
nvironmental 
cience & Technology 

A health link
cancer; lead; 
viruses in water 

. . . 
organics In air 

1116-1138 

DECEM BER 1975 



WHEN IT COMES TO SMOKE,NO TWO STACKS 
ARE ALIKE. THEIR MONITORING SYSTEMS 

DON'T HAVE TO BE EITHER. 
The new smoke regulations are very specific. But how 
you comply with them is up to you. And that's exactly 
what an Ethyl Intertech Smoke Monitoring System 
lets you do. Comply in the way that's best suited to 
your stack, your operation, your economics. 

The most important aspect of this is that we 
offer two highly sensitive double-pass optical trans
missometers, the DR-1l6 and the DR-llO. 

The new DR-II6 is an economically-priced 
instrument designed to meet all anticipated regulations 
for stacks up to 10 feet in diameter. It offers automatic 
zero compensation, built-in alarm contacts, and an 
output signal linear with opacity. 

The dual-beam DR-IIO, on the other hand, is 
for stacks from 5 to 50 feet in diameter-and adds a 
number of automatic, labor-saving features. 

For instance, it continuously compensates itself 
for window deposits, and also indicates the amount of 
these deposits so that cleaning can be efficiently 
scheduled. It corrects its opacity readings for stack exit 
conditions. In addition, the DR-I10 can perform its 

own span and window calibration checks. 
Both transmissometers meet proposed EPA 

specifications. Both are manufactured for Intertech 
by Durag GmbH in West Germany where there are 
thousands operating successfully. And both are avail
able with many compatible options and accessories to 
provide the exact system you need. 

Your system, for example, could include an air
purge capability for long-term unattended operation. 
Automatic fail-safe shutters. Remote control and 
annunciator panels. And of course output devices such 
as integrators and recorders. 

But the added extra with Ethyl Intertech is Total 
Project Capability. So write or call for details and 
the name of your nearest rep, c/o Ethyl Intertech 
Corporation 
Dept. T., 19 "You can't beat the system:' 
Roszel Road, 
Princeton, N.}. 
08540. Phone : 
(609) 452-8600. 
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CURRENT RESEARCH 
Color removal by clays. Kinetic study of adsorption of 

cationic and anionic dyes 1139 

V. V. Sethuraman and B. C. Raymahashay· 

Kinetics of adsorption of anionic and cationic dyes by kaolinite and 
montmorillonite were studied. Control of ion-exchange capacities 
and nature of the exchange sites of the clays are discussed. 

Particle size distributions of lead, bromine, and chlorine in 
urban-industrial aerosols 1141 

J. J. Paciga, T. M. Roberts, and R. E. Jervis· 

Distributions for atmospheric Pb, Br, and CI were determined with 
respect to particle size at control sites and near lead refineries. The 
correlation between Pb and Br with automobile emissions allowed 
indirect estimates of nonautomotive lead near the refineries. CI 
appeared derived from several sources. 

Dynamics of 2,4,-0 esters in surface waters. Hydrolysis, 
photolysis, and vaporization 1144 

R. G. Zepp·, N. l. Wolfe, J. A. Gordon, and G. l. Baugh
man 

The chemical action of 2,D esters in water was studied. Hydrolysis 
rates were dependent on position of the ester linkage, and can 
occur rapidly. Direct photolysis is slow and depends on various 
factors . Volatilization may be a significant path in the loss of 
hydrocarbon esters from water. 

Elemental ratios along human hair as indicators of the 
exposure to environmental pollutants 1150 

Vlado Valkovic·, Dubravko Rendic, and G. C. Phillips 

Trace element concentrations along human hair were measured 
using proton-induced X-ray spectroscopy. It is shown that elements 
whose concentrations increase along the hair can be identified as 
pollutants in the area. 

Synthesis gas from feedlot manure. Conceptual design 
study and economic analysis 1152 

C. R. Engler, W. P. Walawender·, and Liang-tseng Fan 

A process design was studied for the economic disposal, by 
pyrolysis. of feedlot residues. Plant size, residue moisture content, 
and transportation costs were considered. It was concluded that only 
large-scale processing under ideal conditions would be economically 
competitive. 

Homogeneous gas phase chemiluminescence measurement 
of reactive hydrocarbon air pollutants by reaction with 
oxygen atoms 1157 

Arthur Fontijn· and Roy Ellison 

Reactivities in dilute hydrocarbon mixtures were determined by 
measuring the difference in emission intensities at 308.9 and 312.2 
nm for O-atom/hydrocarbon reactions. Sensitivity to 0.2-ppm H2C. 
equivalent and linear response to 1000 ppm are obtained. 

'" To wh om correspondence should be addressed 
This issue contains no papers lor wh ich there is supplementary materi al In mic ro 
form 
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Trace element composition in atmospheric particulates 
during 1973 and summer of 1974 at Chadron, Neb. 1164 

A. W. Struempler 

Particles filtered from air were analyzed for nine elements. Metals 
derived from soil could be differentiated from those from 
anthropogenic sources. These data will provide background levels 
for future particulate monitoring of the area. 

Performance of charcoal tubes in the determination of 
vinyl chloride 1168 

J. E. Cuddeback· , W. R. Burg, and S. R. Birch 

Adsorption of low levels of airborne vinyl chloride on activated 
charcoal was studied. Breakthrough volumes and storage 
characteristics are presented. Methodology is described for 90 % 
recovery of vinyl chloride after two weeks sample storage. 

Comparison of manual and automated analysis methods 
for sulfur dioxide in manually impinged ambient 
air samples 1172 

O. J. Logsdon II· and M. J. Carter 

Data from analysis of S02 by two automated methods, both 
adaptations of the para-rosanaline method, and the EPA reference 
method were compared. Results were not significantly different 
from, and were more preCise than the reference method. 

Analysis of air pollutants using sampling tubes and 
gas chromatography 1175 

J. W. Russell 

Organic pollutants from air were concentrated using sampling tubes 
filled with gas chromatographic packings. Quantitative recovery, ppb 
sensitivity, and sampling convenience are advantages. Breakthrough 
volumes and recovery values were determined for various packings. 

NOTES 

Rate of evaporation of low-solubility contaminants from 
water bodies to atmosphere 1178 

Donald Mackay· and P. J. Leinonen 

Equations are presented that can be used to predict approximate 
rates of evaporative loss of low-solubility contaminants in an air
water system. 

CORRESPONDENCE 

New Orleans drinking water sources tested by gas 
chromatography-mass spectrometry 

V. l. Snoeyink and J. l. Laseter 1180 

Correction. J. l. Laseter 1174 

Credlls: 1105, C& EN sta ff photo, Fred Zerkel ; 1106, Boeing Aerospace Co.: 1114, 
UCC's O. K. McCallister 
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GCA'sNew 
Ambient Particulate Monitor 

• • • the automated replacement for the 
Hi-Volume Sampler 

Measures particulate mass concentration automatically and continuously, 
without daily filter changes, weighing and calculations. 

The new Ambient Particulate Monitor from GCA oper
ates weeks at a time in remote locations with no atten
tion. It can be used in any particulate environment, 
because its accuracy is essentially independent of 
particle composition and size. The resulting conven
ience and performance is provided in a compact, light
weight instrument, a product of the latest technology in 
sampl ing systems, electron ics and beta-rad iation 
detection. 

Comparability to Hi-Vol data is assured by the APM 's 
novel inlet which is designed to simulate the sampl ing 
geometry and flow characteristics of the Hi-Volume 
Sampler Air enters the inlet plenum at 60 CFM. 
Samples are isokinetically drawn from the plenum 
at a constant flow rate into the collection/detection 
system. 

Microprocessor circuitry performs all sequenc ing and 
computational functions . 

Programmable sampling and beta-counting cycles 
allow measurements from a few /Lg /m 3 to several 
hundred mg/m3 The availability of short-term data 
(sampling time adjustable from one minute to 16 hours) 
permits rap id response to chang ing cond itions. 

Automatic computation and printing of mass con
centration, real time, and date are provided after 
every measurement. 

Self-diagnostic capability. Calibration, span, 
and overall system status are verified automatically 

at preprogrammed time intervals or by 
manual command. 

Two particulate size ranges (e.g total and respir- t... ____ • .;: 
The APM is compatible with standard 
telemetry and central ized data hand ling 
systems. 

able) are measured simultaneously by two sepa
rate sampl ing heads and beta-radiation source/ 
detection systems. 

No sampling "dead time" occurs during beta 
counting. Particle col lection on a high-efficiency 
glass fiber filter and beta-radiation counting take 
place simultaneously. 

For more information contact 
GCA(Technology Division, Burl ington Road, 
Bedford , Mass. 01730. Tel 617-275-9000. 
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ANNOUNCING 
ENVIROSPHERE 

The complete environmental service company. 

Envirosphere is a company organized to pro
vide professional environmental engineering 
and scientific services to industry, utilities, and 
government. Envirosphere's services assist clients 
in satisfying current and emerging regulatory 
requirements and ensuring environmental com
patibility in an economic manner. 

Envirosphere Company is a division of Ebasco 
Services Incorporated-one of America's largest 
Engineering, Construction, and Consulting firnls 
-which enjoys a worldwide reputation for its 
experience. professionalism. progressiveness. 
and results. Ebasco has organized Envirosphere 
as a separate company in order to make avail
able to all sectors of industry and government 
the environmental services currently provided 
to Ebasco clients. 

Envirosphere offers a complete range of services 

covering all aspects of: 
• Environmental Engineering 
• Environmental Management and Planning 
• Environmental Assessment Analyses 
• Environmental Monitoring. 

These services are performed by a staff of 
experienced engineers and scientists. whose 
collective capabilities have been utilized by 
Ebasco since the late 1960's to provide cost
effective solutions to pollution control problems 
and to SUppOl1 the licensing activities of industry. 

Envirosphere is prepared to discuss with you 
your environmental service needs- from site 
selection through expert testimony. For detailed 
information. please write: Harvey S. Sands. 
Director of Client Services, Envirosphere Com
pany. 21 West Street. New York. N.Y. 10006. 
Or call him at (212)785-4488. 

envirosphere 
envirosphere 

company 
21 West Street, New York, NY 10006· (21 2) 785·4488 

A DIV1Sl()l\I OF l BN,cO SERv1(FS INCOIoiI 'ORArr o 

A ir pollut ion engineers · Aquat ic ecolc~gists " A rchaeologists " Bioc hemists " Botanists " Chemica l en!J,neers " Chelllists " Civil eng ll1l'!ers " DemOJrophcrs " Economists " 
Envl fOnrnento l en~J!nccrs " Environ mental geolcgists • EnVironmental planners " Heal th phYSICists " Hydn:x.:iynornlClsts " Hydrc~jC'ol('9 I s l s " Industnal hygienists " Landscape 
archl ~cc l s " Land use planners " Llmnolo] lslS • fvIorine bio l~J'S 1 S • M:Jthernotlco l moocl lng specialists · !Vw:..-'(:hofl lco l en~JlIlcer s • J\AelE'orolog ls ts • Noise control cngu1eers • 

Qeanographers • Ph YSICists ' Sa nl1ary engi neers ' Scx:,oIoglsts • Terre~tflo l C'\ >l I~jl~ t5 • Lcdcxysts 
A HALLIBURTON Company 
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EDITORIAL 

It's your health 
The first half of this environmental decade was marked by 
tremendous legislative strides to protect the health and 
welfare of the U.S. citizenry. Since its formation on 
December 2, 1970, the Environmental Protection Agency has 
made inroads for clean air, clean water, less noise, safer 
pesticides while the Departments of Labor and HEW have 
attempted a safe work-a-day world for U.S. workers. 

There has been no Donora, no Minamata. But in the 
absence of a toxic substances control act and judging from 
the heaHh-related issues raised by ES& Ts Lois Ember in this 
month's special report, we have a considerable way to go. 

As one announced presidential candidate reaffirmed at a 
meeting of the National Association of Environmental 
Professionals in Washington, D.C., one basic need for 
environmental legislation is the saving of human lives. 
Automotive air pollution kills 4000 Americans each year. 
Sulfur emissions from coal-powered plants will, if unchecked, 
kill 25,000 people in the next five years. 

To be sure there are chemicals on the loose in the 
environment. For example, they are showing up in our 
drinking water and the uncertainty here is that health effects 
from exposure to such materials may not show up for long 
periods of time, perhaps 25-40 years. At the same time, the 
exposure to such materials is chronic and continuous, from 
conception to death. The risk to such exposures may never 
be fully evaluated, at least with any predictive capability. But 
a concept of no risk is an unworkable premise. All agree. 
There are risks in everyday life-driving, flying, skiing, 
rappelling, even crossing a busy intersection. 

Some make a distinction between voluntary and 
involuntary risks. Others point out that you really do not know 
that you are taking a risk. For example, the nonworker living 
in a neighborhood near an industrial source of emissions 
simply may not know that exposure to these emissions may 
be injurious to health. What is surfacing is that he at least 
must be made consciously aware of a "potential" or 
" suspect" problem. The special report is must reading for all. 
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Whafs important 
for you in a water 
monitor? 

Can it all add up 
to a cost-effective 
answer? 

Multi-Component Sensing Unit 

Accuracy 
How do you rate your data for accuracy? 
What kind of accuracy do you expect from a field monitor? 

Calibration 
How often do you calibrate to insure accurate data? 
Do you perform single, two-point or multi-point dynamic 
calibration? 
Do you correct for variation in temperature of the sample
and also for variation in temperature between water sample 
and calibration solution? 

Cleaning 
How frequently do you clean your water sensor elements? 
Howmuch algae build-up can you tolerate on your sensors? 
How long does it take before sol ids encrustation and 
sedimentation affect sensor reading? 
Maintenance 
How often do you have to send out field crews for monitor 
maintenance? 
Can you schedule your maintenance? 

Accuracy 
Your water pollution control strategy depends on the degree 
to which you can trust your data. Over treatment costs run 
high . Philips calibration techniques, plus ability to cross
correlate parameters through data reduction assure 
continuously accurate data. 
Calibration 
Unless sensors are calibrated at close regular intervals 
(daily, for example) changes in sensitivity and variations in 
temperature and ionic strength can produce erroneous 
readings. Phil ips 2-point dynamic cal ibration solves the 
problem through use of 2 calibration solutions to establish 
reference points bracketing the expected measuring range. 
Cleaning 
Solids encrustation and algal bloom alter sensor readings. 
Ultrasonic cleaning every 12 or 24 hours, as required , of 
basic chemical sensors (pH, redox, pCI , DO and 
temperature) minimize sedimentation of suspended solids 
and biological growth. 
Maintenance 
Many monitors require daily attention. Philips water station, 
which reports on a total of 7 parameters, requires cleaning 
only once a month . 

We have more cost-effective information waiting for you
about the automatic station, data handling options, regional 
systems-we'll look forward to your call at 914-664-4500. 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

A North Amer ican Phil ips Com pany 
750 South Fulton Avenue 
Mount Vernon NY 10550 
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Philips 
PW9790 
measures 
particulates 
ona 
continuous 
basis. 
(mass concent ration 
in /1.gr/m3) 

Philips new particulate 
monitor, PW9790 , 
measures mass con
centration in f.1gr/m 3. 

Provides real time in 
for mation on schedule: 
Y2 hr. 1 hr. etc .. as you 
requi re . 
Total loading or 
respirable fraction 
measurement. 

Dynamic calibration 
provided via a mass 
standard. 

No weighing of filter 
papers. 

No zero drift. 

Field effective, PW9790 
measurements are 
based on beta absorp
tion technique widely 
used in industrial 
application. 
Expect a new level of effec
tiveness in envi ronmental 
quali ty management when 
you talk to Phili ps. Call today 
(914-664 -4500) or write for 
full data on th e PW9790 
Particulate Monitor. 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

A North Ame rican Philip s Co. 
750 Sou th Fulton Avenu e 
Mount Vernon NY 10550 
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LETTERS 

Jobs, jobs, jobs 

Dear Sir: In the article, " Where Will 
the Jobs Be?" (ES&T, September 1975, 
p 806) you mention on page 812 
sources of information on graduate pro
grams in Environmental Engineering. 
Another reference is the Register of En
vironmental Engineering Graduate Pro
grams. It is available from: Dr. Joe Mali
na, Director of Environmental Health 
Eng. , 305 Eng. Labs. Bldg., University of 
Texas, Austin, Tex. 78712. 

A similar volume covering undergrad
uate programs is being edited now. For 
more information contact: Donald B. 
Aulenbach, PhD. , Chairman, Subcom
mittee on Undergraduate Environmental 
Engineering Education, Rensselaer Poly
technic Institute, Troy, N.Y. 12181 . 
[ 518-270-6553]. 

John H. Austin 
Clemson University 
Clemson, S.C. 29631 

Car emissions & fuel economy 

Dear Sir: We at the Environmental 
Activities Staff of General Motors were 
happy to see E. S. Starkman's article 
on automotive emission control and fuel 
economy (ES& T, September 1975, p 
820). An error appeared, however, in 
Figure 6 on page 824 in which three of 
the curves charting HC emissions 
against spark advance are reversed. Al
though the careful reader can detect 
the presence of the error quite easily, 
he would not be able to tell how the 
curves should be placed. 

Fred W. Bowditch 
General Motors Corp. 
Warren. Mich. 48090 

Ed: The corrected chart is reprinted 
below. 

Emission and economy tradeoffs 
at 55 mph lOad load condition 
(Numbefsoncurvesglvepercent EGR) 
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JOIN TIlE 
AMERICAN 
CHEMICAL 
SOCIE1Y 

American Chemical Society members 
receive Chemical and Engineering 
News each week. C&E News brings 
you the up-to-date happenings in the 
chemical world plus official ACS news. 

AND THERE ARE 
MANY OTHER BENEFITS: 

Publications-Members enjoy sub
stantial savings on world renowned 
ACS publications. 
Meetings- Two national meetings 
each year plus a host of regional and 
local meetings are held for your 
benefit. 
Local Sections- provide you with 
activities of local interest and an op
portunity to participate in Society 
affairs. 
Divisions-28 subject divisions help 
you keep upwithyourspecial chemical 
interest. 
Educational Activlties- short courses. 
audio courses and interaction courses 
help you expand as a professional. 
Employment Aids- give you a helping 
hand in today 's tight job market. 

But most important, your membership 
helps support the scientific and edu
cational SOCiety that represents you 
as a professional. 
110.000 Chemists and Chemical Engi
neers know the value of ACS member
ship. 
Send coupon below today for an 
application . 

r - - A';;r~nCh;;;;I;.;j ~i;; 1 
I Office of Member Services I 
I 

1155 Sixteenth Street. NW. I 
Washington, D. C. 20036 

I Yes. I am interested in membership in I 
I 

the American Chemical Society. Please I 
send information and application. 

I Name I 
Address _ _____ ___ _ 

I City I 
L~~ _ ___ ~~~J 

Volume 9. Number 13, December 1975 1103 



Automatic Sampler. Look what ISeO' s new sequen
tial/composite sampler can do for your pollution 
monitoring program . Reliable operation provides 
reproducible results you can trust; programming 
versatility insures against obsolescence due to 
changing regulations; and manhole-proof rugged
ness withstands corrosive atmospheres, wear and 
tear, and frequent cleaning with a hose . It's the 
Model 1680, and it has these features: 

It typically withstands repeated submersion. All 
electronic and mechanical parts are sealed in a 
watertight stainless steel case . Wide ranges of 
sample size and timed or flow proportioned intervals 
are provided by solid state electronics with digital 
programming and readout. Power is Ae line or 
removable Nicad battery. 

An essentially clogproof 3/8" bore per
istaltic pump produces a flow velocity over 
2'/sec in the 1/ 4" 1.0. line, about 
optimum for obtaining BOD and other 
composition values most similar to grab 
samples . For unusual applications , you 
can have a superspeed pump which 
provides 3 '11 ' / sec in a 3/ 8" 1.0. line. 

There are no hard-to-clean distribution 
tubes , rotating seals, or wedge-shaped 
bottles. Rigid foamed insulation and a 
large ice well preserve samples when 
necessary. The base holds 28 glass or 
plastic bottles. That' s 4 more than usual, 
to take the pressure off your servicing 
schedule. An optional base holds a heavy 
duty, wide-mouthed container for large 
composite samples . 

il SeQ 

new sampling 
equipment 

for the 
effluent 
society 

Flow meters. Three integrating Iseo flow meters 
offer really accurate flow recording and/ or sampler 
actuation. The low cost Model 1470 can be placed 
directly on the weir or flume : The new Models 1530 
and 1700 are remote instruments using a float or 
bubbler, and can be equipped with either a strip 
chart recorder or a digital printout . 

Iseo sampling equipment is priced no higher than 
me-too instruments, but offers you much more; not 
only on the specification sheet, but also in reliability 
and convenience. Send now for literature describing 
all Iseo sequential, composite, refrigerated, and 
explosion -proof samplers ; flow meters; and acces
sories. If you're in a hurry, just phone and we'll 
arrange a demonstration. 

BOX 5347 PHONE (402) 464·0231 
LINCOLN, NEBRASKA 68505 TELEX 48-6453 
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INTERNATIONAL 

If more than one heavy metal is 
polluting a water body, what are mutual 
effects? Jorma Miettinen, chairman of 
the University of Helsinki (Finland) 
radiochemistry department, is 
conducting studies of combined metal 
effects, sponsored by the International 
Atomic Energy Agency (Vienna, 
Austria), and the Academy of Finland. 
For example, in marine plankton, lead 
decreased cadmium's toxicity when the 
ratio Pb:Cd was high (above 10) but 
increased it when the ratio was low. In 
fish , zinc seemed to offer some 
protection against cadmium and 
mercury toxicity; protection against 
mercury was less. Citing the existence 
of sparse data, Miettinen is calling for 
more studies of "synergism effects" of 
more than one metal in water . 

WASHINGTON 

EPA will require pollution controls at 
gasoline pumps in eight U.S. cities to 
help reduce the smog problem by 
limiting the amount of gasoline vapors 
released to the air. The affected cities 
are Baltimore, Md., Washington, D.C., 
Newark, N.J., Boston, Mass., Denver, 
Colo., Los Angeles, Sacramento and 
the San Joaquin Valley, Calif. 
Requirements for some cities in Texas 
are to be released soon. Compliance is 
to begin in late 1976 and be completed 
by mid-1977 . 

The Third Resource Recovery and 
Waste Reduction report to Congress 
has been delivered. EPA's Office of 
Solid Waste Management Programs 
(OSWMP) found that the principal 
method of resource recovery to date is 
the separation of recyclable material at 
the waste source. Technology for 
resource recovery from mixed wastes 
is in the development stage, and the 
main obstacles to resource recovery 
are weak markets for secondary 
materials and institutional problems. 
EPA estimated that by 1985, waste 
reduction techniques, which involve 
redesigning of products or changes in 
patterns of consumption, could reduce 
waste generation by more than 20 
million tons/year. In a related matter, 
OSWMP is offering a new injury 
reporting and information system to 
industry . Interested organizations should 
contact EPA 's Washington office. 

CURRENTS 

Rasmussen on reactor safety 

The Nuclear Regulatory Commission 
(NRC) has released the final report on 
reactor safety. The $3- 4 million, 3-yr 
study, directed by Norman C. 
Rasmussen of the Massachusetts 
Institute of Technology concluded that 
the risks attendant to the operation of 
present-day light water nuclear power 
plants are very low compared to other 
natural and manmade risks . For 
example, the study estimated the 
probability that a person living in the 
vicinity of a nuclear power plant will be 
fatally injured in a reactor accident as 
one in 5 billion per year; this compares 
to one in 4000 for a motor vehicle 
accident. The probability of latent health 
effects except for thyroid nodules was 
calculated to be a small percentage of 
the normal incidence rates and would 
be difficult to detect. 

The Occupational Safety and Health 
Administration (OSHA) has recently 
released proposed health standards for 
toluene, lead, asbestos, and 11 other 
toxic substances including styrene, ethyl 
benzene and ozone. OSHA's latest 
proposed health standard is for 
trichloroethylene, and it has proposed 
reducing worker exposure limits for 
beryllium . 

The Securities and Exchange 
Commission proposed regulations 
requiring corporate disclosure of the 
costs of environmental protection and 
compliance with pollution control laws. 
Acting under District Court order, the 
SEC said it was required to consider 
environmental protection under the 
National Environmental Policy Act of 
1969. The SEC proposed rules would 
provide investors with information on 
the extent to which a public firm has 
failed to meet water and air standards. 

~nvl'l ~f'1 II, ~;! IU 1,>1'1\1\1:' 
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Public corporations would have to 
disclose reports showing 
noncompliance within the previous 12 
months, and detail current and future 
spending for equipment and facilities 
necessary to meet environmental 
standards. Public comments will be 
received through Jan . 12. 

President Ford signed into law P.L. 
94-112, which amends the Water 
Resources Planning Act of 1965, P.L. 
89-90 (see ES& T, October 1975, pp 
924-928). The new law affects 
appropriations for the U.S. Water 
Resources Council, changes the 
membership in the Council and alters 
the amount paid to consultants. 
Authorization for state planning grants 
at a level of $5 million annually is 
extended for fiscal 1977 and 1978; 
operation of the Council is authorized at 
$1 .5 million annually; and authorization 
for national assessments and 
coordination of River Basin plans at $10 
million are extended for fiscal 1976 and 
1977. The administrator of EPA, among 
others, is elevated to full membership 
on the Council. Consultants are to be 
compensated at the prevailing salary 
for GS-18 civil servants. 

STATE 

Recent findings indicate that cars 
alone are not the culprit in Washington, 
D.C.'s summer smog episodes. 
Manmade pollutants, arriving with the 
south-southwest winds, have been 
traced to Fredericksburg and Richmond, 
Va ., 50- 100 mi away. Douglas D. 
Davis, a chemist at the University of 
Maryland, under funding from the 
National Science Foundation 's 
Research Applied to National Needs 
program, has been sampling air in a 
12,000 mi2 corridor from Washington to 
Richmond since 1973. Long distance 
transport of air pollutants is just being 
recognized as a national problem. EPA 
administrator Russell Train recently 
suggested that control measures, now 
restricted to urban areas, be extended 
to rural areas. 

The "dirty dozen" states that have 
made the least progress in building 
waste water cleanup facilities under 
P.L. 92-500, according to the National 
Utility Contractors Association (NUCA) 
were: Hawaii, Florida, Delaware, 
Georgia, Wisconsin, West Virginia , 
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Alabama, Mississippi, Indiana, 
Oklahoma, South Carolina and North 
Carolina. These states, ranked 
according to the dirtiest, spent an 
average of 3.8% of the funds allotted to 
them. They spent an average one fourth 
as much as the twelve best performing 
states: Oregon, Idaho, Washington, 
Montana, Alaska, Maine, South Dakota, 
North Dakota, Virginia, Iowa, New 
Hampshire and Colorado. According to 
the report, water pollution abatement 
projects could provide jobs for 120,000 
workers in the construction industry 
nationwide. 

Land use in a nine-county area around 
Cincinnati, Ohio, was surveyed by using 
NASA's LANDSAT-1 satellite. The 
survey, which produced a map of 225 
drainage areas down to one-acre detail, 
was produced by the Bendix Corp. for 
the Ohio-Kentucky-Indiana Regional 
Council of Governments. The Council is 
developing a model to predict water 
quality in rivers and lakes under existing 
and potential land use pOlicies. This 
inventory of present land use along with 
population projections for the area will 
form the basis for predicting future land 
use and for assessing its impact on 
water quality. 

The Personal Rapid Transit system at 
Morgantown, W. Va., is now carrying 
passengers at full 13-hour-per-day 
service. This system, the first of its kind 
in an urban environment, consists of 45 
electrically powered cars, three stations 
and 4.2 mi of guideway lanes. The 
system is fully automated and links the 

A personal rapid transit 

city's central business district with two 
campuses of W. Va. University. The 
University is now operating the system 
under an Urban Mass Transportation 
Administration grant, with operation and 
maintenance support from Boeing 
Aeorspace Co., the developers of the 
system. Extension plans call for a 50% 
increase in guideway lanes and the 
addition of two passenger stations. 

A bill restricting the use of 
fluorochlorocarbon compounds in 
aerosol spray cans has been passed by 
the N. Y. Legislature and signed by the 
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Governor. The law directs the 
Commissioner of the Dept. of 
Environmental Conservation to 
promulgate labeling, restriction and 
distribution rules and regulations by Jan. 
1, 1976, and to implement the restricted 
uses by Jan. 1, 1978. N.Y. is the 
second state to pass such a bill; Oregon 
was the first. 

ASSOCIA TION 

The Occupational Health/Safety 
Programs Accreditation Commission 
(OHSPAC), a non-profit organization 
governed by eight professional societies 
including the American Conference of 
Governmental Industrial Hygienists, is 
contacting companies in the U.S. 
explaining the benefits of its 
accreditation process. Companies fill 
out document criteria that are evaluated 
by an OHSPAC review committee; the 
accreditation process reviews policies, 
programs, regulatory compliance, 
facilities and equipment among other 
things. Companies meeting all 
document requirements are then 
assigned a site inspection. If they meet 
all requirements they become 
accredited through OHSPAC for three 
years. OHSPAC headquarters are at 
Akron, Ohio. 

MONITORING 

Oak Ridge National Laboratory is 
conducting an inventory of biological 
monitoring programs in the U.S. The 
project is funded by the Council on 
Environmental Quality, ERDA and 
others. Information on the purpose, 
scope and availability of data from the 
various biological monitoring programs 
throughout the U.S. will be gathered and 
stored in a computer data bank. The 
data base is intended to be informative 
not evaluative, and to provide the basis 
for more unified decision-making 
regarding living natural resources. The 
participants in this inventory will receive 
a printed summary of the collected 
information. 

Better fuel economy could be 
achieved by monitoring the pressure of 
oxygen in fuel exhaust gases. 
According to John Logan, Chairman of 
UOP Inc., solid-state electrolytiC 
sensors can be installed in a car's 
exhaust system, and can be replaced 
as quickly as a spark plug. They signal 
a minicomputer that would keep the 
carburetor "in tune", so that fuel is 
efficiently burned, and NO, emissions 
are minimized. The sensors incorporate 
an electrolytic disc made with a mixture 
of zirconium and yttrium oxides onto 
which different forms of platinum are 

deposited as electrodes, one exposed 
to exhaust gas, the other to air. The 
disc is sealed into a ceramic tube 
against a conductive gasket. 

TECHNOLOGY 

Savings realized through recycling of 
water and chemicals could pay for the 
rental or lease of an evaporative 
recovery system that permits this 
recycling for metal finishing operations. 
This system, known as Wastesaver, is 
manufactured by Wastesaver Corp. 
(Bristol , Conn.) and is being used at 
more than 70 installations. According to 
J.T. MacDermid, Wastesaver president, 
the system eliminates any effluent from 
production lines on which it is used. He 
estimated that finishers starting pollution 
control with his company's system save 
enough on chemicals to pay for the 
system in one year, or even in as little 
as 30-60 days where precious metals 
are involved . 

Costs of burning air pollutants are 
reduced with heat recovery systems. 
These systems use heat generated by 
burning solvent fumes to pre-heat new 
fumes prior to combustion, and to heat 
high-temperature hot water used in turn 
to heat platen presses. In the system, 
developed by CEA Combustion, Inc. 
(Stamford, Conn.), burning oxidizer 
exhaust gases heat incoming solvent 
fumes from 220 0 F to about 790 0 F, 
thereby providing oxidizer fuel cost 
savings of about 52 %. Since part of the 
hot water needed for platen presses 
and ovens for industrial laminate 
manufacture in Germany and the U.S. is 
heated by recovered heat, generator 
fuel requirements are cut by about 
80 %, according to CEA. Exhaust gases 
have less than 50 ppm of hydrocarbons 
and 2 ppm of phenOl, and there are no 
odors from the 23,540 scfm oxidizers. 

Trapping gaSOline vapors for 
recondensation and recycling is 
accomplished with a special hose 
developed by Goodyear (Akron, Ohio). 
The hose, known as Spiraflex 1400, is 
presently designed for use at bulk 
terminals and on tank trucks, as Phase 
I of an EPA gasoline vapor recovery 
program. Phase II is aimed at cutting 
vapor losses at the "gas" pump. At 
present, in an area like that of 
Washington, D.C., for example, vapor 
losses can account for more than 
11,000 gpd of gasoline, and contribute 
to air pollution . In the first phase, 
trapped vapors will be taken in the tank 
truck back to the terminals where they 
will be reliquefied . 
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Can a kraft pulp mill have no 
wastewater treatment (wwt) facilities, 
and yet discharge no contaminated 
effluents? A patented salt recovery 
process (SRP), developed by Erco 
Envirotech Ltd. (Canada) brings such a 
situation about; the first full-scale 
installation of the SRP process will be at 
Great Lakes Paper Co. Ltd. (Thunder 
Bay, Ont.). This "closed cycle" process 
allows recovery and recycling of pulping 
and bleaching water and chemicals, 
thereby eliminating the need for wwt 
facilities . Only 4000 gal of fresh water 
are needed per ton of pulp, and net 
energy savings are put at 560,000 Ibs 
of steam per ton of pulp. Very 
substantial capital and operating cost 
savings are foreseen. 

Shellfish processing wastes could be 
good fertilizer for agricultural lands, E. 
Hugh Gardner of Oregon State 
University (OSU, Corvallis), said. These 
wastes, mainly from shrimp and crab, 
contain essential plant nutrients, such 
as calcium, nitrogen, phosphorus, 
potassium, and sulfur. However, it must 
be determined which crops will benefit 
most from shellfish wastes, Gardner 
pOinted out , and that is why the OSU 
Sea Grant College Program has begun 
a two-year project to study the effects 
of shellfish wastes on agricultural lands. 
Another reason is that the Oregon Dept. 
of Environmental Quality will forbid 
estuarine discharge of these wastes 
after April 1976. 

INDUSTRY 

Mitsubishl Petrochemical Co. (Tokyo, 
Japan) has announced expansion of its 
environmental protection facilities. 
These facilities analyze air, water and 
industrial wastes, and examine food for 
purity and nutritional value. Mitsubishi's 
latest such expansion is at Yokkaichi 
(ES&T, June 1975, p 512), where it will 
provide full environmental. technical and 
advisory services in many aspects, not 
only for itself, but for other companies 
and municipalities. Mitsubishi also is the 
core of Japan's Reverzer Association, 
a nationwide network of companies 
using Mitsubishi's " Reverzer" system 
for recycling waste plastics and making 
new products. 

Predicasts (Cleveland, Ohio) forecasts 
that water use will grow faster than 
population; water treatment faster than 
water use; and chemical treatment 
faster than other treatment. According 
to Predicasts, shipments of water 
treatment chemicals should approach 
43 billion Ibs by 1985, representing an 
annual growth rate of more than 
11 %/yr from 1974. Shipment value 
should increase at 14.5 % /yr, to reach 
$3.4 billion by 1985. Predicasts sees 
more growth in polyelectroly1es than in 
inorganic coagulants; membranes more 
than filter media; ion exchange resins 
more than lime; oxygen more than air . 

The National Association of Recycling 
Industries (NARI, New York , N.Y., 
ES&T, November 1975, p 1015), has 
taken action in the U.S. Court of 
Appeals (Washington , D.C.) to expand 
its suit against the Interstate Commerce 
Commission (ICC) and consolidate it into 
one major proceeding. Suits are against 
ICC's permission for rail freight rates to 
increase a total of 27 % in a series of 
" hikes" that cost shippers over $75 
million /yr. Especially odious to NARI is 
the ICC's 10 % increase effective 
October 11. NARI has been charging 
that these rates discriminate against 
recyclables, and effectively subsidize 
railroads' losses on competing virgin 
materials shipments. 

Con Edison (New York, N.Y.) and the 
Empire State Electric Energy 
Research Corp. announced a research 
project aimed at using solid waste and 
sewage sludge for production of electric 
power. Wright-Malta Corp. (Ballston 
Spa, N.Y.) will construct and operate a 
laboratory-scale model of equipment 
needed to use these materials . 
Essentially, the starting materials would 
be gasified. These materials could 
include not only sludge and municipal 
solid waste, but high-sulfur coal, 
residual oil, and many industrial wastes. 
Con Edison hopes that fossil fuel 
savings, together with solution of a 
serious municipal disposal problem, 
would be effected. 

GM vice-president Kehrf 

Howard Kehrl, executive vice 
president of General Motors, said that 
the catalytic converter is perhaps GM's 
most successful introduction of a major 
new automotive technology. Kehrl said 
that not only is the converter doing the 
emission control job it is supposed to 
do, but it has also had " an astonishing 
trouble-free record of reliability." He 
also said that the converter has been 
responsible for major improvements in 
new car fuel economy and driveability, 
and lower auto maintenance costs for 
owners. Kehrl cited GM research to 
determine future sulfate emissions 
under adverse weather and traffic 
conditions. 
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One of the earliest uses for granular activated 
carbon was in military gas masks where it provided 
complete protection against lethal gases. Today, car
bon adsorption technology is being applied in more 
and more industrial situations where toxic gas con
trol is required-to control process vent emissions, to 
purify ventilation air, in individual protective devices, 
and other applications. 

An increasing variety of materials commonly 
used by industry is now being studied for toxicity. So 
it's not unlikely that you may find it necessary to 
control the emission of some material that has been 
classified as a toxic gas, either to prevent it from es
caping into the atmosphere or to protect workers in 
your plant. 

Mr. Poltorak: 

To help you be prepared to react quickly, 
we've produced a bulletin that summarizes the facts 
about toxic gas control with granular activated car
bon . To obtain your copy, use the coupon below, 
or write or telephone : Raymond L. Poltorak, Activated 
Carbon Division, Calgon Corporation, Calgon Center, 
Pittsburgh, PA 15230. (Telephone: (412) 923-2345). 

In Europe, contact: Chemviron, 1135 Chaussee de Waterloo, 
B-1180, Brussels, Belgium. (Telephone: 375.24.20). 

SUBSIDIARY OF MERCK & CO.,INC. 

ACTIVATED CARBON DIVISION 

CALGON CORPORATION 

CIRCLE 12 ON READER SERVICE CARD 

Please let me know if carbon adsorption can be used to control these toxic gases: Activated Carbon Division 
Calgon Corporation 
Calgon Center 
Pittsburgh, PA 15230 

o Send me a copy of your bulletin on toxic gas control . 

o Have a technical representative contact me. 

Name _ ______________ Title _____________ _ 

Company ________ ____ _____ __________ _ __ _ 

Address _____________________________ __ 

City ________________ State ________ Zip Code ____ _ 



INTERNATIONAL 

The monitoring jackpot 
A report from ICESA-the International Conference on 

Environmental Sensing and Assessment 

Las Vegas, Nev., was the gathering 
place for 95 % of the world 's monitoring 
experts from 41 countries in mid-Sep
tember for the first International Confer
ence on Environmental Sensing and As
sessment. 

Pollutants-heavy metals, pesticides, 
organics, inorganics-in air, water, and 
land, and more specifically in such envi
ronmental samples as ground water and 
drinking water, were the subject of the 
more than 240 papers presented at the 
conference. It attracted more than 1000 
attendees, 57 exhibitors, and 17 press 
registrants . 

"There is virtually no subject in the 
area of environmental sensing and as
sessment that you have not covered in 
your daily sessions," Christian A. Hert
er, Jr., told the luncheon attendees. 
Herter, deputy assistant secretary of 
state in the Bureau of Oceans and Inter
national Environmental and Scientific 
Affairs, a position that was created by 
Congressional mandate about a year 
ago, referred to environmental affairs 
as the new dimension of U.S. foreign 
policy. The U.S. being perhaps the 
biggest polluter has the experience to 
help others with cleanup. " Because of 
our own history, " Herter added, "we 
probably know as much about this 
subject as any other country . .. but we 
still do not know the big picture, even 
today. We can only speculate. This is 
why the conference and the work 
that you are doing at home in this field is 
so relevant ." 

Earthwatchlng 

Monitoring is a global need and the 
global view of the environment is the 
subject of Earthwatch (ES&T, March 
1974, p 214) . Earthwatch, the keystone 
of the United Nations Environment Pro
gram (UNEP), involves four aspects; 
monitoring is the first. It also includes 
research, data evaluation, and ex
change of information about managing 
the state of the environment. 

It is important to note that 90 % of 
the environmental problems, particularly 
of industrialized countries, have to be 
dealt with on a national and local basis. 
Therefore, the Global Environmental 

Monitoring System (GEMS) will rely 
heavily on national and local monitoring 
activities. 

" Over the next year or two there will 
be a series of meetings of highly expert 
country representatives to design piec
es of the system in the seven program 
areas of GEMS" (see box), the spokes
man from the Department of State 
noted. The first such meeting, on ocean 
monitoring, will take place early next 
year. Hopefully, shortly thereafter , there 
will be a meeting on global atmospheric 
pollution and its impact on climate. 

It is also important to point out that in 
the environmental field , there is no in
ternational enforcement machinery. Al
though Earthwatch, if successful, can 
provide basic information-from moni
toring and research- it cannot provide 
a believable judgment and evaluation to 
the international community , Herter op
ines. But he is optimistic that UNEP 
could become the great intellectual 
force in environmental matters, utilizing 
and taking advantage of the best scien
tific brains in the international communi
ty . 

At press time, no U.S. focal point had 
been announced for its monitoring ac
tivities although NOAA (the National 
Oceanic and Atmospheric Agency), 
which was created by a reorganization 
plan similar to another one that created 
the EPA, is perhaps the leading con
tender for that distinction. 

Other UNEP business 

The Information Referral Service 
(IRS) is another item of UNEP. UNEP 

Dept. of State's Herter 
"Environmental affairs . .. new 

direction in U.S. foreign policy" 

asked each member country of its Gov
erning Council to designate a lead agen
cy as the IRS focal point. In the U.S., 
EPA was given this distinction and 
opened its facility in Washington, D.C., 
on October 6. The central computer for 
the IRS is located in Geneva, Switzer
land. Data will not be exchanged in IRS. 
Rather, for example, if a country wants 
to know more about S02 controls or ad
vanced municipal wastewater treat
ment, it will be referred to existing 
sources of information in various 
countries. Then, that country will have 
to establish direct communications with 
the sources. 

Another activity, under UNEP aegis, 
to be located in Europe, is the Interna
tional Registry of Potentially Toxic 
Chemicals. Although it is being estab
lished now, a computer capability in this 
area probably will not exist for "two or 
three years," according to Herter's 
view. 

New monitoring slant 

What is becoming more obvious as 
we proceed down the monitoring path is 
the need for an integrated concept of 
monitoring. Rather than gathering more 
and more data on more and more pollu
tants in more and more environmental 
samples, the integrated monitoring con
cept tries to ascertain the total expo
sure to critical receptors ; for example, 
the exposure of lead to an infant, S02 
to a tree, or the pollutant burden to man 
from his food , air , and water. In other 
words, to add up all the exposures. It is 
also referred to as exposure monitor
ing- what the receptor, the newborn, 
the senior citizen, the emphysematic, 
and others are actually exposed to. 

Then, perhaps for the first time one 
will be in a position to tell what the po
tential damage or harm might be. This 
concept has been pioneered by Dr. Dei
bert S. Barth, director of the EPA Envi
ronmental Monitoring and Support Lab
oratory (EMSL) in Las Vegas, Nevada, 
and general chairman of the confer
ence. 

Barth said, "This (ICESA) is the first 
major scientific conference to focus on 
monitoring pollutants of national and in-
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• • In the Cd reduction method for 
analysis of Nitrates a nd Nitri tes 
in waste water, EM Laborato
ries is the only EPA listed source 
for Cadmium Coarse Powder. 
And for good reason. When 
you're dealing in parts per mil
lion, you need the consistent 
product purity and quality that 
has long been the EM trade
mark. 

Write today forfull details about 
Cadmium Coarse Powder and 
other pollu tion related products. 

EM Laboratories, Inc. 
associate o f 
E . Merck, Darmstadt, West GerJJlany 
500 E x ecutive B o ulevard 
Elm sfo r d , N .Y . 10523 
(9 14) 5 92-4660 

CIRCLE 5 ON READER SERVICE CARD 
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GEMS-the Global 
Environmental MonHorlng 
System 

Its seven program goals: 

• an expanded human health warning 
system 

• an assessment of global atmo
spheric poUutlon and Its Impact on 
climate 

• an assessment of the extent and 
distribution of contaminants In bio
logical systems. particularly food 
chains 

• an improved International disaster 
warning system 

• an assessment of the state of 
ocean pollution and Its Impact on 
marine ecosystems 

• an assessment of the response of 
terrestrial ecosystems to environ
mental pressures 

• an assessment of critical problems 
arising from agricultural and land 
use practices. 

ternational importance." He continued, 
" It is also the first major conference to 
look at health related or exposure moni
toring, the kind of monitoring which de
termines a person ' s exposure to a pol
lutant from all routes including air , food , 
water, and skin combination. The World 
Health Organization is planning to imple
ment a system for health related expo
sure monitoring on a global basis." 

Also, in Washington, D.C., in Octo
ber, a 3-day workshop session of the 
National Academy of Sciences and the 
Department of State discussed further 
aspects of monitoring activities includ
ing the seven monitoring items of the 
GEMS. rhis workshop is preparatory to 
the development of the U.S. position 
and the U.S. contribution to the GEMS. 
Delegates to that workshop included G. 
B. Morgan of the EPA Las Vegas EMSL, 
Ronald Engle (EPA Office of Research & 
Development, Washington, D.C.), Nor
man Glass (EPA Corvallis lab), and Ken 
Biglane of the EPA Office of Hazardous 
and Toxic Materials. 

Other views 

Dail Brown of NOAA mentioned that 
Earthwatch calls for the designation of 
establishment of three levels of assess
ment activities- world, regional , and 
national. A proposed framework calls 
for the designation of World Environ
mental Assessment Centers for each of 
the seven areas of the GEMS. Then, 
Regional Environmental Assessment 
Centers would support the world cen
ters, which in turn would be supported 
by the national environmental assess
ment. 

"The implementation of Earthwatch 

will cali for the broadest international 
partiCipation and cooperation," Brown 
said. " The months ahead will be critical 
to the future viability of Earthwatch, and 
the viability of Earthwatch may be criti
cal to the future well-being of the Earth 
and its inhabitants. " 

Wilson Talley, EPA deputy assistant 
administrator, who represented EPA ad
ministrator Train at the ICESA, men
tioned that the No. 1 priority in EPA R&D 
is effects research and noted that moni
toring was part of it. He said that the 
EPA R&D effort amounts to about $250 
million per year. of which $70 million 
goes for the support of 15 laboratories. 

Noel Brown, chief of the UNEP liaison 
office (New York City), acknowledges 
that Earthwatch is both a showpiece 
and an index of viability of the UNEP. He 
refers to Earthwatch as "action plan
ning at the global level ." What is neces
sary in all this monitoring activity is the 
avoidance of discovery by accident
such as the depletion of the ozone 
layer. What is obviously needed is an 
early warning system, but not false 
alarms! 

Looking ahead 

The umbrella title of the Las Vegas 
meeting accounted for the fact that two 
meetings were combined to form the 
ICESA. The first was the International 
'Symposium on Environmental Monitor
ing. with sponsors being the World 
Health Organization, EPA, and the Uni
versity of Nevada, Las Vegas. The sec
ond meeting was the 3rd Joint Confer
ence on Sensing of Environmental Pol
lutants with co-sponsors being nine or
ganizations including the American 
Chemical Society (ACS) and the Insti
tute of Electrical and Electronics Engi
neers (IEEE). The broad subject of the 
combined meeting was the dual theme 
of practical health-related monitoring 
and advanced technology for assess
ment of environmental pollutants. 

In any event, the conference pro
ceedings are being published by IEEE 
(New York City) in two volumes and 
should become available this month. 
Another such conference will more than 
likely be held in another two years. SSM 
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CoaleDn, involved in the design, engineering and con
struction of coal conversion plants, has an immediate 
opening for an Environmental Manager who meets the 
following position requirements. 

You will perform directly and supervise subcontractors 
in the performance of the plant site baseline environ
mental analysis. Prepare an environmental assess
ment suitable for use by the client in preparing a draft 
E.I.S. Establish and maintain relationships with the En
vironmental Protection Agency and other regulatory 
agencies to assure proper scope and depth of the en
vironmental assessment. define state and federat 
emission standards, and expedite permit approvals. In
terface with the client. ERDA. on environmenta l mat
ters and participate in public and regulatory hearings. 
as required . Provide environment-related guidance to 
engineering during plant design and monitor environ
mental impacts during plant construction and opera
tion . 

Interested applicants should respond. by resume to: 
Mr. D. R. Steenland. Employment Department. Coal
con. 1 Penn Plaza. Ne w York. N. Y. 10001. All re
sponses will be promptly acknowledged and will be 
treated in strict confidence. We are an equal opportu
nity employer mi t. 
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Sponsored by: 
U.S. Environmental Proteetlon Ageney 

The Conference will describe 
the coordinated federal pro
gram conducted by 17 agen
cies and will include in-house 
and exira-mural contracts and 
grants performed by industry, 
universities, non-profit institu
tions and consulting firms. 

The agenda will include de
scription of health , ecological , 
transport , fate and control 
technology programs in the 
following areas : 

• Increased Fossil Fuel 
Combustion 

• Substitute Fuels from 
Coal and Shale 

• Western Energy Resource 
Development 

• Energy Conservation 
through Recycle of Waste 
Products 

• Increased Coal and 
Offshore Oil Production 

February 9-11 . 1976 
Sheraton Park Hate' 

Washington, D.C. 

Register early . .. confer
ence attendance will be 
limited. A registration fee 
of $15 witt cover the costs 
of a luncheon and coffee 
breaks. 

For additional informa
tion contact : 
Harold Bernard, 

Conference Manager 
Debbie l ittman, 

Conference 
Coordinator 

Information Transfer , 
Inc., Conference 
Operators 

1160 Rockville Pike, 
Suite 202 
Rockville , Md. 20852 
(301) 340-6006 

CIRCLE 13 ON READER SERVICE CARD 

Volume 9. Number 13. December 1975 1111 



OUTLOOK 
The latest in wpc technology was not all that was exhibited 

and discussed. Fearless cleanup forecasts for the U.S. were 
made, and a Canadian view was presented 

Water talk under the Florida sun 
" In the domain of the environment, 

national frontiers do not exist. High 
standards in one country are useless if 
pollution exported by a neighboring 
country comes in and degrades water 
and air quality," the Hon. Jeanne 
Sauve, Minister of Environment Canada, 
told ES& T on the occasion of the 48th 
Annual Conference of the Water Pollu
tion Control Federation (WPCF, Wash
ington, D.C.), held at Miami Beach, Fla. , 
in October. Minister Sauve emphasized 
that pollution does not respect man
made boundaries. Referring to the de
velopment of Canada 's national effluent 
control requirements, she also told a 
luncheon session of the WPCF confer
ence that the approach being used is a 
consultative one involving technical dis
cussions with both industry and the 
provinces. "Canada 's constitution has 
compelled us to take a cooperative, 
consultative approach to resolving 
water-use conflicts, pollution problems, 
control alternatives, and prevention of 
future water pollution," Minister Sauve 
said. 

One way to abate water pollution that 
might otherwise be exported is through 
improved control technology. Such 
technology, was discussed and exhib
ited at the conference, attended by over 
8000, including about 575 exhibitors. 

Carbon 

One of the major problems associ
ated with sewage treatment is odor 
control, especially where evil-smelling 
hydrogen sulfide (H2S) and mercaptans 
are concerned. At the conference, Cal
gon Corp. (Pittsburgh, Pa.) introduced a 
new impregnated vapor phase (IVP) 
granular activated carbon (GAC) devel
oped specifically to control these partic
ularly obnoxious odors. 

Raymond Poltorak , a development 
engineer with Calgon, told ES& T that an 
H2S loading of 20-25 % can be 
achieved with IVP carbon, as compared 
with the 9.5 % loading possible with 
standard carbons. With methyl mercap
tan, a 9.5% loading can be obtained 
with IVP, as compared to a 4.1 % load
ing with a standard high-surface-area 
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Environment Minister Sauve 
"Pollution respects no boundaries" 

activated carbon. Poltorak added that 
an IVP system can safely handle a 
100-fllmin space velocity and requires 
only a 1.5-ft carbon bed depth instead 
of the 3-ft bed depth normally required 
with standard carbons. In some cases, 
he said, IVP carbon can be chemically 
regenerated in place. 

An illustration of IVP carbon 's capac
ity can be derived from test data which 
showed that a 6-in. test bed installed on 
a vacuum filter exhaust was about one
third saturated after 700 hrs, and that 
the test bed was still removing the H2S 
completely after 1000 hrs. Although 
H2S concentration averaged 5 ppm dur
ing the test, actual levels varied from 
1-40 ppm. At no time during these wide 
fluctuations in concentration was H2S 
breakthrough observed. 

Poltorak mentioned that 24 new IVP 
systems are now in various stages of 
design, development, or installation. He 
said that IVP carbon in conjunction with 
properly engineered hardware seems to 
offer more effective and economical 
control of sewage plant odors. 

Measuring wastewater flow 

One of the problems in the wastewa
ter treatment area has been the devel
opment of flowmeters specially adapted 

WPCF president Wagner 
" Dollars are needed for innovation " 

to wastewater. At last year's confer
ence in Denver, Colo. , Envirotech Corp . 
(Menlo Park , Calif.) predicted that it 
would have such a meter by October 
1975. At the Miami Beach conference, 
Frank Sebastian, senior vice president 
of Envirotech, announced that such 
flowmeters, which his company's Sparl
ing Division developed, are now being 
marketed as Sparling " Series 500" ob
structionless flowmeters. These meters 
have externally mounted electro-acous
tic transducers that do not contact the 
fluid . Flow tubes range 4-24 in. System 
accuracy is within 1 % or better of actu
al flow, and is unaffected by suspended 
solids, grease coatings, air bubbles, or 
changes in the physical properties of 
the flow streams, according to Enviro
tech. 

Envirotech's National Sonics Division 
announced the development and avail
ability of a sludge density meter. This 
device ultrasonically senses the density 
of sludges and slurries, including those 
from municipal sewage, water soften
ing, industrial waste, and industrial pro
cessing. The meter provides continuous 
control, monitoring, and read-out, and 
also controls the density of suspended 
solids being pumped in any selected 
line. Envirotech says that calibration is 



simple, and that the need for manual 
sludge sampling is eliminated. 

Filtration 

Two Massachusetts inventors, Ro
land E. Weber and Carl J . Zimmermann, 
announced that they are ready to offer 
a multi-stage system that can filter out 
more than 99.8 % of suspended solids 
from raw sewage. Their company, In
dustrial Pollution Control Corp. (IPC, 
Ware, Mass.), offers a typical industrial 
system for approximately one-third of 
conventional system costs, and says 
that filtrate water would be so clean 
that it can be recycled into manufactur
ing processes. Indeed, IPC says that 
even bacteria can be removed, and that 
only " some chlorine" will take care of 
viruses to make it potable. 

IPC has demonstrated its system by 
cleaning water from the Ware River, 
which is too heavily polluted for most 
fish or for any recreation . The filter unit 
demonstrated was a standard produc
tion model that processes 3000-12,000 
gal/hr of water . Processed water was 
conducted to a swimming pool contain
ing two dozen trout. 

The firm says that its system is self
cleaning, and that the material taken 
out by the filters may be recovered for 
processing into useful products. For ex
ample, 1000 gal/hr units of the IPC sys
tem demonstrated the filtering of carbo
rundum and granite powder from water 
at Barre, Vt., a granite quarry area . The 
recovered dehydrated waste can be 
used as a fine ball-bearing polish. Also, 
some filtered-out sanitary waste solids 
might be sold as fertilizer . 

The IPC system design won for 

Weber and Zimmermann the Inventors 
Club of America's " Invention of the 
Year " award for 1974. In a recent pro
posal for a Massachusetts textile manu
facturer , IPC predicted that by using a 
$150,000 system the company can 
save about $45,000Iyr in water costs 
alone by recycling the filtered water 
back into the manufacturing process. 

Water reuse 

One of the ultimate objectives of 
water cleanup is wastewater reclama
tion, especially in relatively water-short 
areas, such as southern California. 
Toups Corp. (consulting sanitary engi
neers, Santa Ana, Calif.) evaluated re
claimed wastewater as an alternative 
water source for irrigation and ground 
water recharge for the south coast of 
Santa Barbara County, Calif. For that 
area and purpose, Toups estimated 
costs of $205/acre-ft for reclaimed 
wastewater, compared to $302/acre-ft 
for " imported" water from the Califor
nia Water Project . For agricultural pur
poses, 4800 acre-ft / yr of reclaimed 
water could be supplied at a total 
project cost of less than $13 million. 
Side benefits would be nutrient reuse 
and fertilizer cost savings, as well as 
more water for agricultural expansion . 
However, reliability and controls must 
be emphasized if reclaimed water is to 
be used, according to Toups. 

On the international scene, the Re
public of Singapore (225 mi2 ; population 
2.25 million) has much incentive to re
claim wastewater, and has, in fact, 
been doing so since 1966. In that year, 
a wastewater reclamation plant that 
treats effluent from an activated sludge 
plant was completed; it supplies 5.4 
mgd of process water to about 43 in
dustries. The need for reuse is evident 
when one considers that most water 
around Singapore is that of the sea, and 
that catchment facilities for the 96-in. 
average annual rainfall are limited. 

In 1972, Camp Dresser & McKee In
ternational (CDMI, Boston, Mass.) com
pleted a study for a wastewater recla-

mation demonstration plant to provide a 
higher-quality effluent. In September 
1974, a 100,000 gpd plant went into 
operation and has "excellent" effluent 
quality despite wide influent quality fluc
tuation, CDMI president Donald Cullivan 
told the conference. Treatment includes 
solids contact clarification; ammonia 
stripping; recarbonation; clarification; 
dual media pressure filtration; GAC; de
mineralization; and alternatives of chlo
rination and ozonation. 

Needed: money 

Addressing technological innovation 
for wpc, Victor Wagner, associated with 
Howard, Needles, Tammen and Bergen
doff, and also 1975-1976 president of 
the WPCF, told a press conference, 
"We know how to do better, but we 
need the dollars. " He pointed out that 
dollar commitments to wpc technology 
improvement have been declining in 
total dollars, and more so, in terms of 
constant dollars. For this and other rea
sons, including " gross underestimation" 
of costs of water cleanup, deadlines will 
not be met, Wagner said. This evalua
tion was also expressed by EPA admin
istrator Russell Train who predicted that 
goals would be achieved, but that " we 
won 't attain 1977 goals by 1977, or 
1983 goals by 1983." 

In fact, there is a means-known for 
centuries-of making very clean water 
from most types of dirty water, espe
Cially if energy and cost are no object. It 
entails distillation, as Wagner wryly re
minded the press conference. However, 
perhaps with very few small-scale ex
ceptions, distillation is not " in the 
cards" ; thus, wpc technology continues 
its quest for other, more cost- and en
ergy-effective means of counteracting 
water pollution . The feeling in Miami 
Beach during those sunny October days 
was that given reasonable time and 
deadlines, and somewhat more funding 
generosity, these more efficient tech
niques, even for nonpoint sources, 
hopefully, will evolve at a healthy rate. 

JJ 
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When a load of chemicals spills. • • 
• • • telephone wires crackle, and cleanup moves fast 

It was after 11 p.m. on July 22, when 
the plans Larry Lusher, HELP manager, 
had for a good night's rest were thwart
ed by the insistent ring of the telephone 
at his St. Albans, W.Va., home. The cal
ler was Jerry look, dispatcher at the 
Penn Central Railroad's central office at 
Cincinnati, Ohio. look told Lusher that 
his switchman had smelled something 
pungent while switching a train that in
cluded six tank cars of liquefied petrole
um gas (LPG) and one tank car of meth
yl isocyanate (MIC) toward Urbana, 
Ohio. He then asked Lusher, "What do 
you want me to do? " 

Since LPG is explosive and MIC is 
highly toxic, Lusher had the train 
stopped two miles from Urbana. He 
then had all people from the train, as 
well as those in the surrounding four _mi2 
area evacuated, and the area totally 
sealed off by the state police. No 
sources of sparks, not even flashlights, 
were allowed in the area. 

Lusher was ready to leave for the 
area, along with other HELP personnel, 
by helicopter, when he received anoth
er call telling him that a knowledgeable 
Penn Central road agent was on the 
scene and could assist. The agent had 
special safety-certified non-sparking 
monitors and flashlights, as well as self
contained breathing equipment. He 
checked the train for leaks that fortu
nately turned out to be nothing worse 
than ammonia ; however, one can ap
preciate the need for strict precautions, 
for it could have been an LPG or MIC 
car that was leaking. 

HELP 

The hurry call came through the 
HELP (Hazardous Emergency Leaks 
Procedure) system that Union Carbide 

Wreck. In minutes, emergency team 
was on the scene at Marmet, W. Va. 
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Corp. (UCC) maintains at its South 
Charleston, W.Va., plant. HELP was 
brought into being in 1964 because 
UCC's management felt that the com
pany had a major business and moral 
commitment to safety in all phases of 
its involvement in the chemical industry, 
including transportation. Thus, the sys
tem, which to date has logged no fatali
ties, is set up to deal with chemical 
transportation emergencies, and is 
manned by trained operators. These op
erators know whom to contact seven 
days a week, 24 hours a day, and are 
at "hot-line" telephone 304-744-3487, 
for which Elva Mae Pridemore is super
visor . This number is to be used only to 
report a chemical transportation emer
gency. 

When an emergency call comes to 
that number, the operator will immedi
ately contact one or more of six HELP 
coordinators who would be available, or 
Lusher. Information given to the HELP 
person should include 

• specific location of the damaged 
container 

• material involved 
• type of container (drum, tank car, 

tank truck, other) 
• name of caller and how to reach 

him 
• description of conditions involved. 
Once the information has gone to 

HELP, the coordinator will know which 
of 34 plant and 31 specialty contacts, 
including chemists, engineers, medical 
doctors, and other trained people, inside 
or outside UCC, may be called day or 
night for advice and assistance. These 
people are "patched" into the HELP 
system so that the emergency call be
comes a conference call, if necessary. 
Safety, health, fire, and law enforce
ment officials are "patched" in as 
needed . Full instructions, including per
sonnel safety and medical procedures 
go to the appropriate parties. In the 
event of telephone unavailability, or as 
otherwise needed, the system also 
works by radio . HELP applies principally 
to transportation of UCC products; how
ever, in many cases, HELP will render 
emergency assistance where UCC 
products are not involved. 

Chemtrec 

Founded in 1970, Chemtrec, the 
Chemical Transportation Emergency 
Center , is also manned at all times. It is 
a service of the Manufacturing Chem
ists Association (Washington, D.C .), or
ganized and managed by John lercher, 

and is reached, for emergencies only, 
by calling 800-424-9300, and giving the 
same type of information as is given to 
HELP (indeed, HELP is tied into Chem
trec. Chemtrec will provide immediate 
information on the nature of the prod
uct, and appropriate response data, and 
will then contact the shipper who 
makes his expertise available in order 
to solve the problem . Chemtrec will also 
contact the Bureau of Explosives, Chlo
rine Institute, National Agricultural 
Chemicals Association (NACA), or ap
propriate government agencies, as 
needed. 

For example, one rainy night at 
Sharpsville, Pa., residents complained 
of skunk-like odors. The local fire chief 
found a leaking tank car on a siding; it 
was stenciled: " For Mercaptans Only. " 
He called the Chemtrec " hot-line " and 
gave the tank car number, by which 
Chemtrec located the shipper. Chem
trec then had the shipper arrange for 
repair of the tank car; meanwhile, the 
fire chief was told that the odor could be 
reduced by flushing the spill area with 
household bleach. 

Chemtrec keeps detailed files on 
chemical products, including trade 
names, and personnel contacts at man
ufacturers and shippers. Files are so or
ganized that the Chemtrec representa
tive on duty can readily find the neces
sary data to tell the caller how to handle 
the emergency, and to contact the ship
per, or another system, such as HELP. 
The object is to initiate emergency 
countermeasures as soon as possible, 
because some escaping chemicals can 
be environmentally harmful , explosive, 
flammable, offensive, toxic, or some 
combination of these. 

Other systems 

Other " hot-line" systems are avail
able. For instance, in Canada , there is 
the Transportation Emergency Assis
tance Plan, or TEAP system. TEAP ties 
into HELP, Chemtrec, and others. Since 
1970, NACA (Washington, D.C .) has 
maintained a " hot-line" for Class B poi
son pesticide leaks or spillage, and has 
the services of 14 NACA member com
panies and more than 40 safety teams; 
the number is the same as Chemtrec's . 
If chlorine is a problem, one contacts 
CHLOREP (Chlorine Emergency Plan) of 
The Chlorine Institute (New York. N.Y.), 
through one 's supplier , or Chemtrec. 
Also, under HELP, there is WEAP (Wa
terways Emergency Action Plan) at 
304-747-0001. or at HELP's number. 



Many other chemical and oil companies 
also have "hot-line" numbers under 
various acronyms. 

Recently, Chemtrec called HELP for 
advice on what was first taken to be a 
chemical fire . Realizing that the 
" smoke" was a highly toxic pesticide, 
potentially fatal to the firemen under 
such concentrations, the HELP coordi
nator called the nearest NACA Union 
Carbide contact . HELP operators main
tained a four-way " patch" between 
HELP, the NACA expert, the exposure 
site, and the treatment center, and 
staved off what could have been a le
thal situation. Meanwhile, Chemtrec 
found the manufacturer who, incidental
Iy, had stopped making the product five 
years previously. 

HELP and WEAP became involved in 
early August, when a faulty rail on the 
" Chessie" System caused a 29-car 
train wreck at Marmet, W.Va., and a 
spill of huge quantities of glacial acetic 
acid into a stream that empties into the 

Kanawha River. Coordinators were on 
the scene almost an entire weekend; 
ironically, they had been returning from 
another emergency job when the wreck 
occurred-no rest for the weary! Fortu
nately, there were no significant envi
ronmental consequences of the acetic 
acid spill. 

Computerizing 

Lusher told ES& T that there are now 
plans for the HELP program to compu
terize the records of all transportation 
incidents. This computerized data bank 
should offer a number of benefits. For 
example, perhaps certain hazardous 
chemicals will show up in leaks and 
spills more often than others, and new 
methods of packing and shipping such 
chemicals may be developed. Also, the 
availability of leak or spill counter
measure instructions would be en
hanced. 

There are significant data on which to 
build this bank, and more come in all the 

time. Lusher said that emergency calls 
average about 15 per month within a 
general range of 6- 25. 

One emergency packing method that 
the data bank might further enhance is 
called " overpacking. " Overpacking at 
UCC involves carefully sliding a leaking 
or damaged drum into a container of 
surgical-grade stainless steel-each 
such container costs $600. HELP peo
ple know at all times where each of 
these containers is. The bad drum 
sealed inside is returned to the nearest 
UCC plant, decontaminated, and 
scrapped. In some cases, the product is 
decontaminated and scrapped; in oth
ers, it is reclaimed. 

All in a day's work 

An incident can involve anything from 
an innocuous dye to some " hairy" ma
terial. An example of the latter involved 
a fire at a chemical plant at Columbia, 
Tenn., in July; nearby stood tanks full of 
carbon disulfide (CS2). Often, CS2 can 
ignite spontaneously in air, and be
comes CO2 and S02. If the air is humid, 
as on that July day, extremely toxic hy
drogen sulfide could also be produced 
through reaction with the air's moisture. 
Lusher advised evacuation of the plant 
and the area within one-half to one mile 
of the CS2 tanks. 

On the other hand, Chemtrec re
ceived a call from the London (England) 
Fire Brigade. A drum of chemical prod
uct from New Jersey, en route to Spain. 
was leaking at Heathrow Airport. The 
drum contained a harmless dye. but the 
Brigade needed to be assured. 

On October 20, in the presence of an 
ES&T editor. Lusher was informed that 
HELP coordinator Jack Burgess re
ceived a call about a drum containing 
toluene diisocyanate (TOI), a polyester 
feedstock. TOI is quite toxic. adversely 
affecting skin, eyes, lungs. and mucous 
membranes. The TOI drum was punc
tured by a fork lift at Louisville. Ky. Bur
gess explained how to neutralize and 
clean up the spill. as well as how to 
patch the punctured drum. The TOI 
drum would then be overpacked and 
shipped to UCC's plant to Institute. 
W.Va., for reclamation. 

That call came in at 11 :38 a.m., 
when Burgess. who is also department 
head of drumming chemicals at UCC's 
South Charleston plant. telephoned 
Lusher to pass on information con
cerning the Louisville incident, and to 
obtain guidance. if needed. Oh, well , it's 
all in a day's work! JJ 
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The spe~ter of. cancer 

ES& Ts Lois Ember finds that environmentally-caused 
diseases are definitely on the increase, that early 
warning systems to flag emerging problems are urgently 
needed, and that lower life forms are being considered in 
the design of screening systems 

This year 600,000 people in the U.S. 
contracted cancer, and more than 
300,000 have died from it From 60-
90% of all human cancers are caused 
by environmental factors, including cig
arette smoking. These figures do not in
clude the debilitating effects and even 
deaths resulting from cardiovascular 
and respiratory diseases, also suspect
ed of having environmental causes. 

Technological man is rudely being 
persuaded that he cannot with impunity 
tamper with his environment Whichev
er way he turns he is being bombarded 
with the deleterious effects of his vaunt
ed technology. Like the mythical multi
headed Hydra, his problems seem to 
multiply with each solution he effects. 
Consider these: 

• To protect himself from the noxious 
exhausts spewing from his automobile 
he designs the catalytic converter. An 
answer to hydrocarbon and carbon 

monoxide emissions is converted to a 
potential sulfuric acid problem. 

• To generate electricity to drive his 
civilization, he burns fossil fuels. The 
sulfur oxides emitted pollute his air and 
fall to the earth as acid rain to pollute 
his crops and waters. 

• To make his polluted waters drink
able, he disinfects them with chlorine. 
The chlorinated hydrocarbons formed 
are potentially cancer-inducing com
pounds. 

• To propel hair sprays, deodorants 
and household cleaners he uses Freon 
in pressurized cans. This Freon is now 
suspected of destroying the strato
spheric ozone layer. More ultraviolet 
rays may then strike the earth causing 
an increased incidence of skin cancer. 

• To earn a living he unwittingly 
subjects himself to cancer-causing or
ganic chemicals, asbestos, arsenic 
and the list seems interminable. 



Hercules killed his serpent by cauter
izing the necks as he cut off the heads. 
The U.S. Congress has attempted to 
cauterize the nation's increasing pollu
tion problems by passing the Clean Air 
Act and the Federal Water Pollution 
Control Act Amendments, the Occupa
tional Safety and Health Act, and the 
Safe Drinking Water Act among others. 
The proposed Toxic Substances Control 
Act, introduced every year since 1973, 
will probably die again this legislative 
session. 

How successful have these laws 
been in protecting the health and wel
fare of the American people? Not too 
successful if medical (epidemiological) 
evidence of rising rates of diseases 
such as cancer is considered. 

Yet, there are some who will insist 
that if cancer, respiratory and cardio
vascular illnesses are social diseases, 
the result of urbanization and industriali
zation, then the same technological ge
nius that went into their cause can be 
harnessed for their prevention. 

Cancer mapping 

Analytical studies have shown that 
manmade chemicals, suspected or 
known to be carcinogenic (cancer
causing), are found in the air we 
breathe, the water we drink and the 
food we eat. Of the estimated 2+ mil
lion chemicals known, no more than 
6000 have been tested to determine 
whether they cause cancer; only 1000 
have been shown to possess any carci
nogenic activity. And, probably only 500 
of these 1000 compounds are potential
ly hazardous to man, according to John 
A. Cooper, II, deputy associate director 
for carcinogenesis, National Cancer In
stitute (NCI). 

There is, at the moment, no system
atic way to prescreen new substances 
before they enter the environment. 
After-the-fact testing is being conducted 
at NCI where, at anyone time, some 
450 compounds are assayed for their 
cancer-causing potential. 

To date NCllists only 32 compounds 
as substances known to be carcinogen
ic to man. Included in this list are vinyl 
chloride, asbestos, chromium (hexa
valent), tobacco, !'I-naphthylamine, ben
zidine and the cattle-fattening hormone 
DES (diethyl stilbesterol) . The Occupa
tional Safety and Health Administration 
(OSHA) within the Dept. of Labor has 
set health standards for four of the 
above mentioned substances. 

In an effort to unravel environmental 
and occupational factors in the cause of 
cancer, scientists in the epidemiology 
branch of NCI have turned to the com
puter to analyze and map cancer 
deaths. A 4-yr study, which covered the 
U.S. by counties for the period 1950-
1969, has highlighted geographic clus
ters where the incidence of certain 
types of cancers is high. 

When the NCI scientists correlated 
industrial activity with high-cancer-risk 
counties, they found that white male 
workers in the chemical industry had 
high rates of lung, liver and bladder can
cers; these rates could not be explained 
by factors such as urbanization and so
cioeconomic class. High rates of blad
der cancer were found in white males in 
counties clustered in areas where auto
mobiles and two types of heavy ma
chinery are manufactured. 

Copper, lead and zinc smelter work
ers were found to have a high incidence 
of lung cancer. Since females in these 
same counties were also found to have 
above average rates of lung cancer, it 
was suggested that hazards of the 
workplace were being spread to the 
home and the surrounding community. 
An airborne by-product of the smelting 
operation, arsenic, a known human car
cinogen, is the suspected cause. Anoth
er example of this invasive phenome
non, again with lung cancer, is found in 
asbestos workers, their families and in 
the community surrounding the fac
tories. 

The NCI group responsible for the 
mapping studies is now refining its data. 
In more detailed studies of the cancer 
hot spots, the researchers are examin
ing the influences of urbanization, ethni
city, migration and constituents of the 
water supply on cancer rates. 

The NCI scientists, T. J. Mason, F. W. 
McKay, R. Hoover, W. J. Blot and J. F. 
Fraumeni, Jr., caution that the maps 
only provide clues to factors that con
tribute to cancer causation; they em
phasize that the maps should act to 
stimulate further studies. 

Cancer interest at EPA 

Taking up the NCI challenge, the U.S. 
EPA this July awarded an 18-month 
contract to System Sciences Inc. (Be
thesda, Md.) to study the correlation of 
cancer mortality between 1968-1973 
with the industrial structure of the U.S. 
in 1959. What is being sought is the 
relation of exposure of industrial ef
fluents and emissions to the incidence 
of cancer. Edward Brooks, in EPA's Of
fice of Toxic Substances, and project 
officer on this contract, told ES& T that 
the study may be expanded to include 
diseases other than cancer, such as 
respiratory and cardiovascular diseas
es. 

Another group within EPA that has 
sensed an increased need to untangle 
the mysteries of cancers' causes is 
the Office of Health and Ecological Ef
fects (HEE) within the recently reorgan
ized Office of Research and Develop
ment. Under the direction of Roy E. Al
bert, acting deputy assistant administra
tor, HEE is charged with providing the 
necessary scientific information to sup
port the promulgation or enforcement of 
standards and regulations. Long-term 

research programs are designed to gain 
a better understanding of the effects of 
environmental contaminants on living 
entities, including man, and on the eco
systems in which these entities exist. 

Albert has been designated the coor
dinator for all cancer matters within 
EPA, which is now formulating a policy 
on carcinogens. He realizes that there 
are substances that cannot be eliminat
ed from the environment and the prob
lem is to "control them (carCinogens) to 
minimize the risk of cancer, and yet 
permit their use in a fashion which is not 
economically prohibitive." 

Early warning systems 

According to reliable estimates, more 
than 200,000 chemicals of commerce 
are available today, and hundreds more 
enter the marketplace yearly. The need 

to predict their potential hazards to man 
is imperative. Yet, neither the Clean Air 
Act nor the Federal Water Pollution 
Control Act Amendments contain provi
sions for the premarket or premanu
facture review of health and safety data 
for chemicals. To date, no Toxic Sub
stances Control Act exists. Because 
there is a lag period between the reduc
tion of the release of contaminants to 
the environment and the resulting de
crease in concentration in the environ
ment, anticipatory actions and early 
warning systems are needed. 

Conceptually, lower life forms could 
be used to monitor the environment for 
emerging hazards, and act as indicators 
of potential hazards to man. They could 
also be considered for use in the design 
of new, improved and more rapid in 
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vitro screening systems for toxic sub
stances. 

An important component of an early 
warning system would be a specimen 
bank such as the Registry of Tumors in 
Lower Animals, tucked away in the 
labyrinth of the Smithsonian Institution . 
Invertebrate or cold-blooded vertebrate 
specimens with lesions, collected from 
natural habitats, zoological parks, aqua
ria and laboratory experiments, can be 
sent to the Registry to be preserved and 
studied. The specimen may be a slide, a 
bit of tissue, a head or the whole ani
mal. A report of the findings is eventual
ly sent to the contributor. 

The idea for the Registry emerged 
within NCI in 1963 and received the 
blessings of the National Academy of 
Sciences-National Research Council 
that same year. Two years later, in 
1965, the NCI approved the concept 
and awarded a contract to the Smithso
nian the following year. 

A collection of tumors 

The Registry 's collection now con
tains about 5000 specimens of which 
55% have neoplasms (tumors). The 
highest percentage of tumors (60 %) 
are found in bony fish, but substantial 
numbers are found in amphibians 
(16%) and mollusks (14%). Neoplastic 
lesions have even been documented in 
the fruit fly , the insect that has contrib
uted so hugely to our knowledge of ge
netics . A variety of other disorders 
caused by viral or bacterial infections, 
parasitic infestations and developmental 
anomalies have been documented by 
the Registry . 

The preponderance of aquatic ani
mals having tumors, according to the 
Registry's records, are bottom-feeders 
and bottom-dwellers. These neoplasms 
are often skin tumors. Because the 
aquatic environment frequently acts as 
a receptacle for potentially carcinogen
ic (cancer-causing), mutagenic (causing 
change in genetic material) and terato
genic (causing non-transmittable birth 
abnormalities) substances, the use of 
readily detectable skin tumors in these 
" low living" animals should be consid
ered as an early warning system. 

Cancerous tumors in the catfish 
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In addition to analyzing specimens to 
determine lesion types and probable 
causative agents, the Registry's staff 
under the direction of John C. Harshbar
ger has also developed a computerized 
data bank of information collected from 
Registry records and published litera
ture. The staff, often in conjunction with 
the specimen contributor, conducts ex
perimental studies on the nature and 
cause of tumors in these lower life 
forms. 

The Rainbow trout is often touted as 
the prime example for the use of tu
mors in fish as a reliable indicator for 
the presence of potential human carcin
ogens. These fish, raised in hatcheries, 
were found to have a high rate of liver 
tumors. The cause was traced to fish 
food contaminated with aflatoxins. Afla
toxins have since been found to be car
cinogenic to certain mammals, and epi
demiological evidence strongly suggests 
that they are carcinogenic to man. As a 
result of these studies, the Food and 
Drug Administration has established tol
erance limits for aflatoxins in food. 

The Rainbow trout emerged as an 
unwilling indicator for cancer, and was 
pressed into service as an experimental 
model. It may yet serve as the rallying 
point for increased use of lower animals 
in research directed to the cause and 
prevention of cancer in man. Harshbar
ger and his staff, buttressed by docu
mented evidence from the Registry, 
offer strong arguments for their use. 

Specimen banks 

A more comprehensive specimen 
and data bank, a National Environmen
tal Banking System, may yet come into 
being. Suggested as early as 1973 at a 
conference sponsored by the National 
Science Foundation (NSF), the feasibili
ty of such a banking system is now 
being studied by the EPA with the coop
eration and funding of the NSF and the 
National Bureau of Standards. The 
Human Effects Research Laboratory 
(Chapel Hill, N.C.) within EPA's Office of 
Health and Ecological Effects is spear
heading this $300,000 project. 

As ultimately envisioned, the banking 
system would preserve, stqre, catalog 
and selectively analyze specimens for 
pollutants. Samples of human, other an
imal and plant tissue as well as air, 
water, soil and food would comprise the 
specimens in this system. It is assumed 
that the data derived from the analyses 
would be useful in the early detection of 
problems, and in forecasting future 
problem areas. The storage of speci
mens would provide a flashback capa
bility should new and unforeseen prob
lems emerge. 

A case for the use of marine animals 
in biomedical research was strongly 
made at a conference held earlier this 
year in Washington, D.C. Conferees 

emphasized that some marine organ
isms would make excellent model sys
tems for study because they contain or
gans and even cell types similar enough 
to man's to manifest similar disease 
states-diabetes in the carp, arterio
sclerosis in the Pacijic salmon, and epi
lepsy-like convulsions induced in neu
rons of sea slugs. 

Because these marine organisms are 
simpler life forms they can be more 
thoroughly probed to yield secrets of 
disease processes that have so far 
eluded investigators who have used the 
more common laboratory animals
rodents , cats, dogs and monkeys. 

These lower life forms, particularly 
marine invertebrates, have been so little 
studied that the whole area of inverte
brate biology is, as Paul Yevich, a sci
entist participating in the Marine Bio
medicine Research conference said, 
"an exciting world of unknowns." 

Hazards of the workplace 

Heavy metals, minerals and organic 
chemicals are hazardous concomitants 
of industrialization. The early Romans 
recognized the dangers of mercury, and 
criminals sentenced to death were sent 
to work in the mercury mines. And 200 
years ago, Percivall Pott reported can
cer of the scrotum in chimney sweeps. 
But it is only recently, because of the 
long latency period between exposure 
and first evidence of clinical disease 
(the time-to-tumor incident) that arsenic, 
asbestos and synthetic chemicals of in
dustry, introduced since World War II, 
are being identified as cancer-causing 
agents. 

A research group headed by Dr. Lo
renzo Tomatis of the International 
Agency for Research on Cancer (Lyon, 
France) studied about 200 commonly 
used chemicals and linked 17 to cancer 
in man. Of the 17 chemicals known to 
be carcinogenic in man, 14 are hazards 
of the workplace (see box material). 
Most of these hazards can be eliminat
ed or reduced by changes in production 
processes and by using emissions con
trol equipment. 

Because of the astronomical number 
of chemicals synthesized yearly, and 
the long latency period before cancer 
becomes apparent, the backlog in test
ing for potential carCinogens simply in
creases. More rapid screening tests, 
using bacteria instead of animal sys
tems, are being developed. But, until 
these bacterial systems are perfected, 
labor unions representing textile , chemi
cal, atomic, and steel workers among 
others are beginning to work with medi
cal doctors (epidemiologists) to set up 
studies and surveillance techniques to 
detect cancer and other diseases linked 
to occupational hazards. 

An interesting, non-chemical occupa
tional hazard-whole-body vibration-



Paul Ye vich walks down the aisle 
on his way to the podium and your 
wandering mind snaps to attention. 
This is not the expected denizen of 
the staid scientific meeting. His 
short, ample figure is clothed in a 
dark boxy suit (rumpled? no, but 
your mind plays tricks). A green 
beret sits on his head, canted at a 
rakish angle. Protruding from his 
mouth, a stunted soggy black sto
gie. He begins to talk and you'll 
swear you hear Hdems" and Hdoz" 
but it 's just his strong Pennsylvania 
accent and your own mind supply
ing the necessary accoutrements to 
complete this Damon Runyonesque 
character. 

But, strip away this facade and 
you 'll find the patient scientist who 
has collected and dissected more 
than 50,000 marine specimens, and 
who has published more than 25 ar
ticles on studies undertaken at 
EPA 's National Marine Water Quali
ty Laboratory (NMWQL) at Narra
gansett, Rhode Island. Yevich, a re
search biologist studying diseases 
of marine invertebrates, was instru
mental in the formation of the histo
pathology unit within the NMWQL 
when the EPA was known as the 
Federal Water Quality Administra
tion. With the establishment of this 
unit came the need to adapt mam
malian techniques, or devise new 

was studied by Thomas H. Milby, Robert 
C. Spear and Carl A. Keller at the Uni
versity of California-Berkeley. Through 
the cooperation of Local No. 3 of the In
ternational Union of Operating Engi
neers, and under NIOSH funding, the 
scientists were able to study the diseas
es contracted by construction workers 
exposed to chronic, low-frequency, 
high-amplitude, whole-body vibration . 

From the Union's health plan records 
covering a 20-month period, about 
3900 claims for medical services were 
collected. The exposed group consisted 
of heavy machine operators, while the 
control group consisted of workers 
(such as oilers and soil testers) not 
subject to whole-body vibration but oth
erwise working on sites where machine 
operations are in progress. 

In general, those construction work
ers exposed to whole-body vibration 
were more likely to file claims for medi
cal services than workers in the control 
job classifications. Only with diseases of 
the male genital organs was a strong 
correlation with whole-body vibration 
apparent. But, a peaking phenomenon 
became evident. When heavy machine 
operators became afflicted with certain 
types of heart disease, a particular type 
of obesity, gout or diseases of the mus-

methods to prepare marine speci
mens for routine tissue examina
tion. The methods that Yevich de
veloped are now documented in the 
second edition of EPA 's Biological 
Methods Manual. 

With his limited staff, which con
sists of himself, a technician and 
" any part-time help we can get," 
Yevich has recently been studying, 
at the cellular level, the effects of 
oil pollutants on marine life. He has 
documented gonadal tumors in soft 
shell clams, a species in which can
cer was not thought to exist. These 
clams have been collected since 
1971 from an oil spill site at Long 

cles or skeleton, the data suggested 
that they left the jobs that subjected 
them to whole-body vibration. 

NIOSH/OSHA activities 

The National Institute of Occupational 
Safety and Health (NIOSH) and OSHA 
have undertaken a joint 3-yr effort to 
accelerate the development of health 
standards. By late 1977, about 275-
300 complete health standards will be 
promulgated. 

In 1971, OSHA issued its first set of 
500 threshold limit exposure standards 
for chemical substances. These stan
dards were adopted in one full swoop 
from the American Conference of Gov
ernment Industrial Hygienists. Four hun
dred of these 500 standards are to be 
expanded into complete health stan
dards under the joint NIOSH/OSHA 
Standards Completion Project (SCP). A 
complete standard includes monitoring, 
medical surveillance, analytical meth
ods, housekeeping and record keeping 
requirements . 

OSHA 's performance in the promul
gation of health standards has not been 
sterling. To date, the Agency has pro
mulgated complete health standards for 
16 substances, and has proposed an
other 23 standards (see box material). 

Cove, Searsport, Me. His control 
anImals, collected in waters only 50 
mi away, show no evidence of tu
mors. 

Although the histologic anatomy 
of many marIne species is negligi
ble, knowledge of seasonal 
changes In the tissues of these life 
forms Is even more meager. To fill 
this gap, Yevlch and his staff have 
been collecting specimens from 
their native habitat once a week, 
every week of the year. They have 
found unusual cyclic morphological 
changes In the nervous, renal and 
digestive IIssues of many of the in
vertebrates studied. They have also 
noted histologiC differences be
tween animals raised in captivity, 
and the same species collected 
from the field. 

During the course of the re
search, Yevlch 's histopathology unit 
has collected a vast amount of in
formation on marine species (rang
Ing from protozoa to fish) that have 
been exposed to heavy metals, hy
drocarbons and detergents. This In
formation Is being translated to a 
series of aliases on the compara
tive histology and histopathology of 
marine animals. The first alias, on 
the comparative histology of com
mercially Important bivalves, Is now 
being complied and will be pub
lished next year. 

Under the 1970 Occupational Safety 
and Health Act that created NIOSH and 
OSHA, NIOSH was charged with devel
oping criteria documents that are sent 
to OSHA for standards development. So 
far, 27 criteria documents have been 
sent to OSHA; from that number OSHA 
has promulgated one standard-for as
bestos. By the end of this year, OSHA 
will receive seven more criteria docu
ments from NIOSH, including one for 
oxides of nitrogen and another for hexa
valent chromium compounds. 

Don't drink the water 

On November 7, 1974. the Environ
mental Defense Fund (EDF), a New 
York-based national environmental or
ganization, released a report by Robert 
H. Harris, a water quality engineer. His 
report stated that the water that New 
Orleans, La. , draws from the Mississippi 
River contains chemicals suspected of 
causing cancer in man. The report 
mentioned that NCI had found Orleans 
Parish, La., to be a cancer hot spot, and 
then went on to draw the implication 
that the river water may be a factor in 
the high incidence of cancer in certain 
Louisiana parishes. 

After review of the EDF study the NCI 
concluded that the report " in no way 
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implicates water as an explanation for 
the high cancer rates in the parishes of 
Louisiana which draw all or part of their 
water supplies from the Mississippi 
River." The NCI review further stated 
that undisciplined methods had been 
used to arrive at the conclusions in the 
EDF report. 

The very next day, on November 8, 
1974, the U.S. EPA released its report 
announcing that 66 trace organic chem
icals had been found in New Orlean's 
drinking water supply. Administrator 
Russell Train, that same day, ordered a 
nationwide study of drinking water 
supplies of 80 major cities to determine 
the extent of chemical contamination. 
This survey found that 95 % of the 
water tested contained small quantities 
of organic chemicals, some of which 
were under study at the NCI for their 
cancer -causing potential. 

On December 17, 1974, President 
Gerald Ford signed into law P.L. 93-523, 
the Safe Drinking Water Act, which au
thorized the EPA to set national stan
dards for drinking water, but left en
forcement of the standards to state and 
local authorities. In March 1975, the 
EPA proposed draft standards that set 
limits for organic and inorganic chemi
cals and pesticides in drinking water 
supplies. The standards, some of which 
have already been modified, become 
effective in December 1976. 

The concentrations of the suspected 
carcinogens found in the nation's drink
ing water supplies are very low, and 
probably went undetected for years be
cause analytical methods were not yet 
sophisticated enough to detect them. 
Whether these low levels can be impli-

cated in the etiology of cancer is a 
question that begs an answer. 

Some scientists have called P.L. 93-
523 an unnecessary response to the 
perceived crisis of the moment. A NCI 
report to the Surgeon General stated 
that "no level of exposure to a chemical 
carcinogen should be considered toxi
cologically insignificant for man." 
Whether a safe threshold for exposure 
to a carcinogen exists is a widely debat
ed and as yet unanswerable question. 
With P.L. 93-523, the U.S. has chosen 
to err on the side of safety, at least until 
the ultimate goal-zero discharge of 
pollulants into the nation's waterways
of another federal water act, P.L. 92-
500, becomes technologically and eco
nomically feasible. 

A collision course 

What does a one-industry town do 
when it discovers that the industry is 
polluting its sole source of drinking 
water with a suspected carcinogen? 
This is a question many small towns 
throughout the U.S. may be forced to 
answer in the very near future. It may 
take another Solomon, however, to 
solve the resulting repercussions when 
environmental considerations collide 
head-on with economics. 

Case in point: Duluth, Minn., whose 
source of drinking water is Lake Superi
or. Fifty-five miles upshore of Duluth, in 
Silver Bay, Minn., The Reserve Mining 
Co. daily dumps about 67,000 tons of 
its powdered rock wastes, taconite tail
ings, into the Lake. Reserve has been 
dumping its wastes into the Lake since 
1955. The tailings contain asbestos-like 
fibers. 

The Lake's waters are so contami
naled that a quart of unfiltered water 
taken from Duluth's water system con
tains about 50 million asbestos-like fi
bers, according to an EPA scientist. 

Inhaled asbestos has been implicated 
in the etiology of lung cancer, but no 
one knows its eflects in man when it's 
ingested . Epidemiological studies are 
not conclusive. The fibers have only 
been in Duluth's drinking water for 20 
years, too short a period for carcino
genic effects to show up. 

About 3000 people in Silver Bay 
work for Reserve. These people are 
concerned about the long-term health 
eflects of asbestos, but they also fear 
for their jobs. 

EPA sued Reserve Mining in 1972 for 
polluting Lake Superior. In April 1974, 
after nine months of inconclusive hear
ings, a federal judge ordered the plant 
closed. Two days later, on appeal, the 
8th Circuit Court of Appeals permitted 
the plant to reopen. In March 1975, the 
appeals court ruled that since Re
serve's wastes are only "a potential 
threat to public health," the plant could 
remain open. However, Reserve, work
ing with the State of Minnesota, was or
dered to devise an alternative plan to 
dispose of its wastes on land (and also 
to clean up its air emissions). If the 
State and Reserve are unable to agree 
on a method of land disposal, the plant 
will have a year in which to phase out 
its operations. 

In the meantime, Duluth, at its own 
expense, is spending $5.25 million to 
update its antiquated water system, 
which meets all present water quality 
standards but wasn't designed to re-



OSHA promulgations to date 

Some 500 expos .. e Hmit standards
(adopted from ACGlH standards) 

16 complete health standards: 14 for 
carcinogens; 1 for asbestos; 1 for 
vinyl chloride 

23 proposed standards: 6 for ketones; 
11 for toxic substances; 1 for lead; 
1 for toluene; 1 for asbestos (re
vised); 1 for beryAlum. 1 for trlc~ 
roethylene; 1 for coke oven emis
sions 

• 400 are In the Standards CompletIon Project 
to be expanded Into complete health standards 

move cancer-causing substances. Fil
ters are being built at the central water 
treatment plant that will remove the as
bestos fibers before the water is 
pumped into the distribution system. 
The city hopes the courts will eventually 
award it damages in the Reserve Mining 
Case. 

Water disinfection 

Present disinfection processes may 
not be as effective in combating viral 
contamination of drinking water as they 
are in controlling bacterial contamina
tion. The coliform test, the current proof 
of disinfection, may not be a reliable in
dicator of viral infection. 

Viruses of major concern, the enteric 
viruses that infect the digestive tract of 
man and are excreted in the feces, are 
likely to be found in waters recently 
contaminated with sewage. Very little is 
known about enteric virus levels in U.S. 
drinking water. Documented evidence 
for waterborne virus disease exists only 
for hepatitis type A. But, even if enteric 
virus levels are found to be very low, 
these low levels may well be capable of 
causing infection in man. 

Experimental evidence indicates that 
enteric viruses are much more resistant 
to conventional sewage and advanced 
wastewater treatment processes than 
are coliform bacteria. Little is known 
about the ability of ozone, an alternative 
disinfectant to chlorine, to inactivate en
teric viruses. 

A first step in evaluating the public 
health significance of enteric viruses in 
drinking water would be the determina
tion of the presence and amount of 
these viruses in potable water supplies. 

Beyond criteria pollutants 

EPA 's latest estimate (1970 data) of 
damage to health from air pollution is 
$4.6 billion. No mere pittance. So the 
EPA, under the Clean Air Act mandate, 
has established ambient air standards 
for a half dozen materials-sulfur ox
ides, nitrogen oxides, carbon monoxide, 
hydrocarbons, photochemical oxidants 

and particulate matter. As defined by 
EPA, particulate matter covers hun
dreds of substances that may have 
harmful biological effects. But secon
dary particulates, those formed in the 
atmosphere by the reaction of a pri
mary pollutant (emitted directly from a 
source) under the influence of such fac
tors as water vapor, ultraviolet radiation 
and ozone, are also of concern. These 
are generally very fine particles in the 
aerosol class (0.01 to 10- 20 ,ul. and 
those less than 3 ,u in size are termed 
respirable particulates. 

When air containing aerosols is in
haled, 80 % of the respirable particles 
will be deposited deep in the lungs, in 
the alveolar ducts and sacs. It is these 
very small particles that contain the 
higher concentration of hazardous ma
terials that are adsorbed onto the pri
mary pollutant. 

Airborne pollutants besides the pri
mary pollutants include polynuclear aro
matic hydrocarbons, largely adsorbed 
onto particulate matter, many of which 
are carcinogenic, mutagenic and terato
genic; trace elements such as arsenic, 
mercury and chromium present as inor
ganic salts adsorbed onto particulate 
matter; gases such as carbon dioxide 
and fluorochloromethanes; pesticides; 
abrasive particulates such as silica and 
asbestos; and miscellaneous com
pounds such as sulfates, nitrates and ni
trosamines-the reaction products of 
primary pollutants. Some of the health 
effects of these pollutants are shown in 
the box material. 

Complicating the picture of pollution 
and human health is the fact that many 
natural and manmade pollutants interact 
synergistically. Here, a not-so-harmful 
pollutant alone becomes an extremely 
harmful one in the presence of a sec
ond or third material. 

The sulfate problem 

Respirable particulates of increasing 
concern for which no ambient air quality 
standard now exists are the sulfates 
and sulfuric acid. Sulfates, according to 
the air quality criteria document for 
SO" account for 5-20% of the total 
suspended particulates in urban air. 
With the advent of the catalytic convert
er, this percentage may rise. 

Evidence for adverse health effects 
associated with sulfates, especially for 
lower respiratory infections has been in
creasing. The acid, irritating aerosol sul
fates and sulfuric acid are believed to 
be more toxic than the parent S02, and 
are suspected of being the moieties re
sponsible for the increase in diseases 
and deaths associated with air polluted 
by SO, emissions from stationary 
sources. 

EPA has estimated that when daily 
sulfate levels exceed 6-10 ,ug/m3 , the 
frequency of asthma attacks increases; 
at levels greater than 25 ,ug/m3, the el-

derly experience exacerbation of heart 
and lung disease and mortality rates in
crease; at levels greater than 13 ,ug/m3 

for several years , an increase in acute 
lower respiratory disease in children oc
curs. These levels are often exceeded 
today, especially in the urban centers of 
northeastern U.S. 

Because of many factors, including 
unknown synergistic effects, latency ef
fects or chronic illness, and lack of in
terrelating clinical, epidemiological and 
occupational data, there is not enough 
information available today to establish 
a national air quality standard for sul
fates, or a strategy for achieving reduc
tion in ambient levels. The EPA feels 
that it cannot realistically set a national 
standard for sulfates before 1980 or 
1981. 

Until then, EPA has adopted the poli
cy of limiting further increases in areas 
of the U.S.-especially a 24-state re
gion mainly in the northeast-with high
er than average sulfate levels. In these 
states, sulfur emissions from power 
plants and other stationary sources will 
be limited. 

Concerning the emission of sulfuric 
acid from catalytic converters, the Na
tional Research Council recently stated 
that experience with these devices is 
too limited and sufficient information is 
lacking. At this time, there is no way to 
quantitate the potential health hazards 
arising from catalyst operation with 
health effects to be gained by control
ling hydrocarbon and carbon monoxide 
emissions. 

A form of tyranny 

Recognition of health problems has 
increased at a rapid rate but only be
cause modern analytical methods have 
become so sophisticated, so sensitive, 
that previously undetectable but poten
tially harmful materials are now "rou
tinely" detectable in a variety of envi
ronmental samples. 

Recently, minute amounts of chlori
nated hydrocarbons have been found in 
the waters of the Mississippi River. But, 
what do these compounds in the 
amounts detected mean? Do they bode 
ill-tidings for man? At this point, no one 
knows. 

Rational regulation of pollutants 
through legislated standards should not 
be based on the sensitivity of available 
analytical techniques. Acceptable levels 
for naturally occurring "pollutants" 
should be considered in relation to their 
background levels in the environment. 
For manmade "pOllutants," safe 
(threshold) levels may not exist and ac
ceptable levels must be "man-de
vised." These levels must be set so that 
the risk to man is greatly minimized. To 
accomplish this, all sources of informa
tion, including clinical, epidemiological 
and toxicological as well as analytical 
measurements, must be considered. 
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Increased demands on our available water resources be
cause of the concurrent increase in world population and in
dustrial demand make recycling of domestic wastewater inev
itable in the future. This plus the provisions of the Federal 
Water Pollution Control Amendments of 1972 (P.L. 92-500), 
which require zero discharge of pollutants into the nation 's 
water by 1985, have placed an urgent need on the develop
ment of recycling methods. One of the major problems to be 
overcome is the development of adequate methods to ensure 
the elimination of human pathogenic viruses from reclaimed 
water . Compounding this problem is the concern that present 
water treatment procedures may not regularly be sufficient in 
preventing viruses from reaching community water supplies. 

The first studies on the presence of human enteric viruses 
in water began in earnest more than 30 years ago, but the 
public health significance has yet to be ascertained. This has 
been due, in part, to the inapparent or latent nature of the 
viral infections and the lack of methodology for detection. 
Studies have shown that enteric viruses easily survive 
present sewage treatment methods, and that many can per
sist for several months in natural waters. Their behavior may 
be considered analogous to refractory chemicals found in 
some wastes. 

Viruses are ultramicroscopic intracellular parasites, inca
pable of replication outside a host organism. They consist of 
a nucleic acid genome enclosed in a protective protein coat. 
Viruses that are shed in fecal matter are referred to as enter
ic viruses; they are characterized by their ability to infect 
tissues in the throat and gastrointestinal tract, but are capable 
of replicating in other organs of the body as well. More than 
100 different enteric viruses are known to be excreted in 
human feces. Table 1 lists the major groups of enteric viruses 
that have been found in raw sewage or are known to be 
present in the feces of infected persons, including healthy 
carriers . Enteric viruses are excreted in concentrations as 
high as one million viruses per gram of feces, and concentra
tions as high as 463,500 infectious virus particles per liter 
have been detected in raw sewage. 
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Waterborne viral diseases 

Documented water outbreaks of viral disease have largely 
been limited to the agent of infectious hepatitis, mainly be
cause of the explosive nature of these outbreaks and their 
characteristic symptomatology. Other waterborne virus dis
ease outbreaks are not so easily recognized, and well-docu
mented outbreaks attributable to specific enteric viruses are 
lacking. This is largely because: 

• Many of these viruses cause inapparent or latent infec
tions, which makes them difficult to recognize as being wat
erborne. A person may contact a viral infection by drinking 
contaminated water, and the virus may actively multiply in his 
upper respiratory tract and intestine without his developing 
overt symptoms of the disease. He may have only a mild 
cough or diarrhea for a few days or no symptoms at all; yet 
he can act as an effective carrier and transmit the disease by 



droplet infection (by coughing) or by contaminated fingers 
(cooks) to a large segment of the population, who may then 
develop acute symptoms of the disease. 

• Epidemiological techniques are not sufficiently sensitive 
to detect low-level transmission of viral diseases through 
water. 

These reasons probably account for the fact that almost 
60 % of all documented cases of disease attributable to drink
ing water were caused by agents of unknown etiology. In ad
dition, at present no field-proven method exists for the detec
tion of the agent of infectious hepatitis. These difficulties have 
led to an emphasis on the detection of enteric viruses in 
water as an indication of the presence of human pathogens 
and the possibility of contracting viral disease. 

It has been shown in the laboratory that as little as one 
virus infectious unit for a host cell system is capable of pro
ducing infection in man. Thus, the presence of even one de
tectable virus unit in a water supply poses a potential disease 
hazard. It has been calculated that if a water supply contains 
as little as one plaque-forming unit of virus per 50 gal of 
drinking water in a community utilizing 50 mgd (0.2% of 
which is ingested as drinking water), at a 30% infection rate, 
600 individuals would daily contact a variety of clinical and 
subclinical infections. 

The expected average enteric virus density in domestic 
sewage has been estimated to be about 700 viruses per 100 
ml, but as many as 46,350 viruses per 100 ml have been de
tected in some parts of the world. The amount of virus 
present in raw sewage is highly variable and depends on such 
factors as the hygienic level of the population, the incidence 
of disease in the community, the socio-economic level and 
the time of year. In the U.S. peak levels occur in the late sum
mer and early fall. Enteric viruses survive secondary sewage 
treatment and chlorination in sufficient numbers to be isolated 
easily by present procedures at all times of the year. Thus, it 
is not surprising that these viruses have been detected in sev
eral of the major rivers of the U.S. 

Little is known about the occurrence of viruses in drinking 
water because, until recently, methods for the concentration 
of viruses from large volumes of water have been lacking. A 
few reports do exist in the literature. For example, in a study 
during the 1960's in Paris, France, enteric viruses were de
tected in 18% of 200 samples, and the average virus con
centration was estimated at one infectious unit per 300 liters. 
In another French study, viruses were found in 8% of sam
ples collected from water destined for human consumption. 
More recently, the finding of enteric viruses in 10-liter sam
ples of drinking water from communities in South Africa has 
been reported. Initial reports of virus isolations from drinking 
water in two New England communities in 1972 are now con
sidered questionable because of the likelihood of laboratory 
contamination of the samples. In fact, subsequent studies 
failed to show the presence of virus. 

Virological surveys of drinking water supplies are sorely 
needed to determine if currently practiced water treatment 
methods are adequate. Unfortunately, few laboratories at the 
present time are equipped or staffed to undertake such stud
ies. 

The concerns 

The release of virus into the marine environment through 
sewage outfalls and polluted rivers has also been an area of 
concern from the recreational standpOint and as a threat to 
the commercially important shellfish harvesting areas of the 
U.S. The eating of raw or inadequately cooked shellfish from 
polluted waters serves as a vehicle for the transmission of 
hepatitis and gastroenteritis. Hundreds of cases of shellfish
transmitted hepatitis have been reported, and enteric viruses 
have been detected in oysters taken from both the East and 
Gulf coasts. In at least one case, poliovirus was detected in 
oysters taken from a shellfish-growing area that met accept
ed bacteriological criteria for shellfish harvesting. Shellfish 
take in viruses during feeding and accumulate them in diges
tive tract tissue, but there is no evidence that viruses multiply 
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in these organisms. However, a recent outbreak did indicate 
that hepatitis virus can survive for over two months in oys
ters. 

Another recent concern is the presence of viruses in un
treated human fecal material in solid waste disposal sites. 
This material originates largely from the increased, wide
spread use of disposable diapers, which oiten send feces to 
landfill sites rather than to the sewage plant. Small children 
and babies oiten excrete large numbers of enteric viruses in 
their feces, and viruses from landfill sites might be leached 
out and contaminate underground water supplies. The density 
of enteric viruses based on recoveries from municipal solid 
wastes has been calculated to be about 32 virus units per 
100 g. Viruses have been sporadically recovered for periods 
of up to 20 weeks (see Table 2) in leachates generated in Iys
imeters containing municipal solid waste. Limited work, how
ever, suggests that soils with high clay content underlaying 
landfills have the capacity to protect ground waters from 
these pathogens. 

Various forms of land disposal of domestic wastes, includ
ing crop irrigation, have been proposed as major alternatives 
for wastes previously discharged directly into rivers and other 
bodies of water. While land disposal of domestic wastewater 
has been practiced on a large scale in Europe for several 
decades, little is known about the fate of viruses during and 
alter application to the soil. 

It has been feared that without dilution in receiving waters a 
greater threat will exist to ground waters if sewage is dis
charged directly onto the soil in large quantities. It is also felt 
that the deep well injection of wastes may pose similar prob
lems if not controlled. There are many instances of water
borne diseases spread by groundwater; between 1946 and 
1960, 61 % of all waterborne outbreaks in this country were 
caused by contaminated groundwater. 

Field and laboratory studies indicate that large numbers of 
viruses may be removed from sewage or other waters alter 
percolation through relatively short distances (1-2 It) in soils 
of uniform composition. Removal is believed to be largely due 
to the adsorption of viruses onto soil particles. However, 
these adsorbed viruses are not inactivated and may remain 
viable for many months in the soil matrix, perhaps to be re
leased again when the proper conditions for elution or de
sorption develop. Work done at a spray irrigation site in Flori
da has indicated that such factors as heavy rainfall may in
duce changes that affect virus adsorption and desorption, and 
result in the release of virus into the groundwater. In this par
ticular instance, virus was observed to move as a band 
through the soil alter a heavy rainfall and was detected in 
wells 10 and 20 feet below the surface. No virus had pre
viously been detected in these wells even alter several 
months of sewage application onto the land. The production 
of aerosols during spray irrigation of these wastes is another 
area that needs investigation. 

There is increasing evidence that viruses are olten associ-
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ated with suspended solids in sewage effluents and natural 
bodies. of water. For example, human enteric viruses have 
been detected in sludges from activated sludge plants and in 
marine sediments. It has been demonstrated conclusively that 
virus association with solids does not result in inactivation; in 
fact, virus survival appears to be prolonged. Human viruses 
adsorbed to clays and soil particles have been shown to be 
infectious for both animals and laboratory tissue cultures. 
Since this adsorbed state is affected by such factors as pH, 
salts and soluble organic matter, viruses could persist in river 
and marine sediments and not be detected in the overlaying 
water for long periods of time, or until they later become de
sorbed as a result of changes in the above factors . 

Treatment methods 

Processes available for virus removal from water and 
wastewater include those involving physical removal and 
those causing inactivation or destruction of the particle. Pro
cesses that involve actual removal include sedimentation, ad
sorption, coagulation and precipitation, and filtration. Condi
tions that cause inactivation are high pH, chemical oxidation 
by disinfectants such as halogens, and photo-oxidation by 
certain dyes in the presence of light. Processes that bring 
about virus inactivation are preferable to those of simple re
moval since the latter present a problem of the disposal of 
potentially infectious material. 

There are several shortcomings to the field evaluation of 
treatment methods. For example, the number of viruses en
tering a sewage treatment plant during a 24-hr period varies 
greatly, making temporal coordination of samples for treat
ment effectiveness difficult. Seeding experiments have been 
used to overcome this problem, but they too may yield mis
leading data because many of the viruses naturally present in 
sewage may be deeply embedded in or adsorbed to suspend
ed solids. 

Primary treatment of wastes, involving only settling and re
tention before discharge, removes little or no viruses. Any 
virus removal that occurs during this treatment probably re
sults from the sedimentation of viruses associated with sew
age solids. 

Virus removal of up to 90 % has been observed alter acti
vated sludge treatment, but large variations in removal have 
been reported, probably because of lack of temporal coordi
nation of sampling. Antagonism by sewage microflora and 
virus adsorption to floc during this process are believed to be 
the main factors in virus removal . These same mechanisms 
are believed to be involved in virus removal observed by la
gooning sewage in oxidation ponds. 

The physical-chemical treatment of sewage can result in 
large reductions of virus. Viruses are readily removed by 
coagulation and, aside from disinfection, this is probably the 
single most effective chemical procedure for removing vi
ruses from water and wastewater. Alum (aluminum sulfate), 
lime (calcium hydroxide), and salts of iron compounds as well 
as polyelectrolytes, are capable of removing as much as 
99.99% of virus suspended in water. It has been postulated 
that coagulation results in the formation of a coagulant-cat
ion-virus complex that settles from solution. The virus is not 
inactivated by this process, and in fact such coagulation has 
been used as a method to concentrate viruses from water. 

The high pH that can be attained during lime treatment can 
also result in very large reductions of virus. If pH levels above 
11 are maintained for sufficiently long periods, 99.9 % inacti
vation of the viruses present can result. Large variation in the 
reported times required for inactivation exist in the literature, 
and there is a need for a much closer look at such factors as 
concentration of organics, time, and temperature. 



Primary treatment 

Under appropriate conditions, viruses are readily adsorbed 
to a wide variety of surfaces including activated carbon, dia
tomaceous earth, glass, membrane filters, colloidal organic 
matter, clays, and soil. Adsorption is reversible by alteration 
of ionic levels or pH or by the addition of competing organic 
matter. Activated carbon removes virus, but its capacity is 
soon reached and virus desorption often occurs as organic 
substances replace the adsorbed virus. Sand filters can re
move virus by adsorption onto substances trapped by the 
sand, but little adsorption onto the sand itself occurs. 

Although chlorine treatment has been the mainstay of 
water disinfection for over 50 years in this country, little is 
known about the mechanisms by which it renders the virus 
nonviable. Chlorine's effectiveness as a viral disinfectant is 
highly dependent on a number of factors including tempera
ture, pH, the presence of organic matter, and the physical 
state of the virus (that is, whether it is adsorbed or aggre
gated). Because of the presence of large amounts of organic 
matter in the effluents from activated sludge plants, large re
ductions of virus are not possible because of the combination 
of the chlorine with the residual organics. It has been ob
served that application of 8 mg of chlorine per liter of sewage 
effluent resulted in no decrease in virus. With very high doses 

Hepatitis A virus (216,000 x) recovered from stools of infect
ed patientsa 

it From Gravelle et al. J. Infect. Dis. 131 163- 171 (1975). 

(40 mgtl for 10 minutes), 99.9 % destruction of virus in sew
age has been achieved, but then the problems of expense, 
chlorine toxicity to higher forms of life if such effluents are 
discharged, and the production of carcinogenic substances 
remain. Further complicating the problem is the wide variabili
ty in resistance of different enteric viruses to inactivation by 
chlorine. In a study of the resistance of 25 human enteric vi
ruses, the time required for 99.99% inactivation of the vi
ruses, under the same conditions, varied from 2.7 min to 2 hr. 

Ozone has been widely used in many parts of the world as 
a disinfectant for water and wastewater, but little information 
is available to indicate its virucidal efficiency, especially under 
field conditions. Limited studies indicate that under certain 
conditions (low organic loads), ozone may be effective 
against viruses, but not against bacteria when similar concen
trations are used. French workers reported that 0.3 mgtl 
ozone remaining at the end of a four-minute contact period 
was sufficient to inactivate 99.99 % of poliovirus in batch 
studies. When some organic matter was present, residual 
ozone of 0.1-0.2 mgtl inactivated 99% of poliovirus type 2 
and coxsackievirus B3 in 10 minutes. One of the main argu
ments against the widespread use of ozone is that it lacks a 
residual effect since it has a half-life of only 25 minutes. Per
haps, as has been proposed, a combination of ozonation and 
chlorination may be a more desirable disinfection procedure. 

Monitoring techniques 

Virus monitoring techniques, although not perfected for all 
types of water, have been developed to detect virus present 
in samples as large as 1000 gal of drinking water. New and 
improved techniques have also been developed for the quan
titation of viruses in shellfish and landfill leachates. While few 
laboratories at present have the equipment and experienced 
personnel to perform these tests, we and others believe that 
it is now time to consider the establishment of virus standards 
for potable and non potable waters. Such guidelines will be 
absolutely necessary for the planned use of renovated waste
water for domestic consumption. It has been suggested that 
renovated water be treated in such a manner so as to be ca
pable of destroying at least 12 log units of virus. Advanced 
wastewater treatment, involving physical treatment as well as 
breakpoint chlorination or ozonation, may well be capable of 
achieving this end. This has led to the suggestion that the 
maximum limit of viruses in drinking water supplies be the 
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minimum number that can be detected by using current tech
nology. In June 1974, scientists from around the world met in 
Mexico City at the International Conference on Viruses in 
Water, which was sponsored by the American Public Health 
Association and the World Health Organization (WHO), to pro
pose recommendations for detection and control of water
borne viruses . A prior recommendation that less than one in
fectious virus unit per 10 gal be present in recreational water , 
and less than one virus in 100- 1000 gal of drinking water was 
reaffirmed . It was the consensus of this group that an interna
tional body, such as WHO, identify provisional methods for 
determining virus concentrations in water and establish virus 
standards. While at present there are no virus standards rec
ommended by the Environmental Protection Agency , surveil
lance and methodology studies on enteric viruses in water 
supplies of several U.S. communities are now being conduct
ed. Such studies may form the basis for further recommend
ed virus standards in this country . 

Additional reading 

Viruses in Water . Proceedings of the International Conference on Vi
ruses in Water, Mexico City , 1974. Ed. by G. Berg, H. L. Bodily, E. H. 
Lennette , J. L. Melnick, and T. G. Metcalf . American Public Health 
Association , Washington. D.C., 1975. 

Virus Survival in Water and Wastewater Systems. Ed. by J. F. Mali
na, Jr . and B. P. Sagik. 1974 . Center for Research in Water Re
sources, Austin, Texas. 

Virus and Water Quality : Occurrence and Control. Proceedings of 
the Thirteenth Water Quality Conference. Ed. by V. Snoeyink and V. 
Griffin. 1971 . Urbana-Champaign: University of Illinois. 

Gerba, C. P., Wallis, C., and Melnick, J. L. , ··Fate of Wastewater 
Bacteria and Viruses in SOil ,'· Journal of the Irrigation and Drainage 
Division of the ASCE, Vol. 101, pp 157- 174, 1975. 
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Lead, depending on its use or misuse, has been of increas
ing scientific and technological concern in the U.S. One ap
proach to a better understanding of this necessary but con
troversial metal is to study the magnitude, distribution and im
pact of lead in the environment at the source of mining, mill
ing and smelting. Presently, seven modern mines in close 
proximity to two lead smelters in the forested Ozarks of 
southeast Missouri are the largest source of lead in the world . 

Since lead, zinc, copper, silver, cadmium and many other 
heavy metals are potentially hazardous when released into 
the environment in certain forms, they have been of consider
able concern to governmental agencies, industry and the pub
lic at large. In response to this potential hazard, the National 
Science Foundation (NSF)-RANN's (Research Applied to Na
tional Needs) interdisciplinary research team at the University 
of Missouri has studied trace contaminants associated with 
the production of lead for the past six years. The research 
team has disseminated information to industries, regulatory 
agencies, the general public and the scientific and engineer
ing communities as rapidly as it has become available, and in 
a form that could be practically applied to the user 's need . 
From the inception of this research, it was a stated goal that 
the environment of this unique region not only be studied but 
improved, if possible, and that to accomplish this goal, all in
terested parties had to be actively involved. One of the most 
important benefits of this study was the demonstration that di
verse interest groups could work together to develop com
mon solutions to environmental problems. Even more impor
tantly the experience in establishing such working relation-

ships has been transferred to similar situations throughout the 
U.S. and the world . 

History 

Since the early 1900's Missouri has been recognized for 
the production of lead. Lead in Missouri was first discovered 
by French developers as early as 1701 and mined from shal
low surface deposiis in 1720. 

Between 1800 and 1900 some 25,330 short tons of lead 
were produced and in 1818 a lead smelter was established 
on the Mississippi River at Herculaneum. Additional lead de
posits were discovered in 1840 near Joplin, Missouri , and 
from 1850 to 1860, three major lead and zinc mining districts 
were developed. By 1902 Missouri had become the leading 
mine producer of lead in the U.S. and has maintained that po
sition until the present, with the exception of 1962 when 
strikes decreased production. 

Increasing production of lead occurred during the period of 
1906 to 1918 with the largest amounts being produced during 
World War I. Most of this production was from the " Old Lead 
Belt" in Madison and SI. Francis counties, with the St. Joseph 
Lead Company (now St. Joe Minerals Corporation) being the 
main producer. However, in 1943 St. Joe realized the impor
tance of finding new ore reserves to replace those that were 
being rapidly mined out and embarked on an extensive explo
ration program outside the older established areas. 

In 1955, SI. Joe discovered a rich lead-zinc deposit that 
extended approximately 40 mi due south from Viburnum, Mis
souri. Grades of ore varied from low to very high, but have 
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since proven to be of higher quality (8-12 %) than initially 
forecast. Most of this discovery was on federal lands (the 
Clark National Forest), which meant that planning concerned 
with the development of a major mining industry within the 
multiple-use program of the National Forest had to be done. 
This lead-rich area was called the "Viburnum Trend" or "New 
Lead Belt " of Missouri. The geographic location of the New 
Lead Belt with its stream-drainage pattern in relation to the 
mines and one lead smelter is shown in Figure 1. 

Economic significance 

The economic significance of this unusual mineral district is 
just being realized, and promises to offset predictions that ad
ditional lead mineral reserves need to be discovered to meet 
resource demands during the balance of this century . The 
Third Annual Report of the Council on Environmental Quality 
emphasized that the modern low-cost lead producers in 
southeast Missouri would be able to maintain peak production 
and be able to absorb pollution control costs, while high-cost 
lead producers in other states might be unable to raise the re
quired capital for necessary pollution control and would be 
forced to close. 

In 1970, the New Lead Belt ranked first in the world; the 
area produced 432,576 tons of lead ore. The area has con
tinued in its role as the major lead producer, and has estab
lished new records in 1974 with the estimated lead production 
of 576,300 short tons of metal, or approximately 85% of the 
total output mined in the U.S. Zinc, copper and silver produc
tion also increased as co-products and the combined value of 
these four metals was estimated to have a value of $352 mil
lion in 1974. 

Technology 

Efficient and modern engineering designs have been incor
porated into the mines, mills, and smelters servicing the area. 

FIGURE 1 

Smelter-refinery production flow chart· 
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Galena (lead) is the principal ore mined with lesser quantities 
of sphalerite (zinc), chalcopyrite (copper) and silver recov
ered as economic co-products. 

The lead ore is disseminated throughout the mostly dolo
mite Cambrian Age Bonneterre Formation, at depths ranging 
from 700-1200 ft (213-366 mI. Since the producing forma
tion is also a good aquifer, some mines must employ constant 
pumping to prevent flooding. This inflow of water has reduced 
mine dust as a potential problem, but mine water pumped to 
the surface contains an appreciable amount of fine galena 
and other trace metals as well as associated spillage from 
equipment and maintenance operations. 

Generally, mines are worked by the standard "room and 
pillar" method. The back ore is drilled and shot in one or two 
passes followed by haulage to a gyratory crusher via large 
diesel loaders or locomotive-drawn railcars. After primary 
crushing underground, the ore is hoisted to the surface in a 
Skip. Most of the mines also have two shafts-one for men 
and equipment and the other for ore hOisting and charging of 
the ore bin at the mill. Automation is a key factor and the 
mos't advanced mining equipment and technology are used at 
the mines. 

Part of the water pumped from the mines is utilized as pro
cess water for the milling procedure in which chemical re
agents are added during the flotation circuit to separate the 
lead, zinc, or copper from the finely ground rock or gangue. 
The flotation reagents usually consist of chemical collectors, 
frothers, depressants and activants. 

The lead and zinc (and sometimes copper) minerals from 
the flotation process are pumped into thickeners where the 
concentrate settles leaving the water, excess flotation re
agents, and the colloidal and supra colloidal minerals as milling 
effluent. The concentrate is vacuum dried by various methods 
and then transported to smelters for the final conversion to 
metal. A typical mine-mill production flow chart is shown in 
Figure 2. 

The water and tailings wastes from the mine and mill oper
ations are discharged into settlement and treatment ponds. 
The tailings pond dams are usually constructed to tails (gener
ally less than 200 mesh in size) materials from the ore con
centration process; the tailings are separated into fine and 
coarse fractions by cyclones (centrifugal separators). Once 
the dams have been initially constructed, the tailings and 
other liquid wastes are introduced upstream from the dam 
until the lagoon is effectively filled. The lagoons are designed 
to settle out residual tails and biologically degrade any spent 
organic reagents discharged from the milling process. 

Figure 3 illustrates a typical smelter-refinery production 
flow chart for a modern lead smelter with several types of 
emission controls such as an acid plant, baghouse, atmo
spheriC stack and other modifications. These operations must 
be carefully monitored so as to control the emissions of lead 
and other trace metals. 

Environmental Impacts 

This rapid industrial development in a sparsely populated, 
rural forest region has caused various forms of lead, copper, 
zinc, cadmium and other trace metals to be released into a 
formerly "pristine" ecosystem. Because of this abrupt 
change, the mining district offers a unique area for studying 
the impact of trace metals and developing improved tech
niques to control detrimental effects. In addition to studies 
made in the New Lead Belt area, soil and vegetation investi
gations have been made near the ASARCO Lead Smelter at 
Glover, Missouri, as well as along the haulage roads used to 
transport lead concentrates from the mines to the smelter. 

Research has been done to determine background values, 
to establish natural baselines and to evaluate the lead mining 
and smelting industry as a source of trace metals in the envi
ronment. Sources of trace metals in the environment were 
found to be associated with 
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• the mining-milling operations with problems of grinding, 
concentrating and transporting ores and disposal of tails 
along with mine and mill wastewater 

• the smelter-refinery process with problems of concen
trate haulage, storage, sintering, refining, atmospheric dis
charges and blowing dust. Figure 4 depicts the possible 
sources of trace metals in the environment of the New Lead 
Belt area. 

Data utilization 

The air quality data collected during this study has been 
used as the basis for negotiating differences in standards set 
by the Air Conservation Commission in the Missouri Depart
ment of Natural Resources and the U.S. EPA. The data were 
selected not only for their uniqueness but also for their rigid 
neutrality in arbitrating differences among agencies, indus
tries, and the populace. 

The information on heavy metal transport from fugitive 
sources has resulted in improved procedures for controlling 
problems at the smelters and at the mine-mill complexes of 
the region. Ore concentrates are stored under roof or 
sprinkled with water to prevent biowage. The area around the 
AMAX Smelter has been paved (at a cost exceeding $1 mil
lion) so that metal-rich dust can be washed into containment 
ponds and recycled through the smelting facilities thereby 
preventing res us pension by truck traffic through the area. 
Figure 5 illustrates the distribution of settleable particulate 
lead around one smelter that has been used by the industry 
as a model in developing improved control procedures and 
equipment. 

Information on the efficiency of the various smalter emis
sion control devices has been used to develop plans for im-

Volume 9, Number 13, December 1975 1131 



proving emissions. The implementation of improved pollution 
control technology has resulted in the expenditure of millions 
of dollars for capital improvements. For example: 

• A " high efficiency" mist eliminator and additional cooling 
equipment were installed to the acid plant for increased acid 
production, improved sulfur recoveries and reduced sulfur 
dioxide emissions. 

• Four permanent sulfur dioxide ambient monitoring sta
tions were installed at a cost of $50,000 and a fifth station is 
planned. Whenever the sulfur dioxide ambient level at any 
station exceeds the Missouri l-hr ambient standard (0.25 
ppm) for more than 10 minutes, the sinter-acid plant is shut 
down. 

• A continuous sulfur dioxide stack analyzing system was 
installed at an estimated cost of $20,000. 

• The acid plant baghouse has been replaced with a hot 
electrostatic precipitator at an estimated cost of $1 million. 

• Two dams were constructed to catch and settle all 
stormwater runoff from the smelter plant area at a cost of 
$50,000. 

• Improved baghouse maintenance and operation were 
developed and a well-qualified, full-time, inhouse, environ
mental group was established to monitor operations and work 
with agencies and researchers on effective pollution control 
procedures. Other air quality control applications have been 
developed from research recommendations by Ernst Bolter, 
Kris Purushothaman, Delbert Hemphill and Ivon Lowsley of 
the RANN-University of Missouri interdisciplinary team. 

Pertinent studies 

Soil and geochemical research studies led by Ernst Bolter 
have indicated the extent of the geochemical anomaly sur
rounding mines and lead smelters. This information, coupled 
with air quality and other data, has shown the need for con
trolling fugitive emissions. The U.S. Forest Service is consid
ering the possibility of establishing a wilderness buffer area 
immediately adjacent to one smelter to eliminate some of the 
possible hazards to animals through the accumulation of met
als in vegetation and soil. 

Studies have also indicated that the tailings dams are 
sources of windblown lead and zinc; several mining and mill
ing companies have responded to this problem by planting 
appropriate native vegetation to hold fine materials in place. 

Evidence also exists that the accumulation of heavy metals 
in the soil and leaf litter may be a more sensitive and practical 
indicator of cumulative pollution than current air pollution 
technology methods. Methods of illustrating these zones 
through the use of computer plotted isopleths based on soil 
analysis are illustrated in Figure 6. 

Studies of the interrelationship between humic acids and 
heavy metals have also opened a number of new possibilities 
for treating heavy metals-containing wastes from industries 
other than the mining industry. Interesting results have been 
reported by Ernst Bolter (of the interdisciplinary team) and re
search continues in this area. 

Data collected from the long-term water quality studies 
were utilized to adjust the Missouri Clean Water Commission 
Effluent Guidelines for heavy metals; the ratio of actual to al
lowable effluent concentrations was adjusted from 1 to 2. 

In another case, a biological meander treatment system 
was developed through cooperative efforts between one 
company and researchers that has been demonstrated to be 
a superior mine-mill waste treatment technique. The system 
has been found to be economical, effective, and has de
creased the incidence of excessive algal growth and heavy 
metals buildup in receiving streams. Since once-affected 
streams have recovered through the utilization of this im
proved control technology this technology is now considered 
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by some mining engineers to be a practical and economical 
solution to certain stream problems. 

Research on the algae and stream macrofauna by Nord 
Gale and others of the interdisciplinary team has indicated 
that lead is not biologically concentrated by aquatic organ
isms. The possibility of bioaccumulation up the aquatic food 
chain has long been a concern of state agencies and the 
public who use this recreational area . Studies have also dem
onstrated that the inorganic nutrients in the mine water are 
contributing factors in producing undesirable algal blooms in 
receiving streams; improved treatment schemes are being 
further refined to eliminate these problems. 

Interestingly enough, a stream pollution incident was pro
duced by one lead smelter attempting to meet an OSHA stan
dard that resulted in serious amounts of heavy metals enter
ing the aquatiC environment when the plant area was washed 
down to eliminate dust. This incident has stressed the need 
for continued vigilance on the part of industry in handling 
these metals. 

It has also been found that heavy metals are washed from 
the soil into the streams and carried therein as suspended 
solids. These findings have resulted in the mine-mill com
plexes developing more efficient solids-retention devices. Re
search has also shown that stream velocities of this region 
are too rapid for heavy metals to settle at dangerous levels in 
the sediments. Most of the area 's streams drain into Clearwa
ter Lake llnd metal-containing sediments have not been found 
to have accumulated to a significant level over the past eight 
years. 

Studies of the leachates from naturally and artifically con
taminated soils have shown that , under present conditions, no 
hazard exists for the possible heavy-metal contamination of 
the water table resulting from the downward percolation of 
rainfall. Evidence has been found, however, that humic acids 
leached from the forest litter layer can mobilize lead and 



other heavy metals dramatically, and the long-term effects of 
this litter layer on heavy metal mobility requires further inves
tigation. 

Research on vegetation has been coupled with data from 
the geochemical and air quality studies to show that the ore 
haulage roads and railroads are another source of heavy 
metals emissions. As a result, planning is underway to retain 
all metal concentrates within some type of transport contain
er, or at least under cover. 

Dramatic research experiments have shown that lead can 
not only be removed from the soil and translocated to plant 
leaves, but that certain plant leaves can take up lead from 
aerial sources and translocate it to its roots. These findings 
have raised questions about allowing certain animals to graze 
close to the sources of heavy metals emissions. Research by 
Jim Pierce and Roy Koirtyohann of the interdisciplinary team 
has indicated that deer from the New Lead Belt region have a 
higher level of lead in their leg bones than deer from control 
areas; but as yet no clinical symptoms have been observed. 
This information has been used by the Missouri Department 
of Conservation and the U.S. Forest Service in the develop
ment of management plans for future recreational uses of 
this region. 

Remote sensing and data handling research by William 
Tranter and Jerry Sandvos of the interdisciplinary team have 
developed new techniques for rapidly evaluating biological ac
tivities in the mine-mill treatment ponds. This has been of 
great value to the research team, and computer-aided tech
niques are being developed to improve currently existing aeri
al surveillance and optimal sampling programs. 

Results from the remote sensing studies are additionally 
being utilized by the University of Kansas in a collaborative 
study for NASA. This project has also developed improved 
methods to permit ground truth correlation with NASA's ERTS 
remote sensing program, which allows large area maps to be 
made at minimum cost for use by industry and governmental 
agencies. 

Dissemination of data 

Selected samples from this multi-disciplinary study may be 
utilized for the National Environmental Specimen Bank Sys
tem (NESBS) proposed by the National Academy of Sciences 
Subcommittee on the Geochemical Environment in Relation 
to Health and Disease at the May 1973 workshop at Capon 
Springs, W. Va. Pertinent environmental samples from the 
project should be stored as a base for determining long-term 
changes in environmental quality. 

Information and knowledge gained through this study have 
been presented to appropriate user groups for the develop
ment of policies and implementation of improved pollution 
abatement technology to control trace contaminants in the 
environment. Throughout this program, research information 
and techniques have been exchanged with Colorado State 
University and the University of Illinois, which are participating 
in other aspects of lead and trace metal research under the 
NSF-RANN Trace Contaminants Program. 

A collaborative effort between the University of Missouri 
and Oak Ridge National Laboratories is underway to deter
mine if realistic models can be developed and tested under 
field conditions. Practical models would be of considerable 
value to both industry and regulatory agencies in predicting 
and controlling possible effluent or gaseous emissions from 
sources in the lead-zinc industries. 

Data utilization of the lead studies performed under grants 
from the NSF-RANN Trace Contaminants Program have been 
beneficial to industries, regulatory agencies, the scientific 
community , and the interested general public. Research find
ings have been applied by industries to the development of 

improved pollution technology, both controls and monitoring. 
Federal and state regulatory agencies have utilized research 
data for the development of more effective standards and for 
long-range planning to protect the health of people and their 
environment. The practical, common sense working partner
ship developed in this NSF-RANN Project-with the University 
of Missouri serving as an unbiased intermediary between 
agencies and industry-has allowed environmentalists to 
work with industrial and agency representatives to define and 
resolve problems for social and economic benefits. This 
unique partnership has been called a model for environmental 
cooperation, and was cited by the Zuckerman Commission 
Report to the United Kingdom of Mining and the Environment 
as being beneficial to the local community and its surround
ings. 

In this time of energy conservation, increased resource 
needs, scientific and technologic advances and environmen
tal awareness, a practical, cooperative approach among in
dustry, regulatory agencies, decision-makers, the engineering 
and scientific communities and the general public must be 
maintained if needed mineral resources are to be produced 
without a detrimental effect on the environment. 

Additional reading 

Wixson, B. G., Bolter, E., Gale, N. L., Jennett, J. C., and Purushotha
man, K. , "The Lead Industry as a Source of Trace Metals in the En
vironment," in Cycling and Control of Metals, U.S. Environmental 
Protection Agency, National Science Foundation and Battelle Memo
rial Institute, National Environmental Research Center, Cincinnati, 
Ohio, 11 February, 1973. 
" Lead, a Four Letter Worry." 5 minutes, sound and color motion piC
ture available in 16 mm film. RANN Document Center, Office of In
tergovernmental Science and Research Utilization, National Science 
Foundation, 1800 G Street, NW., Washington, D.C. 20550. 
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Monitoring organic vapors 

A portable mass spectrometer can be used in the field to detect 
thousands of these materials at the parts per billion level 

in the ambient and workplace air environments 

Joseph E. Evans 
Finnigan Corp. 

Sunnyvale, Calif. 94086 

The problems involved in measuring and identifying organic 
compounds in the environment have been of constant con
cern to the environmental scientist. Industrial hygiene, an al
lied area, which is concerned with occupational health in the 
workplace, is experiencing many of the same problems. The 
more stringent regulations, requiring specific compound iden
tification, have forced both groups to use sophisticated instru
ments that were seldom used in the past. 

Mass spectrometry and gas chromatography-mass spec
trometry are becoming two of the most popular and useful 
techniques available to the environmental chemist and indus
trial hygienist. Basically two reasons, high sensitivity and de
finitive identification, account for this popularity. The modern 
mass spectrometer is capable of detecting organiCS in the 
nanogram (10- 9 g) and even picogram (10- 12 g) range. 

This sensitivity combined with the capability to identify spe
cific sample materials in the presence of the many interfering 
compounds in an otherwise normal background often makes 
mass spectrometry the only applicable technique for monitor
ing abnormal materials in the environment. A recent augmen
tation of the technique, adding substantially to its utility, is the 
minicomputer-based dedicated data system. This has allowed 
for an efficient means of collection, reduction , and analysis of 
large volumes of data thus making feasible , for many labora
tories, an instrument that was once considered only a tool of 
research. 

Although the conventional mass spectrometer has gained 
a strong foothold in the environmental laboratory, it does not 
easily lend itself to portability and field use. It would, however, 
make an excellent field monitor if the problems involving size 
and weight could be overcome. Its sensitivity, specificity, and 
flexibility would allow it to replace many of the specific moni
toring systems now in use. 

For the past year, the U.S. Army Environmental Hygiene 
Agency has been using just such an instrument in the areas 
of industrial hygiene and air pollution monitoring. The system 
has proven extremely useful and has often provided informa
tion unobtainable by any other instrumental technique. 

Background 

The portable vapor detection system, based on a portable 
mass spectrometer, was developed for the U.S. Army Land 
Warfare Laboratory by Varian Associates under the technical 
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James T. Arnold 
Varian Associates 

Palo Alto, Calif. 94303 

direction of H. Clay McDowell. The original purpose of the 
project was to develop an instrumental system capable of de
tecting the presence and movement of concealed personnel. 
A mass spectrometer was chosen as the heart of the system 
because of its fast response and specificity of detection. 
Masses, indicative of organiC compounds emitted by the 
human body, were monitored via specific or multiple ion de
tection and the processed data were displayed on an integral 
CRT (cathode ray tube) monitor. The presence and intensity 
of these masses, above background, demonstrated the pres
ence of target personnel and to some degree their distance 
from the instrument. 

The development cycle of the portable vapor detection 
system started with breadboard feasibility in 1968. Although 

Leaks. Persons check the escape of materials from ducts 



Figure 1. Suitcase (right) shows the operator 's control panel 
and CRT monitor; suitcase (left) with protective insulation and 
covers removed shows the quadrupole analyzer and its vacu-

development was essentially complete by 1970, small im
provements were made through 1973 and consisted mainly 
of the replacement of some electronic components with 
" state of the art" ones as they became available. This ongo
ing development resu~ed in a lighter weight package w~h a 
high degree of electronic reliability. Weight and durability are 
especially important since the system usually travels as ex
cess baggage on commercial airlines. Even though the initial 
development contract has been satisfied, continued improve
ment is imminent. An integrated gas chromatograph and an 
"idiot proof" color CRT display are to be added later this 
year. The addition of the GC will greatly increase our capabili
ty in water pollution monitoring and a color change of the data 
peaks on the video display at preset concentration levels will 
make the instrument a "technician level" system. Operation 
of the system in the field while unattended via an acoustic 
coupler from the agency is also envisioned. 

Applications 

Because of the inherent flexibility of the mass spectrome
ter, the system was ideally suited for a number of other 
projects. ~ underwent extensive field testing to determine its 
usefulness in detecting military explosives. The instrument 
was mounted in both fixed and rotary wing aircraft and flown 
over TNT (trinitrotoluene) me~ing operations in order to deter
mine if the system could detect the plume given off by molten 
explosives. It was discovered that the more volatile MNT 
(mononitrotoluene) and DNT (dinitrotoluene) components 
present in TNT could easily be detected and thus provide in
formation as to the locations of enemy explosive reclamation 
facilities. 

Several other applications projects were also undertaken. 
In one, the system was installed in a Volkswagen Microbus. 
This resu~ed in a highly mobile system capable of detecting 
chemical effluents of military and environmental interest. An
other project involved the analysis of drugs and drug metabo
lites in body fluids. 

When the U.S. Army Land Warfare Laboratory was dises
tablished in 1974, the U.S. Army Environmental Hygiene 
Agency obtained, on loan, one of two mass spectrometer
based, portable vapor detection systems that had been deliv
ered. For the past year, the agency has been involved in eval-

um system (in the center and upper right-hand portions), and 
the membrane separator and its vacuum canisters (in the 
lower left-hand portion) 

uating its utility in monitoring and detecting environmental and 
industrial hygiene pollutants. 

The Instrument package 

The portable vapor detection system is housed in two 
heavy-duty aluminum suitcases. One contains the control 
panel and data display, the main power system, and a mini
aturized general purpose computer. The quadrupole mass 
spectrometer, its vacuum system, and the specialized inlet 
system are housed in the other case. During operation, the 
two cases are interconnected and operated via switch com
mands from the control panel (See Figure 1). Although the 
system incorporates many unique features, the inlet system 
and the digital computer are probably the greatest contribu
tions to its portability and success. 

The inlet system consists of a dual section Llewellyn sili
cone membrane separator, a sample pump, and two inter
stage pumping canisters. Each separator section itself is a 
3-stage device with each of the two sections operated at dif
ferent temperatures (See Figure 2). In normal vapor sensing 
operations, the higher temperature section is normally set by 
thermostat at 60°C while the lower one is slightly above am
bient. These temperatures are suitable for those materials 
that are sufficiently volatile to furnish partial pressures within 
the detection range of the system (nominally greater than 
10-6 torr). For less volatile materials, the higher temperature 
section is used alone and is heated under external control 
(maximum operating temperatures 230°C). The interstage 
pumping requirements for the separator are met by two stain
less steel canisters each of which contains 1 kg of specially 
processed zeolite. Upon evacuation, these canisters can 
meet the separator vacuum requirements for a normal day's 
operation thus precluding the inconvenience of transporting a 
mechanical pump to the investigation site. Normally the inter
stage canisters are pumped down on a daily basis by using a 
small fore pump; this procedure requires about one hour. The 
system can, however, sustain standby periods of up to three 
days without being replenished. 

During operation, a small pump pulls ambient air across 
the face of the outer membranes of the separators at ap
proximately 1 liter/min. Since the dimethyl silicone membrane 
material is more permeable to organic molecules than to the 
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air gases, the relative concentration of transmitted sample is 
increased at each stage of the three-stage separator. Sam
ple enrichment is compounded multiplicatively with each suc
cessive stage and, typically, is about 106 . With ambient con
centrations of 1 ppb the enrichment presents the spectrome
ter with a sample to air ratio of about 10-3, which is easily 
managed by the dynamic range of the system. The small 
amounts of air gases that pass the first two membranes are 
quite effectively removed by the zeolite canisters . Depending 
on the volatility of the material to be analyzed, either a Teflon 
or heated probe may be used for sample collection. A high
temperature liquid inlet system is also available. 

Spectrometer 

The UTI Model 100B quadrupole analyzer used in the sys
tem is a very precise mechanical assembly. Therefore, the 
analyzer rods must maintain their alignment within 0.0001 
inch. Since external forces on the rod assembly could alter 
alignment, the analyzer structure is floated within the vacuum 
housing. A radial clearance of 0.001 inch in its mounting pre
vents external forces from distorting the structure but still 
constrains its motion when the suitcase is subjected to shock 
loads. 

High vacuum, within the source and analyzer, is maintained 
by an 11 liters/ sec ion pump with resulting pressures of 10- 7 

to 10-6 torr . Power for the ion pump is supplied by the main 
power supply while the system is in operation and by a small 
external source during standby periods. During transit, three 
Leclanche lantern batteries, connected in series, will supply 
ion pump power for 24-48 hours. 

The ion source is of the closed, electron impact type and is 
patterned after the Alpert ionization vacuum gauge. Dual fila
ments are provided for redundant electron supply. The ionizer 
will usually function for several hundred hours even after the 
failure of one of the two filaments. Normal electron energy is 
approximately 70 eV. The ionizer, the mass spectrometer, 
and the electron multiplier are protected from over pressure 
damage by an adjustable vacuum interlock. 

One of the major problems in examining an unknown and 
uncontrolled mixture of samples lies in the dynamiC range of 
detection required. This is compounded by the fact that in a 
normal background situation, and in the presence of samples, 
peak intensities may vary by a factor of 100 or more. To ac
commodate this problem, an autoranging electrometer was 
specially designed for the system. Coupled to the continuous 
dynode electron multiplier the system, when operating at a 
fixed gain setting, achieves a dynamic detection range of 
more than 1000. 

Digital system 

The operation and control of the vapor detection system is 
entirely under digital control. Analog data from the spectrom
eter is digitized and processed by the computer while digital 
operational commands are transmitted analogically to the 
spectrom&ter. 

The computer was specially designed and developed in 
order to accommodate size, weight, and power constraints . It 
was designed around the Intel 8008 microprocessor and utili
zes 1792 8 bit words of Read Only Memory (ROM) and 1024 
8 bit words of Random Access Memory (RAM). The ROM 
contains the stored programs for instrument operation and 
data display while the RAM is used for data and program vari
ables. A hardware multiply and divide capability substantially 
increases the computers overall speed for processing data. 
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Figure 2. Diagram of one of the three-stage silicone mem
brane separators . Pressure decreases from Po (sample inlet) 
to P3 (spectrometer inlet). Membranes M" M2 , and M3 are 
supported by gOld-plated nickel and stainless steel screens on 
their low pressure sides. Air gases that penetrate M, and M2 
are removed by their respective zeolite canisters G, 

Since all operational programs are stored in reprogrammable 
ROM, protection is complete. Neither manipulation of the 
panel switches nor power outages can disable the stored pro
gram, which adds a level of protection for the novice opera
tor. 

Operation 

Three modes of operation are available with the system. 
One, a full scan from mass 10 to 346, is seldom used in the 
field as a separate oscillographic recorder would be required. 
A partial scan mode and a specific or multiple ion detection 
mode, however, output directly to an integral television moni
tor. 

In the partial scan mode, 14 amu (atomic mass unit) seg
ments of the spectrum from mass 10 to 346 may be as
sessed via switch commands from the control panel . Access 
to spectral segments is relatively fast (1-3 sec) and can be 
accomplished at any time. Once the operator has decided 
upon the segment of interest, background levels may be cap· 
tured and retained directly on the monitor. These retained 
background readings may then be compared with the current 
values of the peaks of interest that are displayed adjacently. 

This method of display allows precise measurement of 
very small changes in mass amplitude. Background levels 
have been shown to change slowly, but large excursions can 
occur over a period of time. Therefore background values 
can be automatically updated by the computer by using a 
moving average of background peaks to normalize the dis
play amplitudes. In order to accommodate a wide dynamic 
range, mass intensities are displayed as the square root of 
the detected values. 

For those compounds measured on a routine basis, the 
specific or multiple ion detection mode is used. In the present 
system, 256 words of ROM are reserved for signature peaks 
of specific compounds. Typically 2 to 5 masses that are indic
ative of a target compound are programmed into the ROM 
and displayed as a group. Both a static and moving average 
background display are available (See Figure 3). Depending 
on the number of peaks required for identification, 7 to 14 
compounds may be programmed on a single chip. The com
pound library can easily be expanded by programming sever
al chips and then exchanging them as needed. 



Specificity and sensitivity 

Mass spectrometry is, without question, the most definitive 
technique available for the identification of organic com
pounds. Although a complete spectrum is required to identify 
some compounds, many can be identified on the basis of a 
few well chosen signature masses. Multiple Ion Detection 
(MID) or mass fragmentography offers two major advantages. 
First, it reduces the amount of data that must be interpreted 
by the operator , and second it increases the sensitivity of the 
mass spectrometer. 

Since target samples are to be detected in the presence of 
normal background, the signature masses must be selected 
with care if the identification is to be truly reliable. Peaks that 
are common to a number of different compounds must be as
signed with caution and must be augmented with other mass
es of the target compound which, when combined, will serve 
to uniquely identify the sample. In general, combinations of 
peaks can be found that will permit discrimination against in
terferents with a high degree of confidence. 

Generally speaking, the average mass spectrometer will 
detect organic concentrations of 10 X 10- 9 g/sec in the full 
scan mode and as little as 10 X 10- 12 g/sec in the multiple 
ion detection mode. The quadrupole analyzer used in the por
table vapor detection system is quite sensitive and operates 
within these ranges. The determining factor in the sensitivity 
of the system is the efficiency with which sample materials 
can be transported to the ionizer of the mass spectrometer. 
The inlet system with its membrane separator is more effi
cient in transmitting reasonably volatile organic materia ls at 
ordinary temperatures. 

Less volatile materials require higher membrane tempera
tures; for example, TNT is best transmitted with a separator 
temperature of about 200°C. Inorganic materials and highly 
polar compounds are not transmitted as well. The mechanism 
that determines the facility of the membrane to transmit a 
substance is its solubility in the dimethyl silicone polymer. 

For the majority of organic compounds having vapor pres
sures of greater than 10-5 torr, solubility in the membrane is 
high and detection can be made in the parts per billion range. 
Less tractable materials can be introduced by using higher 
separator temperatures. An all glass evaporator for materials 
of low volatility is also available. Table 1 illustrates the sensi
tivity of the system for several compounds in ambient air. 

Uses 

The U.S. Army Environmental Hygiene Agency is charged 
with the occupational health and sa fety of Army personnel 
and civi lian contractors and protection of the environment 
from adverse military and contractor activities. In order to 
support these activities, a wealth of laboratory and field in
strumentation is required . Since obtaining the portable vapor 
detection system last year (1974) it has been integrated inlo 
more and more activities. Its extreme flexibility has allowed it 
to assume the duties of many other field instruments and in 
some cases to accommodate areas not covered by existing 
instrumentation. 

Some of the past and present uses for the system include: 
• detection of military explosives in water by direct injec-

tion and headspace analysis 
• detection of solvents used in degreasing operations 
• identification of pesticides 
• detection of vinyl chloride 
• monitoring of cholinesterase inhibiting chemicals. The 

system has also been used as a general purpose mass spec-

Organic compounds, for measurement purposes, 
can be placed in three distinct categories: 

• those relatively non-polar compounds of moderate 
vapor pressure that give rise to distinct, identifiable 
mass peaks 

• those similar to category 1 except that some 
mass peaks are shared by a number of naturally occur
ring compounds 

• those compounds exhibiting low vapor pressures 
or high polarity. 

Literally tens of thousands of organic compounds fall 
into categories 1 and 2 and are therefore detectable, 
by the system, at the ppb level. Although a significant 
number of category 3 organics exist, they are usually 
of less importance because their low vapor pressures, 
at normal temperatures, would limit their concentration 
in the workplace or the environment. 

The portable vapor detection system has, so far, met 
many requirements in industrial hygiene and organic 
environmental monitoring. The following compounds, 
extracted from the Threshold Limit Value (TLV) list are 
detectable in the ppb range and are representative of 
the types of compounds monitored on a daily basis. 

acetic acid 
acetic anhydride 
acetone 
acrolein 
2-amlno pyridine 
benzene 
chloroform 
carbon tetrachloride 
bls-chloromethyl ether 
cresol 
dlchloromethane 
dlchloroethane 
dlchloromonofluoro-

methane 
diethylene trlamlne 
diethylamine 
ethanolamine 
ethylamlne 
ethylenediamine 

formaldehyde 
hexachloroethane 
methanol 
methylamine 
methyl ethyl ketone 
methyl Isobutyl ketone 
p-naphthylamlne 
p-nltroanillne 
nitrobenzene 
parathion 
pyridine 
Stoddard solvent 
1,1,2,2-tetrachloro-

ethane 
tetra chloromethane 
methylchloroform 
triethylamine 
vinyl chloride 
xylene 

SensItivity for some organics In ambient air 
willi the portable vapor detection system 

Campo.und MW L_ tIebIc1Ion limit 

78 < 1.0 ppb «3.2 Jl9/1l1') 
139 <2.~ ppb « 12.0 pg/ll1 ") 

164 <0.1 ppb «0.7 Jl9/m') 
224 < 5.0 ppb «45.7 pg/ll1') 

86 <5.0 ppb « 17.5pg/m') 
102 <2.0 ppb «8.3119/m') 
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II 

A =- Background Indication 

Figure 3. Diagram of CRT display for both background (A) 
and detection (B) situations. Signature masses for bis chloro
methyl ether (I) and chloromethyl methyl ether (/I) are pro
grammed such that both compounds may be monitored si-

trometer during those times when a laboratory instrument 
was inoperable. 

One of the most useful applications of the system is that of 
point source monitoring. Much of the Army work involves lo
cating discrete sources of pollutants and toxic compounds. 
Because of the instrument 's selectivity and fast response, it is 
able to measure local differences in concentration within a 
small area . This becomes extremely important in those cases 
where exposure levels differ drastically within a single work 
area. 

A joint USAEHA-DEA (Drug Enforcement Administration) 
project also involves the portable vapor detection system. At 
this time, USAEHA is involved in a field evaluation of the sys
tem's capability in detecting the acetic anhydride plume given 
off by illicit morphine processing facilities. Based on earlier 
results, it is anticipated that the unit will be able to detect less 
than 1 ppb of acetic anhydride at a distance of one kilometer 
from the source. If the project is successful we will have an 
excellent weapon for combating drug traffic before it reaches 
the market place. 

One of the most important future applications of the sys
tem may be field detection and identification of organic con
taminants in drinking water and wastewaters. Some further 
development will, however, be required to implement this type 
of measurement. An integrated gas chromatograph and some 
additional data system capabilities will probably be required. 
Utility of the system will also be enhanced by developments 
designed to facilitate ease of operation by operators at the 
technician level. 

Although the portable vapor detection system was de
signed primarily for qualitative measurement, reasonably ac
curate quantitative results can be obtained. Mass abundance 
vs. concentration curves can be constructed by measuring 
known concentrations of target compounds. The intensities of 
selected air gas background peaks can be used to adjust 
spectrometer gain. 

Availability 

At present, several companies show an interest in devel
oping such a system. Litton Industries (Los Angeles, Calif.) is 
studying the feasibility of converting, for terrestrial use, the 
GC-MS system that will travel to Mars as part of the Viking 
Lander Project. Analog Technology Inc. (Pasadena, Calif.) has 
similar plans for their miniature quadrupole analyzer, which 
was developed for NASA. EPA has shown interest in this par
ticular instrument as an environmental monitor; however, the 
absence of a separator or other enrichment device makes it 

1138 Environmental Science & Technology 

• 

~.~"!IIn_II. 

multaneously. The left-hand peak in each doublet is the static 
background level for that particular mass while the right-hand 
peak represents the realtime level 

too insensitive for their work. Varian Associates (Palo Alto, 
Calif.) is also considering further development of the system. 

The system currently being developed for EPA by Analog 
Technology Inc. is expected to sell in the $20,000 range in 
production quantities. The more flexible system developed by 
Varian will probably be closer to $50,000. The original Army 
R&D contract provided for two complete systems at a cost of 
$60,000. 

Although the portable vapor detection system exhibits 
some design limitations, it has illustrated the usefulness and 
flexibility of the mass spectrometer as a field monitor. Further 
development could make it the most powerful instrument in 
the field scientists ' arsenal. Because of its sensitivity, speci
ficity, and flexibility, the portable mass spectrometer may be
come the monitoring system of choice if exposure and pollu
tion guidelines continue to increase the requirement to mea
sure specific organiC compounds. 

The opinion or assertions contained herein are the private views 
of the authors and are not to be construed as official or as reflecting 
the views of the Department of the Army or the Department of De
fense. 
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CURRENT RESEARCH 

Color Removal by Clays 
Kinetic Study of Adsorption of Cationic and Anionic Dyes 

V. Venkatraman Sethuraman 1 and Bikash C. Raymahashay* 

Department of Civil Engineering , Indian Institute of Technology, Kanpur, Kanpur 208016, U.P., India 

• Experiments were designed to study the kinetics of ad· 
sorption of two industrial dyes- methylene blue (cationic) 
and sulfur blue (anionic)-by kaolinite and montmorillon· 
ite clays. The cationic dye was removed from aqueous solu· 
tion at a continuously decreasing rate from 10 mg/g min to 
0.07 mg/g min by montmorillonite whereas kaolinite ad· 
sorbed the dye at a faster and uniform rate of 16 mg/g min. 
The anionic dye was removed at a uniform rate of 2.3 mg/g 
min by kaolinite and 2.6 mg/g min by montmorillonite. The 
apparent control of ion-exchange capacities and nature of 
exchange sites of the clays on the rates of color removal is 
pointed out. 

In this paper we report on the kinetics of adsorption of 
two industrial dyes, methylene blue (cationic) and sulfur 
blue (an ionic), from aqueous solutions hy the clay minerals 
kaolinite and montmorillonite. This investigation is direct
ly applicable to problems concerning discharge of textile 
dye wastes into the Ganges river near Kanpur as well as to 
disposal into groundwater seepage through soil zones. 

The mechanism of adsorption of cationic dyes, particu
larly methylene blue, by clay minerals has been studied by 
several workers (1-6). Very little is reported, however, on 
the adsorption of anionic dyes and the rates of adsorption 
of dyes by clay minerals. Some related studies include ad
sorption of Orange I 'and Orange II on silica (7) and adsorp
tion of pesticides on clay minerals (8). 

Experimental Procedure 

Commercial kaolinite and montmorillonite samples sup
plied by Industrial Minerals and Chemicals Co., Bombay, 
were used as adsorbents for dyes. Unlike many earlier in
vestigations, the clays were used without any pretreatment 
like hydrogen saturation, so that natural conditions were 
simulated as far as possible. Distilled water suspensions 
were prepared in tall jars and the middle fraction, after 
oven drying, was used in the experiments. Some properties 
of the clay minerals are listed in Table I. 

Two industrial dyes were used: BDH grade methylene 
blue, molecular weight, 319.87, and C-I sulfur blue 11 , 
53235, molecular weight, 305, manufactured by Imperical 
Chemical Industries (India) Private Limited. The second 
dye was obtained from the Elgin Mills, Kanpur, where it is 
widely used for dyeing cotton. According to a personal 
communication from the manufacturers, this dye is pre
pared by aqueous sulfurization of p-(2,4-dinitroani-

I Present address, Graduate Engineer (Civil), Metallurgical and 
Engineering Consultants India Ltd., Bangalore·2. 

line)phenol. It is used in the water soluble form by alkaline 
reduction with sodium sulfide. 

Weighed amounts of clay were added to aqueous solu
tions of methylene blue and sulfur blue and the suspension 
was shaken for varying lengths of time. The temperature 
was maintained at 23 ± 1°C. At the end of a run, an aliquot 
was centrifuged at 5000 rpm for 10 min and the dye con
centration in the clear supernatant was determined colori
metrically using Bausch and Lomb Spectronic 20 Spectro
photometer at 580 mil for methylene blue and 620 mil for 
sulfur blue. 

Results and Discussion 

Figure 1 is an adsorption vs. time plot for varying con
centration of kaolinite in contact with 100 mg/1. methylene 
blue solution. Equilibrium is reached in a very short time 

0, 
E 
o 
w 
ro 
'" 100 o 
(/) 

~ 80 
w 
360 
CD 

!i! .0 
W 
..J 

>- 20 
I 
~ 

W 
::;: 

20 W 

OS /1 KAOL 

60 80 10J 120 
TIME (minutes) 

Figure 1. Kinetics of methylene blue adsorption on kaolinite 

Table I. Some Physical and Chemical Properties 
of Clay Minerals Used in Adsorption Experiments 

X·ray diffraction 
analysis 

Average partic le 
size by Fisher 
subsieve sizer 

CEC by NaOH 
titration of H· 
saturated clay 

Exchangeable cations 
by analysis of acid 
extract 

Kaolinite Montmorillonite 

Presence of illite, Trace of 
mon t moril- kaolinite 
lonite and 
quartz (esti· 
mated 20% of 
to ta l) 

1.6 11 2.411 

5 meq j l00 9 60 meqj lOO 9 

Na:K:Ca:Mg 
= 2.3:0.1:1.0: 
0.3 meqjJ 00 9 
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(on the order of 5 min), and the amount of dye adsorbed at 
a given time increases with increasing clay concentration. 
Comparison with a similar graph for the methylene blue
montmorillonite system (Figure 2) shows that the rate of 
adsorption is much slower, steady values being attained 
only after 2 hr. The unit rate of adsorption by the two 
clays, as calculated from the curves for 1.0 g/l. clay, also 
shows striking differences. Kaolinite adsorbs methylene 
blue at a uniform rate of 16 mg/g min whereas adsorption 
by montmorillonite shows a steady decrease from 10 mg/g 
min in the first 5 min to 0.55 mg/g min in the next hour to 
0.07 mg/g min for the final hour. The nonuniform adsorp
tion by montmorillonite is further brought out in Figure 3 
where the amount of dye adsorbed is plotted against the 
square root of time. The first or instantaneous adsorption, 
similar for both clays, may be related to ion exchange with 
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Figure 2. Kinetics of methylene blue adsorption on montmorillonite 
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Figure 3. Three stages of methylene blue adsorption on montmoril
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120 

surface cations on the clays whereas the intermediate 
(gradual) adsorption in montmorillonite may be due to cat
ion exchange at the interlayer position of the clay. 

The unit rate for adsorption of the anionic dye, sulfur 
blue, is much lower (see Figures 4 and 5), the values being 
2.3 mg/g min for kaolinite and 2.6 mg/g min by montmoril
lonite. This is explained by the comparatively lower anion
exchange capacities of clays. It is also interesting to note 
that anion exchange being restricted to the surface and 
edges of clay particles, the rates for the two clays are simi
lar and there is no intermediate interlayer exchange stage 
for montmorillonite as was the case for cation exchange 
with methylene blue. 

Conclusion 

This series of experiments illustrates the strong control 
of the charge of the dye ion in solution and the correspond
ing ion-exchange capacity of clay minerals on the kinetics 
of color removal by clays. 

The cationic dye, methylene blue, is adsorbed by kaolin
ite at a fast and uniform rate. Montmorillonite, on the 
other hand, adsorbs much larger amount of dye at a slower 
and nonuniform rate. 

The rate of adsorption of the anionic dye, sulfur blue, is 
much lower and the rates for the two clays are similar. 
These differences in kinetics are apparently controlled by 
the nature of exchange sites of the two clay minerals. 
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Particle Size Distributions of Lead, Bromine, and Chlorine 
in Urban-Industrial Aerosols 

John J. Paclga,1 T. Michael Roberts,2 and Robert E. Jervis·,3 

Institute for Environmental Studies, University of Toronto, Toronto, Ont., Canada 

• A high-volume Andersen sampler has been used to mea
sure particle size distributions for atmospheric Pb, Br, and 
CI at urban control sites and near secondary lead refineries 
in Toronto, Canada. Bromine and CI were measured by in
strumental neutron activation analysis, while Pb was deter
mined both by absorption spectrophotometry and by in
strumental photon activation analysis. The Pb aerosol near 
roadsides was predominantly submicrometer in size, 
whereas elevated Pb concentrations in the vicinity of the 
refineries were attributed mainly to increases in Pb associ
ated with larger particles which settle more rapidly. The 
strong correlation between Pb and Br from automobile 
emissions allowed an indirect estimate of nonautomotive 
Pb in the atmosphere near the refineries. Chlorine, al
though also associated with automobile emissions, appears 
to be derived from several additional sources. The localized 
contamination of residential areas, which has resulted from 
refinery emissions, emphasizes the importance of particle 
size considerations in establishing air quality standards. 

An increasing amount of information on the multiele
ment content of urban aerosols has led several investigators 
to deduce possible trace element sources and to estimate 
the relative importance of such sources to ambient air qual
ity (1-3). The additional information provided by particle 
size sampling done in conjunction with multielement trace 
analysis greatly increases the possibility of source identifi
cation, occasionally allowing one to distinguish between 
different sources of the same element. This has been clear
ly demonstrated by Martens et al. (4), who have used aero
sol size sampling and V / Al ratios to estimate soil dust and 
combustion source contributions to airborne V concentra
tions. 

A strong correlation between Pb and Br from automobile 
emissions reported in this work and by others (5, 6) invites 
the possibility of using atmospheric Br to estimate the au
tomobile contribution to airborne Pb concentrations in the 
vicinity of industrial point sources of Pb. Although abnor
mally low values of the Br/Pb ratio have been used to indi
cate the presence of nonautomotive Pb sources (7) a wide 
range of average Br/Pb ratios, viz. from 0.12-0.28 has been 
reported for automobile emissions (5). The fact that ambi
ent Br/Pb ratios are lower than the ethyl fluid ratio of 0.39 
has been attributed to a loss of Br from the automobile 
aerosol with time (8), and there is evidence that the ratio 
may be higher for fresh automobile exhaust (6). 

This work is part of a comprehensive multidisciplinary 
study of the environmental effects of secondary lead refin
eries in Toronto, Canada (9) and reports on the presence of 
anomalous particle size distributions for the lead aerosol, 

I Present addr",s, Health Physics, Nuclear Power Div. , New 
Brunswick Power Comm. , 527 King St., Fredericton, N.B., F:m 
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2 Present address, Department of Botany, University of Liver
pool, Liverpool, U.K. 

:1 Present address. Department of Chemica l Engineering- and Ap· 
plied Chemistr\". Universit y of Toronto. Toronto. Ont.. MoS lA4 . 

as well as abnormally low Br/Pb ratios in the vicinity of 
two such refineries. Since automobiles are the major source 
of Br in the urban atmosphere, this element has been used 
to estimate the automotive contribution to atmospheric Pb, 
thereby allowing an indirect estimate of the contribution 
from refinery emissions. 

Sampling and Analysis 

In addition to urban control sites, the area studied in
cluded two battery recycling plants, hereafter designated as 
refineries A and B, with estimated annual Pb emissions of 
15,000 and 30,000 kg, respectively, before the recent instal
lation of control equipment (J 0). If we take the stacks as 
the emission center of each operation, both refineries lie 
within 100 m of residential areas. The most significant ad
ditional Pb emission source is an elevated expressway 
which passes within 250 m south of refinery A and 100 m 
south of refinery B. The 24-hr traffic volumes within the 
regions are 120,000 and 50,000 vehicles, respectively. 

Two main air-sampling programs were carried out from 
June 1973 to August 1974: 

1. Beginning in August 1973, a high-volume Andersen 
sampler (J 1) consisting of four polyethylene-covered stages 
followed by a Whatman 41 after-filter was used to collect 
40 size-fractionated aerosol samples at various sites in To
ronto. Two air-sampling sites were located approximately 
100 m N of each refinery. Control sites were located· in 
downtown Toronto and 100 m from the elevated express
way, a suspected contributor to the Pb levels in the areas 
studied. 

The Andersen sampler was ideal for routine particle size 
monitoring because its air flow rate of 0.57 m"/min (20 cfm) 
allowed the collection of sufficient material to split samples 
for analysis by atomic absorption spectrophotometry, neu
tron activation analysis, or photon activation analysis. The 
polyethylene collection surfaces of the Andersen sampler 
were not coated, so that they had low metal blank values 
and were quite suitable for multielement microanalysis. In 
common with other sizing devices, this sampler exhibits 
some particle "bounce-off" which contributes to wall loss
es, as well as cross-sensitivity between stages. Operating a 
standard high-volume sampler beside the Andersen sam
pler indicated that trace element losses reached 10-15% in 
some instances. 

2. Since only one Andersen sampler was available for 
this study, standard high-volume (1.4 m3/min) samplers 
were operated simultaneously at four different locations 
during June, July, and August 1974. These sites consisted 
of an urban control site, an expressway control site, a site 
100 m N of refinery A, and a site 150 NE ofrefinery B. 

All samples in this study were collected approximately 1 
m above ground level for 24-hr periods unless stated other
wise. Hourly wind measurements were available from the 
Toronto Island Airport located from 1.5-5.5 km from the 
sampling sites. 

Whatman 41 filter paper was used as a collection medi
um on the high-volume samplers and as an after-filter in 
the Andersen sampler because of its low blank values and 
ease of digestion in the atomic absorption procedure. Al
though the collection efficiency of the Whatman 41 filter 
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paper was expected to be greater than 80% (12, 13), a direct 
estimate was made by placing a filter on top of a high-effi
ciency Delbag polystyrene filter and sampling for 24 hr at 
approximately 1.4 m3/min. The Whatman 41 filter trapped 
85% of the total Pb and 83% of the total Br collected by the 
two filters. No measurement was made for CIon the Delbag 
filters because of the high Cl blank in the polystyrene filter. 

After sample collection, a section of each filter was irra
diated in the University of Toronto's SLOWPOKE re
search reactor (J 4) to determine Br and Cl concentrations 
by rapid neutron activation analysis based on the short
lived nuclides BOBr (17 min) and 38Cl (37 min). Lead was 
determined by atomic absorption spectrophotometry (15), 
as well as by an instrumental nuclear technique based on 
the production of 203Pb (52 h) by photon activation (16). 
This latter technique was used to analyze a limited number 
of samples primarily as an independent verification of the 
atomic absorption results. Agreement of approximately 
10% between the two methods was within the combined 
precision of the two analytical techniques. Results on soil 
analyses from an analytical "round-robin" with 15 enyiron
mental laboratories in Canada and the U.S. also indicated 
agreement of better than 10%. Detection limits of 25 ng/m3 
and 2 ng/m2 for Pb and Br, respectively, were sufficient to 
ensure an overall analytical accuracy of 15% or better on 
most samples; however, higher blank values for Cl resulted 
in some particle size fractions being at or below the Cl de
tection limit of 50 ng/ m:1. 

Results 

High-Volume Samples. The average Pb, Br, and Cl 
concentrations measured at four sites during the summer 
of 1974 are presented in Table I along with values obtained 
for eight samples collected at the site 100 m north of refin
ery A but on a nearby rooftop at an elevation of 6.3 m. The 
ground-level sampler at this site was shielded by adjacent 
buildings, and consistently higher Pb concentrations were 
detected when it was moved to an unobstructed position on 
the nearby rooftop. 

Excluding the rooftop samples, an analysis of variance 
on the 19 sets of complete data indicated that there were 
no significant differences in Br or CI concentrations among 
the four sites. Lead concentrations, however, differed at 
the 1% significance level, with Scheffe's test (17) indicating 
that the highest Pb concentrations were near refinery A. At 
first sight, the Pb concentrations near refinery B did not 
appear to be greater than would be expected from an auto
mobile source alone. A paired t-test on all the data, how
ever, revealed that despite a lower traffic density at this 
site, the airborne Pb concentrations were significantly 
higher (p < 0.01) than for the expressway control site, 
suggesting smelter contributions. 

The differences in findings among the air-sampling sta
tions are more clearly illustrated by the correlation ob
served between Pb and Br. At the control sites where auto
mobile emissions were expected to be the major source of 
atmospheric Pb, the BrlPb ratio was 0.32 ± 0.05 with a cor-
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Figure 1. Correlation of Br and Pb concentrations for high-volume 
samples collected at (a) control sites, (b) 150 m NE of refinery B, 
and (c) 100 m N of refinery A. The correlation coefficient r and re
gression line are presented 

FIgure 2. Particle size distributions for Pb, Br, and CI measured with 
an Andersen sampler 
(a) and (b) are from the urban control site. (e) and (d) are from a site 100 m N 
of an elevated expressway. The size fractions are <1.1,1.1-2.0,2.0- 3.3, 
3.3-7 .0. and> 7.0 I'm diameter for the Whatman 41 after-fitter F and stages 
4 to 1, respectively. The sampling date and predominant wind direct;ons are 
also presented 

relation coefficient between Br and Pb of +0.93 (Figure 
Ia). Near industrial sources of Pb, however, the BrlPb ratio 
decreased and the correlation between Br and Pb was 
weaker (Figures Ib and Ie). Whereas the control site ratio 
of 0.32 is comparable to the ethyl fluid ratio of 0.39, the 
ratio near refinery B (Figure Ib) was only 0.16 despite the 
similarity in traffic patterns. An appreciably lower ratio of 
0.09 observed near refinery A (Figure Ic) is similar to 
short-term values judged by Wesolowski et al. (7) to indi
cate the presence of industrial Pb sources. 

Particle Size Samples. At control sites, Pb and Br have 
very similar (small particle) size distributions as illustrated 
by the representative samples presented in Figure 2. The 
submicrometer size of the Pb and Br aerosols can be con
sidered characteristic of automotive emissions (5, 6). The 
measured mass median diameters for Pb and Br were 0.7 
I'm and 0.3 I'm, respectively, with the lower value for Br 
being a possible reflection of the absorption of gaseous Br 
by the Whatman 41 after-filter. 

At the site near refinery A, the Br size distributions were 
indistinguishable from those at control sites; however, the 

Table I. Atmospheric Pb, Br, and CI Concentrations at Various Sites During June, July, and August 1974 

No. of 
Average and range of concentrations, ""g/m J 

Site observations Pb Br CI 

Urban control 28 0.97 (0 .28-1.8) 0.28 (0.094-0.59) 1.00 (0.40-1.9) 
Expressway control 28 1.02 (0.36-1.8) 0.34 (0.10-0.65) 1.04 (0.59-1.9) 
Refinery A 25 2.31 (0.56-4.9) 0.29 (0.10-0.72) 1.18 (1.02-3.3) 
Refinery A-rooftop 8 11.5 (4.7-25) 0.3 5 (0.06-0 .58) 1.75 (0 .25-2.3) 
Refinery B 26 1.28 (0.37-2.5 ) 0.24 (0.09-0.58) 0 .90 (0.20-1.7) 
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Figure 3. Particle size distributions for Pb. Br, and CI measured with 
an Andersen sampler 
(a), (b). and (c) were collecled al a sile 100 m N of refinery A. (d) is from Ihe 
same site but was taken on a nearby rooftop 6.3 m in height. The size frac
tions are the same as in Figure 2. The sampling date and predominant wind 
directions are also shown 
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Figure 4. Particle size distributions for Pb, Br, and CI measured with 
an Andersen sampler 
All samples are from a site 100 m N of refinery B. The size fractions are 
given in FiglXe 2. The sampling date and predominant wind directions are 
also shown 

Pb distribution was often shifted strongly toward larger 
particles (Figures 3a, b, and d). The detection of increased 
Pb concentrations on particles greater than 3.3 11m in diam
eter appeared to be related to plant operation as well as 
wind direction. It was only with persistent winds from a di
rection other than that of the refinery that the Pb size dis
tribution resembled one typical of automobile emissions 
(Figure 3c). For samples collected near refinery B, there 
were similar increases in Pb associated with the larger par
ticulates which settle rapidly (Figures 4a, b, and d). Al
though sampling periods 4b and 4c included periods of 
rainfall, extensive sampling indicated that wind direction 
and speed had a much more significant effect on the size 
patterns and concentrations of trace elements than did 
moderate precipitation. 

Since Pb and Br from automobile emissions were strong
ly correlated with each other, and Br size distributions 
were independent of site, this element could be used to es
timate airborne Pb concentrations using the relation 

(Brlau"" X (Pb/Br)conlw' '" (Pb)au'" (l) 

For the high-volume samples collected during the summer 
of 1974 (Table I), inserting the Br/Pb ratio of 0.32 for the 
control sites indicated that the average automotive contri
bution to total atmospheric Pb concentrations in the vicini
ty of refineries A and B was about 40% and 60%, respective
ly. For the samples collected at the rooftop site 100 m north 
of refinery A, the automobile contribution averaged less 
than 1()<>A>. These data indicated that the average automo
bile contribution to airborne Pb in urhan Toronto was ap
proximately 1 IIg/m'\ and concentrations in excess of 2 
IIg/m" near either refinery could be expected to have a sig
nificant non automotive component. 

It was evident from particle size considerations that the 
refinery emissions were characteristic of fugitive sources 
from low-level material handling operations rather than 

well-controlled stack emissions, and the effect on air quali
ty was to increase the incidence of short-term, local, high 
Pb levels. It is notable, however, that the ambient Ph con
centrations near these refineries were infrequently in 
violation of Ontario's 24-hr ambient Pb criterion of 5 IIg/ 
m". Since standard high-volume samplers are not designed 
to collect large particle fallout, the suspended Pb levels 
may be consistently within criteria although localized con
tamination from fallout may constitute a major source of 
Pb for ingestion by children (9). Consequently, a dustfall 
standard, in addition to a standard for Pb in suspended 
particles, is desirable, for although these two measures of 
atmospheric Pb burden are closely related for rural areas, 
dustfall may increase much more rapidly near point 
sources. In light of observations that emissions from indus· 
trial sources are often short-term, episodal, and large parti
cle in nature , dustfall measurements also provide a conve
nient integrated estimate of contamination, and a guideline 
of 100 mg Pb/ m2/30 days has been recommended in Onta
rio (JO). 

Chlorine 

Since the Cl/Pb ratio in ethyl fluid is 0.34, automobile 
emissions can be expected to contribute to Cl concentra· 
tions in the urban atmosphere. Chlorine was, in fact, well 
correlated with Pb at the expressway control site during 
the summer months (r = +0.87). Also, Cl particle size dis
tributions in Toronto were typically submicrometer during 
the summer and often followed the Pb-Br distributions 
closely (Figures 2a and b). This pattern is different from 
that in a marine environment where CI and Na are strongly 
correlated and both are concentrated on larger particles 
(3). In Toronto, summer Cl concentrations were usually 
more strongly correlated with Pb and Br than with Na, and 
it was only during the winter months when salt is applied 
to roadways that Cl and Na were strongly correlated and 
associated mostly with large particles (Figures 2c, 2d, 3c, 
and 4d). 

Nevertheless , the Cl/Pb ratio was considerably higher 
than the ethyl fluid ratio of 0.34 and during the summer 
approached unity for control sites. Thus, there are appar
ently additional sources of atmospheric CI other than auto
mobiles or road salt. These sources appear to have a signifi
cant submicrometer component indicative of combustion 
sources such as municipal incinerators or fossil -fueled gen
erating stations, or, are perhaps in a gaseous form which 
can be absorbed by the cellulose Whatman 41 filter paper. 
The labile nature of Cl, however, limits its usefulness as a 
tracer (I8) . 

Conclusions 

The usefulness of particle size measurements in examin
ing the nature of emissions from a localized source in the 
presence of other disperse sources has been demonstrated. 
In particular, if emission sources exhibit correlations be
tween independent co-contaminants it is possible to esti 
mate the relative significance of different sources to air 
quality, even in complex urban systems. 

The importance of particle size measurements must be 
stressed in the assessment of air quality. In situations simi
lar to those described here, air quality standards may be 
violated only occasionally, if at all, despite the fact that 
high concentrations of a contaminant on large-particle fall
out can be of considerable environmental significance. This 
is especially important where adequate buffer zones do not 
exist between industries and the neighboring community. 
Dustfall measurements in the Toronto study indicate that 
a buffer zone of about 200- 300 m from an operational cen· 
ter would be necessary to prevent unacceptable contamina-
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tion of soil in adjacent residential areas. This conclusion is 
supported by views extant that exposure to contaminated 
surface soils and street dusts can constitute an ingestion 
hazard, especially to children. 
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Dynamics of 2,4-0 Esters in Surface Waters 
Hydrolysis, Photolysis, and Vaporization 

Richard G. Zepp', N. Lee Wolfe, John A. Gordon, and George L. Baughman 

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

• The chemical hydrolysis, photolysis, and volatilization 
of several commonly used 2,4-D esters were studied. The 
hydrolysis rates are strongly dependent upon ester struc
ture; esters possessing ether linkages near the carboxyl 
group generally hydrolyze more rapidly than hydrocarbon 
chain esters. The rapid hydrolysis rates observed in basic 
water suggest that hydrolysis is often the major pathway 
for transformation of 2,4-D esters in natural waters. Photo
products of 2,4-D esters are monochlorophenoxyacetic acid 
esters·in hydrocarbon media and in ester-water emulsions; 
in aqueous solution, chlorohydroxyphenoxyacetic acid es
ters and 2,4-dichlorophenol are formed. Direct photolysis 
in water is a slow process; the minimum photolysis half-life 
of the butoxyethyl ester under September sunlight is about 
14 days in the southern United States. The photolysis rate 
is pH-independent, but it depends strongly upon time of 
day, season, and latitude. Calculations based upon solubili
ties and vapor pressures of 2,4-D esters indicate that vola
tilization may be a significant mechanism in the loss of hy
drocarbon chain esters from environmental waters. 

Pesticides represent an increasingly important type of 
synthetic chemical introduced into the environment by 
man. Chlorinated phenoxyacetic acids and their derivatives 
are among the most widely used pesticides in the world. Al
though production of 2,4-D (2,4-dichlorophenoxyacetic 
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acid) and other phenoxyacetic acids decreased sharply in 
the late 1960's because of reduced Vietnam usage, recent 
U.S. production figures suggest that this downtrend has 
been reversed (J). 

The widespread application of phenoxy herbicides has 
prompted numerous studies of their biological, chemical, 
and photochemical degradation (2,3). However, few publi
cations concerned with the chemical behavior of the esters 
of 2,4-D have appeared, although 2,4-D frequently is intro
duced into the environment formulated as an ester. The es
ters are often sprayed onto surface waters to control aquat
ic weeds; they also enter lakes and rivers in the runoff from 
field application (4). Their fate is of interest to the Envi
ronmental Protection Agency because they are known to be 
toxic to fish and other types of wildlife (5) . 

Our studies have yielded quantitative data that can be 
used to predict rates of hydrolysis and photolysis of several 
commonly used 2,4-D esters. Volatilization rates were cal
culated by a recently published technique (6). 

Experimental 

Materials. Reagent-grade 2,4-D was purified by recrys
tallization from 50% water-ethanol. The 2,4-D esters were 
prepared by acid-catalyzed esterification of 2,4-D by corre
sponding alcohols. The methyl ester was recrystallized 
from a hexane-methanol mixture and the other esters were 
vacuum distilled. Monochlorophenoxyacetic acids (ortho 
and para derivatives) were obtained commercially and es-



terified as above. The chlorohydroxyphenoxyacetic acids 
were prepared as described elsewhere (7). Water used in 
most of the experiments was distilled, passed through ion
exchange columns, and redistilled. Natural waters were col
lected from the Suwannee River (pH 4.7) and Withlacoo
chee River (pH 8.1) in South Georgia. The river water used 
in the photolysis experiments was filter sterilized by pas
sage through a 0.22-1' Millipore filter immediately prior to 
use. 

Equipment. Hydrolysis kinetic studies were conducted 
in a thermostated oil bath that regulated temperature 
within ±0.05°C. Quantum yields were measured in an ap
paratus previously described (8). The light used in the lab
oratory studies was derived from a 450-W medium-pres
sure mercury vapor lamp. For the quantum yield studies at 
313 nm, the light was filtered through 3-mm Pyrex glass 
and a 1-cm thick solution ofO.001M potassium chromate in 
3% aqueous potassium carbonate. The light was filtered 
through 2-mm Pyrex glass for product studies; wavelengths 
of the filtered light (>290 nm) corresponded to those in 
sunlight. Analysis of the reaction mixtures was performed 
on a Tracor MT-220 gas chromatograph equipped with 
flame detector and a 6:lNi electron capture detector. In
frared and mass spectra were obtained on a Perkin-Elmer 
Model 621 infrared spectrophotometer and a Finnigan 
1015 SL quadrupole mass spectrometer coupled with a 
Varian Model 1532-B gas chromatograph. Ultraviolet spec
tra were obtained on a Perkin-Elmer Model 602 digital 
spectrophotometer. 

Procedures. Hydrolysis of the esters was followed by 
periodically analyzing benzene extracts of the reaction mix
tures. The mixtures were analyzed by GLC on a 3% SE-30 
column with the electron capture detector, using a chlori
nated biphenyl as internal standard. Kinetic studies were 
run in phosphate, borate, or acetate buffers. The hydrolysis 
reactions were followed through one to two half-lives. Sec
ond-order rate constants and activation parameters for hy
drolysis were calculated by computer using a least-squares 
analysis of data (9). 

Quantum yields were calculated from the slopes of loga
rithmic plots of ester concentration vs. time. For weakly 
absorbing systems (absorbance <0.02), the slope is equal to 
2.303 '~hlq" where ')0. is the molar extinction coefficient of 
the ester at 313 nm, 1)0. is a constant proportional to inci
dent light intensity at 313 nm, I is the cell path length, and 
q, is the quantum yield. The value of hat 313 nm was mea
sured using valerophenone actinometers (l0). 

A series of cells containing solutions of 2,4-0 butoxy
ethyl ester (1.00 X lO-oM) in the Suwannee River water 
(pH 4.7) and in distilled water phosphate buffered at pH 
5.3 were simultaneously exposed to equal amounts of poly
chromatic light (>290 nm) in the photochemical apparatus. 
Benzene extracts of the photolyzed solutions were analyzed 
by GLC to follow ester disappearance and product forma
tion. No change in ester concentration occurred in dark 
controls during the experiment. 

Photolysis product studies were conducted in hexane, in 
distilled water buffered at pH 5.3, and in Suwannee River 
water. Solutions were analyzed by GLC on 10% SE-30 and 
10% Silar 5CP columns after about 30% conversion to prod
ucts. Photolyzed solutions of the methyl and butoxyethyl 
esters (1.00 X 1O-"M) in hexane were concentrated and the 
products were collected by preparative GLC; alternatively, 
the solutions were directly analyzed by combined GLC
mass spectrometry (GLC-MS). The isomeric products, es
ters of 2- and 4-chlorophenoxyacetic acid, that formed in 
hexane were partially separable on the 10% SE-30 column. 
Product studies in both distilled and river water were con
ducted by irradiating 1 I. of ester solution (1.0 X 10-0M), 

acidifying the solution to pH 2 by hydrochloric acid, then 
analyzing concentrated chloroform extracts by combined 
GLC-MS. One of the photoproducts, an ester of 4-chloro-
2-hydroxyphenoxyacetic acid, readily cyclized to a lactone 
during GLC (Figure 3). The infrared spectrum of the pho
toproduct mixture had no absorption at 1790 cm- I ; a char
acteristic absorption band of the lactone. Products derived 
from photolysis of emulsions of the butoxyethyl and octyl 
esters were identified by combined GLC-MS. All photo
products were identified by comparison of their infrared 
and mass spectra to those of authentic samples. 

The hydrolysis product, 2,4-0, was extracted with ether, 
reacted with diazomethane, and determined by GLC analy
sis as the resulting methyl ester. 

Sunlight irradiations were carried out during September. 
Solutions of the butoxyethyl ester (1.00 X 1O- 5M) in tight
ly stoppered quartz tubes were exposed for five sunny days. 
To minimize reflection, the tubes were positioned over a 
black background. Dark controls showed no change in con
centration during these experiments. 

Calculations. Specific sunlight absorption rates were 
calculated according to Equation 1: 

~ [Id )o. (1 - lO-u,ld ) + Is)o. (1 - 10-",1' )1 ')o.a)o. -I 
ho = D 

(1) 
where Id )o. and 1., )0. are direct and sky irradiance, respective
ly; a)o. is the decadic absorption coefficient of the water; Id 
and Is are pathlengths for direct and sky irradiance be
neath the water surface; ')0. is the molar extinction coeffi
cient of the 2,4-0 ester; and D is the depth of the water 
body. Values of Id)o. and Is)o. were taken from a report pub
lished by Bener (l1). Average values for Id and I., were cal
culated according to Equations 2 and 3: 

I _ Dll-r 

d - V Il-r 2 - sin2 z 
(2) 

/., = 1.2 D (3) 

where I'r is the refractive index of water and z is the solar 
zenith angle. Detailed derivations of Equations 1-3 will ap
pear elsewhere. Surface reflection from water bodies was 
ignored because it is <10% for most solar zenith angles 
(12). Data concerning the time-of-day dependence of z in 
the southern United States were obtained from Figure 2, 
Chapter 2 in Leighton's book (13). 

Empirical photolysis half-lives were calculated assuming 
first-order kinetics for disappearance of the esters under 
natural sunlight. 

Solubility Studies. A large excess (0.1 g) of each ester 
was magnetically stirred in 100 ml of distilled water for up 
to three days; saturation by the butyl, octyl , and butoxy
ethyl esters was achieved within 3 hr. The solutions were 
centrifuged at 15,000 rpm for 1 hr in a Sorvall RC-2 centri
fuge set at 25° C. Aliquots taken from the upper half of the 
centrifuge tubes were extracted with benzene. The benzene 
extracts were analyzed by GLC using an electron capture 
detector. Temperatures of the solutions in the centrifuge 
tubes were measured with a calibrated thermometer imme
diately after the aliquots were taken. 

Results and Discussion 

Hydrolysis Rates. In accord with previous extensive 
studies of ester hydrolysis (14), three reactions considered 
in kinetic studies of the 2,4-D esters were acidic, neutral, 
and alkaline hydrolysis. As expected, product studies 
showed that 2,4-0 was formed quantitatively in these reac
tions. 

Detailed studies of the reactions of the 2-butoxyethyl 
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and methyl esters indicated that the hydrolysis rate (-d [E]! 
dt) could be expressed by Equation 4: 

- dIE) = ka,[H+)[E) + kn[E) + kh[OH-)[E) (4) 
dt 

where ka," kn , and kb are the rate constants for acid-cata
lyzed, neutral, and alkaline hydrolysis, respectively, and 
[E) represents ester concentration. The observed rate con
stant, kub." is expressed by Equation 5: 

(5) 

A plot of log kob., vs. pH for the butoxyethyl ester was 
nearly V -shaped (Figure 1), indicating that neutral hydrol
ysis is unimportant relative to acidic and basic hydrolysis 
(14), Table I presents rate constants for acidic and alkaline 
hydrolysis in water, measured by hydrolyzing the esters at 
low and high pH. Activation parameters were determined 
by measuring hydrolysis rates at different temperatures 
(Table 1). 

The kinetic data in Table I can be used to calculate hy
drolysis rates as a function of pH and temperature. Reac
tion kinetics become pseudo-first-order when the water is 
buffered, as often occurs in natural water. For such a case, 
the reaction half-life (tI/2) may be expressed by Equation 
6: 

0.693 
tl/2 = 

k,,,.[W) + hb[OH-) 
(6) 

Since hh is much larger than hac, the half-life for the pH 
5-9 range can be adequately expressed by Equation 7: 

0.693 
tl /2 = kb[OH-) (7) 

Using Equation 7 and structure-reactivity relationships 
(14) for the alkaline hydrolysis of various acetic acid esters 
(I5), we have estimated hydrolysis half-lives for commonly 
used 2,4-D esters (Table 11) , These data demonstrate that 
the chemical hydrolysis rate for a given ester varies greatly 
within the pH range normally found in natural waters (pH 
6- 9) and that hydrolysis rates are much higher in basic 
than in acidic waters. Ester structure also strongly influ
ences hydrolysis rates. The esters possessing ether linkages 
near the ester carboxyl group generally hydrolyzed more 
rapidly than the hydrocarbon chain esters. For example, 
the hydrolysis rate of the 2· butoxyethyl ester was about an 
order of magnitude greater than that of the l-octyl ester. 

The rapid hydrolysis of 2,4-D esters in basic distilled 
water suggests that chemical hydrolysis is often the major 
pathway for alteration of the esters in basic natural waters, 
To check this point, the disappearance of the butoxyethyl 
ester was studied in water collected from the Withlacoo
chee River in South Georgia. As shown in Figure 2, the ob
served disappearance rate matched the hydrolysis rate cal
culated from data in Table I, using the pH of the river 
water (pH 8.1). Since 2,4-D esters hydrolyze much more 
slowly in acidic waters, other processes such as those dis
cussed below are probably more important in such waters. 
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Figure 1. pH-Rate profile for 2,4-0 butoxyethyl ester at 67Q e in 
water 
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Figure 2. Hydrolysis of butoxyethyl ester in water from the Withla
coochee River 

Photolysis of 2,4-D Esters. Conflicting reports con
cerning the photoproducts of 2,4-D esters in water have ap
peared in the literature. Aly and Faust (16) reported that 
several 2,4-D esters yielded 2,4-dichlorophenol as the pho
toproduct. Identification of this photoproduct, however, 
was based upon a colorimetric technique that would not 
have distinguished 2,4-dichlorophenol from other phenolic 
products. Binkley and Oates (17) have recently reported 
that only monochlorophenoxyacetic acid (2- and 4-CPA) 
esters result from photolysis of 2,4-D esters in water. Other 
workers have shown that photolysis of halogenated aromat
ics in water usually results in replacement of chlorine by a 
hydroxyl group (I8) , 

- - - - . . _-----------_._----_._----------------------
Table I. Kinetic Data for Acid and Base Hydrotysis of Methyl and n-Butoxyethyl Esters of 2,4-0 

2,4-0 esters Temp. , oC hac ! M -' seC' hb,a M-' sec - ' AHt, Kcal / mol 

BEEb 

MEd 
1

28 
47 
67 
87 
28 
28 

(6.59 ± 0.13) X 10 - ' 
(2.96 ± 0.18) X 10- 3 

(2 ,0 t 0.5) X 10-,e 

(3 .02 ! 0 .23) X 10' 
(2,35 ± 0.13) X 10 ' 

(1. 73 ± 0.23) X 10' 

20.1 , 1.4 

17.6 ± 0.9 

a Determined from pseudo·first·order rate constants. b Butoxyethyl. c Extrapolated value, d Methyl. 
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AS *, eu 

14.8 ± 4.2 

-21.29 ± 2.9 



Table II. Kinetic Data for Hydrolysis of 2,4·0 Esters 
in Water at 28°C 

kb,l mol-' tYz 

Ester sec-I pH 9, hr pH 6, days 

Methyla 17.3 1.1 44 
2·Propylb 1.1 17 710 
I·Butylb 3.7 5.2 220 
1·0ctylb 3.7 5.2 220 
2·0ctylb 0.52 37 1500 
2·Butoxyethyla 30.2 0.6 26 
2·Butoxy· 4.3 4.4 180 

methylethylb 

a Calculated from data in Table I. b Calculated assuming 
structure·reactivity relationship for 2,4·0 esters is same for 
acetic acid esters (15). 
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Figure 3. Photoreactions of 2,4-0 esters 

Our product studies were carried out in both water and 
organic solvents. The latter studies were prompted by the 
suggestion that organic films are a likely site for photolysis 
of pesticides (19). 

In the hydrocarbon media, photoreaction involved quan
titative replacement of one of the chlorines by hydrogen, 
likely via free radical intermediates (20). In both hexane 
and hexadecane, replacement of the ortho chlorine ac
counted for >90% of the photoreaction, 

Studies in water were conducted at several concentra
tions. At concentrations well exceeding their solubility lim
its (>300 ppm), the esters formed emulsions and the major 
photoproducts, 2- and 4-CPA esters, were the same as 
those formed in the hydrocarbon solvents. However, irra
diation of very dilute « 1 ppm), air-saturated solutions 
yielded products very similar to those resulting from pho
tolysis of the 2,4-D acid (21) . Major photoproducts were 
2,4-dichlorophenol and compounds resulting from replace
ment of one chlorine by hydroxyl. The lactone formed by 
elimination of alcohol from the ester of 4-chloro-2-hydrox
yphenoxyacetic acid was eluted from the gas chromato
graph. The alcohol elimination, however, was the result of 
thermal degradation in the injection port (I80a C). Results 
of these product studies are summarized in Figure 3. 

Kinetics of phenoxy herbicide photolysis have received 
very little study. Photolysis of 2,4-D and its esters was re
ported to be rapid when short-wavelength, high-intensity 
light is employed (16) ; however, Crosby and Wong (3) have 

Table III . Disappearance Quantum Vields for Photolysis 
of 2,4-D Esters at 313 Nm (28°C) 

Ester 

BEEa 

Solvent 

l
water, pH 5.3 
Water, pH 6.6 
Water, pH 7.8 
n-Hexane 
n-Hexadecane 

MEb Water, pH 6.6 
ME n-Hexadecane 
BEE n·Hexane, acetone sensitized 
a Butoxyethyl. b Methyl. 

Quantum 
yield, ¢ 

0.056 
0.052 
0.056 
0.17 
0.17 
0.031 
0.13 
0.0080 

reported that photolysis of 2,4-D is relatively slow when 
less intense, longer wavelength light is used. 

In our study, the rates of photolysis under solar radiation 
(-d [E]Jdt) were calculated by Equation 8: 

- d[E) = k ~[E) (8) 
dt a 

where ka and ~ are, respectively, the specific rates of sun
light absorption and quantum yields for photolysis of 2,4-D 
esters. Often it is convenient to express the kinetic data in 
terms of half-lives (t1/2). The half-life for photolysis is 

0.693 
tl /2 =--

kacf> 
(9) 

Specific absorption rates (ka ) can be calculated from ex
tinction coefficients and tables of actinic irradiance. This 
approach has been used to calculate photolysis rates of at
mospheric pollutants (13, 22, 23) and phenylmercury com
pounds in water (24). 

Quantum yields for photolysis of 2,4-D esters (Table III) 
were far lower than unity and were considerably lower in 
water than in hydrocarbon solvents. Variations of pH (be
tween 5 and 8) caused no change in quantum yield al
though the phenolic photoproducts were further photode
graded at higher rates in basic water. The quantum yields 
in hexane and hexadecane, solvents with very different 
viscosities, were identical, although photoreactions involv
ing formation of free radicals are often viscosity dependent 
(25). The lack of efficient photosensitization by acetone, a 
triplet sensitizer, indicated that the direct photolysis pro
ceeds from the excited singlet state of 2,4-D esters. The ex
tremely short lifetimes of the excited states that lead to 
2,4-D ester photolysis preclude any significant quenching 
by species dissolved in natural waters. Ester structure also 
affected the photolysis rate. The methyl ester had a lower 
quantum yield and therefore a lower photolysis rate than 
did the butoxyethyl ester. 

Since, as indicated by their electronic absorption spec
trum (Figure 4) , the 2,4-D esters are affected most strongly 
by light of wavelengths <320 nm, their photolysis rates 
would be expected to reflect fluctuations in intensity of the 
short-wavelength (280-320 nm) component of sunlight. 
This component, which also causes sunburn, is often called 
UV-B radiation. Measurements of UV-B radiation have 
shown that there are dramatic differences in intensity be
tween summer (maximum) and winter (minimum) in the 
middle latitudes (26, 27). UV-B intensities also depend 
upon time of day, reaching their maximum values when the 
sun is at its highest point in the sky (28). Using solar inten
sities published by Bener (11) and our quantum yield and 
spectral data, we computed photolysis half-lives and rates 
of the 2,4-D butoxyethyl ester as a function of season and 
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Table IV . Comparison of Calculated and Empirical 
Photolysis Half-Lives for 2,4-0 Butoxyethyl Ester 

(ha lintg, day -I a 
<P 
(ha)intg<p, day-I 
Calculated half·life, daysb 
Empirical half·life , daysb 

Water 

1.04 
0.056 
0.058 

12 
14 

Medium 

Hydrocarbon 

1.07 
0.17 
0.18 
3.8 
4.0 

a Integrated over 12·hr period of daylight during Septem
ber, lat . 34°N. b Expressed as 12·hr days. 

latitude (Figure 5) and time of day (Figure 6). The calcula
tions indicate that half-lives increase sharply with increas
ing latitude during most of the year, but during the sum
mer there is only a twofold increase from the equator to lat
itude 50oN. At middle latitudes, photolysis is most rapid 
during the summer. Photolysis rates are much lower in the 
morning or afternoon than at midday. 

The above calculations are based upon average intensi
ties derived from the sun and the whole sky on cloudless 
days at sea level. Clouds decrease the intensity of UV -B ra
diation up to about 50% for overcast conditions (29). On 
the other hand, the intensity values increase 15-20% per ki
lometer increase in elevation (11). Deviations from the av
erage intensities for cloudless days are caused mainly by 
fluctuations in atmospheric ozone amount (29, 30). Our ex
periments have indicated that the calculated photolysis 
rates for a wide variety of pesticides are generally within 
30% of the rates measured under sunlight in Athens, Ga. 
Photolysis rates and half-lives for the 2,4-D butoxyethyl 
ester measured under natural sunlight in late summer 
agreed closely with the calculated values (Table IV). 

The above is valid only near the water surface. Competi
tive light absorption by water and other absorbing species 
(31,32) decreases the rates of direct photolysis of 2,4-D es
ters with increasing depth_ Using the above data and ab
sorption coefficients for pure water (31), we calculated for 
several latitudes the dependence of 2,4-D butoxyethyl ester 
photolysis half· life on depth (Figure 7). Photolysis half
lives increase more rapidly with increasing depth in most 
natural waters due to competitive light absorption by other 
dissolved organics, light scattering, and lack of complete 
mixing. Concentration of the 2,4.D esters into surface 
slicks would obviously accelerate their overall photolysis 
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Figure 6, Dependence of 2,4-0 butoxyethyl ester photolysis rate 
upon time of day in the southern United States 

rates. Unfortunately, only limited data on the concentra· 
tion of pesticides into surface slicks are available (33) , and 
no data on 2,4·D esters have been obtained. 

We also investigated the photolysis of an ester in a natu· 
ral water sample. The butoxyethyl ester (1.0 ppm) was irra
diated (>290 nm) in filter·sterilized water from the Suwan
nee River (pH 4.7). This particular river contains a large 
amount of dissolved humic material that absorbs strongly 
in the ultraviolet and visible. The major photoproducts 
found in distilled water (Figure 3) were also found in the 
river water although the yield of 2,4-dichlorophenol was 
much higher, and the yields of the hydroxylated phenoxy 
esters were lower. As with distilled water, no monochlori
nated phenoxy esters were formed in the river water. The 
overall photolysis rate was twice as rapid in the river water 
as in distilled water. This acceleration is attributed to pho
tosensitization by the substances dissolved in the river 
water. 

Since photolysis of 2,4·D esters by direct absorption of 
sunlight is slow, sensitized photolysis may be more impor
tant in many natural waters. 

Evaporative Loss. Field studies by Bamesburger and 
Adams (34) have shown that various 2,4-D esters exist in 
the air near sites of application, but the importance of vola· 
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Figure 7, Depth dependence of 2,4-0 butoxyethyl ester photolysis 
half-life at several northern latitudes in completely mixed pure water 

t ilization from surface waters has not been assessed. Re
cently Mackay and Wolkoff (6) have shown that volatiliza
tion rates of pesticides from completely mixed water bodies 
are not only proportional to their vapor pressures but are 
also inversely proportional to their solubilities. We mea
sured solubilities of several commonly used 2,4-D esters 
and then calculated their volatilization half-lives using 
published vapor pressures (35, 36). The calculated half
lives for a surface-water depth of 1 m ranged from about 
one day for the butyl ester to over two years for the low
volatile butoxyethyl ester (Table V). Observed half-lives in 
natural waters are likely to be longer because of sorption or 
diffusion limitations and the presence of organic surface 
films (37). Moreover, in deeper water bodies the calculated 
half-lives are much longer. For example, the calculated 
half-life for the butyl ester is 11 days in a water body that 
is 10m deep. 

Conclusions 

In the preceding sections, we have assessed the rates for 
three competing processes that remove 2,4-D esters from a 
body of water. Some illustrative data for a water body 1 m 
deep are presented in Table VI. Conclusions derived from 
this table are summarized below. 

o In basic waters, hydrolysis is the most important of the 
three processes for all the esters. 

• In acidic water, the relative importance of the three 
processes depends on the ester structure. Photolysis is the 
most important process for the butoxyethyl ester, vaporiza
t ion is most important for the butyl and octyl esters, and 
both vaporization and photolysis are important processes 
for the methyl ester. 

o The overall loss rate due to the three processes is much 
more rapid in basic than in acidic water. 

o Transformation of the butoxyethyl ester by chemical 
and photochemical processes is more rapid than transfor
mation of the hydrocarbon chain esters. 

Hydrolysis rates measured in solutions containing no mi
croorganisms, however, are not necessarily representative 
of those found in natural waters. Studies in our laboratory 
(38) have shown that bacteria and fungi can enzymatically 
catalyze the hydrolysis of the butoxyethyl ester. 

The hydrolysis product, 2,4-D, is resistant to chemical 
degradation (39) and is nonvolatile; photolysis is probably 
an important pathway for its disappearance from natural 
waters. Using a recently published quantum yield for 2,4-D 

Direct 
Hydrolysis, days photoly- Vapori-

s is, b-d zation,d 
Ester pH 9 pH 6 days days 

Methy l 0.04 44 29 21.7 
l·Butyl 0.2 220 1.1 
1-0ctyl 0.2 220 11.5 
2-Butoxyethyl 0.02 26 16 895 

a For water body 1-m deep. b For September in southern 
United States (lat. 34°N); average value for 1-m deep pure 
water. c Expressed in terms of 12·hr days. d Calcu lated for a 
completely mixed water body . 

in water (<1> = 0.044) (40), we calculated the half-life under 
conditions noted in Table VI as 20 days. 
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• Trace element ratios along human hair on a population 
group have been measured using the technique of proton 
induced X-ray spectroscopy. It has been shown that the el
ements whose concentrations increase along the hair can be 
identified as pollutants in the area. For widespread pollu
tants (such as lead) even the medium value of a group of 
subjects can be used as a measure of the exposure. 

Some 27 elements have been identified in human hair 
(1). Concentrations of elements vary from individual to in
dividual and could be caused by sex, age, color. The growth 
of hair is approximately constant and continuous during 
the lifetime of an individual (children: 10.1-13.5 mm/ 
month; adults: 7.1-12.0 mm/month). Since hair accumu
lates elements for longer periods, and it is metabolically 
inert, it is assumed that hair might serve as an indicator of 
elemental concentrations in the body (2, 3). The efforts to 
correlate hair trace element concentrations in other parts 
of the body have given different results (4- 7). However, 
heavy metal poisoning has been successfully correlated 
with hair trace element content (8-10). 

Several investigators have shown that trace element con
tents vary with geographical location, indicating the impor
tance of environmental effects. Some authors (11) suggest 
the use of measurements of trace element concentration for 
geochemical prospecting, assuming that hair reflects the 
soil composition. We refer to the results of Hammer et al. 
(12), who studied the concentrations of As, Cd, Cu, Pb, and 
Zn in the hair of schoolchildren in five cities. Their results 
show that the concentrations of As, Cd, and Pb accurately 
reflect the exposure to these metals. It seems that Cu and 
Zn concentrations in hair do not depend on their concen-

1150 Environmental Science & Technology 

trations in the air, perhaps because of their large concen
trations in human nutrition . 

Because of its growth, hair reflects previous elemental 
concentrations in serum and body (history of previous bio
chemical and medical events in man), as well as previous 
environmental effects. Several measurements of trace ele
ment distributions have been reported (13- 16). The inves
tigators agree that the variations are characteristic of the 
subject and that Zn variations along hair are negligible. 
This latter fact may be also due to the relation of Zn with 
the production of melanin pigment in hair. Assuming con
stant distribution of Zn along the hair, only the ratios of el
emental concentrations to Zn concentration need be mea
sured to obtain elemental concentrations along hair. Such 
relative measurements can be easily performed on single 
hairs using proton-induced X-ray emission spectroscopy 
(17). 

If the exposure of hair to the elements in the air and 
water is constant, the elemental concentrations will in
crease with distance from the scalp. Results of the mea
surements of Pb concentrations along a single human hair 
reported by Renshaw et al. (14) show almost linear increase 
in Pb concentration with the distance from the scalp. This 
indicates that Pb has entered into hair by deposition on its 
surface and by later diffusion into hair structure. 

As it is for lead, this should be a case with other environ
mental pollutants. Therefore, the measurements of trace 
element concentrations along the hairs of a population 
group might give an indication of the presence of environ
mental pollutants. 

Experimental 

In the measurements reported here trace elements in 
hair samples from schoolchildren from three schools in the 



city of Rijeka, Yugoslavia, were investigated. Relative con
centrations of different trace elements have been deter
mined by proton-induced X-ray emission spectroscopy. 
Hair targets were prepared by cutting a single hair or 
bunch of hairs into pieces of approximately 3.5 cm in 
length. Each sample was then fixed to an aluminum frame. 
Each target was exposed to the beam of 3 Me V protons 
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Figure 1. Concentration ratios: Fe:Zn. Cu:Zn, Sr:Zn, Br:Zn, and 
Se:Zn as functions of distance from the scalp. Se:Zn ratio has been 
multiplied with a factor 10. The errors shown are the statistical ones 
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Figure 2. Concentration ratios: Ni:Zn, Pb:Zn, and As:Zn as functions 
of distance from the scalp . Pb:Zn ratio has been divided by a factor 
10. The errors shown are the statistical ones 

from the Rice University tandem Van de Graaff accelera
tor. Detector efficiency for elements lighter than Ca and for 
low-energy bremsstrahlung background were artificially re
duced by introducing a polystyrene absorber in front of the 
detector. The resulting X rays were detected by a Si(Li) 
detector, amplified, then processed, and stripped for peak 
intensity by an IBM-1BOO computer. Peaks associated with 
Fe, Ni, Cu, Br, Sr, Pb, Mn, As, and Se characteristic X rays 
were present in most measured X-ray spectra. 

Absolute elemental concentration could not be measured 
in the absence of either doping with some element or pro
ton elastic scattering information. Therefore, the concen
tration ratios to Zn have been determined . 

Results and Discussion 

The measured population group consisted of 100 school
children, boys and girls, living in different parts of the city 
of Rijeka. Trace element concentrations along the hair for 
each child reflects the personal medical and environmental 
history of the subject. Only some aspects of the effect of en
vironmental pollution on hair trace element concentration 
will be discussed in this paper. 

As an example, Figures 1 and 2 show the ratios Fe:Zn, 
Cu:Zn, Sr:Zn, Br:Zn, Se:Zn, Ni:Zn, Pb:Zn, and As:Zn as a 
function of distance along the hair of one girl from the 
group. The elements can be divided into two groups: Figure 
1 shows the group of elements in which concentrations do 
not show marked increase along a hair; on the contrary, the 
group of elements in Figure 2 shows a marked increase in 
concentrations along a hair. Fe:Zn, Sr:Zn, Br:Zn, and Se:Zn 
ratios show different behavior for different subjects; for 
some subjects their concentrations increased along the hair . 
Concellt.ration ratio Cu:Zn seems to be extremely constant 
indicating that Cu and Zn are highly correlated in hair 
structure. 

The concentration ratios As:Zn, Pb:Zn, and Ni:Zn for the 
same subject are shown in Figure 2. It is important to note 
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Figure 3. Top: distribution of Cu:Zn concentration ratios for the chil
dren with long hair (first five segments are presented) 
The solid curve is a medium value 

Bottom: distribution of Pb:Zn concentration ratios 
The solid curve represents medium values of different segments. while the 
dashed curve is a medium value for the first segment. The difference be
tween these two values increases along the hair 
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that the shape of the dependence on the distance from the 
scalp is similar for all three ratios . 

This would indicate that elements As, Pb, and Ni are 
contaminants in the environment of our subject. Note that 
the Pb concentrations are an order of magnitude higher than 
those ofNi and As. 

Thus the measurement of trace element concentrations 
along a hair may indicate which elements are contaminants 
in the subject's environment. To obtain additional confir
mation of this conclusion Cu:Zn and Pb:Zn concentration 
ratios for all schoolchildren with longer hair (5 or more 
pieces of 3.5 cm for 22 subjects) are presented in Figure 3 
as the isometric plots. At the top of the figure are shown 
Cu:Zn ratios, the solid line indicating the medium value 
that is remarkably constant along the hair. At the bottom 
of the figure is shown Pb:Zn concentration ratios. Lead is a 
known environmental pollutant present in the air because 
of automobile traffic. 

The dashed line shows the median for the first segment 
(near the scalp), the solid curve shows the medians for dif
ferent segments of hairs. The increase in medium value for 
the Pb :Zn concentration ratio as the distance from the 
scalp increases is obvious. Segments 4 and 5 show a group of 
subjects with a significant increase of lead concentrations; 
these are the schoolchildren from the school near the ex
ceptionally heavy traffic . 

In conclusion, the study of the shape of elemental con
centrations along human hair (actually in ratios to Zn) can 
be used as a method to identify the pollutants in the area. 
Such measurements give the information on the exposure 
of subjects to different pollutants, and the history of the 
exposure manifest in the variations of concentrations along 
the hair. 
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• A conceptual process design ior the pyrolysis of feedlot 
residues was employed as a basis for economic evaluation 
of the concept of pyrolysis as a disposal alternative. Sensi
tivity analysis with respect to plant size, residue moisture 
content, transportation costs, and other factors were con
ducted. The results indicate that only large-scale process
ing under the most favorable conditions will approach the 
point of economic competitiveness. The processing scales 
required are compatible with high-density cattle feeding 
regions and end uses of the product gas. 

The cattle-feeding industry is important to the economy 
of a number of states in the mid-West. In the past decade 
this industry has grown rapidly, with increasing numbers of 
cattle on feed along with significant increases in the capaci
ties of individual feedlots . In addition, the larger feedlots 
tend to be grouped within relatively small areas. The large 
animal-to-land ratios thus created have lead to serious ma
nure disposal problems and environmental hazards in some 
locales. 

On a weight basis, the manure generated by beef cattle is 

1152 Environmental Science & Technology 

the major product of the industry. Approximately two tons 
per head per year of semicomposted manure containing 
50% moisture are produced. Since the practice of using ma
nure as a fertilizer is not feasible in most locales on a large 
scale, the manure must be disposed of at considerable ex
pense to the operator or allowed to accumulate in the vicin
ity of the feedlot. Such disposal creates a high potential for 
causing environmental problems. Converting the manure 
liability into an asset could help to reduce beef production 
costs while preventing damage to the environment. 

One approach to manure utilization is through chemical 
processing to provide material and energy resources. Our 
preliminary studies of three processes (1 , 2) indicate that a 
pyrolysis process to generate synthesis gas is most nearly 
compatible with present economics and waste availability. 
The resultant synthesis gas product could be used to pro
vide a clean low-Btu gas for power generation, a starting 
material for ammonia synthesis, or a starting material for 
methanol production. In addition to the synthesis gas, the 
ash by-product of feedlot manure pyrolysis appears to be a 
potential nitrogen-free fertilizer (3). 

This work presents a conceptual design for a manure 
gasification plant and an economic analysis of the process. 



The conceptual design was based on a capacity of 1000 tid 
(tons per day) of raw manure with a moisture content of 50 
wt %. The selected capacity is representative of the manure 
generated by 200,000 head of cattle, and the moisture con
tent is typical of semicomposted manure in a nonarid cli
mate. It is not uncommon in major cattle feeding regions to 
find cattle densities of 200,000 or more head within a 50-
mile radius. In a few regions, densities may approach 
800,000 or more within an area of this size. In the economic 
analysis, it was assumed that raw material costs for manure 
would be only the charge for transportation to the plant 
and that the average haul would be 25 miles. 

An empirical stoichiometry for the overall gasification 
reaction was developed on the basis of the manure compo
sition data from studies conducted at the U.S. Bureau of 
Mines (4) and experimental gasification data obtained 
from municipal refuse of similar composition to manure 
(5). Gas yields and compositions predicted by the resulting 
material balance agreed favorably with experimental data 
reported for a variety of organic wastes including cow ma
nure (6) . The empirical stoichiometry was also used to 
evaluate the heat of reaction. The energy balance was for
mulated with the aid of estimated thermochemical data. 

Table I presents the raw manure composition, dry ash
free (OAF) manure composition, and the heating value of 
OAF manure estimated from the DuLong formula. Table II 
presents the daily production of the synthesis gas constitu
ents from a 1000 tid plant. Clean synthesis gas production 
(CO, H2, and CH4) amounts to 10.7 MSCF per day, and the 
gas has a heating value of 380 Btu/SCF. 

The conceptual process consists of three principal steps; 
waste preparation, gasification, and gas cleanup. The prin
cipal objective of the process is to maximize gas production. 
With this goal, it was decided to employ a fluidized bed 
gasification system. Gasification is carried out in an inert 
bed of fluidized sand to ensure controllable fluidization 
conditions. Feed preparation consists of flash drying to 10% 
moisture and size reduction to 60 mesh. These figures were 
somewhat arbitrarily selected and optimum conditions are 
subject to experimental determination. A simple water 
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Table J. Composition of Manurea 

Constituent 

Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Sulfur 
Ash 
Water 

As used, wt % 

18.9 
2.3 

13.3 
1.2 
0.4 

13.9 
50.0 

Dry, ash.free, h 
wt % 

52.2 
6.4 

36.9 
3.3 
1.2 

a Appel l et al. (4). b Heat i ng value = 8750 Btujlb (estimated from 
Dulong 's formula) , 

Table I J. Pyrolysis Gas Production from a 1000-Ton/Day 
Plant 

Constituent MMSCFfday Constituent MM SCFfday 

CO 4.55 H, S 0.10 
H, 5.20 NH, 0.62 
CH. 0.98 H, O 0.80 
CO, 1.43 

scrubbing system was selected for gas cleanup. The system 
has a large volume and high pumping and compression re
quirements and is perhaps overly conservative. The actual 
cleanup system should be selected with consideration of 
further processing or the end use of the gas. 

The remainder of this project presents a description of 
the conceptual process, capital costs for a 1000 tid plant, a 
sensitivity analysis, and a discussion of the factors that will 
influence the economic potential. 

Conceptual Design 

A process flow diagram for the conceptual plant is shown 
in Figure 1. Major sections of the plant include feed prepa
ration, gasification, and gas cleanup. The plant produces 
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Figure 1. Process flow diagram 
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10.7 million SCF Iday of clean synthesis gas having a heat
ing value of 380 Btu/SCF (about 40% of the heating value 
of natural gas) and 139 tid of ash residue. A detailed de
scription is given in an earlier report (7); only an outline 
will be presented here. 

Manure is transported from feedlots to the plant by 
truck. The receiving facility is a storage building large 
enough to store three days' supply of raw manure and pro
vide room for unloading and transfer to the dryer feed con· 
veyor. 

The storage area is suitably enclosed to meet esthetic 
and environmental requirements. 

A front end loader (PL-1Ol) transfers the raw manure to 
the feed conveyor (CV-lOl), which in turn, takes it to the 
dryers (DR-lOl A & B). Since particle size reduction is re
quired as well as drying, a cage mill-flash drying system 
was selected to perform both operations in one step. In the 
dryer the moisture content of the solids is reduced to about 
10 wt %, and the particle size reduced to 60 mesh. Wet gas 
leaves the dryer at about 400°F and is flared to control 
odor. 

Dry solids are stored in hoppers (V-lOl A & B) which 
contain approximately a half day's feed supply. The dry 
manure is metered continuously through rotary feeder 
valves into a high-velocity stream of recycle pyrolysis gas 
which conveys the feed into the bottom of the pyrolysis re
actor (R-lOl). 

The pyrolysis reactor consists of a bed of fluidized sand 
maintained at l5000 F and 50 psig. Previous studies (5, 8) 
have shown that the yield of synthesis gas increases as the 
heating rate of the solid increases. An efficient method to 
achieve this rapid heating rate is to use a fluidized bed of 
inert material such as sand maintained at a constant tem
perature. 

Since the pyrolysis reaction is endothermic, heat must be 
supplied to the reactor. While heat can be supplied by par
tial combustion within the reaction vessel, there are advan
tages to circulating the sand to a separate combustion ves
sel. The primary advantage is that combustion gases do not 
dilute the pyrolysis product gas. The combustion reactor 
(R-l02) is maintained at l750°F and 50 psig for this design. 
Flow of solids between the two reactors is maintained and 
controlled by injecting gas into the vertical sections of the 
transfer lines to create specific gravity differentials. 

Introduction of the manure into the pyrolysis reactor 
causes very rapid formation of gas and solid particles. The 
superficial gas velocity in R-lOl is about 3.25 ft/sec. This 
velocity is below the terminal velocity of the sand (mean 
particle diameter 0.04 cm). It is, however, sufficiently high 
to entrain a portion of the ash and char produced. The gas, 
together with the entrained ash and char, passes through a 
two-stage multicyclone installation (S-101) for recovery of 
the solids, which are sent to the combustion reactor. Part of 
the gas is compressed to 60 psig to be recycled to the pyrol
ysis reactor for maintaining fluidization; the remainder is 
used to preheat combustion air in E-102 and then sent at 
600°F to the quench column (1'-101). The remainder of the 
ash and char in R-l01 is transferred to the combustion re
actor via the circulating sand. 

Ih the combustion reactor (R-102) , char formed in the 
pyrolysis reaction is burned to provide heat for the pyroly
sis. Because more heat is available from the char than is 
needed for pyrolysis, excess air is used to maintain the 
combustion temperature at l750°F. The hot combustion 
gases and air are then used to dry the raw manure, and the 
hot sand is circulated to drive the pyrolysis reaction. The 
superficial gas velocity in the combustion reactor (R-l02) is 
also about 3.25 ft/sec . This velocity is sufficient to entrain 
the ash resid ue. 
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Table III. Installed Costs of Major Process Equipment Items 

DR-101 A & B 
Compressors 
R-I0l & R-I02 
Pumps 
Towers 
S-101 & S-102 
Miscellaneous 

Total 

$1,098,000 
747,000 
445,000 
353,000 
308,000 
106,000 
68,000 

$3.125,000 
-------.- - - ---.---.. ---------

The entrained ash is then separated from the gas in a 
louvered collector followed by a multi cyclone (S-102). The 
ash is cooled in hollow-flight cooling conveyors (E-101 A-C) 
and sent to collection hoppers (V-102 A & B). The hoppers 
hold approximately two days' production of ash. 

The pyrolysis product gas flows to the quench column 
(1'-101) where it is cooled to 150°F by countercurrent con
tact with recirculating water. The cool gas is compressed to 
250 psig in the compressor (C-103) and fed to the CO2 ab
sorption column (T-I02) . 

Acid gases are removed from the synthesis gas by high
pressure countercurrent contact with water. The synthesis 
gas product is available from the CO2 absorption column 
(1'-102) at about l.'iO' F and 240 psig. 

The water is regenerated in the regenerator (1'-103). The 
upper part of the column is packed with Raschig rings, and 
the tower is constructed so that air can circulate upward 
through the packing. Water from the quench tower is also 
circulated through the regeneration column for cooling and 
removal of absorbed materials. 

With the exception of the electric power for the pumps 
and compressors, no additional energy is required after 
start-up. The energy input to the process is less than 10% 
of the energy in the product gas. The thermal efficiency of 
the process (defined as the ratio of the energy in the prod
uct gas less the energy input to the process to the energy 
content of the feed) is 65%. 

Economics and Sensitivity Analysis 

To evaluate the economic feasibility of manure pyrolysis, 
investment and operating costs were estimated using the 
preceding conceptual design. With these estimated costs as 
a base, a sensitivity analysis of the plant was made. Varia
tions in the size of the plant, raw manure moisture content, 
manure composition, and transportation costs were made 
to determine their effects on the profitability of the opera
tion. 

The fixed capital investment for a 1000 tid plant was es
timated to be $5.65 million based on mid-1974 costs. With 
working capital taken as 15% of the fixed capital invest
ment, the total capital investment amounts to $6.5 million. 
The installed costs for the major items of equipment are 
summarized in Table III. Due to the high moisture removal 
requirements, the dryers account for about one third of the 
installed equipment costs. The gas cleanup system (water 
scrubber) accounts for another third of the costs due to the 
large volume and high pumping and compression require
ments. 

Annual operating expenses for the project were estimat
ed to be $2.2 million. Costs for manure t.ransportation 
amount to about 25% of the annual expense. It appears re
alistic to claim some credit for the ash residue. The materi 
al is a potential nitrogen-free fertilizer containing about 
15% phosphate and 10% potash. A modest credit of 
$17.50/ton was assumed for the ash residue based on com-
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parable costs for this kind of fertilizing material in 1972. 
This credit more than offsets the transportation charge for 
the raw manure_ A credit of $10.79/ton would just balance 
the transportation cost. 

The gas sales price was determined for a 14% after tax 
return using the discounted cash flow method with con
stant annual income. A project life of 15 years and no sal
vage value were assumed. The necessary gas sales price for 
these conditions was $0.89/MSCF or $2.34/MMBtu. Calcu
lations for other values of rate of return and project life 
also resulted in relatively high costs. Only the case of a ven
ture expecting no net profit and hence no tax to pay would 
begin to be competitive with new intrastate gas prices. For 
the conceptual plant with a 15-year life, the break-even gas 
sales price is $0.47/MSCF or $1.23/MMBtu. This price per
mits full recovery of the invested capital. 

The influence of plant size on gas price was examined for 
plant capacities ranging from 500-10,000 tid of 50% mois
ture manure. Fixed capital investments were calculated 
from the 1000 tid base case using the six-tenths power rule. 
Working capital was taken as 15% of the fixed capital in
vestment. Annual expenses ranged from $1.4 million for 
the 500-t/d plant to $15.1 million for the 10,000-t/d plant 
and vary approximately linearly with capacity. The varia
tion in gas sales price for a 14% after tax return and a 15-
year project life, is shown by the upper curve in Figure 2. 
As indicated, the gas price drops rapidly as capacity initial
ly increases from 500 tid and then begins to level off for ca
pacities greater than 5000 tid. Gas sales prices vary from 
$1.23 to $0.38/MSCF or $3.23 to $1.01/MMBtu for the 
range of gas prices. Break-even prices (shown by the lower 
curve in Figure 2) vary from $0.67-0.22/MSCF or $1.76-
0.57/MMBtu. 

The influence of reduced moisture content was also con
sidered using a plant capacity of 500 tid of dry manure. 
Moisture contents between 50% and 30% were examined. 
Capital investment was held constant at the value for the 
base case. Two cases were considered; one in which gas gen
eration remained constant and one in which all of the ex
cess char (not needed for process heat) was recycled and 
completely gasified. The results are shown in Figure 3 for 
both the 14% return and zero return. For constant gas gen
eration a slight reduction in price is observed as a result of 
the reduction in transportation costs. The reductions in 
transportation costs are significant (up to 29% for the 30% 
moisture residue) but the overall result is minor as indicat
ed in the figure. Gasification of all excess char on the other 
hand substantially increases gas production (up to 58% for 
the 30% moisture residue) and as a consequence has a sig
nificant effect on gas price. The two cases thus provide ap
proximate upper and lower bounds on the influence of re
duced moisture content. Inclusion of the variation in capi
tal investment with moisture content should not alter the 
general trends indicated, since the decrease in drying ca
pacity should be off set by an increase in clean-up require
ments. 

Data from five additional sources (9-13) were used to ex
amine the influence of variability of manure composition. 
Pyrolysis gas compositions and yields were calculated in 
the same manner as for the base case using the different 
manure analyses. While the gas yields were somewhat scat
tered, there appeared to be only a slight increase in yield as 
carbon content increased. Thus, it appears that composi
tion variation has a negligible effect. 

The influence of transportation charges and disposal 
credits on the gas price for the base case are shown in Fig
ure 4. These are shown together since the disposal credit 
can be considered as a negative raw material charge. From 
the upper curve (representing a 14% return), it can be seen 
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that if the raw manure were delivered to the plant free of 
charge, the gas price would be reduced by about 16% to 
$1.97/MMBtu. A disposal credit of $4.00 per ton would 
permit the price to drop to $1.00 per MMBtu. The varia
tion with transportation charges is indicated in the upper 
part of the figure; a 50% variation about the base charge re
sults in a 10.5% variation in gas price. The lower curve in 
Figure 4 presents the break-even case. For delivery of the 
residue free of charge, the gas price would drop to $0.86/ 
MMBtu. 

Discussion 

The economic estimates presented in this report are 
based on a conceptual process design, based on limited ex
perimental data, that is by no means optimal. However we 
do believe that the results of the analysis can serve to pro
vide bounds on the cost of gas production from feedlot resi
dues, identify the principal factors influencing the process 
viability, and provide a basis for the consideration of po
tential applications of the process. 

As would be expected, increase in plant capacity has a 
significant influence on the gas price. However, this feature 
cannot be utilized to full advantage due to the limitations 
of cattle population density. Each 1000 tid of plant capaci
ty requires about 200,000 head of cattle. For the geographic 
limitation of a 50-mile radius around the plant employed in 
the analysis, it is rare to find cattle concentrations in excess 
of 800,000 head. Thus a 4ooo-t/d facility represents a prac
tical upper limit on plant size for the geographic limitation 
imposed. Of course, capacity can be increased by increasing 
the size of the geographic region. Our limited analysis of 
this possibility seems to indicate that the gains of increased 
capacity are just about offset by the increase in transporta
tion charges (14). This observation would tend to indicate 
that the 4000-t/d facility can provide an indication of the 
lower limit on gas price with respect to capacity. For the 
base moisture content, the resulting gas price for a 14% re
turn is $0.53/M8CF or $1.39/MMBtu. A lesser return will, 
of course, reduce the price and in the limit of zero return 
the break-even price amounts to $0.29/M8CF or $0.76/ 
MMBtu. Moisture content is another factor that will influ
ence the gas price. This influence will be slight if only 
transportation costs are involved, however it can be sub
stantial if additional gas production results from the gasifi
cation of excess char. For the purpose of illustration, let us 
consider 40% moisture and 50% gasification of the excess 
char. 

Moisture contents of 30- 40% are not uncommon in many 
of the semiarid cattle-feeding regions. The figure of 50% 
gasification of the excess char appears reasonable on the 
basis of experimental data on the quantity of char remain
ing after the pyrolysis of municipal refuse (15). For the 
2000-dry-t/d facility these conditions would result in a re
duction in the gas price to $0.44/M8CF or $1.10/MMBtu 
for a 14% return. The break-even prices for this case are 
$0.21/M8CF or $0.55/MMBtu. 

Other factors such as the variation of the dry ash-free 
composition of the residue and the local variation in trans
portation charges should have minor effects. The influence 
of the ash content of the residue was not examined in the 
sensitivity analysis, but it would appear that the principal 
influence would be through the alteration of transportation 
charges that would have only a limited influence on gas 
price. 

The adoption of a disposal charge can have a significant 
effect on gas price. Unless all the cost for hauling the resi
due to the plant is charged to it, the remaining portion con
stitutes a disposal cost to the feedlot operator. If the plant 
receives the residue free of charge, this amounts to an aver-
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age disposal cost of $1.50/ton to the feedlot operators. For 
comparison with other disposal alternatives, this figure is 
approximately the disposal cost per market steer. For this 
disposal charge, the gas sales price (4000 TID, 50% mois
ture) would be $0.37/M8CF or $0.97/MMBtu for a 14% re
turn. 

We have presented costs for both a profit and nonprofit 
venture. The indications of the discussion show that only 
under the most favorable circumstances will the price of 
the gas approach the point of being competitive with new 
intrastate natural gas prices ($1.00 plus/MMBtu) for a 
commercial venture. The situation, of course, improves if a 
lower profit is sought such as might be the case with a co
operative association. 

The conceptual process presented in this report provides 
an attractive disposal alternative with a minimum of pro
cess residues. The gas emissions are substantially less than 
from incineration as indicated by studies on municipal resi
dues (15) and pollutants such as 802 and NO, are within 
environmentally acceptable levels. The solid residue of the 
process appears to be a potential nitrogen-free fertilizer 
and thus represents a useful by-product. The principal 
product, on the other hand, is an intermediate which must 
be further processed before distribution to the consumer. 
Two possible uses of the gas are direct firing to generate 
electricity and as an alternate feedstock for the synthesis of 
ammonia. Each of these products can be used to consider
able benefit in the centers of residue generation. However, 
the compatibility of the gas production potential with the 
gas requirements for the end use needs to be considered. 

In this respect also large-scale processing needs to be 
considered. The 4oo0-t/d plant mentioned earlier could 
provide sufficient gas to operate a medium size ammonia 
plant (500 tid). The gas would allow an alternative to the 
natural gas presently employed to provide both the hydro
gen source and a portion of the energy requirements. Re
cent indications are that ammonia producers will begin to 
consider alternative feedstocks when the price of natural 
gas reaches $1.oo!MMBtu (16). 

For electric power generation, the gas could fuel a power 
plant rated at 160 MW. Although small compared to most 
modern facilities, the size is comparable to proposed solar 
generating facilities. Additionally the low-sulfur content of 
the fuel and low-Btu content will result in low 802 and 
NO, emissions. 

In conclusion, the indications of this study are that only 
large-scale pyrolysis processes can approach the point of 
competitiveness for a commercial operation. The scales re
quired are compatible with residue supply in high-density 
cattle-feeding regions and are also reasonably compatible 
with the scale of operation for potential end uses of the gas. 
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Homogeneous Gas Phase Chemiluminescence Measurement of Reactive 
Hydrocarbon Air Pollutants by Reaction with Oxygen Atoms 

Arthur Fontljn* and Roy Ellison 

AeroChem Research Laboratories, Inc., P.O. Box 12, Princeton, N.J. 08540 

• A continuous flow method for measuring total (photo
chemical smog) reactivity of dilute hydrocarbon mixtures is 
described. The difference between the OH(A2};-X2n) emis
sion intensities at 308.9 and 312.2 nm from O-atom/hydro
carbon reactions near 1 torr is measured. For CZH4, h08.9 » 
hlz.z while for CzHz, hOS.9 ~ I:m.z. All other hydrocarbons, 
He (olefinic, dienic, paraffinic, and aromatic), tested yield 
the same spectral distribution as CZH4; CH4 yields no ob
servable emission. Two photomultiplier tubes are used for 
measurement at 308.9 and 312.2 nm, respectively. The ap
paratus is zeroed by adjusting the gain of the PMTs so that 
the device does not respond to C2H2. By adjusting operat
ing conditions, the relative response to the individual reac
tive HC species can be set to give good agreement with re
activity ratings. The response to He mixtures is additive. A 
limit of sensitivity of "'0.2 ppm of CzH4-equivalent HC and 
a linear response to individual Hes to > 1000 ppm are ob
tained. This sensitivity range is sufficient for mobile engine 
exhaust bag sample monitoring; greater sensitivity for am
bient air-monitoring applications would appear feasible. 
CO, COz, S02, CH4, C2Hz, and NO, do not interfere with 
apparatus response. A 1% change in [Oz] causes <1% 
change in signal; the presence of 3% HzO causes a ~ 12% de
crease relative to dry samples. 

The formation of photochemical smogs requires the 
presence of both NO, and organic pollutants, particularly 
hydrocarbons. However the ability of hydrocarbons to pro
duce smogs varies greatly depending upon the rate coeffi
cients of the many reactions involved (particularly attack 
by OH, 0 :10 and 0) (1,2). For example, methane and acety
lene are considered to be "unreactive," while ethylene and 
n-butane are " reactive" hydrocarbons in terms of photo
chemical smog. However, severalfold higher n-butane than 
ethylene concentrations are required to produce similar at
mospheric effects. Current U.S. hydrocarbon standards are 
based on total nonmethane hydrocarbons, the measure
ment of which requires several steps-e.g., a flame ioniza-

tion total hydrocarbon analyzer in combination with an in
frared methane monitor or a gas chromatographic methane 
separator (3). Alternatively a complete gas chromatograph
ic analysis gives detailed information but is very time con
suming. There is, accordingly, a need for a measurement 
method that gives an indication of total hydrocarbon reac
tivity-i.e., gives the sum of the concentrations of each hy
drocarbon species multiplied by an individual or group re
activity factor . Since the reactivity of hydrocarbons differs 
with respect to several parameters- e.g., butane contrib
utes more heavily in late or downwind than in early smog 
situations, any hydrocarbon reactivity scale is of necessity 
somewhat arbitrary (4); as a result a number of reactivity 
scales have been proposed. Recently Dimitriades (5) pro
posed a scale which combines several of the features of ear
lier scales. On this scale, organic pollutants are subdivided 
into five reactivity classes each with its own reactivity fac
tor; the combined reactivity of a gaseous mixture is the sum 
of the molar concentrations of the individual hydrocarbons 
each multiplied by the reactivity factor of the group to 
which it belongs. 

The present work was undertaken to develop a real-time 
continuous readout monitoring method for total hydrocar
bon reactivity in the O.l-lOOO-ppm concentration range of 
interest in mobile engine exhaust CVS bag sample monitor
ing (6). Initial studies were made in a survey apparatus 
suitable for detailed spectrometric and kinetic observations 
but not suited to measurements at realistic hydrocarbon 
concentrations. These studies, discussed first, suggested a 
practical method, the ~h08.9 method, for hydrocarbon 
monitoring. This method was then tested with realistic hy
drocarbon concentrations in a test apparatus, the design of 
which was based on information obtained in the survey 
studies. The IlhOH.9 method developed is designed to ad
here reasonably close to the Dimitriades scale but can also 
be adapted to different scales. 

Survey Study; M:108.9 Method 

The goal of the initial survey work was to establish a 
method for CZH4 measurement free of interference by CH4 
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and C2H2, the most prominent nonreactive hydrocarbons. 
Our earlier studies of chemiluminescence in reactions be
tween hydrocarbons and 0 or N atoms (e.g., Refs. 7-9) in
dicated that it might be possible to find such a method. 
Since chemiluminescence measurements have been found 
to provide sensitive and essentially interference· free moni
toring methods for a number of air pollutants (for a review 
of these methods, see Ref. 10), it was decided to examine 
these reactions further. Accordingly, an experimental sur
vey of the chemiluminescence emission features from reac
tions of hydrocarbons with 0 and N atoms was undertaken. 

A Pyrex cylindrical flow reactor described previously (7, 
8) , into which the reactant gases could be individually flow 
metered was used in this study. A Czerny.Turner-type 
0.5·m Minuteman Model 305·MHA monochromator with a 
f /6.9 aperture ratio and equipped with appropriate photo
multiplier tubes (PMTs), was used for spectral measure
ments. The spectral region, 150-600 nm, was investigated. 
Details of this investigation are given (11) . The only emis· 
sion found to meet the objective was that of the OH(A2 ~
X 2n) system near 310 nm. Krieger et al. had previously 
suggested that this band system might offer promise for 
hydrocarbon monitoring (12). 

Figure 1 shows a comparison of the pertinent portion of 
the OH(AZ~_X2 II) system from the 0-C2H4 and 0 - C2H2 
reactions. For both reactants the (O,O)Q2 head at 308.9 nm 
is a dominant feature; however in the C2H4 case it is the 
dominant feature while for C2H2 it is just a dominant fea· 
ture. Specifically, for C2H2, the 312.2 nm (I,OR 1 head has 
almost the same intensity as the 308.9·nm head, while for 
C2H4, the (I ,OR 1 head is very weak. These observations 
suggest that a measurement of ilI308.9 = h OB.9 - h1 2.2 could 
provide a direct measurement of CZH4 in the presence of 
C2H2. (An alternate choice which might be suitable, but 
was not quantitatively investigated, is to subtract b 06.4 

rather than h 12.2 from b OH.9. ) To further investigate the 
usefulness of the ilI:!OB.9 method, we measured the spectral 
distribution of a number of other hydrocarbon species 
given in Table I. These species were selected as being rep
resentative of the hydrocarbons present in engine exhausts; 
for this reason no Dimitriades Class II compounds were in
cluded. All of these hydrocarbons (except CH4, from which 
no emission could be detected) yielded the same spectral 
distribution as C2H4, further reinforcing the apparent suit
ability of ilI:10B.9 measurements as a monitoring method for 
reactive hydrocarbons free from interference by C2H2 and 
CH •. Changes in hydrocarbon concentrations and reaction 
time produced no noticeable changes in spectral distribu
tions, nor did the spectral distribution from 0-CZH4 
change when the pressure was increased from 0.8-2.0 torr. 
The 0-C2H2 spectral distribution showed some change 
with this increase in pressure: The intensity of the "sub
tract" wavelengths (306.4 and 312.2 nm) decreased some
what with respect to that at 308.9 nm-i.e., the spectrum 
more closely resembled that of the other hydrocarbons. 

The difference in spectral distribution resulting from the 
C2H2 and C2H4 reactions with 0 atoms had been observed 
previously and is indicative of two different OH(A 2 ~) for
mation reactions leading to formation of rotationally and 
vibrationally "hot" and "cold" OH(A2~), respectively (14). 
The fact that the other hydrocarbons produce the same 
spectral distribution as C2H. suggests that the mechanism 
of OH(A 2~) formation is the same in all those cases; how
ever, this reaction mechanism has not yet been established. 
The 0-C2Hz mechanism has been shown to involve O2 and 
can probably be attributed to Ref. 15: 

CH + O2 ~ OH(AZ~) + CO 

While in accord with this reaction, the OH(A2 ~_X2 II) 
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Figure 1. 0H(A'~_X2ll) emission from the O/C, H. and O/CoH, re
action in an 0 , bath at 0.8 torr 

emission from O- CzHz increases initially with O2 addition
that from 0 - C2H4' etc., only decreases in intensity upon 
such addition (9, 11), indicative of OH(A 2~) quenching by 
O2 and of free radical scavenging of an emission precursor 
by Oz. The observation that with increasing pressure the 
0-CZH2 spectral distribution becomes more like the 0 -
C2H4 and so forth distribution is evidence for rotational/ 
vibrational relaxation of the relatively long-lived (Trad = 8 
X 10-7 sec) (16, 17) emitter OH(A2~) with increasing pres
sure. 

Comparison of the ill:~)8 .9 measurements given in Table I 
with the Dimitriades reactivity ratings (5) shows satisfac
tory agreement. The rate coefficients for O-atom attack on 
the hydrocarbons are shown in the last column of Table I. 

Table I. Relative Chemiluminescence Signal Intensities and 
Rate Coefficients for O-Atom Attack of Classes V, 
IV, III, and I Hydrocarbons,a at High Hydrocarbon 
Concentrationsb in Survey Apparatus 

Class V. reactivitya = 14.3 ~l lOII.9C,d k e 

Ethylene 100 4.9 x 10' 
Propylene 104 2.2 x la' 
Butene·1 91 2.3 x 10' 
Butene·2 94 1.2 x 10' · 
Isobutene 78 1.2 x 10' · 
P,opadiene 48 Unavailable 
Butadiene 113 1.2 x 10' · 

Class IV. Reactivity = 9.7 
Toluene 29 1.4 x 10' 

Class III , Reactivity = 6.5 
n·Butane 6 1.6 x 10' 
n-Heptane 10 7.7 X la ' 
Iso-octane 10 5.5 x 10' 

Class I. Reactivity = 1.0 
Ethane 3 5.5 x 10 ' 
Propane 7 9 x 10' 
Benzene 3 2.4 x la ' 
Methane! < 10-' '" 1 x 10' 

b a Reactivity classes and numbers as suggested by Dimitriades (5 ). 
In t he ex peri m ents w ith t he test appar atus (be low) the h y dro 

carbons were intro du ced with a flow of air (the counterpart of hy 
d rocarbon diluted in t he N 1- 0 1 mi xt u re p resent in auto m o ti ve ex 
haust bag samples) and the number of ppm (v / v) of hydrocarbon in 
the sample flow is a m ea n in gfu l f igu re, the same as in most air po liu
tant analyzers. In the survey apparatus, the hydro carbons flow ed 
directl y in t he main gas f low and no such def initio n is possible. The 
total flow under the conditio ns o f this table contained (befo re reac
tion) 160 0 ppm o f h y drocarbo n, co rresponding to 4800 ppm in the 
sample flow o f the test sect ion e x per i m ents w here the reagent f lo w 

;r~sh~w~g~ear~~~r5~ ~~ ~~~t ~~~t~e~~o rr,e Cf~}I~Y..!~~;: i~~aa~~ro~s tt~~· = 
2 X 10-3 sec; P = 0 .8 torr; 01 flow = 3 m l atm sec- I ; O-atom flow = 

~ '~a~e 1c~e1fW~i~~rs .SF~~ I ~~reqr,os~a~_r,~~ tf ~~5~c5f~r 1t~~3 a71~~L~115-I . 
~~i~(13} tf~~~r~~f~CV~j~f~~C~~~s~sr:~~~Ct~~~6n~:?e~rab1:r;j~~aal~d 
from methane were obtained; the highest methane flow tested was 
5 X 10- 1 m l atm sec-I . 



In general the rate coefficients decrease in the same direc
tion as the reactivity ratings. This appears to be a principal 
reason that the AhoB.9 measurements give a reasonably 
good indication of photochemical smog reactivity (the reac
tions following the initial O-atom attack are of course also 
important in determining the light intensity). Because the 
less reactive hydrocarbons are consumed less rapidly than 
the more reactive hydrocarbons, their intensity will de
crease less rapidly with reaction time (distance) , which is 
the reason that temporal/spatial adjustment of the relative 
AIaOB.9 from the various hydrocarbons is possible (Table II). 
The fact that under the observation conditions of Table I 
the butenes give a lower reading than C2H4, notwithstand
ing their larger rate coefficients, is probably indicative of 
their faster consumption. 

The basis for the Ai:;()8.9 method thus has been estab
lished. To test the method under realistic bag sample con
ditions, hydrocarbon concentrations of ~O.I to ~ lOOO ppm 
should be used. This could not be done with the survey ap
paratus because a spectrometer is not a sufficiently sensi
tive tool and regular continuous flow-metering devices are 
not adequate for providing such low concentrations. Anoth
er flow tube apparatus (the test apparatus) was therefore 
built, in which interference filters replaced the monochro
mator, an exponential dilution flask was used to supply low 
concentrations of the hydrocarbons, and a differential elec
trometer was used to automatically subtract 1:112.2 from 
1308.9. 

Test Apparatus and Experimental Procedure 

The test apparatus is shown in Figure 2. The 0 atoms are 
produced by a 2450-MHz microwave discharge (not shown) 
in a 13-mm o.d. Vycor tube. The remainder of the appara
tus is made of Pyrex. A 22-mm i.d. Pyrex reaction tube is 
used. The gas flowing into the discharge was, for most of 
the work, He- 9% O2 (1 ml atm sec- I He per I X lO-1 ml 
atm sec-I O2) . In some experiments 100% O2 was used to 
provide a comparison. The He-9% Oz was chosen since it 
yields a reasonably high [0], comparahle to that available 
from 100% O2, yet keeps 02-quenching at a low level. We 
will refer to the O-Ot-(He) mixture flowing from the dis
charge into the reaction tube as the "reagent" (== second 
reactant) gas. The hydrocarbons were introduced through a 
2-1 exponential dilution flask (18) by a 0.5·ml atm sec- I 
flow of Scientific Grade Air (obtained from MG Scientific 
and has the following stated impurities: NOx < 5 X 10" 
ppm; CO2 < 2 ppm; CO ~ 5 ppm; total hydrocarbons, 
mainly methane, <0.1 ppm) as the carrier gas. The air
hydrocarbon mixture ("the sample gas") thus simulates the 
bag sample gas in automotive exhaust monitoring. The av
erage gas velocity down the flow tube under these condi-

AIR c:::> 
2LtO:&; c:;>=---=='!!:<'--- -

£.~TI"'I.: 

Dn..IJTlOfi FL ."" 

Figure 2. Chemiluminescence hydrocarbon analyzer test apparatus 

tions was 270 cm sec- I. In a few experiments at higher con
centrations ("'500-8000 ppm), the hydrocarbons were also 
flow metered in directly, bypassing the exponential dilu
tion flask. These experiments served primarily to calibrate 
the dilution flask output. Gas-tight syringes were used to 
introduce the hydrocarbons into the dilution flask. Liquid 
hydrocarbons were injected first into a 5-1 predilution flask 
and after evaporation and mixing were withdrawn from 
this flask with a gas syringe for injection into the apparatus 
dilution flask. Potential interference gases (see below) were 
co-injected with the hydrocarbons into the dilution flask. 
In the case of H20, it was noticed that the presence of H20 
interfered with the delivery of n-butane. Therefore, in all 
H20 interference tests, H20 was introduced with 0.5 ml 
atm sec-I Scientific Grade Air, as shown in Figure 2, while 
a constant flow of hydrocarbon, corresponding to 850 ppm 
in the sample, was used. The pressure in the reaction tube 
was maintained at 1.2 torr using a throttling valve in the 
pump line and a 5-cfm mechanical vacuum pump. The ex
ponential dilution flask was kept at 38 torr, which pressure 
gave a convenient decay time (""7 min for a factor 10 de
crease in concentration). 

The hydrocarbons were dried by passage through silica 
gel, the remaining reagent and sample gases by passage 
through activated alumina. Upstream from the microwave 
discharge and the exponential dilution flasks, the gases 
passed through liquid Nz to remove most carbonaceous im
purities (except CO, CH4) that might have been present. 
To prevent interference from hydrocarbons which might 
have been present in the flow system, the apparatus was 
washed with dilute HF before it was put to use. Nonethe
less, after several weeks running noticeable increases in the 
background emission were observed; these were traced to 
the hydrocarbon inlet nozzle, which was therefore fre
quently removed and washed with dilute HF. No such re
peat cleaning of the rest of the apparatus was necessary. At 
the end of the day, the liquid N2 traps were allowed to 
warm up and were back pumped; in this way, any accumu
lated impurities were prevented from entering the reaction 
t.uhe. 

Since absolute [0] measurements could not readily be 
made with this test apparatus and an exact value of [0] was 
not needed in this work, such measurements were not 
made. However, our past experience has shown that [0] is 
on the order of 1% of the total gas concentration-i.e. , at 
the concentrations tested in quantitative hydrocarbon re
sponse measurements, 0 was present in large excess over 
the hydrocarbons. In most of this work [0] was kept con
stant by using constant flow conditions and microwave 
power. In some experiments [0] was deliberately varied by 
varying the microwave power. The relative 0, [O],el, was 
then obtained in separate experiments in which NO rather 
than hydrocarbon was passed through the nozzle, and the 
intensity of tbe emission from the reaction 

0+ NO - N02 + hv(>- > 387.5 nm) 

was measured with a IP28 PMT. Since (19) I <X [OJ[NO] 
and [NO] was kept constant, a factor x change in light in
tensity corresponded to a factor x change in [0]. 

The chemiluminescence was measured with two matched 
(approximately equal anode sensitivity, A /1m) Centronic 
4242 bialkali PMTs, viewing the reaction zone through 
308.9 and 312.2 nm interference filters , respectively (Figure 
2). The filters were 2.5 cm in diam and had a I-nm half
width with 2'.20% peak transmission. These PMTs had 
been matched to obtain approximately equal intensities at 
both wavelengths for CzHz; electronic gain adjustment al-
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Table II. Effect of Hydrocarbon Inlet Nozzle Distance 
on tol , ••.• for He/9% 0 , Discharge Gas 
and 1250 ppm of Hydrocarbon 

Distance from the 
nozzle to the A1 308• 9 center of the 
observation C, H, n-C"H ,o 

port, em nA nA 

2 1850 180 
3 1100 160 
4 1030 270 
5 700 320 

Ratio 

10 
7 
4 
2 

lowed the intensities to be made exactly equal. Since the 
stated wavelength for interference filters is that for perpen· 
dicular incidence, collimation is required when, as in the 
present case, a spatially extended glow is observed; the col· 
limators between the reaction tube and the PMTs were 
2.5·cm diam, 2.5 cm long (radiatior honeycomb) tubes with 
a 0.25-cm cell diameter. 

Test Apparatus Results 

Acetylene Zero. To confirm the absence of response to 
C2H2, a constant flow of C2H2 at 8000 ppm was introduced. 
The relative gain of the two PMT signals was adjusted to 
give a zero reading of 61'108.9 under these conditions. If the 
spectral distribution of O-C2Hz does not change when 
smaller concentrations of CzHz are used, no reading at 
those concentrations should be obtained either. CzHz from 
the exponential dilution flask was therefore passed through 
the zeroed system at concentrations varying from 100-1 
ppm. No 61008.9 signal was observed indicating that the 
spectral distribution is independent of concentration-i.e., 
once the 6h08.9 instrument is zeroed with CzHz at one con· 
centration it is zeroed at all concentration ranges, which 
also implies that the spectral distribution from O-CzHz is 
invariant with [CzHzJ in this range. 

Response to Other Hydrocarbon Species. For com
parison of the response to the individual hydrocarbon 
species, a nozzle distance favoring good agreement with the 
reactivity ratings (5) had to be determined. We chose to try 
to obtain an average Class III reading in roughly the pro
portion to ethylene indicated by these ratings. A number of 
experiments were therefore made in which the reaction 
time-i.e., the distance from the nozzle to the center of the 
observation port-was varied for ethylene and n-butane; 
the results are shown in Table II. Since Table I suggests 
that the response to n-butane is somewhat lower than that 
to the other Class III compounds investigated, a distance of 
4 cm was selected, corresponding to a reaction time of 1.5 X 
lO-z sec, for the measurements on the individual hydrocar
bons. 

The relationship between signal response and hydrocar
bon concentrations had to be established for each hydro
carbon species. This was done by making a number of in
jections over a wide (typically factor of 100) range of con
centrations (Figure 3). The points from the exponential 
dilution plots giving the same response were then assumed 
to correspond to the same concentrations. Plots of response 
vs. concentration-e.g. , Figure 4-were prepared from 
these plots. The response to the individual hydrocarbon 
species was linear (first power) in their concentration (Fig
ures 3 and 4) to within a factor of 2 over the full concentra
tion range. 

Table III compares the 6I:JoH.9 measurements thus ob
tained for the individual hydrocarbons. Since the plots are 
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Figure 3. Exponential dilution plot for propadiene 
Reactton time 1.5 X 10-2 sec; reaction lube P = 1.2 torr ; reagent gas now, 
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Figure 4. Response vs. concentration of ethylene and n-butane with 
He/9 % O2 reagent gas. Conditions as in Figure 3 

parallel (first order in concentration), any concentration 
point along the line can be used for this comparison (we 
used 125 ppm). Because of this linear response, the limit of 
sensitivity, which is "'0.2 ppm for ethylene, is inversely 
proportional to the signal response given in Table III- i.e., 
""1 ppm for n-butane (Figure 4) . 

In general, the AI'1OH.fl measurements scale quite satisfac
torily with the reactivity factors . Benzene appears to give 
too high a response and some compounds from Class V too 
Iowa response. This might be improved by decreasing the 
observation time (Tables I and 11), but this presumably 
would lead to a decreased reading for Class III compounds 
as well. Further control over the relative 6.1:108.9 response is 
possible by varying the [OJ. See below. 

Over a period of several months the response to 125 ppm 
of C2H4 was frequently checked. No systematic trends with 
time were observed, and the signal was constant to within (f 

= ±5%, about equal to the reproducibility of the data in a 
consecutive series of tests. This variation is, in part, due to 
uncontrollable variation in the amount injected. Test runs 
on the stability of the light output at a constant hydrocar
bon flow showed a maximum ±3% variation, both in short-



Table III. Relative Chemiluminescence Signal Intensities 
of Classes V, IV, III, and I Hydrocarbonsa 
Obtained at 1.5 x 10-2 sec Reaction Time 
for He-9% 0, Discharge Gas 

Class V, reactivitya = 14.3 
Ethylene 
Propylene 
Butene·1 
Butene·2 
Isobutene 
Propadiene 
Butadiene 

Class IV. reactivity = 9.7 
Toluene 

Class III. reactivity = 6.5 
n-Butane 
n-Heptane 
Iso-octane 

Class I. reactivity = 1.0 
Ethane 
Propane 
Benzene 
AcetyleneC 

Methaned 

61 301J .9h 

100 
42 
79 
53 
38 

133 
56 

55 

23 
57 
43 

1.3 
7.9 

20 
o 

< 10 - 2 

a Reactivity classes and numbers as suggested by 8. Dimitr iades 
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from methane w ere obtained at concentrations u p to 1250 ppm, the 
highest concentration investigated . 
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Figure 5 Comparison of response of ethylene and n-butane to that 
of their mixture at the same individual concentrations 
The individual pOints on the C2H4 + n-C4HlO line are from the exponential 
dilution trace of the mixture, the line itself represents the sum of the re
sponses to the individual hydrocarbons as shown in the lower two lines. Con
ditions as in Figure 3, except for a-atom flow 
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Figure 6. Absence of interference by methane 
Recorder trace (a) co-injection with C2H4 , and (b) CH4 alone. Conditions as in 
Figure 3 
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Figure 7. Absence of interference of NO x with n-butane measure
ment 
Exponential dilution plots with and without added NOx" Conditions as in 
Figure 3 

term stability (noise) and long-term drift (over a period of 
3 days of unattended operation). 

We have thus far discussed samples containing one reac
tive hydrocarbon, while bag samples contain a mixture of 
hydrocarbons. It is shown below that unreactive hydrocar
bons-C2H 2 and CH4- do not interfere with the response 
of reactive hydrocarbons. To determine whether synergistic 
or interference effects between reactive hydrocarbons 
occur, we investigated mixtures of ethylene-n-butane (in a 
1:10 concentration ratio) and ethylene-propadiene (in a 1:1 
concentration ratio). The results obtained for the ethylene
n-butane mixture are shown in Figure 5 (those for the eth
ylene-propadiene mixture spanned a concentration range 
of 0.5- 500 ppm). The signals obtained from these mixtures 
are, within experimental error, equal to the sum of those 
obtained from the same quantities of the individual com
pounds. Hence Ll.!:108.9 measurements are apparently addi
tive for hydrocarbon mixtures. 

Interference by o.ther Species Present in Mobile 
Engine Exhausts; Influence of Variable % 0.2• Other 
compounds present in exhausts or bag samples could con
ceivably cause positive or negative interference with the 
Ll.boH.<l hydrocarbon response (posit ive interference would 
be emission at the same wavelength, negative interference 
quenching of the hydrocarbon emission). These effects 
were investigated by making runs in which first only the in
terference gas was added to the sample air and then the in
terference gas was added in the presence of the hydrocar
bon. Except for H 20, for which a constant 3% in the sample 
was used (i.e., the sample was saturated) , this was done by 
injecting the potential interference gas at intervals during 
an exponential dilution run; typically when the concentra
tion of the interference gas had decreased by a factor of 10, 
it was reinjected. This is illustrated by Figures 6 and 7 giv
ing typical recorder traces and an exponential dilution plot 
derived from such a trace, respectively. It may be seen from 
Figure 6 that methane does not interfere with ethylene 
measurement and does not produce any measurable emis
sion itself, and from Figure 7 that NOx does not interfere 
with n-butane measurement. NO., was injected into the ex
ponential dilution flask as NO, but in t his flask the O2 of 
the sample air partially oxidized it to NO.2, thus producing 
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Table IV. Concentration Ranges of Hydrocarbons (in ppm) for Which Interference Was Investigated at Indicated 
Interference Gas Concentrations (in ppm) 

Ethylene 
n-Butane 
Propadiene 
Propane 

CO 1250 CO, 20,000 

825 
125-2 125-2 

1000-0.5 1000-0.5 
1000-10 

10 

o 

8 '~0----~'0~----~~----~470----~'0' 

% 02 IN SAt,jPLE GAS 

H,03O,000 

850 

Figure 8. Effect of O2 in sample gas on .:'11308.9 response for 12.5 
ppm of C2H. 
Reaction time 1.5 X 10-2 sec; p:;::; 1.2 torr; reagent gas (He + O2) flow 1.1 
ml. atm sec- I; sample gas from exponential dilution flask = 0.5 ml aim 
sec- 1 

an NO- N02 mixture. (The same process occurs when NO 
from car exhaust is mixed with dilution air in CVS bag 
sample preparation-i.e., the samples tested are similar in 
this respect to bag samples.) Table IV summarizes the con
ditions for the interference runs made. 

No evidence for positive interference by CO, CO2, H20, 
SOz, CH4, CzHz, and NO, was found. Of these compounds 
the only negative interference occurred from H20 which 
caused a 12% decrease in intensity for 850 ppm of CZH4• 

(Because the interference is only a factor of two larger than 
the variation of consecutive exponential dilution runs, 
these H20 measurements were made at a steady C2H. flow 
after exponential dilution runs suggested that a quenching 
effect might occur.) The negative interference of the other 
gases thus was ~5% at the concentrations tested, while the 
positive interference from any compound tested was :50.2 
ppm equivalent C2H4• 

Bag samples also will contain a somewhat variable 
amount of O2 within the range 15- 20%. To investigate the 
influence of variable Oz, the O2 content of the sample gas 
was varied from 14- 40% (remainder N2) for 12.5-ppm C2H4 

injections. This 102) range is of course much larger than 
that of practical interest. The results are shown in Figure 8. 
They suggest that a 1% increase or decrease in O2 content 
of the sample gases causes somewhat less than a 1% de
crease or increase in the response to ethylene. Thus the ef
fect of normal variations of the O2 in bag samples is essen
tially negligible. 

Measurements with Other Reagent Gas Composi. 
tions. Experiments have been made using undiluted O2 as 
the reagent gas with ethylene and n-butane sample gas; 
two different nozzle distances were used under flow condi-
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SO, 12.5 CH,1 250 C, H, 1250-10 NO. 125 

6-1 1250-10 125-5 
125-1 1000-5 
125-0.5 12.5-0.5 

Table V_ Changes in ~130'. ' from 125 ppm C, H, and 
n-C, H,• as a Function of O-Atom Concentration 
for He-go/o 0 , Reagent 

Nozzle [01,.,. a1 308•9 a l 30So r 
distance, arbitrary (C,H,l. (C,H ID • al , ••.• (C ,HJ 

em units nA nA Ll1301l •9 (C .. H ]o) 

6 2 23 100 0.23 
6 34 11 3.1 
2 2 200 10 20.0 
2 135 5 27_0 

10-6 , ______ --,-______ -.-_____ ""....., 

10" 

;; 

! 
10-8 

~ 

Z 

~ 
~ 

IO~ 9 

10. 10 

10 0 10' 10' <>' 
CONCENTRATION, ppm ("h) 

Figure 9_ Response vs. concentration of ethylene and n-butane with 
undiluted O2 reagent gas 
P = 1.2 torr ; O2 flow 1.0 mt aim sec- I; sampJe (cylinder air) now 0.5 ml atm 
sec- I 

t ions otherwise very simi lar to those used for the He-9% O~ 
experiments. The results are shown in Figure 9. At both 
distances the response is again first power in [He]. The 
C:!H4-n-C4H IO response ratios at 4 and 2 em are 14 and 2.5, 
respectively-similar to those obtained in the He-9% O2 
experiments; however, the absolute intensities are a factor 
of 2-3 lower for the undiluted O2 reagent flow. (Compare 
Figure 9 to Figure 4 and Table Il.) The experiments are not 
strictly comparable to each other since no attempt was 
made to keep [0) the same as in the He-02 experiments. 
Experiments in which [O),el was measured at a number of 
discharge power levels for the two reagent gas compositions 
suggest however that [0) was similar for the discussed con
ditions. Thus, this comparison again suggests a quenching 
effect by O2, similar to the experiments of Figure 8. 

Experiments were next made in He- 9% O2 in which [0) 
was deliberately varied by a factor of 2 by varying dis
charge power input. The results are shown in Table V. It 
may be seen that decreasing [0) increases the ratio 
Il!:J08.9(C 2H4)/ IlI:1089 (n-C4H 10). At a 6-cm nozzle distance, 



the absolute response to ethylene also increased with the 
decrease in [a] . The explanation of these observations is 
that at lower [0], the ethylene [which has a much higher re
action rate coefficient than n- butane for a-atom attack 
(Table I)) consumption is decreased and more of it remains 
to lead to a light-producing reaction after longer reaction 
times. Not enough n-butane consumption occurs on this 
time scale to observe a similar effect on the absolute AI308.9 
signal from n-butane. The response under all these condi
tions is again proportional to [He]. The conclusion from 
these experiments is that both nozzle distance and dis
charge power- i.e. [0], can be used to vary the relative 
AI:108.9 response of the hydrocarbons in any desired direc
tion. 

Discussion and Conclusion 

The results suggest that an instrument based on the 
Aho8.9 method should give readings of total hydrocarbon 
reactivity closely approximating those which can be ob
tained by measuring 'each hydrocarbon individually with a 
gas chromatograph and multiplying its concentration with 
the appropriate reactivity factor (5). Since a AIa08.9 instru
ment would, at continuous flow, give a continuous direct 
reading, far less time and effort would be involved in its 
use. It should be noted that the Aho8.9 method gives a zero 
response to methane and acetylene whereas, strictly speak
ing, the Dimitriades reactivity ratings (5) suggest a finite 
response. However these ratings define Class I as the class 
of hydrocarbons that does not require control; a zero meth
ane and acetylene measurement (which was the goal of the 
present work) appears to be preferred. The method is not 
restricted to the Dimitriades rating (.5) since, by increas
ing nozzle distance (reaction time) and/or [0) the response 
to n-butane relative to ethylene-i.e., of less reactive hy
drocarbons to highly reactive hydrocarbons, can be in
creased; such a measurement could be preferable in late 
photochemical smog situations. 

A simplification of the present method is possible in sit
uations where acetylene is present in negligible concentra
tions. Under those conditions measurement of Ia08.9 would 
suffice and only one PMT would be needed. Since the other 
hydrocarbons tested all give the same spectral distribution, 
a larger wavelength region of the OH(A2~-X2ll) system 
could then probably be used with possibly a corresponding 
increase in sensitivity. No attempts have been made in this 
work to optimize sensitivity; improved optical design and 
greater sensitivity of the electrooptical detection system 
are undoubtedly possible. It would therefore appear attrac
tive to investigate the use of the method for the lower con
centrations that are of interest in the measurement of or
ganic pollutants in ambient air. Such pollutants include 
non hydrocarbon organic compounds, primarily from sol
vents (4). However, since most of these compounds contain 
alkyl groups it is quite possible that they could similarly be 
measured. An improved sensitivity also would have the ad
vantage, for the concentration range of interest in car en
gine exhaust monitoring, that pure O2 discharge gas could 

be used instead of a He (or Ar)-"'lO% O2 mixture; it has 
been shown that such an approach would only result in 
about a factor of three decrease in sensitivity under the 
conditions of our experiments. 
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Trace Element Composition in Atmospheric Particulates During 
1973 and the Summer of 1974 at Chadron, Neb. 

Arthur w. Struempler 

Chadron State College, Chadron, Neb. 69337 

• Air was collected continuously on filters in northwestern 
Plains states, the land is relatively flat and is used princi . 
pally for grazing. Prevailing winds are from the south, west, 

Nebraska during 1973 and the summer of 1974 and the par- and north, and it is estimated that surface winds blowing 
ticulate matter was analyzed for Ag, AI, Cd, Co, Cu, Mn, from the northwest and north and over the residential area 
Pb, Tl, and Zn. Noticeable and consistent seasonal differ- of Chadron to the sampling site occurred less than 10% of 
ences were evident in aerosol AI, Mn, and Pb. Those metals the time. Therefore, most collections represent surface 
found in aerosol particulates are largely soil derived if their winds from virtually uninhabited areas. 
concentrations are likewise high in the soil. Conversely, The metals were analyzed with a Model 303 Perkin-
aerosol metals are more likely to be associated with anthro-
pogenic sources if their concentrations are low in the soil. 
Aerosol Pb appears to be largely derived from the combus-

Table I. Metal Concentrations (Ng/M ' ) of Atmospheric tion of leaded gasoline, but the aerosol sources of Ag and 
Cd are more difficult to document. The data will serve to Particulates During 1973 at Chadron, Neb. 
monitor any changes in air quality as additional coal-fired Week 
power plants are constructed at upwind locations. beginning Ag AI Cd Co Cu Mn Pb TI Zn 

Jan. 1 0.06 40 0.65 4.3 5.0 3.2 20 0.42 16 
8 0.02 50 0.46 2.6 4 .6 2.5 14 0.30 11 

15 0.02 690 0.44 4.7 5.0 8.8 69 0.32 21 
By necessity, more coal must be used in the future to 22 0.02 90 0.31 4.0 4.5 4 .2 56 0.25 19 

29 0.03 250 0.48 2.8 5.5 3.7 59 0.14 16 meet our energy needs. Utilization of coal from Wyoming, Feb. 5 0.03 200 0.32 4 .1 4.7 3.2 67 0.21 14 
Colorado, and Montana will certainly increase because it is 12 0.03 260 0.33 3.7 4.6 3.9 51 0.22 11 
economically mineable and relatively low in sulfur. Also, 19 0.02 310 0.34 3.4 4.8 4.5 42 0.20 8 
because of economics, more coal-fired plants will be con- 26 0.03 740 0.32 4.3 4.3 7.9 35 0.31 12 

structed near these coal reserves and may alter the aerosol Mar. 5 0.03 830 0 .56 4.7 3.9 9.6 34 0.23 18 
12 0.03 630 0.58 5.0 4 .1 7.1 60 0.26 25 

concentrations of some pollutants. Nebraska is located to 19 0.03 700 0.27 4.6 4.5 6.7 38 0.35 21 
the east and downwind from these coal reserves. Since 26 0.03 660 0.31 3.9 4 .3 7.7 42 0.22 16 
aerosol particulates are readily transported by the wind, Apr. 2 0.03 310 0.66 2.5 3.6 4.6 34 0.15 23 
Chadron's location in northwest Nebraska is ideal for es- 9 0.04 1070 0.89 4.1 3.9 10.3 56 0.30 19 

16 0.25 350 0.66 3.7 4.6 3.5 20 0.22 26 
tablishing the concentrations of various atmospheric met- 23 0.08 470 0.44 2.9 4.4 5.7 38 0.18 18 
als before additional coal-fired power plants are con- 30 0.15 560 0.54 3.2 5.1 5.7 77 0.18 27 
structed in neighboring western states. To obtain this in- May 7 0.18 980 0.91 3.6 5.4 8.2 39 0.22 21 
formation, air was collected continuously during 1973 and 14 0.36 2230 0.68 4.1 6.6 15.6 36 0.27 22 

21 0.47 640 0.59 2.8 5.7 5.4 18 0.25 26 
the summer of 1974, and its particulate matter analyzed for 28 1.80 400 0.87 2.7 5.5 5.8 20 0.48 12 
aerosol Ag, AI, Cd, Co, Cu, Mn, Pb, Tl, and Zn. Metal con- June 4 0.12 280 0.93 3.0 3.6 3 .5 9 0.20 6 
centrations and their variability were evaluated for season- 11 0.11 760 0.83 3.9 5.7 6.3 19 0.26 16 
al trends and sources. The data are of further use in moni- 18 0.16 610 0.55 2.8 6 .0 4.1 22 0.20 21 

25 0.46 230 0.83 1.6 5.6 3.1 24 0 .15 14 
toring air quality and assessing any change in metal con- July 2 0.07 870 0.84 2.6 5.0 7.1 20 0.16 15 
centrations. 9 0.03 810 0.99 1.6 5.3 6.3 26 0.14 12 

16 0.04 790 0.52 2.8 5.8 5.0 28 0.32 13 
Experimental 23 0.40 1000 1.32 4 .7 6.7 7.0 38 0.42 16 

30 0.03 610 0.74 3.4 5.5 4 .3 26 0.25 9 
Air was aspirated continuously through filters at the rate Aug. 6 0.29 1020 0.46 5.1 5.7 7.6 35 0.28 12 

of 14i./min during all of 1973 and from June through Sep- 13 0.09 1000 0.48 3.1 5.9 11.7 24 0.20 9 
tember in 1974. Filters were changed each Monday, and the 20 0.04 740 0 .54 3.1 5.9 12.7 36 0.21 26 
various aerosol metals were analyzed after each season's 

27 0.04 540 0.37 4.1 5.5 6.2 35 0.19 14 
Sept. 3 0.09 300 0.61 3.0 5.7 6.3 50 0.19 15 collections. The air-sampling gear was housed in a green- 10 0.12 310 0.27 3.0 5.3 5.7 40 0.16 40 

house, and consisted of a vacuum pump which collected 17 0.15 430 0.48 2.9 4.8 6.5 44 0.22 21 
outside air through a 37-mm diameter Millipore fi lter (type 24 0.07 380 0.32 3.5 4.8 3.1 73 0.19 11 
AA, 0.8-J.lm mean pore size) made of mixed esters of cellu- Oct. 1 0.23 930 0.67 1.6 7.3 8.2 89 0.07 21 

8 0.21 390 0.67 3.7 5.5 3.7 87 0.23 25 lose. The filter was located 1 % m above the earth's surface 15 0.22 940 1.07 3 .1 6.7 7.3 68 0.26 21 
and was protected from precipitation by a polypropylene 22 0.05 610 0.53 2.6 6.3 5.8 69 0.15 25 
lined box. Air collections were made on the southeast cor- 29 0.17 170 0.36 1.9 5.0 2.4 5? 0.13 9 
ner of the college campus, which is located at the extreme Nov. 5 0.12 140 0 .31 3.1 5.5 2.1 73 0.14 18 
southeast corner of Chadron, Neb., a town with a popula- 12 0.04 430 0.26 2.8 5.1 3.5 39 0.11 3 

19 0.05 250 0.29 2.2 5.1 4.1 62 0.12 4 
tion of 6000, located in the sparsely populated Northern 26 0 .12 300 0.42 2.1 5.1 3.3 52 0 .18 4 
Plains (42 0 50'N, 103 0 05'W, 1000 m above sea level). No Dec. 3 0.05 180 0 .46 2.8 6.7 2.5 46 0.12 21 
roads were located within 1 mi of the sampling site within a 10 0.19 230 0.34 3.2 6.8 3.7 69 0.14 l3 
compass reading of 45 through 270 degrees. A few roads 17 0.23 70 0.77 2.7 6.7 1.7 85 0.12 4 

24 0.10 60 0.72 3 .0 6.6 3.0 70 0.13 10 
exist in the region beyond 1 mi of the sampling site, within X 0.15 535 0.57 3.3 5.3 5.7 45 0.22 16 
the arc of 45 through 270 degrees, but the region is virtually a 0.26 382 0.24 0.9 0.9 2.8 21 0.08 7 
uninhabited for hundreds of miles. As with most Northern 
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Elmer atomic absorption spectrometer, equipped with a 
HGA-2000 heated graphite atomizer and a deuterium 
background corrector. The statistics were calculated with a 
Hewlett-Packard 9810A programming calculator. Contain
er cleaning methods and laboratory procedures have been 
described previously by Struempler (1). Only new l -oz Nal
gene linear polyethylene containers were used for storage 
or analysis. Any containers with blank solutions with a de
tectable background of Zn (the most contaminatable metal 
under study) after the acid soaking and cleaning process 
were discarded. Extreme care was exercised to minimize 
metal loss or contamination effects. Only ultrapure acids 
were used in all instances except in the container washing 
process. Aerosol particulates were removed from the fi lter 
by ultrasonic treatment for 1 hr in 10 ml of ion-free water 
acidified to 0.2% with HNO~. Completeness of metal disso
lution from the filters was compared by quartering test fil
ters and: 

Dry ashing in Pt crucibles at 300°C for 30 min fol
lowed by continued ashing at 500°C for 1 hr and re
constituting the metals in an aqueous solvent contain
ing I%HNOa 
Dry ashing similar to above, but metals were reconsti
tuted in minimum HF and HN03 (1 + 3), followed by 
evaporation to dryness and appropriately diluting 
Wet ashing in minimum HN03 with warming until the 
filter dissolved. Metals were then reconstituted in an 
aqueous solution 

In all cases, blanks were carried t hrough. Both dry and 

Table II. Metal Concentrations (Ng/M ' ) of Atmospheric 
Particulates During the 1974 Summer Season 
at Chadron, Neb. 

Week 
beginning Ag AI Cd Co Cu Mn Pb TI Zn 

June 3 0.04 380 0.26 3.5 5.8 3.3 34 0.16 3 
16 0.03 270 0.36 2.6 5.1 2.7 19 0.09 1 
17 0.04 670 0.32 304 6.9 7.6 19 0.13 7 
24 0.04 980 0.54 2.8 6.2 10.6 19 0.19 17 

July 1 0.04 820 0.39 2.0 5.7 9.3 22 0.14 3 
8 0.04 810 0.20 2.3 6.0 10.9 17 0.19 9 

15 0.05 680 0.21 1.9 6.0 7.0 19 0.14 6 
22 0.04 810 0.26 1.8 6.0 lOA 23 0.16 3 
29 0.03 670 0.18 1.6 5.3 7.6 25 0.14 3 

Aug. 5 0.04 520 0.2 1 2.1 5.8 5.0 16 0.17 4 
12 0.04 750 0.28 1.8 6.5 5.8 20 0.10 11 
19 0.03 740 0.31 2.6 5.9 6 .2 21 0.13 6 
26 0.03 590 0.17 1.0 5.6 6.9 21 0.11 1 

Sept. 2 0.05 710 0.39 3.0 7.9 7.7 35 0.23 3 
9 0.03 460 0.22 1.2 5.6 5.6 48 0.10 3 

16 0.02 710 0.27 2.8 6.7 7.0 43 0.18 9 
23 0.03 720 0.51 1.8 7.2 8 .2 41 0.11 11 

X 0.04 664 0.30 2.2 6.1 7.2 26 0.15 6 
a 0.Ql 175 0.11 0.7 0.7 2.3 10 0.04 4 

---- ---------- ----

wet ashing procedures proved erratic for some metals and 
could not be used as the principal technique for metal anal
ysis. Neither could strong acid concentrations be used for 
dissolution purposes, as this enhanced interference effects. 
Hence, the ultrasonic treatment method was used for disso
lution of metals from the filters . The deuterium back
ground corrector was used for all analyses. 

Results and Discussion 

Table I shows the concentration of nine metals in aerosol 
particulate matter during 1973. The means and standard 
deviations are also shown at the bottom of the table. As 
elsewhere in this report, the concentrations of the tested el
ements are reported in ng metal/m~, and means are repre
sented as the arithmetic mean. 

Seasonal differences are evident in the data. Silver was 
found in highest concentrations during the April- July peri
od. Aluminum was noticeably low during December and 
January. Aerosol Pb increased during the autumn season. 
The test for standard deviation is based on a normal distri
bution. Silver exhibited a larger standard deviation than 
the mean; hence, this test was invalid for Ag. The large Ag 
concentrations during the summer season account for this 
deviation. However, if the large Ag value of May 28 is de
leted, the mean then becomes 0.12 with a sigma of 0.12. 
The large aerosol Ag concentrations during the summer 
months were of particular interest, as no cloud seeding op
erations with AgI were believed to have occurred within 
several hundred miles of Chadron during the May-June 
period. 

Mainly to determine if the large aerosol Ag concentra
tion was seasonal, air was again sampled and analyzed for 
all nine elements during the June-September time period 
of 1974. Climatic conditions were different during the 1974 
season as western Nebraska experienced a drought during 
the summer of 1974 when only 11.5 cm of rain fell in Cha
dron during the 17-week 1974 summer season as compared 
to 21.8 cm during this same time period in 1973 (2, 3). The 
results of the 1974 collection are shown in Table II and a 
comparison of the means and standard deviations between 
the two seasons are shown in Table III. Three and one-half 
times less Ag was detected during the 17-week 1974 sum
mer season as compared to the 1973 summer season. Ap
proximately a 50% decrease in Cd, Co, Tl, and Zn was like
wise noted. Little difference in the aerosol concentrations 
of the other metals was observed between the two summer 
seasons. 

An interesting aspect of the data is the consistent and 
greater abundance of Al and Mn during both of the 17-
week 1973 and 1974 summer seasons as compared to their 
abundance during the entire 52-week period. Trace ele
ments arising from airborne dust would be in greater con
centrations during the drier summer months, and their as
sociated convective storms, than during a snow-covered 

Table III. Means and Standard Deviations of Aerosol Metals in Atmospheric Particulates for 1973 and 1974 

Ag AI Cd Co Cu Mn Pb TI Zn 

1973 (52 weeks) 
X 0.15 535 0.57 3.3 5.3 5.7 45 0.22 16 
a 0.26 382 0.24 0.9 0.9 2.8 21 0.08 7 

1973 (Ju ne-September) 
X 0.14 628 0.65 3.2 5.5 6.3 32 0.22 16 
a 0.13 271 0.28 0.9 0.7 2.6 15 0.07 8 

1974 (June-September) 
X 0.04 664 0.30 2.2 6.1 7.2 26 0.15 6 
a 0.01 175 0.11 0.7 0. 7 2.3 10 0.04 4 

-- - ------------- - - ----- ------.---
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Table IV. Aerosol Metal Concentrations at Various Locations (Ng/M3) 

Location and year(s) sampled Ag AI Cd 

Many U.S. urban stations 2 
( 1964-65)(4) 

N.w. Indiana, 25 stations <1-5 1375-2600 
(June 11-12, 1969)(5) 

Columbia, Mo. (1971)(6) 1520 
San Francisco, 9 stations 0.05-0.2 250-2000 

(July 23,1970)(7) 
Corvallis, Ore., rural 450 

(1972)(8) 
Windward Hawaii (1967) 28 

(9) 
North At lantic sites 0.003--0.62 

(1970-72)(10) 
South Pole (1970)(11) 0.6 
Chadron, Neb. (1973) 0.15 535 0.57 

Table V. Correlation Coefficients (x 100) Between Metals 
in Air Particulates During 1973 and Arranged 
in Order of Decreasing Concentration 
in Earth's Crust 

Ppm in 
earth's crust. 
Mason (T 2) AI Mn Zn Cu Co 

AI 81,300 86 23 20 30 
Mn 950 32 7 35 
Zn 70 4 20 
Cu 55 -26 
Co 25 
Pb 13 
TI 0.5 
Cd 0.2 
Ag 0.07 

Pb TI 

-17 26 
-15 27 

8 8 
28 - 17 
-2 58 

-38 

Cd Ag 

34 8 
19 4 

4 0 
26 24 
- 7 -13 

-21 -17 
27 42 

35 

winter season. Of those metals tested, Al and Mn are in 
highest concentrations in the earth's crust and would ap· 
pear to be largely dust derived, as only meager or no in
dustrialization exists in the Chadron area. Plausible then is 
the lower aerosol Al and Mn concentrations during the 
snow-covered winter season and the higher concentrations 
during the dustier summer season. 

To compare aerosol metal concentrations from other 
areas, data have been assembled in Table IV showing aero
sol metal concentrations from urban, rural and nonpopu
lated regions. These data indicate that metal concentra
tions vary widely among regions. Even within a 24-hr col
lection period at a given collection site, the range may vary 
up to a factor of 100. Except for perhaps soil-derived met
als, Chadron's air in general would be expected to be lower 
in trace metals than air from urban regions. On the other 
hand, it contains a greater concentration of trace metals 
than air from a nonpopulated region. The exception is Co, 
which appears high in relation to the other studies. No ex
planation can be given for this higher reading. Little is 
known regarding aerosol Tl, and our work indicates a con
centration of 0.22 ng/m:! of air as an annual mean for 1973. 

In an attempt to find a common metal source, correlation 
coefficients of metal concentrations have been computed 
between pairs of elements. Table V shows these correlation 
coefficients between metal pairs for the 52-week period of 
1973. A large correlation coefficient value between metal 
pairs is indicative of a common source and similar type be-
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Co Cu Mn Pb TI Zn 

< 0.5 90 100 790 670 

0.47-2.6 26-4000 63-390 400-3700 100-1540 

0.86 30 56 
0.46-1.7 27-100 5-34 27-500 

<0.1 < 35 2.7 

55 

0.12-10 0.10-64 

0.8 36 10 0.6 30 
3 .3 5.3 5.7 45 0.22 16 

havior. A more meaningful relationship can be reached by a 
further comparison of the data with the concentrations of 
metal in the conterminous U.S.'s earth's crust (in ppm): AI, 
81,300; Mn, 950, Zn, 70; Cu, 55; Co, 25; Pb, 13; Tl, 0.5; Cd, 
0.2; and Ag, 0.07 by Mason (12). Aluminum and Mn exhibit 
the largest correlation coefficient, namely 0.86, which 
suggests a common and natural source for these two metal 
pairs. Undoubtedly, colloidal soil-borne dust particles en· 
trapped on the filters account for the strong relationships 
between Al and Mn. Lead exhibits a negative correlation 
value for all metals except Zn 0.08 and Cu 0.28. The data 
further suggest that either Al or Mn may be used for refer
ence elements in studies of this kind, as their behavior is 
similar when tested against the other metals. 

A further evaluation in the behavior patterns of aerosol 
metals can be found in Table VI, which shows the correla
tion coefficients of metal pairs for the 17 summer weeks of 
1973 and 1974. Using either reference elements Al or Mn, a 
consistent increase in correlation coefficient values is noted 
for Zn, Cd, and Ag during the drier 1974 summer as com
pared to the wetter 1973 summer season. As drier seasons 
are more enhanced with dust particulates it seems plausi
ble that these elements are also associated with a crusta l 
source. A further comparison of the correlation coefficients 
shows that the metal pairs Cu and Co, Cu and Tl, and Cu 
and Zn appear to have a common source during the sum
mer months, as they exhibit larger correlation coefficients 
for this time period when compared to their entire 1973 
correlation values. Again, this suggests seasonal differences 
and sources. Cobalt and Tl correlation values remain high 
and constant under any seasonal comparison. 

As dust particles are an obvious source for trace metals 
in the Northern Plains, a further attempt was made to as
cribe the extent of soil-borne metals derived from air to 
those metals in the earth's crust. An enrichment factor, EF, 
can be calculated as follows according to Zoller (11): 

EF = (X/AI) air 
crust (X/ AI) crust 

(where X/Alair and X/Alearth ·s crust) refers to that ratio of 
the concentration of element X to a reference element Al 
(or Mn) in air (Table I) and likewise to that concentration 
in the earth's crust by Mason (12). The earth's crust con
tains 8.1% Al and 0.095% Mn, and these elements of highest 
concentrations were chosen for the reference elements. 

An enrichment factor near unity for any element is asso
ciated with a crustal source, particularly for those elements 
in largest concentrations in the earth's crust. Even though 



Table VI. Correlation Coefficients (x 100) Between Metals in Aerosol Particulates During June-September 1973 and 1974 

AI Mn Zn Cu Co Pb TI Cd Ag 
- - - - - ---- .----- ---- - --- - - --- ----- --- - - - ----
1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 1973 1974 

AI 59 89 -21 64 54 40 40 -3 - 24 - 20 51 43 26 35 -1 23 
Mn 19 45 39 29 20 - 13 - 4 - 16 9 45 -10 25 - 19 22 
Zn 20 41 -6 20 21 -4 15 20 - 35 54 1 2 
Cu 28 38 8 33 50 45 12 46 30 29 
Co 24 - 4 67 48 - 8 36 15 22 
Pb 3 0 -45 12 - 5 - 40 
TI 36 12 33 42 
Cd 39 8 
Ag 

- - -."-----."-----,_ .. _ - ------ - --._--------- -._---_. __ ._ . . -- ---------_ .. -•. - --_ . ----- - -- -._- -- - --- _.--------

Table VII. Enrichment Factors for Aerosol Metals Relative 
to Earth's Crust with Reference Elements AI 
and Mn Normalized to Unity 

EF crust EF crust 

Element AI Mn Element AI Mn 

AI 1.1 Cu 15 16 
Mn 0.91 Pb 525 575 
Ag 326 355 TI 67 73 
Cd 432 474 Zn 34 37 
Co 20 22 

-_ .. _---"--- ---------- _ ._-- - - - ---- ----

their interpretation must be used with caution, increasing 
enrichment factors from unity are indicative of anthropo
genic sources. As shown in Table VII, either Al or Mn 
yields similar enrichment values. The data are further sug
gestive that Al or Mn is largely soil derived. To a lesser de
gree Cu, Co, and Zn tend to be associated with a natural 
source. The very large Pb value can be rationalized by the 
combustion of leaded gasoline which constitutes approxi
mately 98% of total lead emissions (13). The large Ag and 
Cd values are supportive of anthropogenic sources rather 
than normal soil-weathering processes. 

A final evaluation of the data is a linear regressive analy
sis of the 1973 aerosol metal concentrations (Table I) and a 
comparison of these results with the EF values of the previ
ous table. These results are shown in Table VIII, where Al 
and Mn are used as the reference (independent variable), 
and the other metals as the dependent variables according 
to: 

y= a + bX 

where X = concentrations of either Al or Mn 
Y = other metal concentrations 
a = intercept 
b = slope 

An intercept value passing near the origin supports the 
belief that the metal pairs originate from the same source. 
Most intercept values are near their mean value which may 
be expected when the slope is near zero as in the case of Al 
as the reference element. 

Evident from the data is the general inverse relationship 
between t he slope and EF values. As the slope becomes 
zero, or even negative, the EF values tend to increase in 
value, demonstrating another method for evaluating un
natural sources for that element. This observation is partic
ularly true for Al as the reference element. 

This analysis further points out that the most concen
t rated element in similar types of studies should be most 
useful as a reference element as it is least sensitive to 
change for a given amount element from unnatural sources. 

Summary and Conclusion 

Correlation coefficients, enrichment, and linear regres
sion values and their inverse relationships with reference 
metals Al or Mn, suggest that, in general, those metals in 
aerosol particulates at Chadron are likely to be soil derived 
if their concentrations are likewise high in the soil. Con
versely, aerosol metals are more associated with unnatural 
sources if their concentrations are low in the soil. Similar 
environmental sites would be expected to yield similar at
mospheric metal patterns. The source of aerosol Pb is ob
vious, but less explainable are the anthropogenic Ag and 
Cd sources. As the mean residence time of aerosol particu-

Table VIII. Linear Regression Coefficients and Intercepts Using AI and Mn as Reference Metals, 1973 Concentrations 

Ppm in 
AI Mn -_. __ . ._ -_.- ------- .. _- _ .. _-

earth's crust, Ng/m ' EF EF 
Mason 112) (Table I) Intercept Slope (Table VII) I ntercept Slope (Table VII) 

AI 81300 535 - 129 117 1.1 
Mn 950 5.7 2.3 0.0064 0.91 
Zn 70 16 14 0.0044 34 12 0.8192 37 
Cu 55 5.3 5. 1 0.0005 15 5.2 0.0211 16 
Co 25 3.3 2.9 0.0007 20 2.7 0.1070 22 
Pb 13 45 50 -0.0090 525 51 -1.0782 575 
TI 0.5 0.22 0.19 0.0005 67 0. 17 0.0079 73 
Cd 0.2 0_57 0.45 0.0002 432 0.48 0.0 163 474 
Ag 0.07 0.15 0_12 0.0001 326 0.13 0.0033 355 
- ----------------_ .. _------- - --- -- - --_. _-_. ---- -_._------ ---- -._---- - ._--- - --.------ -.-.-~ ... -.--- -
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late matter in the midlatitudes can vary up to four days to 
a week in the lower troposphere and weeks in the upper 
troposphere (14, 15), any cloud seeding with AgI at some 
distant location and previous time could have enhanced the 
Ag aerosol concentrations. Because Cd is the most volatile 
element under study, its behavioral pattern may result 
from fossil fuel combustion at some distant time and place. 

Seasonal differences, with associated causes, are most 
pronounced with AI and Mn. The increase in aerosol Pb 
appears to be related to the return of 2000 students (and 
associated autos) for the fall semester. Less explainable 
though are the reasons for the reduced Cd, Co, TI, and Zn 
concentrations during the drier and dustier 1974 summer 
season, unless these elements, too, are at times from an
thropogenic sources. Their sources may be difficult to doc
ument. 

Acknowledgment 

The author is grateful to Michele Daniels, Michael Die
chart, Kermit Kinsley, Marie Smith, and John W. Win
chester for technical assistance and advice. 

Literature Cited 

(1) Struempler, A. W., "Adsorption Characteristics of Silver, 
Lead, Cadmium, Zinc and Nickel on Borosilicate Glass, Polyeth
ylene and Polypropylene Container Surface," Anal. Chern., 45, 
2251-4 (1973). 

(2) NOAA, EDS-NCC, "Annual Climatological Summary for Cha
dron, Nebraska, 1973," Federal Building, Asheville, N.C. 2880J. 

(3) Ibid., 1974. 
(4) Nat. Air Pollut. Control Admin. Pub. No. AP-49, "Air Quality 

Criteria for Particulate Matter," 1969. 

(5) Harrison, P. R, Rahn, K. A., Dams, R, Robbins, J. A., Win
chester, J. W., Brar, S. S., Nelson, D. M., "Areawide Trace Metal 
Concentrations Measured by Multielement Neutron Activation 
Analysis; A One Day Study in Northwest Indiana," J . Air Pol
lut. Control Assoc., 21,563-70 (1971). 

(6) Kay, M. A., McKown, D. M., Gray, D. H., Eichor, M. E., Vogt, 
J. R , "Neutron Activation Analysis in Environmental Chemis
try," Am. Lab., July, 197~. 

(7) John, W., Kaifer, R, Rahn, K., Wesolowski, J. J., "Trace Ele
ment Concentrations in Aerosols from the San Francisco Bay 
Area," Atmos. Environ., 7, 107- 18 (1973). 

(8) Shum, Y. S., Loveland, W. D., "Atmospheric Trace Element 
Concentrations Associated with Agricultural Field Burning in 
the Williamette Valley of Oregon," ibid., 8,645- 55 (1974). 

(9) Hoffman, G. L., Duce, R A., Zoller, W. H., "Vanadium, Cop
per, and Aluminum in the Lower Atmosphere between Califor
nia and Hawaii," Environ. Sci. Technol., 3, 1207- 10 (1969). 

(10) Duce, R A. , Hoffman, G. L. , Zoller, W. H., "Atmospheric 
Trace Metals at Remote Northern and Southern Sites: Pollution 
or Natural? ," Science, 187,59-61 (1975) . 

(11) Zoller, W. H., Gladney, E. S., Duce, R A., "Atmospheric Con
centrations and Sources of Trace Metals at the South Pole," 
ibid., 183,198-200 (1974). 

(12) Mason, B., "Principles of Geology," ~rd ed., Wiley & Sons, 
New York, N.Y., 1966. 

(1~) Nat. Acad. of Sci., "Lead, Airborne Lead in Perspective," 
Washington, D.C., 20418,1972. 

(14) Poet, S. E. , Moore, H. E., Martell, E. A., "Lead 210, Bismuth 
210, and Polonium 210 in the Atmosphere: Accurate Ratio Mea
surement and Application to Aerosol Residence Time Determi
nation," J . Geophys. Res., 77,6515- 27 (1972). 

(15) Rasool, S. I., ed., "Chemistry of the Lower Atmosphere," Ple
num Press, New York, N.Y., 197:l. 

Received for review September 9, 1974. Accepted August 20, 197.5. 
Work supported in part by the Chadron State College Research 
Institute. 

Performance of Charcoal Tubes in Determination of Vinyl Chloride 

John E_ Cuddeback", William R, Burg, and Shelton R_ Birch 1 

Department of Environmental Health, University of Cincinnati, Cincinnati, Ohio 45267 

• The adsorption characteristics of airborne vinyl chloride 
on activated charcoal was examined for use as an analytical 
sampling device. Data are presented to show that charcoal 
has a limited yet useful capacity for adsorbing low levels of 
vinyl chloride. Breakthrough volumes, sampling rates, and 
storage characteristics are presented that indicate a lOO-mg 
portion of activated charcoal in a sampling tube has a ca
pacity of at least 65 Itg of vinyl chloride with a twofold safe
ty factor when sampling air containing 5 ppm of vinyl chlo
ride. Analytical methodology is described that produced a 
90% recovery of vinyl chloride even after two weeks of sam
ple storage. 

The need for analysis of ambient air for low levels of 
vinyl chloride monomer (VCM) was recognized January 22, 
1974. It was on this day that it was made public that three 
polymerization reactor cleaning personnel at the B. F. 
Goodrich Co. plant in Calvert City, Ky., had died of a rare 
form of liver cancer. The results of this announcement was 
an immediate implication of VCM as a cancer suspect 
agent. The ensuing investigation (1, 2) indicated the need 
for an accurate analytical method for low level work. 

1 Present address, USAF Environmental Health Laboratory, 
Kelly AFB, Tex. 
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The Environmental Protection Agency (EPA) and the 
National Institute of Occupational Safety and Health 
(NIOSH) were concerned with monitoring personal and en
vironmental exposure to VCM. The EPA was concerned 
with airborne concentrations of VCM that were transport
ed beyond the plant boundaries into the surrounding com
munity and would be covered under the National Hazard
ous Pollutant Standards. On the other hand, NIOSH re
quired in-plant exposure data in order to advise the Occu
pational Safety and Health Administration (OSHA) on 
safe working standards. After the announcement by B. F. 
Goodrich Co. there was a flurry of measurement and stan
dards-setting activity; the OSHA standard went from 500 
ppm (3) to 50 ppm (4) to 1 ppm (5) . As of this writing the 
EPA has yet to set an emission standard, however, a large 
amount of data has been obtained from the am bient air in 
the vicinity of polyvinyl chloride plants (6), and this may 
be the basis for future research. 

The general sampling method finally chosen by the EPA 
and NIOSH was based on absorption of VCM on charcoal 
followed by desorption by CS2 and gas chromatographic 
analysis. The major difference in the methods of the two 
agencies was the size of the sampling device and amount of 
charcoal used; the EPA used an I8-in. tube with three 3-in, 
sections of charcoal (6) and NIOSH used a smaller tube 
with about one inch of charcoal divided into two unequal 
sections (7, 8). The EPA is finalizing a method for air sam-
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piing at this time (9). The charcoal·filled tubes have been 
extensively used by both of the agencies for field studies of 
VCM levels in air; however, there has not been a thorough 
description of the performance parameters and thus our 
laboratory undertook an examination of the charcoal tube 
absorption method for VCM. 

Experimental Apparatus and Procedures 

Calibration and Standards. Known concentrations of 
VCM were obtained in the flow dilution system (Figure 1) 
with a gravimetrically calibrated permeation device made 
as described previously (10). A combination of two differ· 
ent permeation devices and variation of dilution air provid· 
ed a concentration range of 0.5-50 ppm VCM. Solution 
standards were also made by injecting known volumes of 
VCM into volumetric flasks containing measured quan· 
tities of carbon disulfide. The flasks were sealed with a sili· 
cone rubber septum before injecting the VCM, and adjust· 
ment was made for atmospheric conditions assuming ideal 
gas behavior. Solution standards were made fresh daily as 
needed. Samples from the dynamic flow dilution system 
were periodically checked against solution standards so 
that solution standards were not often needed and served 
only as a cross·check. 

Sampling Equipment. Samples were obtained by draw· 
ing a metered stream of air through charcoal tubes ob· 
tained from the Mine Safety Appliance Co. The tubes were 
the small type used for personal monitoring (8) and were 
from a single batch of charcoal. The sampling system is 
schematically shown in Figure 1. The regulated house vacuo 
urn system was used to draw samples through the charcoal 
tubes thus providing a constant flow. Effluent from the 

Table I. Retention Data for Vinyl Chloride on Charcoal 
Tubes 

Vinyl 
chloride Sample Mass VCM Retention Total 
concn, rate, flow rate, Retention time, mass. 
ppm rnl/min I'g/min volume,lQ mino 1'9" 

5 50 0.639 10.0 200 127.9 
5 100 1.278 9.8 98 125 .2 
5 150 1.916 29.3 195 373 .6 

25 50 3.1 9 7.9 158 504 
25 100 6.38 22.8 228 1456 
25 150 9.58 20.5 137 1312 
50 50 6.38 9.0 180 1285 
50 100 12.78 18.1 181 2311 
50 150 19.16 14.8 98.7 1891 

a At 10% breakthrough f rom front sect ion o f tube. 

charcoal tube was sampled by means of a stainless steel 
seven·port sampling valve with a calibrated (11) loop sys
tem, the loop could be used for direct air sampling when 
the charcoal t.u be was not in line. 

Analytical Equipment. Analysis of flow system gases 
was performed directly using a Tracor MT 160 chromato· 
graph equipped with a flame ionization detector. The oper
ating conditions were as follows: column 6 ft X IJs in. stain
less steel, column packing Poropak Q, column temperature 
135°C, inlet temperature 150°C, detector temperature 
175°C, carrier gas flow rate 30 cclmin of nitrogen. Peak 
areas were computed by means of a Disc Integrator. The 
detection limit for VCM was 1 ng. 

Sample Analysis. Analyses of air samples were made di
rectly using the calibrated gas-sampling loop. Air was 
drawn through the sampling loop for 30 sec at 100 cc/min 
before injection to achieve reproducible results. The detec
tion limit was less than 0.1 ppm VCM when using a 3.81-ml 
sample volume. A charcoal tube was placed in series with 
the sample loop and the effluent analyzed when determin
ing sampling efficiencies. The charcoal tubes were analyzed 
for VCM by placing the charcoal in a 2-ml glass vial and 
sealing the vial with a silicone rubber septum. The vial was 
then cooled to dry ice temperatures for several minutes be· 
fore injecting 0.5 ml of room temperature carbon disulfide 
through the septum. The vial was removed from the dry ice 
when the bubbling produced by the mixing of the carbon 
disulfide and charcoal ceased. The vial was allowed to 
stand at room temperature for 5 min before removing 5 ILl 
of the solution from the sealed vial for injection into the 
chromatograph. 

Results and Discussion 

Sample Capacity. Testing of the charcoal tubes was un· 
dertaken to determine their capacity for vinyl chloride. In 
these tests only the front portion of the two-section char
coal tube was used. Figure 2 illustrates a set of break
through curves obtained when sampling from a 25·ppm 
VCM in dry air (less than 20% r.h.). The general sigmoid 
shape of the breakthrough curves remained the same for S
and 50-ppm samples. Data for three concentrations of vinyl 
chloride are presented in Table I. There is not a definite 
trend with sample concentration and breakthrough volume 
nor is there a firm trend with sampling rate and break
through volume. It is apparent, however, that the 50-cc/ 
min sample rat~ had a 10% breakthrough volume that was 
lower than when sampling at higher flow rates in all cases. 

Table II gives packing data for the front section of char
coal tubes from two manufacturers. As can be seen there is 
considera ble variation both in total content and how effec-
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tively the charcoal has been packed. The variations in the 
packing of the charcoal tubes may explain lack of consis
tency between the 100- and 150-cc/min sample rates as 
noted in Table I, however, this does not explain the consis
tently lower retention volume for the 50-cc/min flow rate. 
One further point should be made concerning the possible 
differences when used in the field with a reciprocating pis
ton-type pump: The flow in the system used in our experi
ments was a constant vacuum source and did not have the 
pulsed flow observed with the small personal pumps. The 
pumping system may radically alter the retention charac
teristics and give more consistent results between the high 
flows and the low flows. 

The variability of charcoal in absorbing VCM can be 
readily seen in Table III which presents data on respirators 
as well as charcoal tubes. Respirator data were ohtained by 
NIOSH (12) on commercially available charcoal scrubbers 
used in respirators. The major feature of interest is the dif
ference in capacity of the charcoal in the three situations 
examined. Again the difference must be explained as a 
combination of flow rate and packing characteristics. The 
data obtained on the charcoal tubes were taken at a much 
lower relative humidity which may explain the appreciably 
greater capacity of the tubes. 

Recovery of VCM. Desorption of a substance from 
charcoal is dependent on variables such as compound to be 
desorbed, solvent, charcoal source, temperature, and sam
ple age. Table IV presents the recovery data for charcoal 
tubes stored for up to two weeks. The recovery figures indi
cate an average initial recovery of vinyl chloride of about 
87.5% which diminishes somewhat with age, about 7% in 
one week. Additional storage beyond one week apparently 
has little effect on the higher concentration sample. How
ever, if only the two variables, storage time and concentra
tion, are considered, a 16% decrease in recovered vinyl 
chloride was noted for the low concentration samples after 
14 days. 

During sample storage there was migration of the vinyl 
chloride from the front section to the back section of the 
tubes and this made analysis of both sections mandatory in 
order to determine total VCM. The tubes were stored at 
room temperature and the migration could have been mini
mized by storing under refrigeration. This migration may 
explain the slight decrease in the average sample recovery 
upon storage if it is assumed that the charcoal retains a cer
tain fraction of vinyl chloride. Thus, there is an added 
amount of charcoal that must be considered after migra
tion. A straightforward linear approach indicates that the 
amount retained would be 1.5 times greater than if all of 
the vinyl chloride were on the front section- i.e., the total 
amount of charcoal would be 150 mg instead of 100 mg on 
front only. As shown in Table III, the average loss with no 
storage is 13% and increases to an average of 19% for 7 days 
and 24% for 14 days whereas a linear approximation would 
predict 19.5% average loss due to the additional charcoal. 

Migration was observed between the sections of the char
coal tube and led to the examination of the effects of tem 
perature plus the possibility of losses by migration out of 
the tube to ambient air. To examine variations in migration 
with temperature and losses from the tubes, a series of 
tubes were stored at 43°, 22°, and 4°C, sealed by ordinary 
plastic caps supplied with the tubes or fused closed by 
means of a torch. Table V presents the data from 24 sam
ples. There is one immediately apparent factor : storage at 
4°C limits migration severely during the seven-day storage 
period. Even at the end of 15 days the migration of vinyl 
chloride between the two sections was appreciably hin
dered. Thus, there is a definite effect of storage tempera
ture on the migration of vinyl chloride throughout the tube; 
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Table II. Packing Variations in Charcoal Tubes 
Front Front 

section section 
packed wt.of WI, 

Supplier length , mm packing, mg g/mm 

MSAa 18.2 103.1 5.66 
MSAa 14.6 92.8 6.36 
MSA 16.6 103.2 6.22 

Av 16.5 99.7 6 .08 
% reI. std. 10.9% 6.0% 6.1% 

deviation 
SKCb 15.1 85.0 5.63 
SKC 15.2 82.4 5.42 
SKC 14.1 86.2 6 .11 
SKC 16.6 87.3 5.26 
SKC 17.0 90.5 5.32 
SKC 17.2 85.9 4.99 

Av 15.9 86.2 5.45 
% reI. std. 7.8% 3.1% 7.0% 

deviation 
aMine Safety Appliance Co. bSKC . Inc. 

Table III. Ten Percent Breakthrough Capacity of Charcoal 
Absorbers 

Cartridges,a 
sample capacity 

Canisters, b 
sample capacity 

Charcoal tubes/" 
sample capacity 

Air.l/g 
charcoal 

44.9 
36.6 
41.1 
40.0 

VCM, 
mg/g Air,l/g 

charcoal charcoal 

5.7 48.9 
4.7 53.5 
5.2 35.8 
5.1 40.1 

VCM, 
mg/g 

charcoal 

12.5 
13.3 

9.1 
10.2 

Air, l/g 
charcoal 

148 
181 

90 

VCM, 
mg/g 

charcoal 

18.9 
23.1 
12.8 

aFlow rate, 30 I/mi n at 50 ppm and 50 % rei. humid ity (Ref. 12). 
b Flow rate, 60 Ijmin at 100 ppm an~ 5 0 % reI. h umidity (Ref. 12). 
(' Amou nts of 50-100 , and 150 cc/m ln at less t han 20 % relative 
humidi t y. 

Table IV. Partition of VCM Upon Storage 
Recovered 

Storage Vinyl Vinyl Recovered sample 
time, chloride chloride sample in in back 
days sampled, ,.,g recovered. %a front. % section , % 

0 2.55 85 100 0 
0 31.9 89 100 0 
7 2.55 83 84 16 
7 31.9 79 86 14 

14 2.55 71 84 16 
14 31.9 81 79 21 

aAverage for six t ubes at each storage time except for zero storage 
in which case only one tube was L!sed. 

however, this migration did not affect the total recovery of 
the vinyl chloride. 

A multivariant analysis was performed on the data dis
played. In Table V the four variables, storage temperature, 
time, quantity of VCM, and sealing metbod, were exam
ined for effect on recovery of the VCM. The muItivariant 
analysis included two additional variables not included in 
the result indicated in Table IV- storage temperature and 
method of sealing the tubes. The hypothesis that each of 
the indicated variables bad no effect was tested at the 0.01 
level and in none of the cases was this hypothesis rejected. 
The effect of the above variables on partition of the VCM 
between the sections of the tubes was also tested and as 
might be expected, temperature had an effect on the parti
tion; however, the storage time and quantity of VCM ab-



Table V. Charcoal Tube Performance Under Various Conditions 

High concentration, 31.9 J,L9 Low concentration, 2.6 J,L9 

Storage 
Capped tubes, °c Fused tubes, °c Capped tubes, °c Fused tubes, ' c 

days 43 22 4 43 

Recovery, % 91 71 87 69 
7 Total recovered in 22 14 3 19 

back section, % 
Recovery, % 78 98 85 60 

15 Total recovered in 28 20 11 28 
back section, % 

sorbed also affected the degree of partition. The only factor 
that did not influence the VCM partition was the method 
of sealing the tubes. 

Analytical Methodology. From the data presented 
above, it can be seen that the charcoal tubes must be refrig
erated if any information is to be gained from a separate 
analysis of the rear section of the tube. The function of the 
additional section is to determine breakthrough of VCM 
during sampling. To achieve this additional bit of informa
tion, it is necessary to refrigerate the tubes, preferably at 
dry ice temperatures, in the interim between sampling and 
analysis. If the tubes have not been refrigerated during the 
interim, the analytical procedure should be modified and 
the tube sections should be analyzed as a combined sample. 
When the tube sections were combined, the recovery was 
enhanced considerably over separate analysis. Ten identi
cal VCM samples were obtained, and the charcoal tubes 
stored at ambient temperature for two weeks. Five of the 
tubes were analyzed as a unit by combining the front and 
rear sections before analysis, and the remaining five were 
analyzed separately. The average total recovery was 90.8% 
(std dev 5.5%) for the combined section analysis and 78.0% 
(std dev 4.5%) for the tubes which had each section ana
lyzed separately. Thus, there was a 14% decrease in recov
ery when analyzing the tube sections separately and this 
could be significant at low concentrations. 

The sample losses upon immediate analysis of the char
coal tubes, or when analyzing the combined sections of 
tubes stored for a period preceding analysis, amounted to 
approximately 10%. An examination of the head-space gas 
in sealed 2-ml vials containing standard solutions indicated 
that VCM was distributed between the gas phase and the 
carbon disulfide such that the head-space gas should not be 
neglected. Comparison of solutions of carbon disulfide orig
inally containing 30.1 /Lg/ml of VCM and the head-space 
gas above the solution provided an approximate value for 
the Henry's law constant; the value determined was 8.1 
atm. When we uSjl this value and apply Henry's law to the 
analysis procedure described previously, head-space gas 
losses would be expected to be on the order of 5% when the 
head space was 1.5 ml. The remaining losses of VCM can be 
attributed to irreversible absorption on the charcoal. The 
Henry's law constant can be used to show typical losses 
when making-up standards in a 25-ml volumetric flask are 
on the order of 1% which may be decreased by limiting the 
head space. 

Conclusions 

A small charcoal tube is adequate for sampling vinyl 
chloride if well-controlled conditions are maintained. From 
the data given above, the recommended sampling proce
dure is as follows: sample rate, 100 cc/min; maximum sam
ple volume, 5 I; and low-temperature storage, if break
through is thought to be a problem. The conditions given 

22 4 43 22 4 43 22 4 

79 79 87 84 77 72 86 90 
21 3 23 14 0 27 27 10 

81 85 76 67 81 64 69 69 
23 15 28 18 6 22 19 1 

above provide a safe limit under most circumstances such 
that variabilities in temperature and relative humidity will 
not pose a problem. The analysis of tube contents should 
be performed on the combined contents of the charcoal 
tube unless the tubes have been stored at -20°C or less, in 
the interim between sampling and analysis and the head
space gas over the desorbing reagent, CS2, should be mini
mized for highest recovery efficiencies. For accurate deter
mination of recoveries, each charcoal tube batch should be 
examined by random selection of charcoal tubes from the 
same batch followed by a performance check using a dy
namic flow system to absorb known concentrations on the 
charcoal. The dynamic system should be used to avoid 
sample losses that might occur when using a standard vinyl 
chloride solution in ethyl acetate as previously done (7) for 
other compounds. Recovery data should be determined 
over the same time interval as anticipated storage time. 

Thus, while the charcoal tube method appears adequate 
for concentrations of VCM on the order of 1-50 ppm or 
more, there should be great care taken when using the 
method for very low levels, such as might be found around 
the perimeter of a polyvinyl chloride plant. As the concen
tration of VCM decreases, the scatter in the data and sam
ple losses become a greater factor in analytical accuracy. 
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Comparison of Manual and Automated Analysis Methods for 
Sulfur Dioxide in Manually Impinged Ambient Air Samples 

Oliver John Logsdon 11* and Mark J. Carter 

Central Regional laboratory, Environmental Protection Agency, 1819 West Pershing Road, Chicago, III. 60609 

• Data were compared from the analysis of manually im
pinged 24·hr ambient air samples for sulfur dioxide by two 
commonly used automated methods and the Environmen
tal Protection Agency reference method. The automated 
analytical methods, both adaptations of the West·Gaeke 
pararosanaline method to Technicon AutoAnalyzer sys
tems, yielded results that were not significantly biased 
from and were more precise than the reference method. 

The Environmental Protection Agency (EPA) has pro
mulgated a manual analytical procedure as the reference 
method for the determination of sulfur dioxide in manually 
impinged ambient air samples (1). Many air pollution con
trol agencies that analyze large numbers of samples find 
the reference method tedious and slow when compared to 
available automated methods and therefore routinely use 
the automated analysis techniques. 

Also, there is no SAROAD (Storage and Retrieval of 
Aerometric Data) method code number for data generated 
by automated analysis of manually impinged samples so 
these data have been processed and stored under the refer
ence method code number (2). Once in the data bank, data 
from both manual and automated methods are indistin
guishable and therefore used interchangeably. If biases 
exist in the methods used to analyze manually impinged 
samples for sulfur dioxide, then erroneous conclusions may 
inadvertently be drawn from the data. 

This report compares analytical data from the analysis of 
manually impinged ambient air samples by the three 
pararosanaline methods in common use. The EPA manual 
reference method is compared to the West-Gaeke (3) meth
od adapted to a Technicon AutoAnalyzer I system (4) and 
to a Technicon AutoAnalyzer II system (5). The automated 
methods were modified to use the reference· method ab
sorbing solution (6). 

Analytical Methods 

Reference Method. This method of analysis of manual
ly impinged sulfur dioxide samples was used as described 
in the Federal Register (1). Briefly, 5 ml of S02 absorbed 
in potassium tetrachloromercurate (TeM) are placed in a 
25-ml volumetric flask. One ml of 0.6% sulfamic acid in dis
tilled water is added and the solution allowed to stand for 
10 min. Two ml of 0.2% formaldehyde in distilled water and 
5 ml of 0.016% purified pararosanaline in 0.3 M phosphoric 
acid are pipetted in. The solution is diluted to volume with 
distilled water and the absorbance read against a distilled 
water blank at 548 nm with 1-cm cells after 30 min. 

Automated I Pararosaniline Method. This automated 
system is the West-Gaeke method adapted to a Technicon 
AutoAnalyzer I and was used as described in Reference 4. 
The manifold diagram in Figure 1 shows the analysis 
scheme. 

The pararosaniline is 0.016% purified (99-100%) pararos-
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aniline in 11.8 M phosphoric acid. The formaldehyde solu
tion was prepared by diluting 5 ml of 40% formaldehyde to 
1 I. with distilled water. The sulfamic acid solution was pre
pared by dissolving 2.0 g of sulfumic acid in distilled water 
and diluting to 1 I. The sulfamic acid solution used here is 
0.2%. Reference 4 uses 0.17%. This difterence was not con
sidered significant. 

Automated II Pararosaniline Method. This auto
mated system is a modification of the West-Gaeke method 
(2) . The method is adapted to a Technicon AutoAnalyzer II 
and was used as described in Reference 5. Figure 2 shows 
the manifold diagram. 

The pararosaniline solution used in this procedure is 
0.016% pararosaniline in 1.84 M phosphoric acid. Formal
dehyde solution was prepared by diluting 5 ml of 40% form
aldehyde to 1 I. with distilled water and adding 0.5 ml of 
Aerosol 22 wetting agent. The Aerosol 22 smooths the flow 
of the solution through the manifold and colorimeter flow 
cell and does not affect the analysis. Two-tenths percent 
sulfamic acid solution was prepared by dissolving 2 g of sul
famic acid in distilled water and diluting to 1 I. 

L-----------____ ~~~I~~. 

ton_nil 

Figure 1. Automated I sulfur dioxide manifold diagram. Compatible 
with AutoAnalyzer I components and equipment 
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Figure 2. Automated II sulfur dioxide manifold diagram. Assembled 
from AutoAnalyzer II components and equipment 



Table I. Comparison of the Analysis Solutions at the Time 
the Sample Absorption Is Determined 

Auto-
Reference Auto- mated 

Method method mated I II 

TCM,M 0.016 0.020 0.020 
Sulfamic acid, % 0.024 0.011 0.054 
Formaldehyde, % 0.008 0.014 0.017 
Pararosanaline, % 0.0032 0.0027 0.0022 
pH 1.56 0.85 1.11 
A max, nm 547 580 560 
Exti nction coeffi- 5.13 4.06 4.8 

cient,a X 10' 
Solution detec- 0.075 0.030 0.021 

tion limit,b 
Ilg/ml 

Air detection 13 5 4 
limit, c "g/m 3 

th: d~ff~~~S~~~ ~: ~~;o:a~~I~e al~t~r~{;~~t!~s~:~a~g~~ C~:~~~~nde~rom 
from two standard deviations of the blank. C Assuming 300 I of air 
sampled. 

Methods Comparison 

In all of the analytical procedures, sulfur dioxide in ab
sorbing reagent is determined as sulfite ion by the addition 
of formaldehyde and acid bleached pararosaniline to form 
a colored species, pararosaniline methyl sulfonic acid (7, 8). 
The absorbance of the colored solution is determined at 

0.6,-----,-----,--- - - - -, 

" ~ 0.1 

~ 
~ ~"4 ~"'--t----_,_---_:J 

5 
i 0.3 

10.2 -
~ , 
g 0.1 
~ 

~ O~~~~---~-----1 
600 nm 55 0 nm 

Figure 3. Absorption spectra of the analysis solutions from each 
method. The sample contained approximately 1 1'9 S02/ml 

some point between 540 and 570 nm. Scaringelli et al. have 
shown that the A max is pH dependent (7). Figure 3 shows 
the absorption spectra of a reagent blank and a sample 
containing sulfur dioxide as determined by each method. 

Thirty-six samples for the comparison of the reference 
method and the Automated II method were collected. Most 
were 24-hr ambient air samples collected using reference
method sampling procedures (1, 9). These samples were 
collected from National Air Surveillance Network monitor
ing sites in Illinois, Indiana, Michigan, Minnesota, Ohio, 
and Wisconsin where the average ambient sulfur dioxide 
concentration is generally less than 80 f.lg per cubic meter 
(less than 0.5 f.lg of sulfur dioxide per milliliter (I'g S02/ml) 
in absorbing reagent). To broaden the range of available 
sample concentrations, four samples from the field were 
spiked with S02 in absorbing reagent and two samples were 
collected from test atmospheres generated with a perme
ation tube apparatus (1, 10). In addition, 17 similar sam
ples were collected for comparison of the Automated I 
method to the Automated II method. A number of samples 
were analyzed in duplicate to determine the precision of 
each method. 

Results and Discussion 

Table I shows the concentrations of the reagents added 
for each method in the analysis solution at the time the ab
sorbance is determined. The apparent higher sensitivity of 
the automated methods in Figure 3 is due to the use of 2.5 
times more sample than in the reference method. The ex
tinction coefficients in Table I show that the reference 
method is most sensitive in fact. The detection limits based 
on twice the standard deviation of the blank are also 
shown. The Automated II method has the highest sulfamic 
acid concentration (used to reduce interferences from ni
trogen oxides) of the three methods. However, the analyti
cal results indicated no significant differences between 
methods due to this. The nitrogen dioxide (N02) concen
trations corresponding to each sample were between 5 and 
150 f.lg N02/m", and each method appears able to cope with 
these levels. Nitric oxide (NO) concentrations were not de
termined. 

Figure 4. Plot of comparison data for the reference and Automaled II 
methods 

Equation of the fine: y = 0.959 X + 0.002 
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Figure 5. Plot of comparison data for the Automated II and Auto
mated I methods 

Equation of the line: y = 0.972 X + 0.013 

Each method contains sufficient formaldehyde and para
rosaniline and gives linear plots of absorbance vs. concen
tration for samples in the range of 0-1 "g S02/ml (0-167 
"g/m:!) . Any samples higher than 1 "g/ml are routinely di
luted with absorbing reagent. 

Figure 4 shows the data plot from the reference method 
and the Automated II procedure comparison. The slope 
was calculated to be 0.96 ± 0.03, whicR is not significantly 
different from 1.0 (t-test a = 0.05); the correlation coeffi
cient was 0.992. The analysis of duplicate samples yielded 
standard deviations of 0.037 "g S02/ml (N = 7, mean con
centration = 0.26 "g S02/ml) and 0.013 "g S02/ml (N = 16, 
mean concentration = 0.42 "g S02/ml) for the reference 
and Automated II methods respectively. An F-test showed 

Correction 

the variance of the Automated II system to be significantly 
less than that of the reference method. 

The data from samples analyzed with the Automated I 
and Automated II systems are plotted in Figure 5. The 
slope of 0.97 ± 0.02 is not significantly different from 1.0 
and the correlation coefficient is 0.998. Duplicate analyses 
with the Automated I system yielded a standard deviation 
of 0.023 "g S02/1. (N = 17, mean concentration = 0.50 "g 
S02/ml) which is significantly greater than that of the Au
tomated II procedure. This precision is, however, better 
than the reference method. 

The results from the Automated II system were on the 
average 0.012 "g S02/ml (2 "g/m:l) higher than the refer
ence method results. The Automated I system results were 
on the average 0.006 "g S02/ml (1 "g/m3) higher than the 
Automated II system results or 0.018 "g S02/ml (3 "g/m:l) 
higher than the reference method. These biases are not sig
nificant when considering the variations in duplicate analy
sis by each method. 
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B. J. Dowty, D. R. Carlisle, and J. L. Laseter point out an 
error in their paper, "New Orleans Drinking Water Sources 
Tested by Gas Chromatography-Mass Spectrometry. Oc
currence and Origin of Aromatics and Halogenated Ali
phatic Hydrocarbons" [Environ. Sci. Techno!., 9 (8), 762-5 
(1975)J: 

"Closer examination of the spectrum of compound num· 
ber 58, reported in Table I as (2- or I-Napthyl)dichloro
methane, reveals this compound to be dichloroiodo· 
methane. Although both of these compounds share com· 
mon spectral features such as their isotope ratios of the 
molecular ion and the presence of the -CHCIz fragment, 
comparison of the spectrum of our compound with that of 
the recently synthesized dichloroiodomethane reveals our 
initial interpretation to be in error. Spectrum of the dichlo
roiodomethane was furnished by Robert Kleopfer, USEPA, 
Region VII." 
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Analysis of Air Pollutants Using Sampling Tubes and Gas Chromatography 

John W. Russell 

Analytical Laboratories, Dow Chemical Co., Midland, Mich. 48640 

• Sampling tubes filled with gas chromatographic pack
ings were excellent for concentrating organic pollutants 
from air. The collected pollutants were thermally desorbed 
into a gas chromatograph and quantitated using flame ion
ization or flame photometric detection. Advantages of the 
technique are ppb sensitivity and quantitative recovery, as 
well as superior sample stability and sampling convenience. 
The suitability of various sampling tube pac kings for col
lecting specific compounds was shown by determination of 
breakthrough volumes and recovery values. 

A frequent problem in air quality analysis involves the 
collection of a representative and stable sample. The col
lection technique must ensure that pollutants be quantita
tively recoverable and sufficiently concentrated to provide 
the necessary sensitivity. Current sampling techniques in
volving gas bags, evacuated bulbs, cold-trapping, or solu
tion trapping suffer from various drawbacks, such as sur
face adsorption of pollutants, water or solvent interference, 
inconvenience, or poor sensitivity resulting from inability 
to concentrate pollutants. 

The use of sampling tubes packed with gas chromato
graphic adsorbents circumvents these difficulties. A known 
volume of air is passed through a t ube at a controlled rate. 
The pollutants collected on the packing are thermally de
sorbed directly into a gas chromatograph for analysis. The 
technique has been previously used to collect 2-chloro-2-
bromo-1,1,1-trifluoroethane on Porapak P, Porapak Q, and 
Apiezon K pac kings (J). Urine metabolites collected on 
Tenax-GC porous polymer (2) and bis(chloromethyl)ether 
collected on Chromosorb 101 porous polymer (3) have been 
determined using gas chromatography-mass spectrometry. 
To extend the usefulness of this technique, different adsor
bents for packing tubes and the effects of air flow rate and 
pollutant concentration have been systematically investi· 
gated. Gas chromatographic procedures for determination 
of a number of organic compounds using the tubes are also 
reported. Particular attention was directed toward deter
mination of the "breakthrough volume," the sampled air 
volume at which the compound being collected begins to 
elute from the tube. The breakthrough volume is depen
dent upon the gas chromatographic retention time of the 
compound at ambient temperature using the adsorbent as 
the stationary phase. Since this volume represents the 
maximum volume of air that may be sampled before losses 
of the pollutant can occur, it was determined for each pol
lutant to be quantitated. In addition, recovery of the pollu
tant was determined by comparing the quantity of pollu
tant recovered from a sampling tube to the quantity intro
duced to the air stream that had flowed through the tube. 

Experimental 

Breakthrough volumes were determined using two sam
pling tubes in series. An aliquot of a standard solution of 
the pollut.ant of interest was injected into an air stream 
flowing through the tubes at a known rate, usually 100 ml/ 
min. Since the presence of water can reduce breakthrough 
volumes, the air stream was nearly saturated by passing the 
air through two water-filled bubblers to simulate the most 

disadvantageous humidity conditions. The injector was 
heated to appropriate temperatures to ensure volatiliza
tion. After a known volume of air had passed through the 
sampling tubes at ambient temperature, the second tube 
was analyzed to determine whether the compound had 
eluted from the first tube, indicating breakthrough. If none 
eluted (less than 1% of the quantity injected), the tube was 
reconnected in series, more air was passed through, and th~ 
second sample tube was reanalyzed. This procedure was re
peated until the breakthrough volume (or an arbitrary lim
iting volume) was reached. Breakthrough volumes from 
1-10 I. were generally determined, since <1 I. suggested 
that the sampling tube did not possess adequate retention 
and 10 I. usually allowed sufficient sensitivity. 

Recovery was determined by injecting an aliquot of stan
dard solution into an air stream flowing at 100 ml/min into 
a single sampling tube. After a volume of air less than the 
breakthrough volume had passed, the quantity of pollutant 
subsequently desorbed from the tube was compared with 
that of an aliquot of the standard injected into the gas 
chromatograph. 

Apparatus 

The collected pollutants were determined by mounting 
the tube on the injection port of a Tracor 550 gas chroma-

1/4" ~ 1/4" FPT CONNECTOR 

OUTER WA LL 
OF TRACOR 550 

1_ SAMPLING TUBE _J COlUM~GLASS WOOL 

r-~ \ INJECTION PORT 

NUT WITH ~~"4~"~T~EEtd~=============I:~u. ~'..A WAllS 
SEPTUM FOR .l= ~t~~..,. ~COLUMN 
STANDARD / ~RAPPED WITH ~__ PACKING 
INJECTION I HEA~I~_~A~ _ _ ___ ___ .. 1/8" STAINLESS 

STEEL TUBING 
SILVE R-SOlDERED 

t CARRIER SILICONE INTO UNION 
N2 RUBBER 

SEA L 

Figure 1. Schematic of sampling tube apparatus attached to Tracor 
550 gas chromatograph 

Table I. Compounds Concentrated from Air Using 
Tenax-GC Porous Polymer 

Compound 

Benzene 
Chlorobenzene 
Q- Dich lorobenzene 
1,2,4-Trichlorobenzene 
1,2,3,5-Tetrachlo robenzene 
Pentachlorobenzene 
Hexachlorobenzene 
Bromoform 
1,2-Dibromoethane 
Phenol 
p-Chlorophenol 
2,4 ,6-Trichlorophenol 
Diphenyl oxide 
o-Phenyl phenol 
Pentachlorophenol 

Breakthrough vol, I. 

3 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
> 10 
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Table II. Compounds Concentrated from Air Using 
Porapak N Porous Polymer 

Compound 

Acetaldehyde 
Methanol 
Diethyl ether 
Acetone 
n-Butanol 
Methyl isobutyl ketone 
Acetic acid 
Acetonitrile 
Acrylonitrile 
Propylene oxide 
Methyl acetate 
Vinyl bromide 
Ethyl bromide 

Breakthrough vol. I. 

0.5 
1 
3-5 
3-5 
>10 
> 10 

10 
2 

3-5 
1.5 
3 
1 
2-3 

Table III. Compounds Concentrated from Air Using 
Carbosieve B Adsorbent 

Compound 

Methyl chloride 
Dimethyl ether 
Vinyi chloride 
iso-Butane 
Vinylidene chloride 

Breakthrough vol. I. 

l.3 
3 
4 

>10 
>10 

tograph with carrier gas flow introduced through the tube 
(Figure 1). The tube was heated to a fixed temperature by 
wrapping with heating tape controlled by a variable trans
former. The desorbed pollutants were collected on the 
front of a gas chromatographic column selected to retain 
the pollutants at low temperatures (e.g., 60°), and thus pre
vent peak spreading during the desorption procedure. The 
column was then temperature programmed to elute the 
pollutants. 

Sampling Tube Construction 

Sampling tubes of 0.25 in o.d., 0.19 in. i.d. stainless steel 
tubing with Swage 10k fittings were filled with adsorbents 
using gentle tapping. Glass wool plugs of approximately 0.4 
in. length were placed in each end such that a 4-in. sam
pling tube contained approximately 3.2 in. of adsorbent. 
The tube was conditioned by heating overnight at the 
upper temperature limit of the adsorbent with a nitrogen 
flow of 30 ml/min. The tube was reconditioned after each 
use. 

Calibration 

A standard of the pollutant was prepared by diluting an 
appropriate quantity of the compound in a solvent that 
would not interfere with the gas chromatographic analysis. 
The concentration of the standard solution was such that a 
5 1'1. aliquot corresponded to 1-5 ppm of the pollutant in 
air, assuming a 1-1. air sample. 

The chromatograph was calibrated by injecting 5 1'1. of 
the standard solution into a heated, unpacked sampling 
tube mounted on the instrument. The column was then 
temperature programmed. Alternatively, the standard 
could be injected into a packed tube and thermally de
sorbed and analyzed in the same manner as the samples. 
However, some high-boiling compounds would not elute 
completely from the packed sampling tube during desorp
tion unless the tube was reversed to allow back flushing 
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into the injection port. For this reason, all sampling tubes 
should be mounted with the end where air entered during 
sampling attached to the port. 

Applications 

The following stationary phases were useful as sampling 
tube packings. Tables I-III list the potential pollutants 
studied and the determined breakthrough volumes. The 
gas chromatographic conditions used with the various 
packings are shown in Table IV. The recovery in every in
stance for the compounds listed in the tables was deter
mined to be 100 ± 3%. Representative chromatograms are 
shown in Figures 2 and 3. The start of the chromatograms 
(0 min) coincides with the commencement of sampling 
tube heating. 

Tenax-GC. Tenax-GC porous polymer (Applied Science 
Laboratories, Inc., State College, Pa.) was most useful for 
general-purpose air sampling. It has excellent retention, ex
emplified by the 3-1. breakthrough volume for benzene. 
The high upper temperature limit (275°C) of this 2,6-di-

Attenuation == 32 x 103 

a-Phenyl 
Phenol 

Pentachloro 
Phenol 

Diphenyl 
Oxide 

2,4.6-T richlorophenol 

p-Chlorophenol 

Phenol 

24 22 20 18 16 14 12 10 
Minutes 

Solvent 

Program 
Start 

Figure 2. Chromalogram of phenolics and diphenyl oxide desorbed 
from Tenax-GC porous polymer sampling tube 
Quantities equivalent to 5 ppm each in one liter air 

12 

Ronnel 

FID Response 

1x102 

FPD Response 
32x105 

14 16 
Minutes 

18 20 

Chlorpyrifos 

Figure 3. Chromatogram of ronnel and chlorpyrifos desorbed from 
20 % DC-200 silicone oil sampling tube 
Quantities equivalent to 8 ppb each in one liter air 



phenyl.p-phenylene oxide porous polymer facilitates de
sorption of such high-boi lers as hexachlorobenzene and 
pentachlorophenol, and also min imizes potentially interfer
ing packing bleed from the tube during desorption. 

P orapak N. This porous polymer (Waters Associates, 
Framingham, Mass. ) is characterized by long retention 
t imes (4) and thus appreciable breakthrough volumes. It 
was very useful for collecting low-boiling organic com
pounds, such as many of the more common solvents. How
ever, in the case of many of the compounds collected, vary
ing the amount of water on the sampling tube altered peak 
width and retention time during the gas chromatographic 
analysis. Thus, higher humid ity air may cause peak broad
ening and somewhat shorter retention times. This effect, 
which concerns the chromatographic column and not the 
sampling tube, may be compensated for by using mass 
spectrometric detection or by spiking a sampling tube with 
a standard to aid in peak identification. 

Carbosieve B. Carbosieve B carbon molecular sieve (Su
pelco, Inc., Bellefonte, Pa.) has the ability to reversely ad
sorb many organic compounds that have boil ing points 
below ambient temperature. Although unusual in its ability 
to retain such compounds, Carbosieve B requires high de
sorption temperatures that may cause some organic com
pounds to chemically react on the catalytic surface of the 
packing. Ethylene oxide adsorbed in Carbosieve B polym. 
erizes when the tube is heated above 200°C. Methyl bro
mide appears to exchange a Br atom for a CI atom (present 
as an impurity in the adsorbent) during thermal desorption 
from Carbosieve B. Thus, peaks for both methyl bromide 
and methyl chloride appear in the chromatogram. Because 
of such reaction phenomena, care should be taken in using 
Carbosieve B adsorhent to ensure tbat compounds being 
determined a re not altered during desorption . 

Porapa k R. Porapak R porous polymer (Waters Asso
ciates, Framingham, Mass.) was suitable for concentrating 
trimethylamine from air. The breakthrough volume and re
covery determined were> 10 I. and 95%, respect ively. 

20% DC-200. Sampling tubes packed with 20% DC-200 
silicone oil (Dow Corning Corp., Mid land, Mich.) were ef
fective for concentrating ch lorpyrifos [O,O-diethyl-O
(3,5,6-trichloro-2-pyridyl)phosphorothioate] and ronnel 
[O,O-dimethyl-O-(2,4,5-tr ichlorophenyl)phosphorothioate] 

Table IV. GCConditions Used with Sampl ing Tubes 

Sampl ing tube 

Sampling tube 
desorption 

Column 

Column 
temp. 

In/'ection port 
emp. 

Detector 
temp. 

Carrier gas 
flow, ml 
N,/min 

4· ln . Tenax-GC 
porous polymer, 
60/80 

5 Min at 260° C 

8 Ft X 0.25 in . 5.5 . 
10% OV·1 7 5il i· 
cone oil on Gas 
Chrom Q sup· 
port, 60/80 

5 Min at 60"C 
program 15° C/ 
min to 280"C 
and ho ld 

220°C 

FI D, 280°C 

30 

4- ln. Porapak N 
porous po lymer 
80/ 100 

5 Min at 200"C 

4 Ft X 0.125 in . 
5.S., Porapak N 
porous polymer, 
80/100 

5 Min at 60°C 
program 15°C/ 
min to 200°C 
and ho ld 

120" C 

FID,280° C 

20 

from a ir. T he breakthrough volumes for both compounds 
were >10 L Recovery of chlorpyrifos was 100 ± 3%. How
ever, small amounts of ronnel were lost during the sam
pling process, due perhaps to hydrolysis. T hus, when 1 L of 
high-humidity air was passed through a sampling tube con
tain ing the equivalent of 1 ppm (v/v) ronnel, recovery was 
95 ± 3%. At the 8-ppb level and 1 L of air, recovery was 90 
± 3%. Ronnel appears to be stable in a sealed tube after 
sampling has ceased, since the recovery did not decrease 
when a sampling tube was spiked with ronnel, stored, and 
analyzed 24 hr later. 

Discussion 

Since minor variations may occur in gas chromatograph
ic packings, sampling tube packing techniques, and sam
pling conditions, the recommended maximum sampling 
volume is 50-70% of the breakthrough volume. Break· 
through volumes can be increased by using longer sampling 
tubes, which, however, wi ll result in higher back pressure 
and may require longer heating cycles for desorption. 

The data were compiled at 25°C. Higher temperature 
would significantly decrease pollutant retention. 

The air flow rate during sampling may also be critical 
since insufficient time of contact between pollutant mole
cules and packing may result in some of the pollutant pass
ing through the tube without ever being adsorbed. This 
problem is especially apparent with low surface area adsor
bents such as Chromosorb 101. At a flow rate of 100 mil 
min, adsorption of benzene on Chromosorb 101 (4-in. sam
pling tube) is incomplete but is quantitative at 25 ml/min. 
All data presented here were obtained using a 100-ml/min 
air flow rate. Higher flow rates may be permissible in many 
cases, but should be proved by experiment. Porapak R 
quantitatively adsorbed trimethylamine even at a flow rate 
of ll./min. 

The quantity of the compound of interest collected af· 
fects the breakthrough volume only slightly. A pollutant 
present at 20 ppm wi ll breakthrough at a slightly smaller 
volume than when at 1 ppm. This difference is insignificant 
if a margin of error is allowed as noted above. If the sam
pling tube approached saturation, loss of the compound 
would occur, regardless of the breakthrough volume. How
ever, concentrations of this magnitude (and considerably 

2- ln. Carbos ieve B 
adsorbent, 100/ 120 

5 Min at 270"C 

2 Ft X 0.125 in. 
5.5 ., Carb05ieve B 
adsorbent, 100/120 

5 Min at 80°C 
program 20°C/min 
to 290° C and ho ld 

80°C 

FID,280°C 

20 

4-1 n. Porapak R 
porous po lymer, 
80/100 

5 Min at 200°C 

6 Ft X 0.25 in . 
glass, Chromo· 
sorb 103 porous 
polymer, 80/100 

5 Min at 25° C, 
pr ogram 15" C/ 
min to 200"C 
and ho ld 

170°C 

F lO, 240°C 

20 

2-ln. 20% DC-
200 silicone 
oil on c.w., 
H,P. support 
100/120 

5 Min at 230° C 

6 Ft X 0.25 in. 
glass , 10% 
OV-17 si licone 
oil on Gas 
Chrom Q sup
port, 100/ 120 

5 Min at 90°C 
program 15° C/ 
min to 260"C 
and hold 

200°C 

FPO (525 nm 
filter P spe · 
cific). 230" C 

20 
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less) will overload gas chromatographic detectors. The 
sampling tube technique is most appropriate for low con
centrations, <100 ppm in 11. of air sample, when flame ion
ization detection is used. The presence of high concentra
tions of compounds other than the compound of interest 
may have an effect on breakthrough volume which must be 
determined experimentally. 

Recoveries of compounds from sampling tubes stored for 
several days after sampling have been excellent. Tubes 
packed with 20% DC-200 silicone oil were spiked with the 
equivalent of 2 ppb and 12 ppb chlorpyrifos in 1 I. of air 
and sent to a sampling location several thousand miles 
away where 1 I. of chlorpyrifos-free air was passed through 
them. Recoveries of the spikes were 100% (2 ppb) and 104% 
(12 ppb) after the tubes were returned and analyzed three 
weeks later. Quantitative recoveries have been the rule for 
sampling tubes spiked with many compounds analyzed 24 
hr later. Stability of samples concentrated using sampling 
tubes is thus considered excellent. 

The sensitivity of the technique is approximately 1 ppb 
when concentrating a 1-1. air sample and using flame ion
ization detection. At low ppb, interference may be encoun
tered unless more specific detectors are used. The flame 
photometric detector was especially useful for phosphorus
or sulfur-containing compounds. Other detectors that 
could eliminate interference owing to their specificity are 
electron capture for halogenated compounds, thermionic 
for nitrogen compounds, and mass spectrometric for m/e of 
individual compounds. 

Conclusions 

The high sensitivity, recoverability, and wide applicabili
ty of the sampling tube technique are apparent. Porapak N 
and Tenax-GC porous polymers were suitable packings for 

NOTES 

general usage in air sampling. Most organic compounds 
boiling between 20-100°C can be concentrated and recov
ered using Porapak N, while higher-boiling compounds 
may be collected and determined using Tenax-GC. 

A compound for which sampling techniques and break
through volumes have not been determined can probably 
be sampled using the same sampling tube as given herein 
for a compound of similar boiling point and functional 
group. An indication of the suitability of a sampling tube 
packing for collecting a compound may be obtained by 
using an analytical column containing the same packing as 
the tube. If similar gas chromatographic retention times 
are found for two compounds, one of which can be collected 
using the packing in the column, then the other compound 
probably can also be collected. Likewise, an approximation 
of the breakthrough volume of a compound may be ob
tained by comparison of retention times. If the retention 
time of the compound is bracketed between retention times 
of two compounds of known breakthrough volume, then 
the breakthrough volume of the first compound lies be
tween those breakthrough volumes. 

It is expected that the sampling tube technique will be 
extended to other compounds and that it should prove to 
be superior for sampling traces of most organic pollutants 
in air. 
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Rate of Evaporation of Low-Solubility Contaminants from 
Water Bodies to Atmosphere 

Donald Mackay' and Paul J_ Leinonen 

Department of Chemical Engineering and Applied Chemistry and The Institute for Environmental Studies, 
University of Toronto, Toronto, Ont., Canada. M5S 1A4 

• The equations presented here can be used to predict the 
approximate rates of evaporative loss of low-solubility con
taminants in an air-water system; however, it is very desir
able to obtain specific mass transfer rates for that system, 
particularly the coefficient for the controlling phase. 

In a recent paper Mackay and Wolkoff (1) discussed the 
rate at which low solubility compounds, such as pesticides, 
polychlorinated biphenyls, or hydrocarbons, evaporate 
from water bodies to the atmosphere. They showed that 
the very high activity coefficients of these compounds in 
aqueous solution result in high equilibrium vapor partial 
pressures and thus surprisingly high evaporation rates. A 
stated assumption in that paper was that diffusion or mix
ing in the water phase is sufficiently fast that the concen
tration of the contaminant at the water-air interface is 
close to that in the bulk of the water. The validity of this 
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assumption depends on the relative rates of evaporation 
and liquid diffusion or mixing, the slower process control
ling the overall rate. 

Liss and Slater (2) have recently reviewed mass transfer 
rates between the ocean and the atmosphere in terms of 
liquid and vapor phase mass transfer coefficients and have 
suggested that liquid and vapor phase mass transfer coeffi
cients are typically 20 cm/hr and 3000 cm/hr respectively. 
They showed that the mass transfer rate for most low-solu
bility gases is liquid phase controlled, whereas for more sol
uble gases, such as S02, the vapor phase may control. As 
noted by Mackay and Wolkoff the very short calculated 
half-lives of some compounds in aqueous solution (essen
tially from the vapor phase coefficient only) clearly indi
cate liquid phase control. 

The purpose of this note is to extend the previous analy
sis to include the liquid phase rates of Liss and Slater, thus 
leading to a more realistic estimate of the rate of the total 
evaporation process of low-solubility compounds from the 



bulk of a water body to the atmosphere. The original analy
sis applied only to the evaporation rate from the surface. 

In deriving the rate equations it is convenient to consider 
a column of water 1 m2 in cross section of depth L m con
taining L m'l of water. If the concentration C. mol/m~ of 
the evaporating compound, i, in the column is uniform, 
then the amount of i in the column is C,L moles. Mackay 
and Wolkoff showed that a convenient expression for the 
equilibrium partial pressure of the compound in the vapor, 
Pi, as a function of its concentration in an aqueous solu
tion, is 

where Pi., and C.S are the compound's vapor pressure (atm) 
and solubility in water (mol/m'l) . The group (Pi.jCis ) is ef
fectivelya Henry's law constant, Hi (atm m~/mol) . 

The rate of mass transfer across a phase boundary can be 
expressed in terms of an overall mass transfer coefficient 
obtained by combining two individual phase or film mass 
transfer coefficients kif: and kif. (m/hr). These equations 
have been given by Liss and Slater and in mass transfer 
texts, e.g. Treybal (3). Here it is convenient to use an over
all liquid coefficient Kil. (m/hr) given by 

I/KI. = 1Ikil. + 1/(Hikiu /RT) 

where T is the absolute temperature (K) and R the gas 
constant (8.2 X IO- f, m'l atm/ mol K) . 

The mass flux Ni across the phase boundary can then be 
given in terms of the bulk liquid concentration and the par
tial pressure in the atmosphere Pi (atm). 

Ni = KidCi - P;/Hi) mol/m" hr (1) 

Combining this with a mass balance equation in an un
steady state model (and assuming no other methods of loss) 
leads to the differential Equation 2 which can be integrated 
to express the concentration of the compound as a function 
of time as in Equation 3, where Ci is the concentration at 
time t and Cin the concentration at zero time 

dCi/dt = - Kif.(Ci - P;/Hi )/L (2) 

C; = P,/H i + (CiO - P;/Hi) exp (-Kil.t/L) (3) 

If Pi is negligible-i.e., the hackground atmospheric level 

Table I. Calculated Evaporation Parameters and Rates at 25° C 

Vapor pressure, 
Compound Solubility, mg/l. mm Hg 

n-Octane 0.66 14.1 
2,2,4-Trimethyl pentane 2.44 49.3 
Benzene 1780 95.2 
Benzene at 10° C 1750 45.5 
Toluene 515 28.4 
o-Xylene 175 6.6 
Cumene 50 4.6 
Naphthalene 33 0.23 
Biphenyl 7.48 0.057 
DDT 1.2 x 10-3 1 x 10-' 
Lindane 7.3 9.4 x 10 - ' 
Dieldrin 0.25 1 x 10-' 
Aldrin 0.2 6 x 10-' 
Aroclor 1242 0.24 4.06 x 10 - ' 
Aroclor 1248 5.4 x 10'"' 4 .94 X 10 - ' 
Aroclor 1254 1.2 x 10 - 2 7.71 x 10-' 
Aroclor 1260 2.7 x 10-3 4.05 x 10-' 
Mercury 3 X 10-2 1.3 X 10 - 3 

-- -----. _-_. 

of the contaminant is low compared to the local level, then 
Equation 3 simplifies to 

c. = CiO exp (-Kitt/L) (4) 

A half-life Ti may then be defined from Equation 4 as the 
time required for the concentration to drop to half its origi
nal value. 

Ti = 0'.69 L/KiL 

A steady state model can also be set up in which it is as
sumed that the evaporation rate of the contaminant is ex
actly balanced by its influx from other sources. The con
centration Ci then adjusts to a value such that these rates 
are equal. This model represents a situation, for example, 
of a lake with fairly constant influx whereas the unsteady 
state model represents either a pulse injection of contami
nant as from a spill, or a river with a point source of con
taminant. 

If the influx rate is Ii mol/m2 hr then, equating this to 
Ni, the steady state model yields 

Ci = I;/Kil. + P;/Hi (5) 

The mean residence time of i in the volume is then CiLlIi 
which can be shown to be L[I + P;/(CiHi - Pi)]!Kil• hr. 
This reduces to LIKe when Pi is negligible and is only dif
ferent by a factor of 0'.69 from the unsteady state model 
half-life. 

The physical model that these equations represent is of 
well-mixed air and water phases separated by an interface 
with near stagnant films of air and water on either side. 
Most of the resistance to mass transfer (and hence most of 
the concentration gradient) lies in these films. This is prob
ably the most simple but realistic model of mass transfer 
between the near surface regions of water bodies and the 
atmosphere. Other rate-limiting diffusion processes at 
depths in water bodies, for example, through thermoclines, 
are not considered here. Equation 3 represents a situation 
in which a water body becomes depleted of a compound in
troduced at a point in time for example from an accidental 
spill. Equation 1 may be used to predict the steady state 
exchange rate of a compound between the atmosphere and 
a water body assuming that there is a constant rate of sup
ply of material to one phase and removal from the other. 

Table I gives evaporation parameters and rates for vari -

Resistance in dorL = 
H, atm m3/mol KL , m/hr liquid phase, % 1 m,hr 

3.21 0.124 > 99.9 5.55 
3.04 0.124 >99.9 5.55 
5.5 x 10-' 0.144 95.6 4.81 
2.67 x 10-3 0.137 91.3 5.03 
6.68 x 10-' 0.133 96.3 5.18 
5.27 x 10-' 0.123 95.4 5.61 
1.46 x 10-' 0.119 98.3 5.79 
1.18 x 10-3 0.096 82.2 7.15 
1.55 x 10 - ' 0.092 85 .5 7.52 
3.89 x 10 - ' 9.34 X 10-3 13.2 73.9 
4.93 x 10 - ' 1.5 x 10-' 0.19 4590 
2.00 x 10-' 5.33 x 10-' 0.078 12940 
1.44 x 10-' 3.72 X 10-3 5.4 185 
5.73 x 10 - ' 0.057 69.2 12.1 
3.51 X 10-3 0.072 93.2 9.53 
2.76 X 10 - 3 0.067 91.6 10.3 
7.13 x 10- ' 0.067 96.6 10.2 
1.14 x 10'-' 0 .092 97.8 7.53 

-, -----. - -- - - --_._ .. _ _ .- .- - ------- --.- ,----.--.. -----.-.-------- --.~-
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ous compounds at 25°C in the same form as Mackay and 
Wolkoff (1). The values of kiG and kif. used are those of 
Liss and Slater (2) corrected, as they suggest, for the mo
lecular weights of the compound diffusing. The relative 
magnitudes of the liquid and vapor resistances are IIk il. 
and RT/HikiU respectively. It is interesting to consider 
which resistance dominates by examining the percentage of 
the resistance lying in the liquid phase. In all cases except 
the pesticides, which have very low vapor pressures, the 
liquid phase resistance dominates. 

For substances such as alkanes with high Henry's law 
constants- i.e. the vapor pressure to solubility ratio is high, 
the rate of evaporation is controlled by the small concen
tration difference driving forces for diffusion attainable in 
the liquid phase, and the rate of evaporation is controlled 
by the liquid phase coefficient kil .. Conversely, for sub
stances with low values of Hi the evaporation rate is con
trolled by concentration gradient in the vapor. The phase 
resistances are a pproximately equal for a Hi of 1.6 X 10-" 
atm m"/mol. 

The half-lives for a water depth of 1 m show that most of 
these compounds evaporate rapid ly from solu t ion. In situa
tions where the water body is turbulent with frequent ex
change between the surface water layer and the bulk, for 
example in a fast-flowing shallow river, or during white
capping on a lake or ocean, the liquid phase mass transfer 
coefficient may be considerahly increased and tbe evapora
tion rate increased correspondingly. For depths greater 

CORRESPONDENCE 

SIR: In their article dealing with organic matter in New 
Orleans drinking water, Dowty et al. [Environ. Sci. Tech
nol., 9, 762 (1975)1 presented data on the content of organ
ics in Mississippi River water before and after treatment. 
One of the treatment procedures they used involved a com
mercial activated carbon- ion-exchange system for removal 
of organic matter and dissolved salts. While the data on tbe 
organic content of the water from this system were present
ed only as " preliminary data", I question whether any sig
nificance can be given to them based on what is known 
about the activated carbon in the treatment unit and the 
process operating parameters. 

As is well known, removal of organic compounds by car
bon beds depends upon the detention time of tbe water 
within the bed as well as on the previous operation history 
of the bed. No information on the depth of carbon or the 
rate of application of water is given, let alone information 
on the types and amounts of organic compounds previously 
adsorbed by the carbon, if any. If carbon beds are designed 
and operated properly they can do a good job of removing 
many organic compounds, but careful monitoring of the 
process and regeneration of the car bon at the proper time 
are required. Because adsorption in many cases is revers
ible , it is possible for previously adsorbed compounds to 
appear in the effluent from the carbon bed thus illustrating 
the need for careful process control. I agree that further 
studies are needed to determine optimum procedures for 
operating carbon beds, but it is important to note that 
much is already known which should be taken into account, 
even when collecting preliminary data on the efficiency of 
removal of certain compounds. 

Vernon L. Snoeylnk 
Associate Professor of Sanitary Engineering 
University of Illinois at Urbana-Champaign 
Department of Civil Engineering 
Urbana, III . 61801 
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than 1 m the half-life is correspondingly increased, assum
ing that the rate of eddy diffusion is substantial. 

The vapor phase mass transfer coefficient used here is 
higher than' the value used by Mackay and Wolkoff that 
was based on a mean water evaporation rate of 1000 mm/ 
year. At lOoC and 30% relative humidity, the k. value of 
3000 cm/hr yields an evaporation rate of 1730 mm/year. 
Since the object of the present note is to give only approxi
mate rates and indicate the factors controlling these rates, 
the difference is relatively small and is attributahle to un
certainty in evaporation rales and conditions. 

Average environmental condit ions are usually closer 
than lOoC than 25°C; thus it is interesting to consider the 
effect of temperature on the rates. The mass transfer coef
ficients and aqueous solubilities are relatively temperature 
insensitive, the principal effect being on the vapor pres
sure, Pi,. This on ly affects the rate significantly if t he sys
tem is vapor phase controlled; thus for most of the com
pounds in T able I the rates and half- lives are insensitive to 
temperature as illustrated by the data for benzene. 
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SIR: We are in agreement with Dr. Snoeyink in that the 
efficient use of carbon in filtering devices is a complex and 
delicate process requiring careful monitoring. Since the re
lease of recent findings about dissolved organics in tap 
water (J , 2), many consumers have started purchasing bot
tled water and commercial filtering devices for home use. 

Many types of filtering devices are available to consum
ers of which most have not received as much testing or 
monitoring of performance as needed. The device we used 
in our study is manufactured by a well-established compa
ny which services a large portion of the scientific communi
ty and is available for home use and therefore possibly rep 
resentative of such devices. 

Further, we sha re with Dr. Snoeyink bis concern about 
the importance of the pretreatment of the charcoal. Thus 
our statement, "These compounds could have originated 
from the plastics used somewhere in the preparation or 
storage of the ion-exchange resins or charcoal." Because of 
the inherent problems associated with charcoal filtering 
and the need to evaluate such devices, it seems that some 
federal or state agency should assume the responsibility of 
seeing that the claims made to the consumer are indeed 
met by the devices on the market. 
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INDUSTRY TRENDS 
Emcon Associates (San Jose, Cali!.), 
an environmental consulting firm, has 
opened a new branch office at Oak 
Brook, III ., to serve East Coast and Mid
west clients. 

ERCO Industries LId., a Canadian com
ponent of Envirotech, announced that 
Great Lakes Paper Co. (Thunder Bay, 
Ont.) will use ERCO's salt-recovery pro
cess as a step to eliminate bleached 
kraft pulp mill water pollution . 

Fisher-Klosterman has installed a spe
cial system to collect glass and enamel 
dust from resistor manufacturing at the 
Ohmite Manufacturing Co. Division of 
North American Philips, Inc. (Nashua, 
N.H.). 

Davis Water & Waste Industries, Inc, 
(Thomasville, Ga.) has consolidated its 
Davco Division (Thomasville) and Defi
ance Division (Tallevast, Fla.) 

Research-Cottrell, Inc, has received an 
order in excess of $15 million from 
American Electric Power System for 
design and materials for three electro
static precipitators. 

Peabody Galion Corp.'s subsidiary, 
Peabody Engineered Systems, has a 
$20 million air pollution control order for 
flue gas desulfurization from Alabama 
Electric Cooperative Inc. 

Camp Dresser & McKee International 
Inc, will prepare long-range develop
ment programs for water supply, waste
water facilities, and drainage systems 
for the city of Surabaja, Indonesia. 

Dames & Moore (Los Angeles, Calif.) is 
preparing an environmental report on 
the continued operation maintenance of 
the existing Muskingum River (Ohio) 
Basin flood control system for the U.S. 
Army Corps of Engineers. 

Environmental Measurement Systems 
(Seattle, Wash.) announced that 24 of 
its ultrasonic manhole monitor units, for 
wastewater monitoring in sewer lines, 
were purchased by the District of Co
lumbia . 

The Manufacturing Chemists Associa
tion (Washington, D.C.) has let 
$500,000 worth of contracts to do re
search into impacts, if any, of fluorocar
bons on the earth's atmosphere. 

Hercules Inc. (Wilmington, Del.) will 
market chitins and chitosan, a cationic 
polymer from crustacean shells, for Ma
rine Commodities International (MCI, 
Brownsville, Tex. ) worldwide. Hercules 
also has an option to buy all of MCl's 
stock. Chitins are used as flocculents 
and thickeners. 

International Ecology Systems Corp. 
(Chicago, 111.) has purchased the assets 
and work in progress of Freeman Labo
ratories, Inc. Freeman makes pollution 
monitors. 

A Salem Corp, subsidiary, Wilputte 
Corp. (Murray Hill, N.J.) has a multi-mil
lion dollar contract to rehabilitate the 
No. 4 coke battery at Allied Chemical's 
Ashland, Ky ., coke plant. 

Olson Laboratories (Anaheim, Calif.) 
has received a $140,000, 8-mo con
tract from EPA to develop exhaust 
emission data from light-duty vehicles 
(model years 1972-1975). 

Betz Environmental Engineers, Inc, has 
a 1-yr EPA contract to evaluate the cur
rent worldwide technology for control
ling emissions from blast furnace cast 
houses. 

The Minges Associates, Inc, (Farming
ton, Conn.) has done a value analysis/ 
engineering test study of a $7.5 million 
advanced wastewater treatment plant 
at Plainville, Conn., for EPA, and has 
identified cost savings. 

Koppers Co., Inc. (Pittsburgh, Pa.) has 
recently completed the second phase of 
a combined water and wastewater facil
ity at Palm Beach County, Fla. That 
phase added 1.5 mgd for waste treat
ment, and 6 mgd for water . 

Andco Inc, has a sublicensing agree
ment with AB Svenska Maskinverken 
(Kalhall , Sweden) giving the Swedish 
firm rights to market the Andco-Torrax 
municipal waste conversion process in 
Denmark, Finland, Iceland, Norway, and 
Sweden. 

SF Air Control, Inc, (Old Greenwich, 
Conn.) is U.S. marketer for a new type 
municipal solid waste conveying system 
developed by AB Svenska Flaktfabrik
en. The system is being installed in two 
of Stockholm's suburbs, and uses pneu
matic conveyance. 

Stanley Consultants, Inc, is providing 
full engineering services to alleviate pol
lution and flood control problems for 
Lake Chicot, Ark . The U.S. Army Corps 
of Engineers (Vicksburg, Miss.) is di
recting the project . 

Corning Glass Works (Corning, N.Y.) 
has shifted solar energy research em
phasis to finding a cost-effective solar 
collector, and will not produce collec
tors unless they contribute data neces
sary to the research program. 

Frost & Sullivan, Inc, (New York, N.Y.) 
foresees solar heating and cooling as a 
$1 .25 billion industry by 1980; and as a 
$10 billion industry by 1985. 

Can you 
understand 
what your 
air pollution 
control 
experts are 
telling you? 
It's not easy. 

That's one reason we've published 
our Basic Handbook of Air Pollution 
Control Equipment. It doesn't take the 
place of your experts, but it does help 
you understand them. Sections include: 

How to define your air pollution con
trol problem in terms that will help you 
select the right equipment. 

How to make sure you look at both 
one-time going-in costs and continuing 
operating costs. 

The 4 basic types of air pollution 
control equipment-how they work, 
why they're used, pros and cons of 
each. 

An Equipment Selection Table-a 
case history approach for a concise, 
practical look at how basic systems 
compare on 5 critical pOints . And more . 

lI 's free. Send for your 
;..." copy from Western 
~ Precipitation Division, 

Joy Manufacturing Co., 
P.O. Box 2744, 

Terminal Annex, 
Los Angeles, CA 90051 . 

World-Wide Response l Ability 

258 WESTERN (0) 
PRECIPITATION 

DIVISION . 

o Send me your Basic Handbook of Air 
Pollution Control Equipment. 

o And have one of your reps call. 

Name 

Company 

Address 

City State Zip 
L... ____________ _ 
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Aerator 
Because of its design the unit may be 
used effectively in shallow water. It finds 
application in sewage treatment plants , 
industrial sewage lagoons, and farm 
waste ponds. Aeroflot Industries 101 

lon, gas analyzer 
Instrument gives direct digital display of 
concentration in ppm, moles/liter or 
other units with the use of ion-selective 
or gas-sensing electrodes. After cali
bration, the analyzer can be left unat
tended to perform continuous or auto
matic monitoring. Lazaar Research 
Laboratories, Inc. 102 

Tape recording system 
Cassette tape recording system pro
vides four channels of FM and direct 
signal record and playback. The system 
can be used in machine vibration analy
sis. It operates on batteries or on exter
nal power. Dallas Instruments, Inc. 103 

Computerized spectrophotometer 
The atomic absorption spectrophotom
eter can analyze up to 70 elements with 
accuracy to six significant figures. Set 
up time is about 2 min. The unit has 
pre-programming capability . Fisher Sci
entific Co. 104 

Data logger/alarm scanner option 
The software option to the basic system 
will permit the establishment of up to 
4000 individual alarm setpoints in a 
1000 point scanning system. Designed 
for the chemical, petrochemical and 
synthelic fiber plants. Doric Scientific/ 
Emerson Electric Co. 105 

Ammonia electrode/ion meter 
The meter, standardized to known con
centrations of ammonia (as free NH3) , 

will read concentrations directly in any 
of several common units. The electrode 
is designed to be used in effluents or 
sewage, and can read ammonia con
centrations in a range of 0.017-17,000 
ppm. Orion Research Inc. 106 
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Hopper switch 
Designed especially to control material 
flow in small hoppers, cyclones, pack
aging machinery and loading equipment 
common to the plastics and chemical 
industries. When the hopper is in opera
tion , there is no live seal between the 
actuating probe and the drive mecha
nism. Monitoring Manufacturing, Inc. 

107 

Scrubber-cooler 
The six-stage scrubber removes partic
ulate matter from the S02-rich copper 
converter gases; the gases are then 
cooled as required in the production of 
sulfuric acid. Gas throughput rates may 
range from 70,000- 304,000 acfm at 
700°F . Swemco Inc. 108 

CO analyzer 
The battery or a.c. operated direct 
reading unit is calibrated directly from a 
pressurized span gas cylinder; no sam
ple bag is needed. The unit is available 
in a variety of range combinations. in
terscan corp. 109 

Fire starter 
Smokeless, oxygen-rich fire source for 
burning agricultural, forest and other 
wastes without contributing to air pollu
tion . The blocks are lightweight. Clean
weld Products, Inc. 110 

Transducer indicator 
When operated with the transducer, the 
indicator unit displays displacements di
rectly in engineering units (inches, de
grees). The unit has an auxiliary analog 
output to signal other instruments. 
Trans-Tek,lnc. 111 

Mass flowmeter 
The non-linear flowmeter measures low 
flow rates and is stable within 2 % from 
0.1 psia to 250 psig. No correction is 
required over wide ranges of tempera
ture and pressure. The unit has a d.c. 
output signal for recording. Teledyne, 
Hastings-Raydist 112 

Pesticide 
The concentrated insecticide is com
pounded of pyrethrins, piperonyl butox
ide and other non-toxic ingredients. It is 
recommended for use in institutions, 
public buildings and homes. Hadco 
Corp. 113 

Processing unit 
Can be used for dispersion, homogeni
zation, emulsification, deaeration or de
foaming of liquids of varying viscosities 
and under a wide range of tempera
tures. Cornell Machine Co. 114 

Indoor composting toilet 
Using the principle of humification, the 
process requires circulating air, heating 
coils and a handful of peat moss to ini
tiate the decomposition process. Com
parable in size to the flush toilet, the 
unit is made of polystyrene plastic. Rec
reation Ecology Conservation of United 
States, Inc. 115 

Dust collector transport 
A new technique converts the dust col
lector to a semi-trailer for transport to 
the job site. The low-boy trailer is elimi
nated, larger bags can be used, and 
hopper assembly follows on another 
trailer; field erection is complete in 2 
days. Aeropulse, Inc. 116 

Water consumption monitor 
The device will restrict water flow, aer
ate the water and serve as a syphon 
breaker to permit incoming water to be 
introduced below the rinse tank ope rat
ihg level. Aqualogic, Inc. 117 

Industrial fiber 
The product finds application in the 
manufacture of filter bags. The polyac
rylonitrile fiber is heat, acid and mois
ture resistant. Dow Badische Co. 118 

Barrel pump 
The electrical pump is self-priming, and 
features double ball bearings, hardened 
drive pin and quick disconnect between 
motor and suction tube. It will dispense 
about 25 gpm from 55, 30 and 15 gal 
drums and 13 gal acid carboys. Devon 
Products, Inc . 119 

(continued on page 1184) 



How to get 
16 baghouse designs 
from just 3 parts. 

EZI~~~c::::JL:::JL:::J~ 
BAG ACCESS 

~~~~~~~~ 
\!JU\@\J\!JOf]Q 
PF2 Baghouse 
For Air Pollution Control 

The idea: a custom baghouse 
with an off-the-shelf price. 

Our PF' is your lowest cost way to meet EPA 
standards with a baghouse . You save about 15-20% 
over a regular bag house of the same capacity. 

How come? 
The answer is in our square design. The unit is fully 

prefabricated , but comes in three easy to bolt together 
sections. Because all sides are the same, the top and 
bottom can be set on any which way. Need an inlet on 
the south side and an outlet on the north? You've got it. 
Or any other way - up to 16 combinations. 

II's a custom feature at an off-the-shelf price. 
The square shape, plus our 4 V2" diameter bags, also 

means you get maximum filter surface per cubic foot. 
No waste. And more savings. 

The same goes for overhead room. "Square" presents 
a low profi le and so fits where other bag houses won't. 

The trade-off 
You don't get top bag access that on our other 

models makes changing bags easier. And a regular, 
taller rectangular shape such as our standard PF-60 can 
deliver more filter area per square foot of floor space .. . 
if you have the head room. 

But you 're not paying for these things, either. So what 
you do get is a top quality WP unit with the maximum 
filtering efficiency of our Pulseflo " system at a totally 
new price. 

How fast can we deliver? 
Quick. Zip. PF' is a stock item. But even if we don't 

have the specific model you need on hand, it doesn't 
take that long to put one together. 

FEATURES: • Capacities from 1,000 to 20,000 CFM 
• From 30" square on up 
• All we lded seams 
• Shipped fully assembled 
• Available immediately 

Write us for details and a quotation. 

World-Wide Response / Ability 

WESTERN. 
PRECIPITATION 

DIVISION -

~-------------------------------------, Western Precipitation Division, Joy Manufacturing Company 
Post Office Box 2744 , Terminal Annex 
l os Angeles. Calil. 90051 

25 9 

Name : _________ Title : _____ _ 

Company : ________________ _ 

Address: _________________ _ 

City : _______________ _ 

State : ____________ Zip: __ _ 
l _____________________________________ _ 
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(jet a pacl\a~e deal on 

suspended 
solids test 
apparatus. 
51.202.88 
Complete! 
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Flare tip 
The 54-in. diameter flare tip allows the 
efficient disposal of up to 2.3 million 
Ib/hr of waste gases. Peripheral baffles 
protect the flare tip against high winds, 
while the 54 in. fluidic seal within the tip 
provides high resistance to air entry into 
the stock. National Airoil Burner Co. 

o 
• o 
T 

Vacuum sensor tube 

120 

The stainless steel casing and inter
changeable octal-type pin header with 
gasket makes the sensor resistant to 
corrosive gases. The tube senses pres
sures from atmosphere through 10-3 

Torr. CVC Products, Inc. 121 

Pit liner 
The prefabricated, thermoplastic mem
brane lines a pit to form a container for 
transformer dielectric coolant. Oil re
leased during a tank rupture is con
tained within the membrane area; water 
accumulation within the pit is prevented 
by the use of a sump pump. Environet
ics, Inc. 122 

Flow metering pump 
Electronic pressure-feedback operation 
provides either constant flow or con
stant pressure that is virtually pulseless. 
The pump delivers unlimited solvent 
quantities at 0-28 ml/min to 3000 psi. 
Altex Scientific, Inc. 123 

Portable stack gas analyzer 
The non-dispersive infrared analyzer 
can be used to test power plant or in
dustrial stack gases. It is designed to 
measure a particular gas or a combina
tion of gases. Horiba Instruments, Inc. 

124 

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

Power supply for arc lamps 
The power supply for deuterium and hy
drogen arc lamps regulates line voltage 
and current ripple. The lamps find appli
cation in spectrofluorometry/photome
try, reflectometry and chromatography. 
Schoeffellnstrument Corp. 125 

Unbreakable electrodes 
Made from high-impact epoxy the com
bination, pH measuring and reference 
electrodes are unbreakable. Electrode 
features include a removable safe
guard tip and the option of a refillable or 
sealed electrode. They are compatible 
with all pH meters. Tudor Scientific 
Glass Co. 126 

Phosphate-free detergent 
The all-purpose detergent contains no 
phosphates, NT A, chromates or en
zymes. The detergent with a pH of 6.7 
does not, harm the skin or etch glass
ware. M.D. Industries, Inc. 127 

Purge assembly 
It may be connected directly to the cyl
inder or panel-mounted in the line be
tween the cylinder and regulator. The 
assembly combines diffusion resistance 
with high pressure operation. It permits 
purging of possible toxic and/or flam
mable gases from a system prior to 
opening the system to the atmosphere. 
Union Carbide Corp. 128 

Flexible piping system 
The pipe, available in Y. in., . Y2 in. and % 
in. sizes, is made of polybutylene plas
tic; fittings are made of an acetal co
polymer. The system is non-corrosive 
and is highly resistant to scale build-up. 
All materials are nontoxic. Celanese 
Plastics Co. 129 

Low-velocity sensors 
Designed to sense very low flow veloci
ties of gases and liquids. The sensors 
have process and pollution control ap
plications. Monitoring of process and ef
fluent streams is possible even when 
the temperature exceeds 1000oF. Flui
Dynamic Devices Limited 130 

Gas chromatograph 
The automated, modular model is de
signed to do head space analysis of 
samples such as vinyl chloride mono
mers, other residual monomers and air 
and water pollution determinations. 
Sampling module accepts 30 samples. 
Perkin-Elmer Corp. 131 



NEW LITERATURE Stack gas analyzers. Data sheet 07-
01-02 describes stack gas analyzers 
for controlling processes. determining 
air pollution compliance, or monitoring 
combustion efficiency. Mine Safety Ap
pliances Co. 162 

Coatings. Brochure describes Dimet
cote 3 coatings that resist marine cor
rosion on structures, as well as temper
atures from -100 0 F to 600 0 F. Amer
on 151 

Microscopes. Catalog lists microscopes 
and related products for many aspects 
of medicine, pollution science, biology, 
and biochemistry. Graf-Apsco of Illinois 
~~ 152 

Amplifiers. Brochure describes applica
tion , theory, and selection of single and 
multichannel amplifiers for power plant 
monitors, medicine, and electrochemi
cal processes. Specifications are given. 
Analog Devices 153 

Liquid level monitors. literature de
scribing liquid level monitors for sewage 
treatment, nuclear power plants, and 
many other applications is now avail
able. WESMAR 154 

OSHA compliance log, Simple booklet 
acts as log to make record keeping 
easier in order to comply with regula
tions governing hazardous vapors . Ma
theson Safety Products 155 

Industrial safety equipment. Condensed 
catalog lists a full line of safety equip
ment for personal protection, environ
mental surveillance, hazard control, and 
emergency care. Ask for Bulletin 
2600-1. Mine Safety Appliances CO. 156 

Air monitors. literature describes full 
product line of ozone, hydrocarbon, and 
other monitors, and analysis instru
ments. Analytical Instrument Develop
ment, Inc. 157 

Pollution control projects. Booklet. " Ex
cellence in Environmental Engineering, " 
lists the company's accomplishments in 
pollution control programs. Air , water, 
solid waste, and oil and chemical recov
ery work is described. The Firestone 
Tire & Rubber Co. 158 

Pipeline rehabilitation. Brochure de
scribes contractor 's technique for reha
bilitating old sewers that have begun to 
deteriorate. Complete service is provid
ed. National Power Rodding Corp. 159 

Ozone/sonic water treatment. News kit 
provides technical literature and papers 
concerning sewage treatment with 

Need more information about any 
items? If so. iust circfe the appro
priate numbers on one of Ihe reader 
service cards bound inlo the back of 
this issue and mail in the card. No 
stamp is necessary. 

ozone and ultrasonics. Plant at Indian
town, Fla., is fully described . Telecom
munications Industries, Inc. 160 

Analytical instruments. Catalog con
tains information on columns and 
supplies needed to operate and main
tain the company's analytical instru
mentation. Hewlett-Packard 161 

Water clarification. Product Data 
Sheets PYM-DS-26, 27, and 28 de
scribe AMERFLOC coagulants that are 
resistant to chlorine and have EPA ap
proval for potable water usage. Drew 
Chemical Corp . 163 

Trap strainer. Brochure describes a 
new sanitary trap strainer for dairy, 

(continued on page 1186) 

WILKS has the answer for under $2,000 
with 1/2 ppm accuracy! 
The Wilks MIRAN-I Hydrocarbon-In-Water Analyzer is 
compact and portable. It can be used in the laboratory or 
in the field for rapid , accurate determinations. 

The MIRAN-I Analyzer is ideal for the infrared analysis of 
dissolved hydrocarbons in water by solvent extraction 
based on the ASTM Method #733-58. 

Call or write today for a free copy of our Application Re
port, "Infrared Determination of 
Hydrocarbons In Water" and 
further information on the 
MIRAN-I Analyzer. 

SCIENTIFIC 
CORPORATION 

P. O. Box 449 • S. Norwalk . Ct. 06856 
203/853-1616 
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food, pharmaceutical, and beverage 
processing. Time spent changing and 
cleaning filter media is saved. Newark 
Wire Cloth Co. 164 

OSHA noise guidelines. Semi-technical 
article sets forth basic guidelines for 
firms undertaking noise measurements 
and analysis in efforts to comply with 
OSHA regulations. B&K Instruments, 
Inc. 165 

Water monitoring. Brochure describes 
the CLAM family of self-cleaning instru
ments that monitor effluents from mixed 
liquors to sludges with up to 10% sol
ids. An application guide is provided. 
Biospherics Inc. 166 

Wastewater reclamation. Bulletin tells 
how a combination of powdered activat
ed carbon regeneration by wet air oxi
dation and biophysical wastewater rec
lamation can be adapted to an existing 
sludge plant. Zimpro Inc. 167 

SOx removal. Brochure 75DLOl de
scribes Thiosorbic lime, which is spe
cially adapted to flue gas desulfurization 
at power plants. Dravo Lime Co. 168 

Automatic valvlng. Technical Bulletin 
No. 0105 describes line of analytical 
gas Chromatographs featuring automat
ic valving and multicolumn systems for 
specific applications. Carle Instruments, 
Inc. 169 

Engineering services. Brochure de
scribes engineering services that in
clude water and wastewater, pipelines, 
transportation, utility and communica
tions, and other fields. Michael Baker, 
Jr., Inc. 170 

Conversion factors. Booklet, "Conver
sion Factors," provides factors for hun
dreds of industrial and scientific mea
surement units. It comes in very handy 
in many fields. Engelhard 171 

Fuel saving. Fuel Saver Fact Sheet No. 
3 gives four methods to increase boiler 
efficiency and tells how each method 
can be enhanced to cut heating costs. 
Fuel Efficiency, Inc. 172 

Computerized burner control. Bulletin 
tells how a low-ex cess-air burner cuts 
fuel costs by thousands of dollars annu
ally and improves boiler performance. 
CEA Combustion, Inc. 173 

Explosion-proof controls. Bulletin F975 
describes an extensive line of explo
sion-proof control stations, buttons, and 
switches developed to meet OSHA and 
industry standards. Adalet Division, The 
Scott & Fetzer Co. 174 

Butterfly valves. Bulletin 45.00-1 gives 
complete information on high-pressure 
butterfly valves, ' actuators, and ac
cessories. Corrosion resistance is a 
feature . DeZURIK 175 
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Pumps. Bulletin describes the compa
ny's line of Varistaltic pumps, including 
peristaltic, oscillating, sealless, and 
other pumps. Manostat Corp. 176 

Low particulate burner. Brochure de
scribes an advanced air pressure re
covery (APR) burner of high perfor
mance and low particulate emissions. 
Peabody Engineering 177 

Sludge press. Bulletin 5595 describes 
the "MRP-36," an advanced design 
multiroll sludge press now available. Ca
pacity is increased. The Permutit 
Co. 178 

Plastic pipe. Brochure describes Super
Flex 160 plastic pipe, so called because 
it withstands 160 psi and is used with 
pumps submersible to 265 ft. Goodall 
Rubber Co. 179 

Pressure gauges. Catalog describes 
line 01 low-differential air and gas pres
sure gauges, combustion test instru
ments, flowmeters, and related equip
ment. Dwyer Instruments, Inc. 180 

Flow controls. Literature describes new 
flow transducer that can be operated by 
compressed air, gas, or steam, and 
needs no electricity. Sizes from 130 to 
9000 scfm. Union Flonetics Corp. 181 

Sludge conditioning. Brochure de
scribes sludge conditioner that will work 
on raw sewage, even with rags, paper, 
wood chunks, plastics, and chemical 
and petrochemical wastes. Franklin Mil
ler, Inc. 182 

Dust collectors. Catalog F-1812 de
scribes high-efficiency multitubular dust 
collectors-1O-in. tube units usable in 
single or multiple sections for a wide 
capacity range. American-Standard In
dustrial Products Division 183 

Engineering consulting. Brochures de
scribe the company's capabilities in en
gineering and testing for air, water, 
noise, waste, energy, and OSHA. Ross
nagel & Associates, Inc. 184 

Biological freeze-drying. Bulletin 657-A 
describes the company's modular de
signed biological freeze dryers. Stokes 
Division, Pennwalt Corp. 185 

Liquid level switches. Catalog No. 7504 
shows a complete line of liquid level 
control switches for operating relays, 
alarms, valves, computer inputs, and 
other equipment. Fluid Products, 
Inc. 186 

Pipe railing. Bulletin 881-B contains full 
engineering, design, and installation in
formation for " Connectorail" pipe rail
ing that meets or exceeds OSHA and 
building code regulations. Julius Blum & 
Co., Inc. 187 

Clarifier. Bulletin 314-9A2 describes the 
"rim-flo" clarifier used for settling solids 
from liquid. Company says that it out-

performs center feed clarifiers. Envi
rex 188 

Trace element analysis. Catalog 750 
lists reagents useful to the environmen
tal analyst requiring verified reference 
accuracy. Many elements and other pa
rameters can be determined. J. T. 
Baker Chemical Co. 189 

Trichloroethylene regUlations. Bulletins 
review trichloroethylene control regula
tions in Massachusetts and California. 
Dow Chemical U.S.A., Inquiry Services, 
1703 S. Saginaw Rd., Midland, Mich. 
48460 (write direct). 

Training programs. Brochures describe 
training program for water and waste
water systems personnel. Washington 
State Coordinator, Green River Commu
nity College, 12401 S.E. 320th St., Au
burn, Wash. 98002 (write direct). 

Computer programs. Report describes 
computer programs for water quality 
data. Inland Waters Directorate Report 
Series No. 38. Enquiry Centre, Environ
ment Canada, Ottawa, Ont. KIA OH3, 
Canada (write direct). 

Geological data. Pennsylvania Geology 
describes what is happening geological
ly in the Commonwealth. Bi-monthly. 
Topographic and Geologic Survey, 
Dept. of Environmental Resources, 
Harrisburg, Pa. 17120 (write direct). 

ASTM publications. Single copies of 
the 1975-1976 list of ASTM publica
tions are now available. ASTM, 1916 
Race St. , Philadelphia, Pa. 19103, 
Attn: Mr. A. l. Batik (write direct). 

Odor pollution assessment. Article de
scribes techniques used in France. C-
1-75-100, " The Fundamentals of Indus
trial Olfactometry (1)," by Paul Sigli, et 
al. Embassy of France, Commercial 
Counselor, Suite 620, 1100 Connecticut 
Ave., NW., WaShington, D.C. 20036, 
Attn: M. Bernard Renard (write direct). 

Air pollution publications. Brochure, 
"Publications of APCA," is available. 
Publications Dept. , Air Pollution Control 
Association, 4400 Fifth Ave., Pittsburgh, 
Pa. 15203 (write direct). 

"Meet the Gypsy Moth." Information 
Services, Northeastern Forest Experi
ment Station, 6816 Market St., Upper 
Darby, Pa. 19082 (write direct). 

Outer Continental Shelf management. 
Title of report is, " Mineral Resource 
Management of the Outer Continental 
Shelf." U.S. Geological Survey, National 
Center, Reston, Va. 22092 (write di
rect). 

"The Sun is Red." Film on environmen
tal pollution available on a loan basis. 
Danish Information Office, Royal Danish 
Consulate General, 280 Park Ave., New 
York, N.Y. 10017 (write direct). 



Landscape Assessment: Values, Per
ceptions, and Resources. Ervin H. 
Zube. et al., Eds. xii + 367 pages. 
Halsted Press, 605 Third Ave. , New 
York, N.Y. 10016. 1975. $35, hard 
cover. 

From scenes like the Grand Canyon 
to the neighborhood auto junkyard, land
scape has its impact on people. How
ever, it is the non-spectacular land
scape in which most Americans spend 
their lives. The assessment of this land
scape was discussed at a conference 
held at Amherst, Mass., in 1973, in 
which improved methods of landscape 
management were sought. 

Lead, Vol. 2. Frederick Coulston and 
Friedheim Korte, Eds. 299 pages. Aca
demic Press, Inc., 111 Fifth Ave. , New 
York, N.Y. 10003. 1975. $24.50, hard 
cover. 

What is the fate of lead, one of the 
more toxic elements known? This book 
examines origins of lead in the environ
ment, its uptake by animals, children, 
and adult humans, and its effects. It also 
looks at lead levels in air and popula
tions, and describes what happens 
when lead gets into blood. The contro
versy of leaded gasoline is also dis
cussed. 

The Food in Your Future Steps to 
Abundance. Keith C. Barrons. vii + 180 
pages. Van Nostrand Reinhold Co., 450 
W. 33rd St. , New York, N.Y. 10001. 
1975. $7 .95, hard cover. 

" Could the world really get along 
without pesticides?" This book asks 
that question, and goes on to describe 
how ecologically sound land manage
ment and judicious use of chemicals in
crease, rather than deplete fertility of 
the limited amount of food-producing 
land. The author is an agricultural tech
nologist with Dow Chemical U.S.A. (Mid
land, Mich.). 

Ecological Modeling In a Resource 
Management Framework. Clifford S. 
Russell, Ed. xi + 394 pages. The Johns 
Hopkins University Press, Baltimore, 
Md. 21218. 1975. $6, paper. 

Here, ecological modeling mainly in
volves the aquatic environment. This 
volume is based on a symposium on the 
subject of aquatic resource manage
ment, held at the Brookings Institution 
(Washington, D.C .) in September 1974. 
Both the symposium and the book grew 
out of plans for the Marine Ecosystem 
Analysis (MESA) project of NOAA, 
which is presently active in the New 
York Bight. 

OSHA and Accident Control Through 
Training. C. Richard Anderson. 250 
pages. American Society for Metals, 

BOOKS 
9333 Kinsman Road, Metals Park, Ohio 
44073. 1975. $17 .50, hard cover. 

This book offers a sound training pro
gram in industrial accident and health 
control. Such a program is important for 
insuring compliance with OSHA regula
tions. How-to-do-it information and data 
on setting up and applying programs 
that lead to sound safety practice are 
provided. 

Papers Presented Before The Second 
Symposium on Coal Utilization. iv + 
351 pages. National Coal Association, 
1130 17th St., N.W., Washington, D.C. 
20036. 1975. $7, paper. 

The papers were given at the sympo
sium held at Louisville , Ky ., in October. 
They cover air pollution and control 
problems and approaches, fuel-grade 
methanol, desulfurization systems, fate 
of trace elements, and other factors af
fecting the environment. Economic con
siderations are also fully discussed. 

Water Resources of the World. Frits 
van der Leeden. 560 pages. Water In
formation Center, Inc., 44 Sintsink Drive 
East, Port Washington, N.Y. 11050. 
1975. $32.50, hard cover. 

This reference work covers water re
sources in 138 countries and territories. 
Data on streamflow, runoff, ground 
water, water use, industrial require
ments, and similar information, are 
given. Also covered are financing of 
water projects, water supply in devel
oping countries, and data concerning 
the world's major rivers and water bod
ies, including lakes and reservoirs. Ta
bles, mapi, and charts are provided. 

Pollution Control in the Asbestos, Ce
ment, Glass and Allied Mineral Indus
tries. Marshall Sittig. ix + 333 pages. 
Noyes Data Corp., Mill Rd. at Grand 
Ave., Park Ridge, N.J. 07656. 1975. 
$36, hard cover . 

The industries mentioned in this 
book's title have to contend not only 
with air and water pollution problems, 
but with health hazards, as well. Solid 
waste disposal is also a factor. What 
countermeasures are being taken to 
date? This book offers a complete dis
cussion of the state-of-the-art in control 
of pollution from these industries. 

Water Quality Parameters-STP 573. 
590 pages. American Society for Test
ing and Materials, 1916 Race St. , Phila
delphia, Pa. 19103. 1975. $29.50 (less 
20 % to ASTM members), hard cover. 

This book presents nearly 50 papers 
on inorganic analysis, organic analysis, 
continuous monitoring, and remote 

senSing. Biological analysis, and quality 
control of water are also covered. The 
volume is important to those concerned 
with water pollution. Publication Code 
No. 04-573000-16. 

Environmental Education: A Guide to 
Information Sources. William B. Stapp, 
Ed. 225 pages. Gale Research Co., 
Book Tower, Detroit, Mich. 48226. 
1975. $18. 

This reference work brings together 
a diverse set of information sources 
that focus on methods of communicat
ing environmental awareness. It is an 
annotated bibliography for educators in 
formal and informal settings. Included 
are U.S. Government services, sources 
of funding, and many other important 
items of basic information. The editor is 
chief of the Environmental Education 
Unit of UNESCO. 

Cases and Materials on Environmental 
Law (Second Edition, 1973). 1975 
Supplement. Oscar S. Gray. 408 pages. 
BNA Books, the Bureau of National Af
fairs, Inc., 1231 25th St., N.W., Wash
ington, D.C. 20037. 1975. $7.50, paper. 

This cumulative supplement covers 
decisions among which are Supreme 
Court cases on NEPA, circuit court de
cisions concerning Clean Air Act imple
mentation, oil spill cases, class actions, 
cases construing the NEPA, and many 
other decisions. Texts of the Energy 
Supply and Coordination Act of 1974 
and other laws and guidelines are in
cluded. 

Solar Energy in Building Design. Bruce 
Anderson. 1300 pages. Total Environ
mental Action, Church Hill, Harrisville, 
N.H. 03450. 1975. $28, unbound manu
script. 

This work contains nearly all informa
tion on solar energy in buildings, with 
over 500 photos, charts, graphs, and il
lustrations. Bibliographies, lists of com
ponent manufacturers, and material on 
heat theory, wind, and methane, solar 
cooling, and weather are provided. Past 
and present solar projects, buildings as 
solar collectors , low-impact solutions, 
hot water heating, and related matters 
are exhaustively discussed. 

Mining in the Outer Continental Shelf 
and in the Deep Ocean. 119 pages. 
Printing and Publishing Office, National 
Academy of Sciences, 2101 Constitu
tion Ave., N.W., Washington, D.C. 
20418. 1975. $6.25, paper. 

Continental shelf and deep ocean 
mining offers the U.S. "enormous po
tential" to develop alternate mineral 
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The Easiest 
way to test 

Water 
. . . SpectroKit™ 

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

Just sample, react and read 
as 1·2·3 
Test for: 

as easy 

Iron. Phosphate. 
Nitrogen (Nitratel . 
Nitrogen (Nitrite!. 
Turbidity. Alkalinity. 

Nitrogen (Ammonia!. 
Dissolved Oxygen. 
Carbon Dioxide 

... and many more! 

Ask for information on our other 
water testing systems-
• Laboratory Reagents and Standards 

• Portable and Laboratory Spectropho· 
tometers (15 models) 

• Applications Laboratory ASSistance 

• Water Technology Manual 

For complete information con tact Bausch & Lomb, 
Analytical Systems Division. 

BAUSCH & LOMB (i) 
A N ALY TI CA L SYSTEMS D IV I SION 

25·2 4·23 Linden Avenue, Rochester. N.Y.14625. 

Sold in U.S.A. only by 
Fisher Sden tific and VWR Scientific. 

In Canada: Bausch & Lorn b- Canada. 
Analytical Sys tems Division. 

1790 Birchmoun t Road. Scarborough. Ontario. 

CIRCLE 2S ON READER SERVICE CARD 

1188 Environmental ~cience & Tecnnotogy 

sources and protect itself against em
bargoes, price increases, and the like. 
This report evaluates the state of tech
nology of marine mining, and also ex
amines environmental implications, as 
well as regulatory requirements and ed
ucation and manpower needs. 

PhysiOlogical Limnology-An Ap
proach to the Physiology of Lake Eco
systems. H. L. Golterman. xiv + 490 
pages. American Elsevier Publishing 
Co., Inc., 52 Vanderbilt Ave., New York, 
N.Y. 10017. 1975. $51 .95. 

This volume describes relations be
tween the abiotic environment and the 
smaller organisms in open water of 
lakes. It discusses many aspects of 
algal growth, trace elements, and or
ganic chemistry. Eutrophication, bacte
rial physiology, and difficulties in food 
chain research, as well as sewage ef
fects are also covered. 

Land Use In Advancing Agriculture. 
A.P.A. Vink. x + 394 pages. Springer
Verlag New York, Inc., 175 Fifth Ave., 
New York, N.Y. 10010. 1975. $25.80, 
hard cover. 

As agriculture advances, rational land 
use must be increasingly taken into ac
count . This book gives a complete ex
planation of land use, as well as land
scape ecology and land conditions. 
Land degradation, land use limitations, 
and conservation of nature and wildlife 
are also discussed. Research sources 
included farmers and agricultural ex
perts from many countries. 

Principles of Waste Management. N. Y. 
Kirov. 150 pages. The Secretary, Dept. 
of Fuel Technology, School of Chemical 
Engineering, University of New South 
Wales, Box 1, P.O. , Kensington, Syd
ney, Australia . 1975. $12.50. 

This book answers a need for a real
istic assessment of the present state of 
waste management technology. Its first 
part covers unit operations, and its sec
ond part discusses disposal and reutili
zation processes. Liquid and gaseous 
wastes, as well as solid wastes, are 
covered. 

The U,S. Energy Problem. 3 vols., 1500 
pages. The National Technical Informa
tion Service, U.S. Department of Com
merce, Springfield, Va. 22161. 1975. 
$35, entire set. 

These volumes explain in detail why 
there is and will continue to be an ener
gy and power crisis, hew alternatives 
must be analyzed, and what the techno
logical variables are. It also explains 
how $100 billion can be saved if the 
breeder reactor is developed by 1985, 
rather than 1990. Other energy alterna
tives and R&D needs are discussed. The 
report was prepared for the National 
Science Foundation by InterTechnology 
Corp. 

r----., 
I REPRINTS I 
I REPRINTS I 
I ~~~~!~~~ I 
I your work. I 
I 0'913 I 
I 

IChernTech) I 
Visual Aid s for Technica l 
Presentat ions I Garret R. Hyde. . 52.00 I 
0 '913 

I (Chemical Reviews) I 
Intramolecular Hydrogen 
Transfer in Mass Spect ra . 

I I. Rea rrangements in I 
Al iphatic Hydrocarbons and 
Aromatic Compounds 

I Joan T. Bursey. Maurice M I 
Bursey. David G I. Kingston 

I 
55.00 I 

0 '913 

I 
(Chem ica l Reviews) I 

Lanthanide Shift Reagents 
for Nuclear Magnetic Res· 

I 
onance Spectroscopy I 
Anthony F Cocke ri ll . Geoff rey 

L 0 DaVies. Raymond C 

I Harden. DaVId M Rackham I 
54.00 

I 0 '913-'915 I 
(ChemTech) 

Enzyme Engineeri ng 

I W R Vieth. I 
K Venkatasubraman ian 
Part I through IV 55 .00 

I Combined I through IV 56.50 I 
Part V alo ne 52 .00 

I 0 '915 I 
(A ccounts of Chemica l Research) 

I 
Special Issue I 
on the Chemistry of Vision 
Edited by Eva L Menger-

I (S 1 50 each on ten or more) I 
53.00 

I 0 '913 I (Accounts of Chemica l Research) 

The Chemica l Composition 

I of the Lunar Surface I 
Anthony L Turkevlch 52 .00 

I I 
I Prepayment IS fequlled Make check or I 

money order payable 10 the 
American ChemICal Society 

I Sen<lto Books &: Journals D ivi sion ACS I 
11 55 16th Stlee t N W 

W ashmg ton DC 20 036 
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January 12-13 Newark, Del. 
Eighth Mid-Atlantic Industrial Waste 
Conference. University of Delaware 

Write: Mid-Atlantic Industrial Waste Con
ference, Dept. of Civil Engineering, Universi
ty of Delaware, Newark, Del. 19711 

January 12-13 Philadelphia, Pa. 
Safe Transportation of Hazardous Ma
terials. Manufacturing Chemists Associ
ation (MCA) 

Write: William H. Butterbaugh, MCA, 1825 
Connecticut Ave., NW., Washington, D.C. 
20009 

January 13-14 Orlando, Fla. 
Meeting of the Committee on Spill 
Control Systems. American SOciety for 
Testing and Materials (ASTM) 

Write: Sam Bowman, ASTM, 1916 Race 
St., Philadelphia, Pa. 19103 

January 16 Washington, D.C. 
Meeting of the Committee for the 
Study of Environmental Manpower 

Write: Dr. Stanton J. Ware, study director. 
Committee for the Study of Environmental 
Manpower, National Research Council, 2101 
Constitution Ave., NW., Washington, D.C. 
20418 

January 19-21 Houston, Tex. 
1976 Annual Meeting. Cooling Tower 
Institute (CTI) 

Write: Dorothy Garrison, Executive Sec
retary, CTI, 3003 Yale St., Houston, Tex. 
77018 

January 19-23 Washington, D.C. 
55th Annual Meeting. National Acade
my of Sciences-National Research 
Council 

Write: Transportation Research Board, 
National Academy of Sciences-National Re
search Council, 2101 Constitution Ave., 
NW., Washington, D.C. 20418 

January 20-23 Atlanta, Ga. 
Resolving Corrosion Problems in . Air 
Pollution Control Equipment. Air Pollu
tion Control Association , the Industrial 
Gas Cleaning Institute and the National 
Association of Corrosion Engineers 

Write: Dale Miller, National Association of 
Corrosion Engineers, P.O. Box 1499, Hous
ton Tex. 77001 

January 24-28 los Angeles, Calif. 
Solar Heating and Cooling Workshop 
and Exhibit. Solar Energy Industries As
sociation (SEIA) 

Write: SEIA, 1001 Connecticut Ave. , 
N.W., Suite 632, Washington, D.C. 20036 

MEETING GUIDE 

January 28-30 Austin, Tex. 
Twelfth Air Pollution and Industrial Hy
giene Conference. Universtiy of Texas 
at Austin 

Theme is "Air Quality Management in the 
Electric Power Industry." Write: Engineering 
Institutes of the College of Engineering, 
Cockrell Hall 2.102, The University of Texas 
at Austin, Austin, Tex. 78712 

January 29-30 Madison, Wis. 
8th Annual Noise Control In Internal 
Combustion Engines. The University of 
Wisconsin-Extension 

Write: John M. Leaman, Dept. of Engi
neering, University of Wisconsin-Exten
sion, 929 North Sixth St., Milwaukee, Wis. 
53203 

January 29-February 1 Boca Raton, 
Fla. 
1976 Annual Industry Convention. The 
Soap and Detergent Association 

Write: The Soap and Detergent Associa
tion, 475 Park Ave. South, New York, N.Y. 
10016 

Courses 

January 5-6 Newark, N.J. 
Air Pollution Control and Design Up
date. New Jersey Institute of Technolo
gy 

Fee: $120. Write: Director, Continuing Ed
ucation, New Jersey Institute of Technology, 
323 High St., Newark, N.J. 07102 

January 5-9 Pacific Grove, Calif. 
Applications of Stormwater Manage
ment Models. U.S. Environmental Pro
tection Agency in cooperation with the 
University of Massachusetts-Amherst 

Fee: $125. Write: Dr. Francis A. DiGiano, 
Dept. of Civil Engineering, Universtiy of Mas
sachusetts. Amherst, Mass. 01002 

January 5-9 Golden, Colo. 
Shale Oil-Its Production, Properties, 
and Utilization. Colorado School of 
Mines 

Fee: $350. Write: Dr. P. F. Dickson, Colo
rado School of Mines, Golden, Colo. 80401 

January 7-8 Newark, N.J. 
Wastewater Treatment. New Jersey In
stitute of Technology 

Fee: $120. Write: Director, Continuing Ed
ucation, New Jersey Institute of Technology, 
323 High St., Newark, N.J. 07102 

January 7-9 Washington, D.C. 
Energy IResource Conservation 
Through Recycling. George Washington 
University 

Fee: $305. Write: Director, Continuing En
gineering Education, George Washington 
University, Washington, D.C. 20052 

January 7-9 Marietta, Ga. 
Gas Chromatography. Varian Instru
ments 

Fee: $160. Write: Varian Instruments, 
Training Dept.-D-430, 611 Hansen Way. 
Palo Alto, Calif. 94303 

January 19-23 Philadelphia, Pa. 
Recognition of Occupational Health 
Hazards. American Industrial Hygiene 
Association and the National Institute of 
Occupational Safety and Health 

Limited to 50. Fee: $250. Write: Ameri
can Industrial Hygiene Association, 66 S. 
Miller Rd., Akron, Ohio 44313 

January 19-23 Madison, Wis. 
Solar Energy Thermal Processes. Uni
versity of Wisconsin-Extension 

Fee: $350. Write: Robert C. Lutton, P.E., 
University of Wisconsin-Extension, Engi
neering Dept. , 432 N. Lake St., Madison, 
Wis. 53706 

January 19-30 Research Triangle 
Park, N.C. 
Gas Chromatographic Analysis of Air 
Pollutants, Course No. 429. Air Pollu
tion Training Institute 

Fee: $500. Write: Registrar, Air Pollution 
Training Institute MD 17, National Environ
mental Research Center, Research Triangle 
Park, N.C. 27711 

January 24-28 Los Angeles, Calif. 
Solar Heating and Cooling Workshops 
and Product Exhibit. The Solar Energy 
Industries Association , Federal Energy 
Administration, and the Energy Re
search and Development Administra
tion 

Fee: $75. Write: Solar Energy Industries 
Association, Western Regional Workshops, 
1001 Connecticut Ave., NW., Suite 632, 
Washington, D.C. 20036 

January 26-30 Cincinnati, Ohio 
Orientation to Wastewater Treatment 
Operation, Course No. 173. U.S. Envi
ronmental Protection Agency 

Fee: $110. Write: Registrar, National 
Training Center, MPOD, OWPO, WHM, U.S. 
Environmental Protection Agency, Cincin
nati, Ohio 45268 

Call for Papers 

December 15 deadline 
1976 Intersociety Conference on 
Transportation. American Society of 
Mechanical Engineers (ASME) 

Conference will be held on July 18-24, 
1976 in Los Angeles, Calif. Write: J. F. 
Courtney, Vought Systems Division, LTV 
Aerospace Division, P.O. Box 5907, Dallas, 
Tex. 75222 
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professional consulting services directory 

f 
CONSULTATION AND LABORATORY SERVICES 
• Radionuclide Analysis • Bioassay 
• Environmental Studies • Health Physics Services 
• Low Level Tritium Counting • Whole Body Counting 
• Licensing Assistance (Mobile) 

• Emergency Medical Planning 

RADIATION MANAGEMENT CORPORATION 
UNIVERSITY CITY SCIENCE CENTER 

3508 MARKET STREET, PHILADELPHIA, PA. 19104 
Phone (215) 243·2950 

BUCK. SEIFERT & JOST 
INCORPO RATED 

WATER SUPPLY · SEWAGE· 

INDUSTRIAL WASTE TREATMENT· 

TREATABILITY STUDIES· 

HYDRAULIC DEVELOPMENTS · REPORTS· 

INVESTIGATIONS · VALUATIONS· 

Consul ting Engineers 

201-567-8990 

RATES· DESIGN· CONSTRUCTION· 

OPERATION MANAGEMENT· 

CHEMICAL AND BIOLOGICAL LABORATORIES 

140 Sylvan Avenue, Englewood Cliffs, New Jersey 07632 

ENVIRONMENTAL SPECIALIST 
WATER POLLUTION 

MONITORING & PURIFICATION SYSTEMS 

~~VIROTRON W'I' ENGINEERING 

9625 COZYCROFT AVE. 
UNIT J CLIFF OVERTON 
CHATSWORTH. CA 9 13 11 
(2 13) 341·6 130 

PRESIDENT 

GEN . MANAGER 

j 

(504) 889-0710 

~ • • 

WATER AND AIR POLLUTION CONSULTANTS 
Envi ronmenta l Ser v ices Wa te r and A ir Qua l i t y -

T es ti ng - E mi ss ion & A mb ien t Air T est ing · 
Mic robiologica l and Chem ica l Ana lyses 

ANALYSIS LABORATORIES. INC. 
2 932 LIME STREET METAIR IE , L A. 70002 

SVERDRUP & PARCEL AND ASSOCIATES, INC. 
800 NORTH TWELFTH BOULEVARD ST. LOUI S, MISSOURI 63101 

ENVIRONMENTAL ENGINEERING 
air . water . solid waste . noise 

Boston · Charleston, WV • Gainesvi lle · Jacksonvi lle · Nashvi lle 
New York· Phoenix· San Francisco · Seattle· Silver Spring, MO· Washi ngton, DC 

._ ..... a·· COMPLETE ENVIRONMENTAL SERVICES: 
J .... ~ . .. _ , . , :. " Environmental impact statements .. . Pol luta nt em is · 

Stearns-R .;' sion, a ir qu al ity & water quality mon itoring ... Dis· 
" '" persion estimates ... Ecologica l consu ltin g _ .. 

Meteorologica l f ie ld studies & cons ulting services . Con tac t 

ENVIRONMENTAL SCIENCES DIVISION 
(303) 758-1122 

1190 Environmental Science & Technology 

P. O. Box 5888 
Denver. Colorado 80217 

Calspan 
Environmental 

Services 
Corll pl e l(' Waler All Solid Pollu tion 
Con tr o l S('rV I C(~S 

• R~ S f' ,H C h F nq l ll P(' l lnq <"Ind Consu l llnq 
• Procillc l F qtJl omenl <:Inri P rocess 

fV ;Jluill lu n s 

• f-i (> l rl and L:l t)O r 31 0 ry Invt~s t lq ~lt j ons 
alHJ S lllll JI ;)II O T1 

• [ nvlIonlll('n l ai I mpact A ssessment s 

Calspan Corporation 
I"l O Box 235 . Buffal o. N Y ; 4 221 

: 7 16 ' 632-7500. Exl 538 

'ENPR()XM 
SERVICE ANb:" ., 

CHEMICAL -' 
SYSTEMS ......... 

industrial water treatment 
pollution control ., 
ENVIRONMENTAL PRODUCTS DIVISION Of I I 

workIng wllh or'dusl11,,1 walE" 62 ~ea.s 

OAKITE PRODUCTS, INC.-~ 
BER KElEY HEIGHTS. N,J. 07922 • TlX 13866 1 

Comprehensive Capabil i ties 
in Environmental Studi es, 

Des ign and 
Construction Management. 

~ YORK RESEARCH CORP. 
TESTING - EVALUATION -CONSULTING 

• Sou rce Testing & Monitoring Systems 

• Combustion & Energy Engineering 
• Meteorological & Ambient Ai r Surveys 
• Environmental Impact Statements 
• Analytical & Fuels Laboratory 
• Engineeri ng Feasibili ty Studies 

• Waste Management 
• Certified Water Analysis Laboratory 

AIR - WATER-WASTE-NOISE 

I ?ne Research Drive - S iamford . Conn. 06906 (203) 325,'37: I 
7100 Broadway - DenYer. Colorado B0221 (303) 426· 1582 

USE THE 
CONSULTANTS' 

DIRECTORY 



professional consulting services directory 

SAMPLING & ANALYSIS 
Source' Water' Ambient Air 

fast, accurate service 

&ou.,/spectro.Chemical Laboratory 
POBox ~OO . Golden. Colo 80401 

(3031 279 ·6565 

~1'~('@iHl 
LABORATORIES INC. 

545 Commerce St Fro:!nklln L"kes, N J 07417 
201 3314774 201·8918787 

• Atomic Absorption • Optical Emission 
• Chemical • X.ray Spectrometry 

Complete Andlytlcdl Services for 
Er1Vlronmentdi Stud es & Pollut ion Control 

• Wdt~r Quality and Ma ri ne I n~c~t. i Jo\ ~lion\ . Chemi.'~ 1 
dnd ijlo l og l cdi l d bordl orlt~ . EnYlrOnmenldl SludltS 
184 9 Old 8<Jyshoft' 11 ..... 1, I ,~(I So. Ar(()yu Pkwy 
Burlingame, CA 94010 Pu\(}denu, ell 9/109 
Y·U Ne ..... ha/f Sl ret'l 428 II:I ~je .\((1'('( 

Cu _~I(} M(!}(J, CA 926J7 )un I fllnt"i.\W, ell 94103 

BURGESS ANALYTICAL 
LABORATORY 

Chemical Analyses 
For Enyironmental Studies 

And Pollution Control 

525 Ash land St. , North Adorns, MA 0 1247 
Tel. 41 3/663-6769 

CHARLES R VELZY 
ASSOCIATES, INC. 

CONSULTING ENGINEERS 
WATER POLLUTION CONTROL. SOLID 
WASTE DISPOSAL. AI R POLLUTION 
CONTROL. INDUSTRIAL WASTES. 

DRAINAGE. WATER SUPPLY 
350 Executive Boulevard 

Elmsford, New York 10523 
Mineola New York Bab Ion New York 

Environmental Engineering 
Industrial-Municipal- Water- Sewage 

Solid Wastes Management 
Air Pollution Control- Power Engineering 

Gibbs e Hill. Inc. 
ENGINEERS, DESIGNERS, CONSTRUCTORS 

393 Seventh Avenue, New Yor k NY 10001 

GreenVille. South Carolina 29606 e 1803) 27 1·9350 
Houston, Texas 77027 . (713) 627·2050 

Ra leigh, North Caro lina 27607 . (919) 782·8900 

ENGINEERS SINCE 1902 
AN EMPLOYEE OWNED COMPANY 

~~ 
CAMP DRESSER & McKEE Inc. 

Env ironmental Engineers 

Boston ' New York· Wash ington · Denve r 
Pasadena · Ft. Lauderdale · Atl anta 

Ch!!m,c<ll Jnd En.lfonmpnlal p,uc!!~~e~ Dep.1IIm!!nl . or 
RRC Inle,nal ,on.ll. Inc . 174 W"de R""d / Ll l h~m. N.Y 12110 

BLACK & VEATCH / CONSULTING ENGINEERS 
COMPLETE ENGINEERING SERVICES FOR POLLUTION CONTROL 
AIR • WATER • WASTEWATER • INDUSTRIAL WASTES 

SOLID WASTES • ENVIRON MENTAL PLANNING 

1500 MEADOW LAKE PARKWAY, KANSAS CITY, MISSOURI 64114 
DALLAS. DENVER. ORLANDO' NEW YORK. SAN FRANCISCO. WASHINGTON D.C. 

HENNINGSON, DURHAM & RICHARDSON 
ENGINEERING. SYSTEMS. PLANNING. ECOSCIENCES 

Complete Services in Planning and 
Design of Pollullon Conlrol Facililies 

Atlanta. Charlotte. Chicago. Dallas . Denver. Helena. los Angeles . Minneapolis 
Norfolk· Pensacola . Phoenix . Santa Barbara. Seattle. Washington, D.C. 

B404 INDIAN HILLS DRIVE 
Omaha, Nebraska 68114 (402) 399·1000 

CUT REGULATORY 
PROBLEMS WITH PLANNED 

ENVIRONMENTAL PROGRAMS 

a 
50 years of technical 
service to Industry 

• Water Pollution 
Measurement 

• Stack Testing 
• Ambient Air 

Sampling 
• OSHA Compliance 
• Solid Waste 

Management 
• Energy Planning 

FOSTER D. SNELL, INC. S,b"di"yof 
BOOZ. ALLEN & HAMIL TON INC 

Hanover Road. Florham Park 
New Jersey 07932 1201) 377-6700 

Walter S. Sm' t h PreSident 
P. O. SOK 12291 , RTP 

Durham. N .c. 27709 

9 19/781·3550 

Pyrolysis 

't' PECIAUBTB IN 

9 DUReE 

• AMPLINO 

53 South Broadway 
Yonkers. New York 10701 

914/423·8721 

Waste Gasification/Combustion 
Waste·to·Energy Systems 

K. T. Lear Associates, Inc. 
POBox 1431-Manchester, CT 06040 

12031 647 9795 

<®1OJw ANAlYTICAl & PHYSICAL 
. .. MEASlNMENT SERVICE 

We oller: 
- Measu remenlS 
• Method Development 

ResearCh 

DuPont Co. 
E ~perimental Slalion-269 

Re laling 10 : 
- OSHA Comp irance 

Air Analyses 
10 Genera l All 

Oualtty Measu remen lS 

Wilminglon , DE 19898 (302) 772-2821 

MA NO II::STER LABORATORI ES. INC. 

WAlE!< POl.LUTION CONTROL 
All{ POLLLJTIO:"ll CONTROl 

CHEM ICA l . PROCESS ENGI:"IlEEHING 
CHEMICAL ANAL ¥S I.s 

10;' N"nh Fr;lnklil1 .\1. 
M'il H:hl"~t<·r. 1"\\;1 S:?0.5 7 

Post OfficI.' Box bS 
(J I'~ )9n·S I1 5 

·GREELEY AND HANSEN 
ENG INEERS 

STUDIES. DESIGNS AND 

CONSTRUCTION SERVICES FOR WATER, 

WASTEWAT ER AND SOLID WASTES 

222 S. RiverSide Plaza. Chicago. Il 60606 . (3121-64B-1155 
New York 10007 Philadelphia 19103 
Richmond 23230 Tampa 33607 

Laboratory and Process Development 
Industr ia l Waste Water Control 
liquid and Solid Incinerat ion 

Ai r Pollution Control 
In·plant Con trol and Process ModIf icatIOns 

Desa linat ion 

CATALYTIC 
INC. 

Consui lants . Engineers . Co.nstructors 
Environmental Systems DIvISion 

Centre Square West, 1500 Market Street 
Philadelphia, Pa. 19102. 215- 864-8000 
Charlotte, N.C. 28209, 704-525-8220 

MARKETING & 
TECHNICAL SERVICES 

• FILTRATION, SEPARATION. & PUR· 
IFICATI ON 

• SHEET FILTER MEDIA 
• PAPER SATURATION. COATING. & 

TREATMENT 
Complete fac ilities and qualified per

sonn el avai labl e for successful com
mercializat ion of any stage fr om re
search through fin al production and 
initial sales_ 

For more inform ation , write 
G. T. Cartier 
Gorham International, Inc. 
Gorham, Maine 04038 
(207) 892·6761 

GORHAM INTERNATIONAL-A conf;· 
dential technical an d m ark etin g R&D 
contractor. 

AIR & WATER 

STACK & EXHAUST TESTS 
CONSULTING. LABORATORY 

Particulates. Aerosols. Odor 10 Smoke 

Ora;~i.c~h:::,rc:r A::l:sSe~rg~s~~~~~es 
"TEST IT FIRST SO YOU REALLY 
KNOW WHAT THE PROBLEM IS" 

ROSSNAGEL & ASSOC. 
L 

Engineering & Testing Consultants 
1999 RI. 70, Cherry Hill, N.J. 08003 

(609) 424·4440 
250 Arizona Ave., N,E. Atlanta, Ga . 30307 

(404) 377·4248, 4249 
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CLASSIFIED SECTION 
• POSITIONS OPEN 

FIVE POSITIONS OPEN AT THE 
ACADEMY OF NATURAL SCIENCES 

OF PHILADELPHIA 
GEOCHEMIST -interest and experience in the mi
gration of nutrient elements from the watershed into 
river systems. Fresh water or estuarine training es
sential. FISHERIES ECOLOGIST-population dy
namics, census methods of adult and juvenile fish, 
multi-species interactions and statistical design of 
field programs. MATHEMATICAL ECOlOGIST
with experience in population dynamics, competion, 
predator prey, and multi-species interaction models . 
ESTUARINE ECOLOGIST-training and experience 
in Irophic-dynamic approaches in estuarine ecosys
tems, and an interest in developing conceptual mod
els in estuaries. FISH TAXONOMIST-knowledge of 
freshwater, estuarine or marine fish taxonomy and 
collecting techniques . All applicants must hold a 
Ph.D. and have demonstrated competence in re
search. An interest in solving environmental related 
problems is highly desirable. 

Applicants should submit curriculum vitae to: DI
rector, Division of limnology and Ecology. Acade
my of Natural Sciences, 19th and the Parkway, 
Phila., Pa. 19103. An Equal Opportunity Employer. 

ASSISTANT SUPERINTENDENT SEWAGE 
TREATMENT-SALARY: Up to $24,842 per year. 
Perform responsible technical and supervisory work 
in the operation, maintenance and repair of munici
pal sewage treatment plants. An applicant should 
have the equivalent of the following training and ex
perience: Graduation from a college or university of 
recognized standing with a degree in civil, chemical 
or sanitary engineering, or related subjects. Eligible 
or certified for class "A" plant operation by Michigan 
Department of Public Health. Seven to ten years pro
gressively responsible experience in the operation of 
secondary sewage treatment facilities with last five 
years at management level. Send resume noting ed
ucation and experience to Pontiac City Hall, Person
nel Division, G-5, 450 Wide Track Drive, East, Pon
tiac, Michigan 48058. An Equal Opportunity and Af· 
firmative Action Employer. 

ENVIRONMENTAL ENGINEERING-Assistant Professor; involves 
teaching, research and student thesis/research advising with p~~. 
mary emphasis in design of water and wastewater treatment faCIli
ties and associated appurten~nces . A working knowled~ of re
cent developments in the field IS essential. Interest in munIcipal and 
industri",1 waste treatment, and/or hydrology and hydraulic engi
neering preferred. f>!1.0. r~quired: must be articulate bef?re a 
group. Position available Immediately . Salary open . Applicants 
should send a complete resume to: 0,. Hugh T. Spencer, Program 
Chairman. Environmental Engineering, Speed ScientifiC School, 
UnIversity of loulsvi1le. Louisyille. KY 40208. An Equal OpPOflu. 
nity/Alfirmative Action Employer 

ENVIRONMENTAL ENGINEERS 
Immediate opening for engineers to perform envi
ronmenlal. sanitary. or water resources problem 
analysis. Requires a BS or MS + 2- 3 years expe
rience in water quality management or modeling 
studies. Submit resume in confidence to: Dr. Carl 
W. Chen, Tetra Tech, Inc., 3700 Mt. Diablo Blvd., 
Lafayette. California 94549. Equal Opportunity 
Employer 

CLASSIFIED ADVERTISING RATES 
Hatf' hasecl on lIumber of insert.ions used within 
12 months from d<tte of firsl insertion and not on 
t he numher of inches used . .space in classified 
advertisin~ eannot be cOlnl~ined for frequen cy 

~~~ltle~{~nl~t~~v~~li~it~~~s~~~i;~fiecl advertising ac· 

Unil l·T 3·T 6·T 12·T 24·T 
1 inch $55 $53 $51 $49 $47 
(Cheek Classifier! Advertising Department. for 
rates if advNtiseml'nl is lar!(er tha n 10".1 
SHIPPING INSTRUCTIONS: 
Send all material to 

Enylronmental Science'" Technology 
Classllied Adverll~ng Department 

SO West State St., Westport, CT. 06880 

1192 Environmental Science & Technology 
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The Chi oda 
TBORO OBBBI 
Flue Gas DesulfurizatioD Process 
... best of the breed In 1971, Chiyoda introduced the Chiyoda 

THOROUGHBRED 101 Flue Gas Desulfurization 
Process- a more economical, more effective way 

to keep the air free of sulfur and other pollutants from power plants, 
steelworks, refineries, sulfur plants and smelters. 

For fu rther information write to: 
Chiyoda International Corporat ion 
1300 Park Place Building, 1200 6th Ave , 
Seattle , Wash. 98 101 

~ 
R[SPONSIBLE. <.,L()RA/. LNCIN LUUNC 

CHIYODA CHEMICAL ENGINEERING 
& CONSTRUCTION CO" LTO. 

Yokohama , Japan . Telex: CHIVO J47726 

Installations incorporating the THOROUGHBRED 

Thirteen installations based on the process are already on stream. 
Others are scheduled for completion during 1975. Among these, 
Chiyoda completed a gigantic 350 MW capacity plant for Hokuriku 
Electric Power Co., Inc. 

The Chiyoda THOROUGHBRED 101 Flue Gas Desulfurization 
Process is just the first in a series of pollution control processes 
being developed by Chiyoda's environmental research task forces. 

Here's what the Chiyoda THOROUGHBRED 101 offers: 
* Continuously stab le operation- no slurry is used in the absorber, so there's no 

clogg ing. .' . . 
• Operati onal fl exibil ity-the process fea tures continuous operability compatible 

with flue gas load fluctuat ions. 
• High efficiency- approximately 97 % desu lfuri za ti on is obtained . . 
• Simple process flow-tota l investmen t and operational cos ts are low. No specia l 

chemica ls or uti l it ies are needed. 
• Allows use of low grade fuels- the process is so effecti ve it can trea t such low 

grade fu els as vacuum residue. 
• Gypsum by-product- nothing comes out of th e system except th e trea ted gas 

and chemicall y stab le gypsum. 

Inc. (250M W) 

Client Capacity, scf/m (MW) 

Nippon Mining 20,800 

Fuji Kosan 98,000 

Mitsubishi Rayon 56,000 (30) 

Tohoku Oil 
Hokuriku El ectric Power 
M itsubishi Petrochemica l 
Daicel 
Amagasak i Cokes 
Mitsubishi Chemica l Industries 
Mitsubishi Petrochemica l 
Hokuriku Electric Power 
Gulf Power 
Denki Kagaku Kogyo 

8,800 

467 ,000 (250) 
435,000 (230) 

65,200 (33) 

15,500 
250,000 (135) 
94,000 (49) 

652,000 (350) 

53,000 (23) 

'76 ,000 (40) 
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Florida 
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Tokyo Office: Hibiya Kokusai Bldg., 2-3 Uchi sa iwai -cho 2-chome, Chiyoda-ku , Tokyo 100 Overseas Offices: U.S.A.: ChiYoda Internat ional Corporation 
England : Chiyoda Representative Office Singapore: Ch iyoda Singa pore (Pte) Limi ted Malaysia: Ch iyoda Malaysia Sd n. Bhd. Iran: Chlyoda Iran Co. 
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Now You Can 
Identify Practically 
Every Particle ... 
using the complete information on 
particle analysis - by light microscopy 
as well as transmission electron 
microscopy and SEM provided in THE 
PARTICLE ATLAS EDITION TWO by 
Walter C. McCrone and John Gustav 
Deily of McCrone Associates. This 
4-volume, 1,13S-page set tells you 
everything you need to know for the 
whole job - of identifying and analyzing 
any unknown particle. It is a several-fold 
advance over the first edition. Its total 
content is greater for an expanded 
technology, its scope, its depth fantastic 
by comparison with any other reference 
you can find. 

Its extensive SEM coverage adds an 
entire new dimension, bringing much 
higher magnification, far greater depth 
of field. 

THE PARTICLE ATLAS EDITION 
TWO gives you complete techniques, 
tables and charts, the full range of 
accurate light photomicrographs (total 
709) in full color, and SEMs of most 
particles you can find. 

The Particle Atlas Edition Two will 
identify ... Most of the dust in city air 
or rivers and lakes, iri settled dust or silt 
- dust in industrial plants, offices, even 
clean rooms - contaminant particles in 
foods, fertilizers, pharmaceuticals, paint, 
paper, plastics - particles from 
photographic film, integrated circuits, 
fuel nozzles, hydraulic fluids. 

Particles Shown Represent These Categorie~ 
Biologicals 
Abrasives and Polishes 
Polymers 
Fibers 
Fertilizers 
Combustion Products 

The 4 Volumes Are .. . 

Catalysts 
Detergents and Cleaners 
Food, Drug Processing 
Rocks and Minerals 
Cements 
Miscellaneous Industrial 

1. Instrumentation and 4. Handbook for Analysts 
Techniques Each volume is indexed-

2. Light Microscopy Atlas volume 4 has a cumulativE' 
3. Electron Microscopy Atlas index of the entire set 

Total illustrations: approximately 2,700. 356 ordinary line 
figures and photographs. 1,138 pages (9x12" ). 4 volumes 
individually slip-cased. Every word, every picture is new. 

The Set Cat. No. 0100 Regular Price $ 2 4 

NOW SAVE 20% =£0 
$192.00 'til Jan. 10 

____ Must Be Pr 
To Obtain DlSCount-

Ask for more information, or order on 15-Day Approva 

~~ANN ARBOR SCIENCE 
~ P.O. BOX 142:~B~~~E~~~o~ , MICH . 48106 
"'" CIRCLE 16 ON READER SERVICE CARD 
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