387 
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NEW LITERATURE 
DIGEST 

Fabric filters. The series SOO fabric 
filter collectors for cleaning 2000 to 
300,000 c.f.m. of gas are illustrated in 
bulletin 910. The bulletin describes 
mechanical-shake type filters , which 
are available in 15 sizes with cloth area 
from 1600 to 12,SOO sq. ft. Research
Cottrell, Inc. 9S 

Thermoplastics. An S-page brochure 
highlights the special characteristics of 
Kralastic ABS thermoplastics, a light
weight, noncorrosive, heat-resistant, 
rigid plastic that can absorb sudden 
sharp impacts without shattering. Uni
royal , Inc. 96 

Industrial desalination systems. Bulle
tin BW-lIS67 describes the BW series 
conversion system, which reduces dis
solved solids in brackish or problem 
water by reverse osmosis. The system 
is self-contained and requires only 
electrical power for operation. Tubular 
desalting modules offer flexibility. Uni
versal Water Corp. 97 

Deaerating heater. A 6-page bulletin 
describes the SSC deaerating heater, 
which is a small, simple, compact unit 
for use in smaller steam generating 
plants, according to the company. The 
special heater reduces corrosion and 

Analytical Cordless Recording pH Meter, 
Model 30, is the first unit of its kind, 
equipped with its own rechargeable battery 
- designed especially for continuous mOni
toring in industrial and municipal water and 
wastewater treatment. For field, laboratory 
or in-plant use. Write for Bulletin No. 201. 

-

3' WILLOW STREET 

~4th CHATHAM N j 07928 

INC 0 R P 0 RAT E 0 201 27' 7',00 
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pitting in boilers and condensate re
turn lines, improves thermal efficiency, 
and provides maximum storage for 
condensate surge, the company adds. 
Graver Water Conditioning Co. 98 

Supplies for testing pH. A 16-page bul
letin provides reference tables for se
lecting and ordering equipment 
supplies for pH meters, and selecting 
proper buffer standards for pH mea
surement. Information for ordering 
electrodes-including glass, reference, 
and combination and metallic elec
trodes-is provided. Beckman Instru
ments, Inc. 99 

Torque-flow pumps. Bulletin P10-B65 
discusses the features of the model E 
torque-flow pumps designed for liquid 
and solids handling. Features include 
heads more than 200 feet, 4000 g.p.m. 
capacity, and 57% efficiency. Arthur 
G. McKee & Co. 100 

Heat exchanger. Catalog 102 describes 
the Holo-flite processor, an indirect 
heat exchanger-conveyor. Heat is 
transferred to or from the heat ex
change agent through the surfaces of 
the hollow flights and helical shafts. 
Heating, cooling, drying and calcining, 
and solvent recovery may be accom
plished with the device. Joy Manufac
turing Co. 101 

Membrane filtration procedures. A 
new 56-page manual details membrane 
filter techniques for making bacterio
logical and microbiological examina
tions. The handbook includes routine 
bacteriological examination of; ' d~iry 
products, examination of beer and 
brewery operations, clinical membrane 
bacteriology, and other specialized 
chapters. Gelman Instrument Co. 102 

Desiccant dryers. Bulletin HB-326 de
scribes the type HB pneumatic Heat
Les desiccant dryers with optional 
electrical control. The dryers feature 



A gOOd, sale Place 
10 pul your money! 

Model 805 BOD Cabinets offer 
a long-term investment that 
pays off in years of service! 
You can expect a Freas unit to give you 
years and years of service-and with little 
or no maintenance. But don 't take our word 
for it. What with the more than 5,000 Freas 
BOD Cabinets in use, voice-ot-experience 
reports aren' t too hard to find . Ask for some. 

Temperature uniformity of ± O.6°C at 20°C 
exceeds test requirements. Features include 
built-in heaters and forced air circulation. 
Externally mounted controls and dial ther
mometer let you read temperatures without 
upsetting test conditions. Three adjustable 
shelves hold over 200 standard 300 ml. BOD 
bottles. Five year warranty. 

Once in a while , a Model 805 refrigeration 
system will need attention. Service is no 
farther away than your local General Electric, 
service organization. Safe to say it's all the 
service work you ' ll ever-or maybe never
need. Stocked by ali Precision Scientific 
Distributors. Write us for more information . 

_ W. Cortl.nd SI,"I, Chlc.ogo, lllinol. _7 
local Offices in New York. Chicago· Los Anceles 
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adjustable purge rate, a repressurizing 
device to prevent desiccant breakup 
and downstream line surges, separate 
desiccant drain and fill ports, and ex
plosion-proof construction, the com
pany notes. Pall Corp. 103 

Dew point transducer. Models 016-30, 
-31, -32, and -33 dew point transduc
ers are presented in a fact sheet. These 
thermoelectric hygrometers feature 
modularized solid state plug-in circuit
ry, choice of field or laboratory con
figurations, and either analog or digital 
outputs. Climet Instruments, Inc. 104 

Dehydration process. A continuous 
sludge dehydration process, described 
in an illustrated 4-page folder, can be 
adapted to a number of waste drying 
problems, including disposal of gar
bage and industrial wastes, rendering 
organic products, paper and pulp 
wastes, and milk whey. The resultant 
dried sludge is sterile. Fred S. Carver, 
Inc. 105 

Pollution pamphlets. Two public in
terest pamphlets, "Don't Burn Those 
Leaves!" and "Polluted Air: The Black 
Cloud That Covers Our Metropolis," 
are available from the Air Pollution 
Control Division, St. Louis County 
Health Department, 801 S. Brentwood 
Blvd., Clayton, Mo. 63105. (Write 
direct.) 

Ultrasonic energy breaks chemical 
bonds in coal derivatives. Neat, coal
derivative compounds such as tetralin, 
I-methyl naphthalene, and pyridine un
dergo chemical reactions upon expo
sure to ultrasonic energy and produce 
low molecular weight compounds in 
the process. Low molecular weight 
compounds obtained by sonolysis in
clude ethylene, hydrocyanic acid, 
methane, hydrogen, carbon monoxide, 
and carbon dioxide, depending on the 
experimental conditions. Under certain 
conditions tetralin yields diacetylene. 

All experiments were conducted in 
the absence of water and employed a 
commercial ultrasonic generator oper
ating at a frequency of 80 kc. with a 
total output of 80 watts. Bureau of 
Mines Report of Investigations 7027 
entitled "Chemical Reactions Pro
duced by Exposing Coal Derivatives to 
Ultrasonic Energy," by Theodore 
Kessler, A. G. Sharkey, Jr. , and R. A. 
Friedel , October 1967. (Write direct.) 

No need to worry - if you have a little 
portable unit develop.ed by Advanced 
Technology Operations of Beckman 
Instruments for the Army Medical 
Service. 

We call it the "still." The Army prefers 
to call it the "Lightweight Field Water 
Distiller." 

With it, you can draw sea water or 
liquid from the local " Old Muddy" 
and distill I gallon per hour of water 
acceptable for intravenous injection. 

Is water your problem? Or the sea? Or 
sea water? Air? Controlling natural or 
artificial environments? Call on ATO
and get 200 project-oriented specialists 
working on all phases of it. 

For information, write to: 

Beckman' 

INSTRUMENTS, INC. 
Advanced Technolo8Y Operations 

FULLERTON, CAliFORNIA 92634 

INTERNATIONAL SUBSIDIARIES: GENEVA; MUNICH; GlENROTHES. 
SCOTLAND ; TOKYO; PARIS; CAPETOWN; LONDON; MEXICO CITY 

If you're in a hurry, call (714) 8714848. Ask for 
ATO Marketing. 
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Program for the 1968 Gordon Research Conference 
ENVIRONMENTAL SCIENCES AND ENGINEERING-WATER 

June 10-14, 1968 
New Hampton School, New Hampton, N. H. 

Chairman: Walter J. Weber, Jr., Univ. of Michigan 

Vice·Chairman: August T. Rossano, Jr., Univ. of Washington 

Tuesday: 2. Coagulation-Flocculation 

Session 2.1 (A.M.) 

SURFACE PHENOMENA IN AQUEOUS SYSTEMS 
Moderator: Ronald Packham, Water Research Assoc. 

Monday: 1. Sorption at the Solid-Water Interface 

Session 1.1 (A.M.) 

Discussion Leader: James J. Morgan, Calif. Inst. of Tech
nology 

Moderator: Philip L. de Bruyn, M.I.T. 
Discussion Leader: Everett A. Jenne, U.S.G.S. 

Solution-solid exchange reactions of inorganic species. 
A discussion of kinetic and equilibrium factors affecting 
the sorptive accumulation of inorganic species at solid
water interfaces. Consideration of the surface character· 
istics of selected solids and how these affect the sorption 
process. 

Surface reaction in coagulation. A discussion of interfacial 
forces and mechanisms involved in the coagulation or floc
culation of colloidal systems. 

Session 1.2 (P.M.) 

Discussion Leader: Warren J. Kaufman, Univ. of California, 
Berkeley 

Physical parameters in coagulation. The influence of the 
hydrodynamics of a system on particle growth kinetics, 
state of dispersion, a nd other factors. 

Moderator: Walter J. Weber, Jr., Univ. of Michigan 
Discussion Leader: Douglas W. Fuerstenau, Univ. of Cali· 
fornia, Berkeley 

Session 2.2 (P.M.) 
Moderator: Jesse M. Cohen, F.W.P.C.A. 

Discussion Leader: Egon Matiievic, Clarkson College of 
Technology Solution-solid exchange reactions of organic species. 

A discussion of kinetic and equilibrium factors affecting the 
sorptive accumulation of organic species at solid-water in· 
terf·aces. Consideration of the surface characteristics of 
selected solids and how these affect the sorption process. 

Chemical parameters in coagulation. A discussion of how 
the coagulation process is affected by solution composi
tion, primary coagulants, coagulant aids, and the like. 

RESIDUE REVIEWS 
Residues of Pesticides and 
Other Foreign Chemicals in 

Foods and Feeds 

Edited by Francis A. Gunther 

Volume 20 

With Cumulative Table of Subjects 

Covered, detailed Table of ,"on tents. 

and Author Index of Volumes 11-2O 

Reported solubilities of 738 pestidde 
chemicals in water 

Cumulative table of subjects covered, 

Volumes 1l·20 

Comprehensive and cumulative suhjr:ct

matter index, Volumes 11-20 

Cumulative author index, Volumes 11-20 

Cumulative list of Volumes 1-20 

List of promised forthcoming papers by 
short titles 
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As with volume 10, this present volume 
20 contains an abhreviated ten-volume 
table of subjects covered (or ready refer
ence, a ten-volume author index, and the 
comprehensive ten ·volume cumulative 
and detailed subje"t-matter index. The 
present subject-matter or "Suhject" index 
contains more detail than is found in the 
original and individual index units to 
permit more exhaustive searches of all 
volumes. Major aspects or facets of a 
common subject such as DDT or dieldrin 
are accommodated hy suh-entries where 
appropriate; casual illustrative, or tabu· 
lar mention of one of these common sub· 
jects is simply paginated after the simple 
subject entry. This three-way cumulative 
index will prove both convenient and 
useful. 
In addition, there is a cumulative list of 
the contents, by short titles, individually 
of all twenty volumes, with dates of pub
·lication. A list of forthmmin~ contribu
tions, as presently promised by the au
thors, is included as the last entry; this 
list will change with time but may guide 
interested researchers, authors, and 
contrihutors. 

211 pages 1967 cloth $9.80 
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BULLETIN of Environmenta~ 
Contamination and 
TOXitOlogy 

fohn W. Hylin, Editor-in-Chief 
Department of Agricultural 
Biochemistry, University of 
Hawaii, Honolulu, Hawaii 

The Bulletin provides rapid publication 
of significant advance~ and discoveries 
in the fields of pesticide residue re
search, air, soil, and water contamina
tion and pollution, methodology. and 
other disciplines concerned with the in
troduction, presence, and effects of 
toxicants in the total environment. 
The Balletin is issued six times a year. 
Now in Volume .~ 

Published bi-monthly. Subscription 
price including postage 20.75 per vol
ume. All orders must be accompanied 
by payment. 
All books and periodicals published by 
the European Springer-Verlag com· 
panies are supplied directly from our 
stock of over 1200 titles within 48 hours 
following receipt of order. 
Detailed leaflet on specific titles and 
our complete catalog on request. lSI Springer·Verlag New York Inc. 

175 Fifth Avenue 
New York, New York 10010 ~ 



Wednesday: 3. Filtration 

Session 3.1 (A.M.) 
Moderator: Sheldon K. Friedlander, Calif. Inst. of Tech· 
nology 
Discussion Leader: Kenneth J. Ives, Univ. College, London 

Surface reactions in filtration. A discussion of interfacial 
forces and mechanisms involved in the filtration of par· 
ticulate and colloidal fractions from water. 

Discussion Leader: Charles O'Melia, Univ. of North Carolina 

Relationships between surface reactions and physical as· 
pects of filtration. An attempt to define the relative signifi· 
cance of surface forces and gross physical effects in sand 
filters. 

Session 3.2 (P.M.) 
Moderator: J. A. Borchardt, Univ. of Michigan 
Discussion Leader: John L. Cleasby, Iowa State 

Practical considerations in filtration applications. A con· 
sideration of the functions of filtration processes in water 
and waste water treatment, with particular emphasiS on the 
inter·relationship between filtration and coagulation opera· 
tions. 

Thursday: 4. Membrane Processes 
Session 4.1 (A.M.) 
Moderator: A. S. Michaels, Amicon Corp. 
Discussion Leader: Harry P. Gregor, Brooklyn Poly tech. 

Surface characteristics of membranes. A discussion of the 
role of surface forces in membrane process-types of 

100 

membranes and the relative significance c' surface forces 
as a function of type. 

Discussion Leader: Robert N. Rickles, Celanese Corp. 

Mechanisms of mass transfer. A consideration of mecha· 
nisms by which inorganic and organic substances undergo 
transport across membranes, and how surface properties 
of membranes affect the transport process. 

Session 4.2 (P.M.) 
Moderator: K. S. Spiegler, Univ. of California 
Discussion Leader: Ulrich Merten, General Dynamics 

Membrane applications. A discussion of the application of 
membrane processes to water and waste water treatment, 
including detailed conSideration of limiting factors and 
conditions. 

Friday: 5. Presentations Originating from the Conference 

Moderator: Gordon Robeck, U.S.P.H.S. 

The Friday morning session will be kept open for presenta· 
tion of discussions originating during the conference. Any 
persons wishing to make a presentation on Friday morn· 
ing will so inform the conference chairman by Thursday 
morning to allow time for scheduling for Friday morning. 

Persons interested in attending the conference should contact 
Dr. W. George Parks, director, Gordon Research Conferences, 
University of Rhode Island, Kingston, R.I. 02881, to obtain 
additional information and application forms as soon as pos
sible. Attendance at the conference is limited to approxi
mately 100. 

00 parts-per-trillion sensitivity 
eo 

WAVELENGTH-MILLIMICRONS 

The SPF's ability to show superior sensi· 
tivity and high resolution simultaneously 
shown in this curve of Anthracene in 
Cyclohexane, with a concentration of 1 ppb, 
eXcited at 250 nm. 

To meet the needs of air and water pollution researchers for more precise 
analyses of pollutants and tracers, we built parts-per-trillion sensitivity into 
the Aminco·Bowman Spectrophotofluorometer, while still maintaining high reso
lution. Limits of detection are now 3 parts per trillion for quinine sulfate when 
excited at 350 nm and 2 parts per trillion for quinine sulfate when excited at 
250 nm. Limit of detection for antracene when excited at 250 nm is 4 parts 
per trillion. These sensitivities are measured with a signal-to-noise ratio of 10:1, 
with the noise level less than 0.5% of full scale. 

Increased sensitivity is but one of four major improvements made on the 
Aminco-Bowman SPF. The instrument now has overall resolution of less than 1 
nm, complete temperature stability with our standard water-jacketed cell 
compartment and less noise, with a new power supply reducing AC ripple 
down to 0.1 %. 

The Aminco-Bowman Spectrophotofluorometer is in use at the Taft Sanitary 
Engineering Center, the Food and Drug Administration and other government, 
university and industry pollution research facilities. 

For a descriptive bulletin describing the Aminco-Bowman Spectrophotofluor
ometer, along with a selection of pollution research technical reprints and a 
complimentary subscription to Fluorescence News, write for Portfolio EQ-l. 

~ AMERI:3~G~rgi~~:~i~r~p~.:~~ 2:'';·' INC. 
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PROFESSIONAL CONSULTING SERVICES 

[]][§l1~ 
TREVOSE. PENNSVLVANIA 1tiKJ4? 

CONSULTING SERVICES DIVISION 
Air Pollution' Process Water ~ Industrial Wastes 

Analyses Design 
Evaluations Specifications 
Treatability and Reuse Studies 

INGCO INC. 

QUAUTY INVESTIGATIONS 
Call or write. R. C. Wanta, SINGCO INC., 
Burlington. Ma ... 01803 - (617) 272·5151 

DAMES & MOORE 
CONSULTING ENGINEERS IN APPLIED EARTH SCIENCES 

Air Pollution Water Pollution 
Solid and Liquid Waste Disposal 

Environmental Studies For Nuclear Power Plants 

111 CHURCH STREET, NEW YORK, NEW YORK 1"'7 
ATLANTA CHICAGO DENVER HONOLULU HOUSTON LOS ANGELES NEW YORK 

PORTLAND SALT LAKE SAN FRANClstO SEATTLE WASHINGTON, D.C. 
ST. JOHN, NEW BRUNSWICK HALIFAX, NOVA stOTIA DON MILLS (TORONTO), ONTARIO 

LONDON, ENGLAND TEHRAN, IRAN MADRID, SPAIN 

4..... _ISO_T_O_PE_S ___ _ 

,,~ A TELEDYNE COMPANY 

CONSULTING AND ANALYTICAL 
SERVICES 

• Radioisotope Tracing 
• Environmental Radioactivity Analysis 
• Stable Isotope Analysis 
• Electron Microscopy 

for: HYDROLOGY 
METEOROLOGY 
OCEANOGRAPHY 

50 Van Buren Ave., Westwood, N. J. 07875 
Phone : (201) 664-7070 
4062 Fabian St., Palo Alto, Calif. 94303 
Phon.: (415) 326-7500 

GUY H. JOHNSTON ASSOCIATES 
Consulting Engineers 

DEEP WELL WASTE DISPOSAL SYSTEMS 

318·334-2225 
318-334-4456 

Geologic Studies & State Permits 
Feasibility and EconOmic Studies 
Complete Desi\Jn & Engineerin\J 
Turnkey Construction. 

JACOB KATZ 
AIR POLLUTION CoNTROL 

CONSULTING SERVICE 

4525 MAIN STREET 
MUNHALL, PA. 15120 412·462·5816 

REYNOLDS, SMITH AND HILLS 
ENG I :i.E :: .:;,;:. 0;'»' S ION 

. .&A ~ 
environmental engineering, inc. 
Offer diversified services in Pollution Con
trol, Resource Management and Process 
Development 

Problem Evaluation • Research and 
Development • Planning • Reports • 
Design • Supervision • Program 
Management 

HOME OFFICE 

Box 4850, Jacksonvill e, Florida 32201 

John F. Dequine, Fiahery Biologiat 

Specialiet in pollution 

Bioloa:::~~:i~ ~i:;Vey8 
SOUTHERN FISH CULTURISTS, INC. 

P . O. Do. 251 Phone. 904-787-1360 
Leeebur8', Florida 32748 

H. GLADYS SWOPE 
CONSULTING CHEMIST 

Waste Managoment and Pollution Control 
214 N. ALLEN STREET PHONE : AREA 60B 
MADISON, WIS. 53705 

238-_ 
Waler. Sewa,e. Stream Pollution 

Industrial and Radioactive Wa.te.s 
Industrial Wax. SurHY. 

YORK RESEARCH CORPORATION 
Air .nd W.ter p.autio, Services 

..... r.tor~ A •• IJlil Monitorin, 
ndullrlll PI.nt Ilvelli,.tioni 

One Research Drive, Stamford, Conn. 06904 
Conn. :(203) 325·1371 N.Y.C. :(212) 635·6378 

• Oceanonlcs, Inc. ~n~;~:!~f":fEnle,p,,s,. 
Incorporated 

Consulting & Research In Estuarine and Marine Waste Disposal Problems 

P.O. Box 1095 Morgan City, lao 70380 
Phone: 384·3362 (504) 
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P.O. Box 4012 
College Station, Texas 77840 

m~ I ~~~VICE 
CORPORATION 

PERSONNEl, COMPUTING, 
AND LABORATORY FACILITIES FOil 

AIR POLLOTIO. SERVICES 
• Tests • Evaluation 
• Surveys. Recommendations 

Affl1lateof The Travelers Rllearch Centerline. 
250 consl~~I;~~:~:Z~iD~i~o;.~7~fnn. 06 03 

STUDIES 

DESIGN 

RESEARCH 

o SEWAGE AND INDUSTRIAL 
WASTES 

o WATER SUPPLY AND 
TREATMENT 

o AIR POLLUTION AND 
SOLID WASTES 

Home Office: 
WEST CHESTER, PA • 

Atldntd, Gd., Pittsburgh, Pd., 
Wi1me:tte:,1I1. 

USE THE 
CONSULTANTS' 

DIRECTORY 
1968 

RATES PER MONTH 

6 12 
Size months months 

I'Xl col. $16.25 $15.25 

I 'X2 col. 32.00 29.00 

l'X3 col. 46.00 41.50 

2'X1 col. 32.00 29 . 00 

2'X2 col. 60.00 54.00 

Your card may appear in every 

issue for one year , every issue for 

six months (consecutive issues) or 

every other issue for one year. 

Send your copy to Joseph P. Stenza, 

ENVIRONMENTAL SCIENCE 

& TECHNOLOGY, 430 Park Ave., 

New York, N . Y. 10022, or call him 

at 212-688-8600. 



February 18-21, 1968 
American Institute of Chemical 
Engineers 

63rd National Meeting 
Chase Park Plaza Hotel, St. Louis, 
Mo. 

The meeting comprises symposiums on 
petrochemicals, pharmaceuticals, mao 
terials, computers, chemicals for agri· 
culture, and other topics of interest to 
environmental specialists. SpeCial pa· 
pers will be delivered on fuel cells, sep· 
aration techniques, and waste transport 
in river systems. 

February 19-22, 1968 
Tec:hnical Association of the Pulp 
and Paper Industry 

53rd Annual Meeting-7th Pulp and Pa· 
per Industry Exhibit 

Hilton Hotel, New York, N.Y. 
Among the 20 sessions scheduled for 
the meeting is a discussion on odor 
abatement. The 7th Pulp and Paper In· 
dustry exhibit will be held during the 
first three days of the meeting and will 
feature air and water treatment equip· 
ment, and instruments for measuring 
and controlling air and water pollutants. 

March 3-8, 1968 
Pittsburgh Conference on Analytical 
Chemistry and Applied Spec:troscopy 

19th Annual Conference 
Cleveland Convention Center, Cleve· 
land, Ohio 

The theme of the 1968 conference is 
analytical chemistry and spectroscopy 
for the future. The conference will fea· 
ture symposiums on specific ion elec· 
trodes and the role of government and 
industry in pollution control. Exhibits 
from more than 200 companies will 
highlight the latest in analytical instru· 
mentation. 

March 4-6, 1968 
Society of Toxicology 

7th Annual Meeting 
Shoreham Hotel, Washington, D.C. 

The meeting plan is for a series of 
sessions tha~ treats such subjects 
as insecticides and cyclamates; effects 
in dogs on inhaling vapors of chlori· 
nated hydrocarbons; various effects on 
laboratory animals after exposure to 
a variety of chemicals; chemical carcin· 
ogens; and metabolism of pesticides. 
Also planned are reports on pesticide 
and detergent toxiCity studies; liver 
function after exposure to hepatotoxic 
chemicals; turpentine·induced changes 
in the lung; and reserpine·induced gas· 
tric lesions in rats. There will be a sym· 
posium on toxicological studies in ani· 
mals of economic importance. 

March 17-21, 1968 
Central States Water Pollution 
Control Association 
Second Annual 
Water Pollution Control 
Management Institute 

Allerton House, University of Illinois, 
Robert Allerton Park, III. 

Designed to assist managers of water 
pollution control facilities in improving 
their management skills, the institute 
will provide instructions and discussions 
by leading educators in the field of 
bUSiness management and by well· 
known administrators in the field of 
water pollution control. Admission to 
the institute is by advance registration 
only. Contact Mr. Leonard A. Montie, 
secretary·treasurer, Central States 
Water Pollution Control AssOCiation, 
1808 Van Hise Ave., Madison, Wis. 
53705. 

March 27-28, 1968 
liT Research Institute
Bureau of Mines 

Symposium on Mineral Waste Utiliza· 
tion 

liT Research Institute, Chicago, III. 
The symposium reflects growing na· 
tional concern about difficulties associ· 
ated with mineral waste disposal. The 
meeting also reflects growing realiza· 
tion of benefits that can be gained from 
utilization of such wastes. Presenta· 
tions, highlighting current efforts to de· 
velop methods for recycling and using 
mineral wastes, will be directed to alu· 
minum ores, phosphate slimes, coal 
wastes, iron ore wastes, copper wastes, 
furnace slags, and others. Included will 
be the economic, ecological, and sys· 
tems aspects of the problems associ· 
ated with such disposal. 

March 28-29, 1968 
Clemson University Council on 
HydrololY 

Hydrology in Water Resources Manage· 
ment 

Clemson University, Clemson, S.C. 
The conference focuses on hydrologic 
problems as they relate to water reo 
sources development in the southeast, 
and will include informative papers on 
related topics. Contact Prof. R. A. Ban· 
ister, coordinator, Office of Industrial 
and Municipal Relations, Clemson Uni· 
versity, Clemson, S.C. 29631. 

MEETING 
GUIDE 

March 31-April 3, 1968 
Desert Research Institute of 
University of Nevada 

Symposium on Erosion as Related to 
Air and Water Pollution 

Stardust Hotel, Las Vegas, Nev. 
The theme of the symposium is the me· 
chanics of erosion as it is related to air 
and water pollution. The symposium is 
sponsored by Kennecott Copper Corp. , 
Golden Bean Oil Co., American Meteor· 
ological Society, and Desert Research 
Institute. Topics include physics of soil 
erosion by air movement, water erosion 
and erosion cycles, meteorological as· 
pects of soil erosion, medical aspects of 
airborne particulates, and others. A 
planned field trip to Death Valley will af· 
ford an opportunity to examine various 
areas affected by both wind and water 
erosion. 

March 31-Aprll 4, 1968 
American Institute of 
Chemical Engineers 

1st Materials Engineering and Sciences 
Exposition and Conference 

Sheraton Hotel, Philadelphia, Pa. 
Aware of the fact that one third or more 
of chemical engineering graduates are 
actively engaged in the f ield of materi · 
als, AIChE has planned 13 symposiums 
on various materials oriented subject 
areas. 

March 31-Aprll 5, 1968 
American Chemical Society 

155th National Meeting 

San Francisco, Calif. 
The ACS National Meeting will feature a 
full week's program on environmental 
subjects. A first symposium on Devel· 
opments in Petroleum Environmental 
Chemistry will be co·sponsored by the 
Divisions of Petroleum Chemistry and 
Water, Air, and Waste Chemistry. This 
symposium will include the chemical 
characterization and control of aqueous 
and gaseous wastes from the produc· 
tion, refining, distribution, and use of 
petroleum products. A second symposi
um on Instrumental and Automated 
Methods of Chemical Analysis for Water 
Pollution Control will be co·sponsored 
by the Divisions of Analytical Chemistry 
and Water, Air, and Waste Chemistry. A 
third symposium on Radionuclides in 
the Environment will be sponsored by 
the Division of Nuclear Chemistry and 
Technology and will include papers on 
aerosols and atmospheric transport. In 
addition, general papers on such things 
as air, water, saline water conversion, 
photochemistry in air pollution, and 
mass spectrometry applied to the study 
of atmospheric reactions will be pre· 
sented. 
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Ashing 
below 150°C 

• retains 
• • Inorganlcs 

Pyrometer shows that Tracerlab's 
l TA-600 can ash samples thoroughly 
at temperatures well below 150°C 
-low enough to leave all inorganic 
constituents unaltered. A cold 
plasma of atomic oxygen does the 
ashing, while our accessory pyrom
eter keeps you posted on the tem
perature. 

This low-temperature dry asher 
permits more accurate quantitative 
elemental and structural analyses of 
plant and animal tissues, bones, 
coal, oil well cores, polymers, and 
radioactive materials. Prepares pure 
samples for atomic adsorption spec
trophotometry, mass spectrometry, 
emission spectroscopy, X-ray diffrac
tion, and electron microscopy. 

Send for literature on equipment, 
techniques and services. 

~ I Tl11Q§'!J.f11! 
2030 WRIGHT AVENUE, RICHMOND, CALIFORNIA 

In Europe: Mechelen, Belgium. 
Circle No. 19 an Readers' Service Card 
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Somewhere in your plant 
you've probably got a 

water problem. 
A Calgon Water Audit'" 
can help you solve it 

at realistic cost. 
One of the most urgent problems facing industry today is the proper man
agement of water. From the time water enters a plant until it leaves as 
waste water, more and more care must be taken to be sure that the water 
is treated and used properly. 

Two informative booklets: "Water Management-A Guide to Total Water 
Treatment" and "Water Management and Pollution Control" outline a 
practical approach to water problems. They explain the benefits of a fact
gathering study of water use in industrial plants and outline the essential 
steps in a pollution control program. These procedures are being successfully 
followed today in many industrial plants throughout the country. 

For information that will help clear up the confusion on the subject of 
water pollution, please fill out and mail the coupon. 

Mr. W. H. Weitzel, Vice President 
Calgon Corporation, Dept. W 
Calgon Center, P. O. Box 1346 
Pittsburgh, Pa. 15230 

Please send me a complimentary copy 
of "Water Management-a Guide to 
Total Water Treatment" and "Water 
Management and Pollution Control." 

Water 
Management 
agun~et@ 
Total 
Water 
Treatment 

Narne ____________________________________________________ __ 

Title: ___________________________________________________ _ 

Company ___________________________________________________ __ 

Street or Box No. ______________________________________________ _ 

City ________________________ ---'State _________________ Zip __ _ 

Helping America answer the challenging problems of water 6~9~ 

Cirel, NI. 31 I. R •• ders' S ... ic. C .. ~ 



purer water, purer air 

through UOP refining innovations 
UOP is doing something positive to reduce 
air pollution caused by sulfur dioxide from 
industrial and residential furnaces. UOP's RCD 
Isomax™ process is proving out in use to be 
an efficient, economically feasible method for 
desulfurizing heavy fuel oil. By making fuel 
oils burn cleaner, this UOP process helps make 
the air purer. Another new UOP process, 
Pacol™, is an effective countermeasure against 
one desperate problem of water contamina
tion, caused by detergents that do not break 

down by bacterial action. In use, this process 
and an earlier UOP process, Molex®, improve 
biodegradable detergents-for purer water. 
Through innovation in service to the refining 
industry, and in its direct activities in air 
correction and water management, UOP brings 
technical competence to bear on urgent prob
lems of environmental control. For detailed 
information about UOP products and serv
ices, write to Universal Oil Products Company, 
30 Algonquin Rd., Des Plaines, Illinois 60016. 

the better ideas are at 
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