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To treat municipal 
water, control pH, and 
neutralize wastes, 
nothing is better and 
cheaper than 
Pfizer quicklime. 

Upper photo: Pfizer limestone quarry in 
Canaan, Conn, Lower photo: Modern 
waste water treatment plant in Easton, Pa, 

Lime is a product of interest to every chemist and engineer, 
every official and executive, concerned with water purification 
and waste treatment. Pfizer's quicklime has a host of desirable 
properties for those purposes. 

Produced under strict quality controls, from exceptionally 
pure limestone deposits, it is granular, free flowing, and virtually 
dust free. It has high-available calcium oxide, chemical 
uniformity, fast and controlled reactivity. 

Pfizer quicklime is readily available from our plants from 
New England to California. Further information about it, and 
helpful data of slaking systems, may be had on request. 
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CURRENT RESEARCH 

Hydrocarbon composition 01 urban air pollution 229 

W. A. Lonneman, S. L. Kopczynski, P. E. Darley, and F. 
D. Sutterlield 

Air samples from New York and Los Angeles are evaluated for 
ambient concentrations of hydrocarbons and oxides of nitrogen. 
Data of this type are essential for plann ing control strategies to 
meet the 1975 hydrocarbon air quality standards. Methods are 
presented for estimating vehicular hydrocarbons in an ambient 
atmosphere. 

Adsorption 01 2,4-0 Irom aqueous solution by a lulvic 
aCid-clay complex 236 

S.U.Khan 

Data of 2.4-D adsorption from aqueous solution on an 
organoclay compleX' are presented in terms of the Freundlich 
adsorption isotherm. Relatively low heat of adsorption values 
indicated a physical-type adsorption. 

Hydrogen sulfide adsoprtion by manganese dioxide and 
activated carbon 238 

J. L. Hudson, E. H. Johnson, D. F. S. Natusch, and R. 
L. Solomon 

Hydrogen sulfide was adsorbed in beds of active manganese 
dioxide impregnated on sawdust and of activated carbons. 
Efficiencies for H,S removal were measured as a function of 
several variables. The capacity of the MnO, -sawdust bed was 
four times that of the activated carbon. 

Lead, Cd, Zn, Cu, and Co in streams and lake waters 01 
the Cayuga Lake Basin, New York 243 

Joe Kubota, E. L. Mills, and R. T. Oglesby 

For insight into natural background levels of elements in 
streams. 12 rural tributaries to Cayuga Lake were examined for 
trace metals. Concentrations due to normal geochemical 
processes and soil weathering were generally low. Streams 
flowing through Ithaca. N.Y .. showed increased levels of trace 
elements in suspended particulates. 

Characterization 01 crude, semirelined, and relined oils 
by gas-liquid chromatography 249 

M. E. Garza, Jr., and Jerald Muth 

Dual response gas-liquid chromatography is used to analyze 
crude oil samples from different sources. It is shown that 
artificially "weathered" oils have the same chromatograms as 
samples from actual spills. Sources of lubricating and fuel oils 
can also be identified by this procedure. 
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Migration and redistribution 01 zinc and cadmium in 
marine estuarine system 255 

C. W. Holmes, E. A. Slade, and C. J. McLerran 

Unusually high levels of zinc and cadmium in Corpus Christi Bay 
are the result of interaction between the bay and the adjoining 
harbor. Summer stagnation preCipitates the metals in the 
harbor. and the increased rate of water exchange in the winter 
redissolves the deposits and washes them into the bay. 

Poisoning 01 vehicle emiSSion control catalysts by sulfur 
compounds 260 

N. A. Fishel, R. K. Lee, and F. C. Wilhelm 

Effects of sulfur combustion products on a copper-chromium 
alumina vehicle emission catalyst are described. Sulfur 
accumulation is more detrimental to the catalyst than lead or 
phosphorus. Under proper conditions. however. the copper
chromium alumina catalyst potentially meets the 1976 EPA 
standards. 

NOTES 

Aqua regia lor quantitative recovery o' mercuric sulfide 
.rom sediments 267 

L. W. Jacobs and D. R. Keeney 

An aqua regia digestion procedure is described which 
quantitatively recovers reduced mercury compounds from river 
and lake sediments. Both KMnO. and K,S,O, must be included 
to completely recover HgS and five other mercury compounds 
implicated in mercury transformation and pollution. 

This issue contains no papers lor which there is supplementary material in micro
form. 

Credits: 195. C&EN's Fred Zerkel : 196, Dames & Moore: 199. American Air Filter Co. , 
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The 
Flue Gas DesulfurizatioD Process 

best of the breed th~US~hi~:~a \e~~R~toGH~;~bod~Olin~~~~u~ea~ 
• • • Desulfurization Process - a more economical, 

RESPONSIBLE, GlOBAl ENGINHRING 

~ CHIYODA CHEMICAL ENGINEERING 

Yokohama, Japan . &~~~e~TR~~~~NJ~~'~!~' 

more effective way to keep the air free of sulfur and other 
pollutants hom power plants, steelworks, refineries, sulfur plants 
and smelters. 

Five installations based on the process are already on stream. 
Others are scheduled for completion during 1974. And Chiyoda is 
now working with Hokuriku Electric Power Co., Inc. on a gigantic 
652,000 scf/m. capacity plant. 

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 stable operation- no slurry is used in the absorber, so there's no 

clogging, 
• Operational flexibility-the process features continuous operability compatible 

with flue gas load fluctuations, 
• High efficiency-approximately 97% desulfurization is obtained, 
• Simple process flow-total investment and operational costs are low, No special 

chemicals or utilities are needed, 
• Allows use of low grade fuels - the process is so effective it can treat such low 

grade fuels as vacuum residue, 
• Gypsum by-produc,t-nothing comes out of the system except the treated gas 

and chemically stable gypsum, There is no waste stream, 

Fu;i Kosan Co" LId. Nippon Mining Co" LId, Tohoku Oil Co" LId, 

Installations incorporating the THOROUGHBRED 1011=;.".""l' .... ""'-
Client Capacity (sd/m ) Gas Source 

Nippon Mining 20,BOO Claus Sulfur Plant Mizushima 
Fuji Kosan 98,000 Oil-Fired Boiler and Claus Sulfur Plant Kainan 
Mitsubishi Rayon 56,000 Oil-Fired Boiler Otake 
Tohoku Oil 8,BOO Claus Sulfur Plant Sendai 
Hokuriku Electric Power 467,000 Oil-Fired Boiler Toyama 
Mitsubishi Petrochemical 435,000 Oil-Fired Boiler Yokkaichi 
Daicel 65,200 Oil-Fired Boiler Aboshi 
Amagasaki Cokes 15,500 Industrial Incinerator Hyogo 
Mitsubishi Chemical Industries 250,000 Oil-Fired Boiler Yokkaichi 
Mitsubishi Petrochemical 94,000 Oil-Fired Boiler Yokkaichi 
Hokuriku Electric Power 652,000 Oil-Fired Boiler Fukui 
Gulf Power 53,000 Coal-Fired Boiler Florida 
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EDITORIAL 

Earthwatchlng: a new pastime 
Good monitoring news comes from Nairobi, Kenya- ' 
headquarters for the United Nations Environment Program 
(UNEP). At last month's intergovernmental meeting on 
monitoring the consensus was that monitoring is one of 
the first functions necessary for sound management of the 
environment. Of course, monitoring is not the only 
function; the other three, at least according to the 
consensus, are evaluation of, research into, and exchange 
of information about the state of the environment as a 
basis for its management. 

The Global Environmental Monitoring System (GEMS) 
is big monitoring at its best. And while the collection of 
data is left mainly to the responsibility of national 
authorities, the role of GEMS includes formulation and 
review of internationally agreed programs, coordination of 
national and international efforts, and assistance to 
governments. 

The first part-the determination of the variables to be 
monitored and identification of the media in which each is 
to be monitored-is the easiest, or so it would seem, and 
this has been done (see p 215 in this issue). But the real 
challenge lies ahead-evaluation of the feasibility and 
cost of monitoring a variable with adequate precision and 
accuracy. 

What must not happen is any monitoring slowdown 
waiting for the "agreed upon" method. Or better in the 
words of the report of an interagency working group on 
monitoring for the development of GEMS: "One 
requirement . .. is common to all; the results of 
measurements or observations have to be comparable 
even when obtained by different operators and through 
different methods. The need, in other words, is to ensure, 
by the judicious selection and intercalibration of methods 
and by the determination of reference methods, that even 
without aiming at unnecessary analytical perfection, the 
results are not affected by major systematic errors or 
attributable to the observer or to other factors." 

UNEP is "a big order" indeed, Mr. Thacher. Monitoring 
is a necessary part and a first order of concern . We wish 
it well. 
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COlnS'lllaa's 
use our lor 10 supporl 

Ihe dala Ihey use 10 supporl 
Iheir clieDt's reporlsl 

Dames & Moore. Environmental Research 
and Technology. NUS Corporation. 
TRC-The Research Corporation of New 
England. Westinghouse. 
These air quality consultants have to take 
their measurements seriously. Whether they're 
taking them in trailers, in airplanes or in one 
of the many other difficult environments they 
contend with daily. And wherever their pollu
tion monitoring devices go, their calibrators 
must follow. We're happy to say the calibrator 
they take with them is our Model 8500. Not 
just the five firms listed here, but many others 
as well. Plus most state agencies and a large 
number of local governments. 

The Model 8500 is a self-contained versatile 
instrument that calibrates NO and CO by dilu
tion, N02, S02 and H2S with permeation de
vices. Up to four gases can be handled in one 
rack. For more information about the 8500's 
EPA-approved techniques, long-lasting 
PERMACAL®cylinders and remote control op
tion, contact Monitor Labs Incorporated, 4202 
Sorrento Valley Boulevard, San Diego, CA 
92121. Tel.: 714/453-6260, TWX: 910-337-1278. 
Model 8500 Calibrator, 
single gas models from $1.250. 

Other Monitor Labs products: 
Chemiluminescent NO. and 
Ozone Analyzers; Data 
Acquisition Systems. ~ 
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INTERNATIONAL 

Heavy metal pollution in the ground 
water of Teheran (Iran), originating 
from Pars Petroleum Refinery liquid 
waste, has been successfully treated 
by means of sodium hydroxide coag
ulation and tertiary treatment with 
activated carbon. This was impor
tant , since Teheran, short of surface 
water, derives some of its drinking 
water from underground strata, and 
essentially lacks sewers at present. 
The University of Teheran 'S N. Ra
zeghi and his team designed this 
water pollution control scheme. 

WASHINGTON 

In his recent energy message to 
Congress, President Nixon recom
mended a 2-year delay on stricter 
standards for automobiles and tough
er taxation of foreign profits by oil 
companies. In continuing his effort to 
achieve independence of foreign en
ergy pr6ducers, the President sug
gested financial assistance be given 

Nixon: energy message 

industries producing new sources of 
energy such as oil from shale and 
synthetic crude oil from coal. Other 
considerations that could have envi
ronmental consequences include the 
speeding up of licensing and con
structing of nuclear power plants and 
the expansion of outer continental 
shelf leasing for oil and gas explora
tion. 

GAO says the current level of federal 
funding for water pollution research 
and development will not enable the 
U.S. to meet 1985 standards. In a 
447-page report to Congress. the 

CURRENTS 

General Accounting Office said tech
nology is not being developed to 
achieve the elimination of pollutant 
discharges as specified in the 1972 
law. The report identified seven 
areas where improvements are need
ed. These include: determining how 
pollutants get into the water, what 
happens to them , and what their ef
fect is; minimizing the cost of treat
ing municipal sewage; and control
ling pollution from industrial and non
point sources. During 1969-73, the 
federal government spent about $495 
million for water pollution R&D. 

On its list of environmental protection 
spending priorities, the public ranks 
sewage treatment first , industrial air 
pollution control second, and solid 
waste management third. These 
were the results of an opinion survey, 
"The American People and Their En
vironment-1973 ," conducted for the 
Environmental Protection Agency. 
The survey of the J. M. Yiladas Co. 
(Greenwich, Conn.) also found that 
persons under 30 and those 55-64 
were willing to pay more than other 
groups to improve the environment. 
It found that a majority of car owners 
reacted favorably to an increase of 
$150 per car to pay for antipollution 
devices, and that people are willing 
to pay an average increase of 22% 
for electriCity to control air pollution 
from generating plants. 

EPA Administrator Russell Train has 
recommended promotion of mass 
transit from revenue stemming from 
the windfall profits tax on oil com
panies. Speaking before the National 
Resources Conference of the Ameri
can Farm Bureau Federation, Train 
explained that the profits tax should 
be used in a way to cut fuel demand 
as well as to increase supply. He 
said as long as the highway trust 
fund exists there should also be a 
transit trust fund. I n another develop
ment, Train announced that the EPA 
is eliminating parking surcharge reg
ulations from transportation control 
plans. He noted that the Energy 
Emergency Bill includes provisions 
forbidding the imposition of parking 
surcharges by the EPA. 

The widespread concentrations of 011 
and plastic contaminants in waters 
found last year by the Commerce 
Department over 700,000 mi2 of East 
Coast oceanic waters have been 
confirmed in a repeat survey. Analy
ses recently completed also reveal 

that most of the tar clumps cluttering 
the ocean environment from Cape 
Cod to South America are character
istic of oil wastes dumped from ships 
and tankers. Conducted by the Na
tional Oceanic and Atmospheric Ad
ministration's National Marine Fish
eries Service, the studies have not 
yet pinpointed the origin of the plas
tic particles. They say, however, they 
do not seem to be harmful to imma
ture fish. Not yet determined is 
whether larval and juvenile fish popu
lations are harmed by the oil. 

Interior Secretary Rogers C. B. Mor
ton is trying to interest industry in co
sponsoring a $2-million experimental 
plant in Oregon to convert lumbering 
wastes to low-sulfur oil. An appro
priation of $1 million has been estab
lished for the experimental facility. 
The rest must come from private 
funding. The process for extracting 
oil from wood refuse and other or
ganic wastes was developed by the 
department's Bureau of Mines as an 
outgrowth of experiments on better 
ways of using coal for clean energy. 
Basically, the wastes are treated with 
carbon monoxide and steam under 
high temperature and pressure. En
couraging yields also have been ob
tained from treating garbage, waste 
paper, agriculture wastes, and live
stock manure. 

STATES 

A new system for funding wastewater 
treatment plants in Pennsylvania has 
been approved by the state's Envi
ronmental Quality Board. Funding 
will be based on water pollution con
trol , stream segment priority, popula
tion affected and enforcement status 
instead of financial need and pollu
tion abatement potential. Projects 
not funded in a given year can no 
longer be moved into the next spot 
on the waiting list. All projects are 
re-ranked every year , and during the 
year ii additional funds become avail
able. The federal government will 
provide 75% of construction costs to 
eligible projects. 

The State of Illinois has the sole 
power to regulate land reclamation 
affected by surface mining. This rul
ing by the Peoria County Circuit 
Court came as a result of a suit filed 
by Midland Coal Co. against Peoria 
County. Midland Coal mines approxi-
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mately 16,000 acres in Peoria County 
and supplies the coal to public utili
ties in Illinois and Wisconsin. The 
county required Midland Coal to se
gregate prior to mining and replace 6 
ft of overburden whereas the West
ern Illinois Regional Council had rec
ommended that only 1 ft of topsoil on 
row-crop lands be removed and re
stored. The coal company has also 
filed suit against Knox County for 
similar reasons. The coal from Mid
land's Knox County mine is shipped 
to Iowa for utilities' use. 

Wisconsin citizens can be environ
mentally educated at home. Its state 
EPA has developed a "home training 
course" consisting of printed matter 
and tape which aid the understanding 
of complex new federal-state water 
quality laws, especially the effects 
the laws have on Wisconsin munici
palities and industries. As an intro
duction, a 2.5-day training seminar 
will be held in Chicago. Participants 
will learn how state laws and codes 
have been enacted to complement 
the federal statute. Course material 
can be borrowed from the district of
fices of the Wisconsin Department of 
Natural Resources. 

Alaskan school children are drinking 
RO-pure water. Now water does not 
have to be hauled by boat or sled. 
Instead, a reverse osmosis (RO) sys
tem is used to reduce the dissolved 
solids content of well water near the 
schools. Pilot projects as early as 
1971 found that the installation of Du 
Pont Permasep permeators costs 
about the same as the schools origi
nally paid for a year's supply of 
hauled clean water . Based on the 
success, an RO unit will be added at 
Barrow this year . The installation will 
provide 36,000 gal of water per day, 
26,000 for students and the rest for 
hospital and townspeople. 

The Impact of the new Cave Run 
Dam in eastern Kentucky on water 
quality is questioned by EPA. The 
Army Corps of Engineers is responsi
ble for the construction of the dam 
which began in 1965 and should be 
finished by year's end . After re
viewing the Corps's draft environ
mental impact statement, EPA has 
asked for some answers. The agency 
is concerned about the extent of the 
clearing of trees and underbrush 
around the reservoir (which may af
fect the color, taste, and odor of 
drinking water for the residents of 
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Morehead) and the bacteria and 
phosphorus levels in the reservoir. 
Frank Christ, a Corps environmental 
specialist, believes tne request will 
not present any problems. 

Monitoring atmospheric visibility 

Atmospheric visibility studies in Ari
zona, New Mexico, and Colorado are 
being conducted photographically by 
the consulting firm of Dames & 
Moore. One study centers on the ef
fect on the air of the Painted Desert 
and Petrified Forest of adding two 
250,OOO-kW generating units to a 
power plant at Winslow, Ariz. The 
other study covers the expected de
crease in visual pollution following 
the installation of new emission con
trol equipment to another power 
plant in northwest New Mexico on 
Colorado's San Juan Basin. The 
power plants are operated by the Ari
zona Public Service; Dames & Moore 
takes pictures hourly, seven days a 
week, for one month in every quarter 
of one study year , using the photo
graphic photometry technique. 

RESEARCH 

Carbon monoxide (CO) blood levels 
are influenced greatest by individual 
smoking habits and urban air quality, 
according to a Medical College of 
Wisconsin study commissioned by 
the Coordinating Research Council. 
The college surveyed samples of 

29 ,000 blood donors from 18 nation
wide metropolitan areas of varying 
size. Most nonsmokers in suburbs 
had the lowest CO levels (0.4-1.5%); 
suburban and urban smokers had the 
highest (0.6-9.5%); 90% of urban 
nonsmokers had 1.0-3.2% in Los 
Angeles and in Manhattan, 0.8-
2.3%. Overall, smokers had two to 
three times more blood CO than non
smokers. Even the highest CO levels 
are believed not to impair brain func
tioning , although that conclusion is 
not fully confirmed. 

TECHNOLOGY 

A fume less In-line degassing process 
for cleaning and degassing alumi
num, which uses harmless nitrogen 
gas under a salt-flux cover, was an
nounced by the British Aluminum 
Co., Ltd., of London, The process re
places normal chlorine treatment, 
and thus obviates chlorine-caused air 
pollution , as well as the need to in
stall expensive fume-scrubbing 
equipment. 

A petroleum waste digester removes 
more than 90% of waste oils, greas
es, and organic matter using a dried 
bacteria culture. Over 90% of biologi
cal and chemical oxygen demand is 
also removed, according to Wayne 
H. Coloney, Inc. (Tallahassee, Fla.), 
deSigners of the digester. The system 
is built at less than 25% of the cost 
of conventional systems; operational 
costs are reduced by more than 
50%. The digester has been in use at 
the Tamiami Trailways Bus Mainte
nance Depot, Tallahassee, since 
1970. With different bacterial strains, 
the digester can be used for many 
different waste programs, says the 
company. 

A closed-loop system for converting 
wood wastes into steam and activat
ed carbon at lumber, pulp, and paper 
mills has been patented by Robert E. 
S. Thompson (Guilford, Conn.). The 
steam is usable for product process
ing or electric power production . The 
activated carbon can filter mill ef
fluents. The new technique brings air 
and water pollution down to federal 
standards; cuts water use by 80-
90%; allows the 30% of a tree nor
mally wasted to be used as fossil fuel 
replacement; requires little space ; 
and can return the capital investment 
in 3-5 years through by-product 
value . 
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Ultrafiltration in metal washer cleanup 
COleelllnte 

Ultrafiltration may be a key to remov
ing hard-to-separate substances from 
water , and recovering these materi
als from the water for reuse. The 
method, with specially designed po
rous carbon tubes and propietary in
organic membrane coating, was de
veloped by Union Carbide Corp. The 
method permits recovery of such 
materials as paint pigment, textile 
size, machine coolants, detergents, 
oils, and other such materials, and 
afforded at the same time is control 
of water pollution. The system work
ing in an auto prepaint wash line 
helped save over 75,000 gpd of 
water , There is no theoretical limit to 
system capacity , according to Union 
Carbide. 

Enough oil, gas, and charcoal from 
abundant garbage, treated with a 
special microbe strain , to make the 
U.S. energy self-sufficient now may 
be possible, says Lyle Atkins of Wal
lace-Atkins Oil Corp. (Houston, 
Tex.). Atkins estimates that each ton 
of garbage, treated by his company's 
method , will yield 2.2 bbl crude oil 
($6/ bbl) ; 430 Ib charcoal (4ct / lb); 
10,000 ft 3 gas (60ct/ mcf, 500 Btu / 
ft 3); and 80 Ib tar ($30/ ton) . 

Graphite might find use as a solar 
energy collector, says Howard Palm
er of the Pennsylvania State Univer
sity. A thin slab of graphite would be 
installed in long, well-insulated pipes 
through which helium would be 
pumped. The sun's rays , collected by 
the graphite, would heat the helium 
10 1100°F; the helium would drive a 
gas turbine coupled to an electric 
generator. A 12% efficiency is esti
mated. According to Palmer, a net
work of helium pipes On a 4 X 5-mile 
parcel of desert could provide 1000 
MW of power, produce no pollution 
or waste, and use no water. 

Oil- Dirt COReeltrate disehllle 90 IPd 

INDUSTRY 

--+ --+ 

Recireulatllll 
cllceatrate 
3OO,pm 
100 psi 
160° F 

1 

The Air Correction Div. of Universal 
Oil Products Co. (UOP) announced 
the start-up of its first "hot" (600-
750°F) electrostatic precipitator (ep) 
at a 50-MW plant of Iowa Power & 
Light Co . (Council Bluffs, Iowa) . The 
ep is guaranteed to remove 99.3% of 
fly ash emissions from the low-sulfur, 
coal-burning plant. Normally, an ep 
works at 300-450°F, at which fly ash 
shows high electrical resistivity , and 
so degrades ep performance. Higher 
temperatures seem to reduce this re
sistivity sharply, so that the ep can 
achieve high fly ash collection ef
ficiencies with low-sulfur coal. Iowa 
Power & Light is installing three more 
UOP ep's at Council Bluffs and Des 
MOines. 

Re ynolds Metals Testin 

Robert F. Testin, Reynolds Metals 
Co. 's director of environmental plan
ning , told a California legislative 
committee that a switch to refillable 
beverage containers offering energy 
advantages over nonrefillables "sim-

ply doesn't hold water." He said that 
a conversion to refillables would cost 
the nation's economy $10 billion. En
ergy savings would be 0.19% at best, 
160,000 jobs would be lost, and sec
ondary packaging and transportation 
needs and expenses would soar. 
Also, the amount of deliverable bev
erage per gallon of gasoline used to 
transport it would be halved. 

Wheelabrator-Frye, Inc. (W-F) re
cently installed a unique air pollution 
control system at the Harriman Plant 
of Tennessee Forging Steel Corp. 
The uniqueness lies in the steel com
pany's desire for total responsibility 
for air emission quality; not just inter
est in engineering or hardware. The 
W-F system handles 140,000 ft3 of 
dust-laden smoke per minute, using 
50 hp motor-driven fans that draw 
the smoke through a 64-in. duct to a 
1 O-module W-F fabric filter. The dust 
is then collected with Dacron bag
type fiiters. Total cloth area is 54,200 
1\2. The steel plant's furnace pro
duces over four tons of dust per day. 

A hydrogen-powered Chevrolet has 
been unveiled by Billings Energy Re
search Corp. (BERC, Provo, Utah). 
The hydrogen can be provided by liq
uid hydrogen (LH) or by " hydride," in 
which hydrogen is stored in iron tita
nium in a speCial container . Roger 
Billings, BERC's president, estimated 
that LH operating cost would be 
2.5ct / mi (gasoline, 50ct / gal would be 
3.5ct/mi) at 14 mi/ gal. The car can 
easily be switched to gasoline and 
back to hydrogen , and with hydro
gen, would exhaust "fog" instead of 
"smog," and would surpass federal 
emission standards. Possibilities of 
fire casualties are considered to be 
remote. 

Under its special low-cost antipollu
tion loan program, Chemical Bank 
(New York, N.Y.) granted a loan to 
Warrensburg Board & Paper Corp. 
(Warrensburg, N.Y.) for a water pol
lution control system. The system will 
contain a primary classifier, sand fi l
ter, trickling filter tower, final classifi
er, chlorine contact chamber, and 
drying bed. Usable paper stock will 
be recycled. Chemical Bank has 
loaned over $25 million in its pro
gram so far ; the program started with 
nonprofit loans to landlords and ten
ant groups to update incinerators and 
oil burners and to install garbage 
compaction units. Interest rates are 
somewhat below normal commercial 
rates-i.e., below 9%%. 
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Here they are, the Thermo Electron gallery of pre
cision instruments for measurement of source and 
ambient levels of NO, NOx and SO •. We Read You! 
Low Range! High Range! Table models, rack mounts, 
sliding drawers. Whatever the range you wish to 
measure, whatever your mounting requirement may 
be, Thermo Electron can provide a standard use 
proven instrument to comply with your specific re
quirement. 

These instruments are linear, interference free, and 
stable, providing unattended monitoring for extended 
periods of time. These analyzers have established 
themselves as the standards of the monitoring and 
measurement technology. 
They are available for delivery in less than one 
month from the time we receive your order. 
Technical information, performance data, and ap
plication notes are available on request. 

Environmental Instruments Division 
THERMO ELECTRON CORPORATION 

85 First Avenue 
Waltham, Mass. 02154 (617) 890-8700 

Circle NI. 1. I" Itaders' Service Clrll 
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INTERVIEW 

American Air Filter's Jesse Shaver 
What is the sales breakdown for AAF 
business? Since its formation in 
1925, AAF's main thrust has always 
been toward designing and manufac
turing products and systems for con
trol of environmental air. Today, 
AAF's general activity encompasses 
air pollution control, air filtration, 
noise pollution control, and air condi
tioning, heating, and ventilation. The 
company keeps no separate figures 
for these activities because it fre
quently occurs that orders will in
clude air filtration equipment and air 
pollution control equipment as well 
as heating, ventilating, and air condi
tioning equipment on the same job. 
Sometimes noise pollution control is 
also included. Because these activi
ties are intertwined, sales are not 
broken down into separate catego
ries by function. There is no mean
ingful method of separating orders by 
types of products. 

What is the fastest growing segment 
of the business? All categories have 
had substantial growth and it appears 
they will continue to expand in the 
future. My guess is that what is de
fined as air pollution control probably 
is growing faster than the others. But 
it is not a runaway race, other areas 
are moving ahead as well. With a 
field like noise pollution control, 
which started from a small base, the 
rate of increase is quite good. In air 
conditioning, recent developments in 
energy-conserving systems have pro
duced good growth. 

As to air filtration, a little back
ground might be helpful here. Air fil
tration has been on a growth curve of 
its own since the mid-1920's. At first, 
AAF predecessor companies had dif
ficulty in establishing the concept of 
air filtration . Prospects found it diffi
cult to understand the advantages in 
relation to the cost. In 1929 when 
the AAF name came into the field 
with the consolidation of four com
panies, there were two major classes 
of customers-automobile finishers 
and department stores. The former 
were interested because they had to 
apply as many as a dozen coats of 
finish. It was necessary to keep sur
faces dust-free during the slow 
drying of each coat. 

Department store owners were 
quick to recognize that air filtration 

reduced merchandise soilage, allow
ing it to be kept on shelves longer. In 
such stores air filtration systems 
could pay for themselves in a matter 
of months. Gradually others began to 
recognize the advantage of good air 
filtration systems. 

Now, the basic advantages of air 
filtration are beginning to be more 
generally recognized. Today, air fil
tration systems are being used in 
food processing, textiles, clean 
rooms for electronics, and even 
motor rooms in steel mills. However, 
there are still large buildings being 
constructed today with inadequate 
air filtration systems. As you can 
see, AAF is involved in many facets 
of air quality control. However, rec
ognizing the interest of your readers 
in air pollution control, I would like to 
channel my remarks toward the air 
cleaning segment of our business. 

What is the rationale for industry to 
clean up in light of the current ener
gy crisis and resources consider
ations? I believe there is a fallacy 
current with the public in relation to 
air pollution versus the energy crisis 
and resources considerations. People 
appear to believe that air pollution 
control is going to be relaxed and 
that standards will be abandoned. 
This is erroneous. The pressure for 

and the needs to correct air pollution 
will not change. Although the pollu
tion controls most familiar to the 
public, the automotive pollution con
trols, reduce efficiency in relation to 
the energy consumed, the same is 
not true of industrial pollution con
trols. In this latter area, there is rela
tively little sacrifice of operational ef
ficiency by the installation of con
trols. Indeed, in some cases, you 
can recapture otherwise wasted re
sources which can then be recycled. 
As an example, AAF has a system 
allowing steel mills to collect gases 
generated by oxygen steel conver
sion, then recycle the gases as fuel. 

I personally do not see much fu
ture relaxation in the codes. The pos
sible exceptions are one or two areas 
where changes would have been re
quired. in any event. One is the pre
viously mentioned automotive area. 
However, this is not of AAF interest. 

Another area where there may be 
some modification, one which is of 
definite interest to AAF, is the S02 
requirement for electric utilities and 
large industrial fossil-fuel burning 
plants. From the time the codes were 
published, many people in the air 
pollution control industry believed it 
would be virtually impossible to meet 
all the requirements under the estab
lished timetables. Consequently , it 

Jesse M. Shaver is president 
and chairman of the board 
of American Air Filter, one 
of the world's largest sup
pliers of systems and tech
nology for improving the 
quality of air. The 54-year
old executive tells ES&T's 
Stan Miller that AAF is an 
international company with 
23 foreign subsidiaries, has 
been in business 49 years, 
and has doubled in sales 
since 1968. AAF's corporate 
motto, "Better Air Is Our 
Business," very well de
scribes the company's basic 
and practically exclusive in
terest in improving air. AAF 
systems do nearly every
thing one can do to air
clean it, filter it, heat it, cool 
it, move it, silence it, and 
change its moisture content. 
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AAF profile at a glance 
(million of dollars) 
150 

100 

50 

1971 1972 1973 

AAF milestones in air quality equipment 
1973 Acquired Dynapure mist collec

tors from General Dynamics 
Licensed for I RSI D-CAFL system 
of gas collection for basic oxygen 
steelmaking 

1972 Mobile bed contactors for S02 
control . 

1971 Acquired Pulsco noise attenuation 
and pressure pulsation systems 

1970 Acquired Elex electrostatic pre
cipitators 

1968 AMERpuise pulse cleaning cloth 
collector 

1967 Arrestall self-contained dust col
lector 

1962 Electro-Pak electronic air filter 

1960 Environmental control systems for 
Minuteman missiles 

1953 Introduced fabric collectors with 
AMER-jet reverse jet collector 

appears there will be forthcoming 
modifications in the deadlines, allow
ing a more practical time schedule 
for accomplishing the requirements. 

What sort of stretch-out do you fore
see? I believe an orderly approach 
needs to be taken to the problem, 
one that is in keeping with the finan
cial ability of the polluters and ca
pacity of the air pollution control in
dustry to provide the necessary sys
tems. Preferably, we at AAF would 
like to see the market increase on 
the order of 15%, 20%, or 25% each 
year, rather than expanding at an ex
plosive rate. Under the present time
tables , the industry would have to ex
pand immediately to something like 
an impossible 1000% or more each 
year just to meet the primary require
ments. Therefore, AAF looks for a 
time lapse of at least the next dec
ade or two before the principal air 
pollution problems are corrected. 
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1952 AMER-Clone centrifugal dust col
lector 

1950 Acquired Herman Nelson air con
ditioning, heating, and ventilation 
systems 

1939 IntrOduced electronic air cleaning 
with Electro-Matic self-cleaning 
electronic filter 

1935 Introduced wet collection systems 
with Type W Roto-Clone 

1932 Introduced dust collection in the 
U.S. with Type D Roto-Clone dust 
precipitator 

1929 American Air Filter Co. formed 
from predecessor Reed and three 
other companies 

1925 Reed Air Filter Co. established to 
manufacture air filtration equip
ment 

CLEANUP PROJECTIONS 

What then, is your prognosis for air 
pollution control cleanup progress 
over the six years remaining in this 
decade? I n the past half dozen years 
many estimates have been made by 
research firms, trade publications, 
and aSSOCiations, often based on im
precise figures. Frequently the same 
forecaster has doubled or tripled his 
estimate from one year to the next 
because of the very impreciseness of 
his previous figures. There still re
main several problems when one at
tempts to estimate this market over 
the next few years. 

One of the problems is that fore
casters seldom take into consider
ation the amount of money required 
to do the job, as well as the source 
of those funds. Billions will be re
quired. For example, in the area of 
S02 control alone, estimates of the 

cost have ranged as high as $30 bil
lion, and I do not recall seeing any 
less than $5 to $10 billion . In addi
tion, one must also take into consid
eration poteotial materials shortages, 
and a very real long-term shortage of 
engineers and other competent peo
ple needed to handle this type of 
work. They have to be technically 
trained first, then gain on-the-job ex
perience. I believe considerable 
progress will be accomplished over 
the remaining six years of this dec
ade; however, the biggest part of the 
iceberg will remain to be done in the 
1980's and beyond. 

TECHNOLOGY 

When will utilities begin to purchase 
502 stack gas cleaning systems? 
This is an area in which disagree
ment has been rife for some time. 
The federal government is of the 
opinion that the technology exists, 
and it is eager to move the utilities 
rapidly toward installation of this 
equipment. And, of course, environ
mentalists are vocal in their support. 
On the other hand, electric utilities 
argue that proved , reliable systems 
do not yet exist. They point out they 
are being pressed too hard and that 
the time is not yet right. There is 
truth in each position because, al
though there are exceptions, there is 
hardly any S02 system that presently 
operates on a continuous 24-hr 
basis, seven days a week. However, 
it is a fact that the technique for 
cleaning stack emission has been 
proved in the laboratory and in test 
installations. 

Utilities are usually managed by 
prudent businessmen who are cogni
zant of their shareholders and are 
careful in their money management. 
They tend to require substantiated 
evidence that their expenditures are 
actually going to meet the needs for 
which the monies are allocated . All 
along I have felt that utilities would 
like to install a test unit and closely 
observe its progress. After they are 
confident that the unit can actually 
achieve its purpose they would pro
ceed with further utilization, adding 
new units on a regular basis. 

How well is the AAF full-scale unit 
proceeding at the Green River gener
ating plant in western Kentucky? 
Have other AAF units been pur
chased by other utilities? The Green 
River project , a unit of Kentucky Util
ities, is an outgrowth of the pilot 
plant test we operated at Louisville in 
1971 and 1972 in cooperation with 
Louisville Gas & Electric and three 
other electric utility companies. The 
Green River project is to go opera
tional in 1975. As for other utilities, 



there is considerable interest in 
plants with proved . track records. 
Presently. we are in various stages of 
negotiation or discussion with more 
than 20 utilities. As I commented 
previously, the entire air pollution 
control industry should receive quite 
a few orders this year and an in
creasing number next year. We at 
AAF anticipate our fair share of 
these projects. We know what our 
system can achieve and are willing 
to contract on a guaranteed perfor
mance basis. 

SHOWCASE 

Can you cite a number of recent air 
pollution control projects in which 
the company is involved? AAF has 
many in our worldwide operations. 
The Soviet Union recently awarded 
AAF a $1.9 million contract for air 
pollution control equipment for what 
will be the world's largest foundry 
complex at the immense Kama River 
truck plant project in central Russia. 
We won the contract in competition 
with other international companies 
based on our experience, expertise 
and proven equipment. 

During the past few months, we 
also received a $3.5 million project 
at TVA's Johnsonville steam plant. 
This involves fitting six large AAF 
electrostatic precipitators to remove 
fly ash from the exhaust of six boilers 
at that TVA plant. I n other industries, 
we recently installed air pollution 
controls on a major steel mill, a large 
automotive plant, a major construc
tion equipment fabricating facility, 
and in woodworking operations and 
cement mills. Because the need for 
better air is universal , AAF's systems 
virtually know no industry boundries. 

RESEARCH 

Does AAF have any new devices for 
control of air pollutants? Many of the 
air cleaning techniques now widely 
used by others were inventions of 
American Air Filter. All told, AAF has 
more than 1000 patents worldwide. 
Gradually there have been improve
ments in these techniques. Of 
course, AAF tries to keep ahead of 
its many competitors. However, rath
er than "new" inventions, the pro
cess is an on-going series of im
provements in the techniques that 
exist. 

Are there likely to be breakthroughs 
on air pollution control devices in the 
next few years? I n the next six years, 
there will probably be no pure tech
nological breakthrough. There will, 
however, be a steady progression of 

improvements. In our industry, the 
target is continually to get increased 
efficiency at lower cost with im
~roved reliability. It is in these areas 
where the improvements will come. 
It's a gradual activity which results in 
general overall improvement. It's un
likely that totally new techniques will 
be invented. AAF, as well as others, 
has done a great deal of research 
and experimental work on many dif
ferent types of devices. However, 
one soon arrives at the question of 
economics. Although we developed 
some new techniques 25-30 years 
ago, economic considerations still do 
not favor their use, even today. Over 
the years others have done the 
same. 

What makes a control device better 
today than 10 years ago? For exam
ple, what's new with electrostatic 
precipitators? In almost every in
stance, if you compare the perfor
mance of today's systems with those 

"AAF looks to at least the next 

decade or two before all the 

air pollution can be corrected." 

AAF's Shaver 

of 10 years ago you will find they will 
do better cleaning jobs in terms of 
efficiency, and they will continue to 
do their jobs over longer periods with 
considerably less maintenance. To
day's market requires this sort of im
provement; however, manufacturers 
like AAF are continually working to 
improve the efficiencies of their 
products in anticipation of market re
quirements. 

As to the electrostatic preCipitator, 
improvement has been along the 
same lines, increased efficiency and 
higher reliability. When AAF acquired 
the Elex precipitator in 1970, Elex al
ready had an outstanding record of 
technological capability and reliability 
in the European market. In Europe, 
reliability has been far more impor
tant, and businessmen there are 
more insistent on performance guar
antees than has been the case in the 
U.S. Consequently, there was more 
testing and guarantee of reliability 
there than was the practice in the 
U.S. 

From that base, improvements 
have continued. There are two recent 
developments of significance. First is 
the unbreakable discharge electrode. 
By using a rigid, tubular assembly in 
place of the usual wire electrode, 
one of the major causes of downtime 
is eliminated-broken wire elec
trodes. The second major improve-

ment is the change to solid state 
controls with their inherent reliability 
and quick response. 

What is happening in the area of 
gaseous emission controls? The prin
cipal gas receiving attention is sulfur 
dioxide. There are various devices, 
including afterburners and catalytic 
devices, for removing odors truly of
fensive to the public. Many noxious 
gases can be removed with wet sys
tems. Some can be burned with cat
alytic converters, but converters rep
resent a limited market. Carbon fil
ters are also useful, but again, the 
market for these controls is in its in
fancy too. The use of fuel to handle 
odors is another method, but it is an 
expensive alternative. Too much fuel 
is required to heat up a large volume 
of air to cure a problem that may be 
caused by only a few parts per mil
lion. 

How do you silence air? AAF is inter
ested primarily in industrial noise pol
lution. There are many locations in 
chemical plants, for example, where 
the relief of pressures and vacuums 
causes intense screeching noises 
that must be eliminated. There are a 
number of techniques for eliminating 
them. Basically, these techniques 
cancel, contain, or absorb noise. SOme 
work on the principle of diverting half 
the noise to a more circuitous path. 
That path is designed so that the por
tion of the noise traveling takes long
er to reach the end point, arriving di
rectly 1800 out of phase with the 
other half. When the two rejoin, they 
cancel one another. Although it 
sounds somewhat simple, such sys
tems are fairly sophisticated and re
quire extensive knowledge in the 
field. There is also a market for such 
devices in the aviation business, 
where they are installed on the hy
draulic landing gear systems to quiet 
the operation. 

PERSONAL ASIDE 

What is your background and how 
did you ascend to the top at AAF? 
After training as an engineer at Pur
due University and as a MBA gradu
ate from the University of Chicago, I 
worked for many years in the man
agement consulting field with the 
firm of Booz, Allen & Hamilton in the 
area of electronics. I joined AAF in 
1962. At first, I managed one of the 
groups and, after working on reor
ganization of that activity and bring
ing in another manager, I moved to 
another group. Over a period of time, 
I managed each of the major seg
ments of the AAF business before I 
became president in 1967 and chair
man in 1968. 
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OUTLOOK 

New land use policy in making 
A land use policy for the U.S. is slow in coming, and there 

are disagreements as to its exact form. However, almost everyone agrees 
we need a more responsible approach to how we use our land 

I nterest in the U.S. for a positive 
land use policy is almost overwhelm
ing-everyone seems to be for 
it. It is slow in coming. and there are 
disagreements as to its exact form, 
but government officials, lawyers, 
and ' developers all claim that a more 
responsible approach to how we use 

'our land is mandatory. 
One example of this focus is the 

Fourth Annual Report on the Council 
on Environmental Quality. This latest 
in a series of reports to the PreSident 
on environmental matters is permeat
ed with the theme that proper land 
use is necessary in solving virtually 
all our environmental problems. And 
President Nixon, in his message ac
companying the report, firmly sup
ported its contents by saying land 
use control is perhaps the most 
pressing environmental issue before 
the nation. " How we use our land is 
fundamental to all other environmen
tal concerns," he pointed out, and 
"there is encouraging evidence that 
the American people have reached a 
new perception and appreciation for 
this challenge." 

Other support has come from Sen. 
Henry Jackson (D-Wash.), chairman 
of the Senate Interior Committee and 
originator of the already passed 
Senate bill on land use. Jackson 
called the measure " the most impor
tant bill before Congress. " 

Sen . Edmund S. Muskie (D-Me.) 
said recently , in a speech before the 
Planning and Conservation League, 
in Anaheim, Calif., that federal legis
lation is needed to encourage, and , if 
necessary, to require states to adopt 
regulatory programs to evaluate and 
restrain development. He said we 
need "a national growth policy to 
guide and effectuate economic de
velopment , population control, hous
ing distribution , the use of natural re
sources, the protection of the envi
ronment and the location of govern
ment and private development. " 

Land use legislation 

As to the status of land use legis
lation, most observers feel there will 
be a law by early summer. A House 
bill is out of committee, and is ex
pected to reach the House floor for a 
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vote sometime this month. The Sen
ate bill was passed last June. 

The bill in the Senate, however, 
was weakened before receiving final 
approval. Strong interest groups 
made up of developers, the U.S. 
Chamber of Commerce , the Ameri
can Farm Bureau Federation , and 
Liberty Lobby all opposed certain 
provisions of the bill, and were suc
cessful in deleting economic sanc
tions against states who failed to 

Sen. Henry Jackson 

Calls bill most important 

Rep. Morris K. Udall 
Seeks stronger bill 

comply. Specifically, these deleted 
provisions would have reduced feder
al funds for highway, airport , and 
land and water conservation by 7% 
for the first year of noncompliance, 
14% the second, and 21% the third 
and subsequent years. As it now 
stands the measure would set up a 
grant-and-aid system to fund the pro
grams in the various states, but the 
states rather than the federal govern
ment would call most of the shots. 

These groups, which also lobbied 
against similar sanctions in the 
House land use bill while it was still 
in committee, are not, strictly speak
ing , opposed to federal land use leg
islation . Daniel Denning, environ
mental and natural resources staff 
associate for the U.S. Chamber of 
Commerce, told ES& T that the 
Chamber's position was not against 
the concept of federal land use legis
lation . He said his group felt that the 
intent, of especially the Jackson bill , 
did not match its strong provisions. 
These provisions, he said, contained 
"line after line" defining what states 
would have to do in order to get fed
eral grants. "Our position is that the 
federal government should fund state 
programs and then get out," he said. 

The House bill, as it now stands, 
also would not impose economic 
sanctions against states that failed to 
comply , but it does contain certain 
provisions for states to meet before 
receiving the planning funds. These 
include: 

• a central state agency to over
see land use decisions at the local 
level that could have statewide con
sequences 

• a fully developed statewide land 
use program whereby areas of criti
cal environmental concern are de
fined 

• an appeal procedure at the 
state level , which would include open 
public hearings. 

The House bill, when it does come 
up for a vote, will face a strong at
tempt to restrengthen it. Rep. Morris 
K. Udall (D-Ariz.), who chairs the 
House Interior Committee's environ
ment subcommittee where the House 
bill originated , has vowed to "put 
some teeth back into the bill ," in-



Under review. Past U.S. policies in permitting development along some of our 
coastal areas are being reconsidered in many states 

cluding the economic sanctions. If 
he is successful. the measure, if 
passed, would have to be referred to 
a joint committee. Chances are, 
however, that the bill, in its final 
form, will be moderate. 

Local level efforts 

Federal legislation aside, many 
state and local governments are at 
work on laws of their own. The CEO 
report notes that Oregon has joined 
Delaware, Florida, Maine, New York, 
and Vermont in enacting state land 
use control legislation. Also, Califor
nia, New Jersey, and New York have 
taken recent legislative action to pro
tect their coastal zones. 

The report adds that many local 
communities likewise are showing "a 
remarkable shift away from historical 
American boosterism and toward a 
skepticism about the costs and ben
efits of unlimited growth." Through 
such actions as sewer moratoriums 
and bans on building permit~ , "com
munities in all parts of the country 
are taking steps to place limits on 
their growth," the report states. 

Many laws that affect local land 
use decisions in indirect ways are al
ready on the books. The federal 
Clean Air Act is a prime example of 
this. Since the states are required to 
provide for the maintenance of ambi
ent air standards, new industry, 
apartment and office buildings, and 
shopping centers must be built with 
consideration as to what additional 
industry and vehicle exhaust fumes 
will do to the air. Environmental im
pact statements must be filed with, 
and approved by, both state and fed
eral environmental protection agen
cies. 

A good example of water pollution 
control laws affecting land use deci
sions took place as a result of the 
Willamette River project in Oregon. 
The river, the twelfth largest in the 
U.S., was grossly polluted 50 years 
ago. Now, because of strict efforts 
on the part of the people of Oregon, 
the waters once again are clean. And 

as the result of this momentum, at
tention has now shifted to issues of 
public access and protection of natu
ral values along the river's banks. 
Through the Willamette Greenway 
program, the state is preserving 
farmlands and other open space 
through the use of scenic ease
ments. I n Portland, a four-lane ex
pressway has been closed and the 
site redeveloped with housing , shops, 
and parks so as to refocus the face 
of the city toward the now-clean 
river. 

Another area of concern that has 
recently received much legal atten
tion at the state and local levels is 
that of development of coastal wet
lands. These areas provide a natural 
barrier between the oceans and the 
shore, and it is estimated that 60 to 
70% of the fish caught in U.S. coast
al waters would not be there if at one 
time they had been unable to find 
shelter, safe spawning or nutrients in 
a wetland. Yet, as the Earth Satellite 
program has shown, serious intru
sions of high density residential de
velopment into wetland areas have 
already occurred in California, Flori
da, and New Jersey. In New Jersey 
alone, 14% of the wetlands were 
consumed and a substantial addition
al area affected before state legisla
tion in 1970 halted development. 

Situation is widespread 

The CEO report finds that the 
problem of development on unsuit
able land is far more widespread 
than a look at wetland areas alone 
would indicate. It documents how 
residental development in urban 
flood plains has expanded signifi
cantly in recent years. Special prob
lems occur in Baltimore, Denver, 
Kansas City, and other cities, ac
cording to the report . In Denver, for 
example, it is estimated that the por
tion of flood plain land in residential 
use increased from 9.2% in 1960 to 
29.9% in 1970. 

The report also reviews how devel
opment on unsuitable soils in sample 

counties in California, Florida, and 
Maryland has caused problems 
ranging from erosion and flooding to 
water pollution and landslides. Poor 
practices were found in all instances. 
In Montgomery County, Md. , adjoin
ing the District of Columbia, it has 
been discovered that as much devel
opment took place on unsuitable 
land as on suitable land, despite the 
fact that suitable land was available. 
Homeowners belatedly discovered 
that the shallow bedrock and clays 
underlying their houses shrink and 
swell to undermine foundations. 

The report's chapter on the urban 
environment describes how private 
and public groups have joined forces 
to restore life and vitality to down
town and neighborhood areas alike. 
By building upon physical resources 
that already exist in older neighbor
hoods, many cities are adding new 
vitality to charm and elegance once 
in danger of being lost. Cases such 
as Capitol Hill, in Washington, D.C., 
Mount Auburn , in Cincinnati, and 
Butchertown, in Louisville, show that 
impressive land use gains can be 
made through the private efforts of 
those who simply want to live in such 
neighborhoods. 

As one would expect, legal consid
erations involving land use are be
coming more and more complex. The 
Practicing Law I nstitute has been 
holding seminars in various parts of 
the country to acquaint lawyers with 
the growing myriad of problems they 
can expect to face. Donald H. Sis
kind, PLI program head who con
ducted one such meeting in New York 
City recently, pointed out how new and 
changing laws concerning financing, 
sewer and water improvements, 
green areas, zoning and rezoning, 
labor, and the environmental all must 
be taken into consideration. Another 
consideration is the interpretation of 
the U.S. Constitution's Fifth Amend
ment, which provides that "private" 
property shall not "be taken for pub
lic use without just compensation." 
Exactly when can land be taken for 
public uses, and when is a lawyer's 
client receiving just compensation? 
The courts have evolved a number of 
legal theories for deciding when 
"taking" occurs, but their decisions 
across the country have reflected dif
ferent applications of the theories. 

The particulars have not been 
worked out yet, but some changes in 
our land use practices are due. For 
an increasing number of people, land 
is too important a natural resource to 
ignore. Federal EPA Administrator 
Russell E. Train has called it, "the 
most important environmental issue 
remaining substantially unaddressed 
as a matter of national policy." He is 
not without considerable support 
from all sectors of the country. WSF 
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NAS considers energy crisis 
The National Academy of Sciences sought answers to problems 

brought on by the energy crisis at a national two-day forum held in 
Washington, D.C. The group considered risks and further alternatives 

If participants in the National 
Academy of Sciences' forum on "En
ergy: Future Alternatives and Risks" 
are correct, there are alternatives. 
And the biggest risk , at this point in 
U.S. history, would be in not doing 
enough to ensure adequate energy 
supplies for the future . 

The symposium was framed 
around two days of discussions. The 
first day's program on the theme of 
"Alternatives of Supply and De
mand ," included sessions on re
serves and resources, conservation 
and demand, and environmental 
health and saf.ety. The second day's 
program on " Benefits and Risks of 
Institutional Stability," included ses
sions on public and private roles, 
regulation , an_d choosing the future. 

Alvin M. Weinberg, newly appoint
ed director of the Energy Research 
and Development Office, opened the 
session by presenting the energy cri
sis in the theoretical terms of the first 
and second laws of thermodynamics. 
He pOinted out that our energy output 
is limited by the first law because our 
conventional fuel resources, fossil 
fuels, are limited. The second law 
limits our energy output "because 
eventually pollution , resulting from 
increased energy production, will be
come unbearable," he said. 

As it was set up, the symposium 
pitted optimist against pessimist. On 
the one hand, there were those who 
took the position that technology, in 
both the short term and the long 
term, can overcome the crisis. Oth
ers argued that these hard thermody
namic limits, of which Weinberg 
spoke, cannot be circumvented by 
technology, no matter how ingenu
ous. 

William E. Simon, Federal Energy 
Office administrator, called for the 
adoption of a five-point national ener
gy policy, which, he said, would 
meet both short- and long-term 
needs. The program would : 

• create a central energy organi
zation in the Federal Government 
that would bring together energy poli
cy and implementation 

• establish a permanent energy 
conservation ethic 
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• establish a framework of inter
national cooperation with respect to 
energy 

• forge a new relationship be
tween government and industry 

• move forward without delay on 
Project Independence, a significant 
part of which would include energy 
research and development 

Simon said the U.S. must strive to 
make conservation, presently forced 
upon us by the oil embargo, a per
manent part of our national life. He 
also called for cooperation between 
government and industry in devel 
oping our domestic resources-a 
move that would entail industry's co 
operation in providing adequate infor
mation about the energy situation . 
He complained that present informa
tion is inadequate and its reliability 
cannot be checked . " We must devel 
op a permanent energy information 
system with a built-in auditing pro
gram on every aspect of the energy 
situation-reserves, refining opera
tions, inventories, and production 
costs," Simon said. 

Self-sufficiency 

Project Independence, which Si
mon outlined , would include further 
development of oil and gas in Alaska 
and the outer continental shelf , 
greater utilization of coal , further de
velopment of oil shale and nuclear 
resources, and an increased effort to 
develop geothermal and solar power. 
On the question of what could be 
done immediately to increase daily 
crude oil production by 200 ,000 bar
rels, Simon suggested opening the 
Elk Hills Naval Petroleum Reserve, 
renewing drilling in the Santa Barba
ra Channel, and increasing the maxi
mum efficient rates of lifting oil in 
several oil fields in Texas. 

The environmental considerations 
that would underlie such measures 
are staggering , and Simon says the 
federal government shares the envi
ronmentalist 's concern . He said the 
U.S. would take "all reasonable mea
sures to prevent the fouling of our air 
and water, and the destruction of our 
land. Any relaxation of environmental 
standards will be temporary, carefully 

monitored, and will have a definite 
terminal date." 

S. Fred Singer, professor of envi
ronmental sciences at the University 
of Virginia , took the position that the 
U.S. does have dbmestic resources 
to satisfy its energy needs. " The key 
in developing these would be in in
creased exploration and the' subse
quent drilling for oil." Also, he cited 
methanol production from coal as an 
important energy source. 

The goal of self-sufficiency might 
be reached sooner than the year 
1980 suggested by the White House, 
Singer said. This would be due prin
cipally to the rapid escalation of en
ergy costs, which would dampen de
mand , he said . He added that gov
ernment action may be necessary to 
faCilitate sectoral and geographic al
location problems, to prevent disrup
tions of the economy, and to allevi 
ate genuine hardships. Such mea
sures will be particularly necessary in 
the short term , between now and 
1977, but less so between then and 
1985, Singer concluded. 

Charles A. Berg, the Federal 
Power Commission's chief engineer, 
countered this argument by saying 
we need more than just ways to ob-

Alvin M. Weinberg 
Gives overall view 



tain energy. "We need to develop ef
fective ways to make use of our en
ergy, " he said . Berg noted that 
power plant efficiency has increased 
over the years, and that we could , in 
a more general way than we present
ly are doing, apply up-to-date tech
nology to reduce fuel waste. 

Carl Madden, chief economist for 
the U.S. Chamber of Commerce, 
called for a new ethic in the develop
ment of our energy resources. 
Scarce resources should be used in 
ways that their full value is realized, 
he said. Madden said studies at Oak 
Ridge National Laboratory conclude 
that the U.S. can sustain its present 
standard of living over the long term , 
but that th is would entail the appro
priate management of resources. We 
must very soon adopt wise policies 
of conservation, resource substitu
tion , recycling, and other options, he 
warned. 

Madden stressed the theme that 
energy is only one of our resources 
in danger of being depleted. He was 
optimistic, however, and said it is 
technologically feasible, though not 
presently economical, to extract re
sources from ordinary rock, or gran
ite. This extraction would require 
enormous energy supplies. Through 
nuclear fusion , environmentally clean 
and effective energy would be avail
able to obtain these needed miner
als, Madden said. 

Conservation stressed 

In approaching the problem more 
with conservation in mind, Bruce C. 
Netschert , vice president of National 
Economic Research Associates, Inc., 
said the U.S. must cut down gas and 
fuel consumption at the individual 
level. The lifting of the present oil 
embargo at this time would be worse 
than the embargo itself, he said. He 
added that the American people 
would then clamor for the return of 
former levels of consumption. 

Netschert said, in the short run, 
conservation will reduce consump
tion to the point that it matches avail
able supply, simply because there is 
no alternative. I n the long run, how
ever, he doubted that conservation 
alone could do the job. He pointed 
out that allocation now being applied, 
and rationing that may follow, can 
lead to unemployment and loss of 
jobs that are unacceptable in the 
long run . Alternatives, such as solar 
energy and greater efficiency in en
ergy use , must be undertaken to off
set these in the future, Netschert 
said . 

I n considering environmental 
health and safety, Chauncey Starr, 
Electric Power Research Institute 
president, maintained that the gross 
impact of environmental controls is 
to impede the availability of energy. 

William E. Simon 
Pushes Operarion Independence 

Environmental controls impose con
straints on fuels, increase capital 
costs, and decrease utilization ef
ficiencies, he explained. "In a highly 
industrialized society such as ours, 
the continuity of energy supply has a 
priority that clearly exceeds, on a 
short-term basis, the priority of the 
gradual improvement in our total en
vironment or the gradual develop
ment of alternative energy re
sources." 

Lee C. White, chairman of the 
Consumer Federation of America's 
energy policy task force, said there 
is no question the need for energy 
will delay the achievement of envi
ronmental objectives, but that it must 
be defined in advance just how this 
waivering of controls will be carried 
out. White outlined a suggested poli
cy that would include: no across-the
board wa ivers , fixed terms, effective 
monitoring , and fair and open proce
dures. He said his feeling was that 
the American consumer is willing to 
pay the price for environmental con
trols . " After all he has to breathe the 
dirty air , drink questionable water , 
and come in contact with environ
mental lead and other substances, " 
White said. 

James R. Nelson, professor of 
economics at Amherst College, 
called for the establishment of a uni
fied energy agency at the federal 
level. He characterized an ideal 
agency as one that: 

• does not have regulatory 
responsibilities 
. • does have charge of a unified 

energy research budget of propor
tions beyond anything yet being dis
cussed 

• does have first responsibility for 
formulating the U.S. position on in
ternational energy problems 

• is required to report to Con
gress yearly as to the extent to which 

regulation has prompted or impeded 
energy policy objectives 

Government role opposed 

Philip Sporn, a consulting engineer 
who directed the development of the 
American Electric Power Co. into the 
world 's largest investor-owned power 
system , opposed all plans for a gov
ernment-implemented energy policy. 
He acknowledged the need for new 
institutional devices, but said these 
should come from private enterprise, 
with government functioning only as 
an overseer. On research, Sporn said 
it is useless when it is undertaken 
apart from the plant and industry 
where it is needed. He said he is 
dead set against a more generalized 
federal research program. 

Petroleum economics authority 
Richard F. Gonzalez, a consulting 
economist , joined Sporn in ex
pressing concern over too much fed
eral government intervention . Gonza
lez said it would be a mistake to in
stall federal controls in the heat of a 
temporary crisis. Alfred E. Kahn, 
economics professor and dean of the 
College of Arts and Sciences, Cornell 
University, called for an immediate 
end to subsidizing oil companies in 
the form of depletion allowances. 
Other aspects of Kahn 's program in
clude public utility-type status for 
natural gas, and public utility regula
tion of gas and electricity. 

As to the human values affected 
by the energy crises, Paul F. Dono
van , director of the Office of Energy 
Research and Development Policy, 
National Science Foundation, said 
"The feast is over; we must reduce 
our energy consumption." Arthur 
Kantrowitz, chief executive officer of 
Avco Everett Research Laboratory, 
said there is a need to institutionalize 
scientific fact in order to have a data 
base upon which to form policy in 
the future . 

Historian Robert S. Morison, Cor
nell University, told the symposium 
we need a better way of knowing 
where the U.S. is going. He said 
there is a need for a kind of common 
law so that new situations, such as 
the energy crisis, can be handled 
using a backlog of common ' experi
ence . 

James Tobin , professor of eco
nomiCS, Yale University, said the 
changes we must face as a nation 
because of the reduction in our ener
gy use are not so drastic or revolu
tionary as some people now believe. 
" Some teen-agers may no longer 
have random use of automobiles," he 
said , " but this change is not on a par 
with what happened when Americans 
moved from the farm to the city , and 
with what is happening today with 
the new attitudes of women and the 
accompanying loss of fertility." WSF 
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Environmental travels abroad 
Graduate-level scientists dreaming of faraway places 

might look into the Smithsonian-Peace Corps program 
Dealing with environmental prob

lems involves a gamut of varied and 
interdisciplinary efforts in all sorts of 
surroundings. Different aspects can 
involve work under conditions rang
ing between comparative comfort of 
a large laboratory and extreme rigor 
in the field; and use of equipment 
from ultrasophisticated space-age 
devices to hastily jury-rigged ones. 

Those who are imbued with a de
sire to brave the rigors of the field, 
as well as an ability to improvise, 
and a certain amount of idealistic 
feeling about being a scientific or 
technical goodwill ambassador, 
might well look into the Smithsonian 
Institution-Peace Corps Environmen
tal Program (SI-PCEP). Volunteers 
with the Sl-PCEP enjoy a singular 
opportunity to travel abroad, add ma
terially to their experience, and per
haps improve their ability to "think on 
their feet." They may also contribute 
to some improvement in the lives of 
people to whom much of America's 
domestic squalor would seem like 
opulence beyond the wildest dreams 
by comparison with the situation of 
their daily existence. 

Far-flung assignments 

The SI-PCEP has a great number 
of possible assignments on which a 
volunteer may undergo baptism by 
cultural shock. These assignments 
could take the volunteer to any of 55 
countries in which the Peace Corps 
has programs, as well as to other 
countries where the Peace Corps 
does not operate, but can attach a 
volunteer to international organiza
tions. Volunteers are often needed 
for forestry, watershed management, 
marine biology and fisheries, preser
vation of endangered species, envi
ronmental monitoring, and numerous 
other endeavors, in many faraway 
places. 

For example, Malawi, southern Af
rica, called for a volunteer with a de
gree in botany. Working with the Ani
mal Husbandry Project, he would be 
responsible for evaluation of produc
tivity of natural grassland and savan
na and would investigate their opti
mal management. He would have to 
examine effects of cattle grazing on 
grassland ecology, as well as identify 
grassland communities and estimate 
'their productivity. 

A wood scientist who fancies the 
surfing and fishing scene might have 
been interested in possible work in 
Fiji, where the Department of Forest-

ry wanted a capable person to work 
with the structure and properties of 
woods, perform research and sur
veys, and train local staff. 

The United Republic of Cameroon, 
West Africa, in many ways a vigor
ous pioneer and leader in African de
velopment, was asking for as many 
as 20 volunteers to assist in building 
up its inland fisheries program whose 
goal is to establish a fisheries indus
try and increase the small farmer 's 
income. The fisheries project in
volves putting in new fish ponds and 
improving existing ones; stocking, 
breeding, and harvesting of fish; and 
educating local populations in mar
keting and nutritional aspects of fish 
farming. Training local technicians 
and scientists, and demonstrating 
new techniques are also important 
phases of the project. 

Energy needs play their roles, too. 
For example, a scientist with a petro
leum geology or petrology back
ground was requested to instruct in 
these fields at either the Catholic 
University of Quito (Ecuador), or the 
Polytechnic University in Quito. He 
would also assist in the operation 
and maintenance of laboratories. 

Ghana, in West Africa, has called 
for volunteers to assist in studies 
concerning effects of insects on 
plant growth and selection of pest 
control methods. Moreover, Ghana 
has recently established an Environ
mental Protection Agency (EPA), 
and could conceivably request volun
teers to work with the Ghanaian EPA. 

The foregoing were some exam
ples where SI-PCEP volunteers may 
assist on the international environ
mental scene and have an opportuni
ty to see some rather exotic parts of 
the world. Requests for such volun
teers significantly increased, as of 
November 1973, for service begin
ning during the winter and spring of 
1974. Much of the increase was in 
the fields of natural resource conser
vation and ecological research. 

Joining the tour 

Skilled volunteers are recruited 
mainly from universities; however, 
potential candidates elsewhere, hold
ing applicable degrees or equivalent 
credentials, and interested in this 
service, should probably come for
ward. Since its inception toward the 
close of 1970, about 480 volunteers, 
recruited directly by the Sl-PCEP, 
have been posted to various 
countries. Many of the volunteers 

come from postgraduate schools, 
and are majoring in biological sci
ences or natural resource manage
ment. 

A volunteer's length of tour nor
mally will be 24-27 months, includ
ing his language training time. During 
his tour, he will receive living allow
ances to cover modest in-country liv
ing costs. In addition , $75/month will 
be held in the U.S. for each volun
teer, and paid him on the completion 
of his tour. In some cases, a volun-

Likely assignment 
countries, winter / 
spring 1974 

Central & 
Africa South America 

Botswana Belize 
Cameroon Brazil 
Ghana Chile 
Ivory Coast Colombia 
Kenya Ecuador 
Lesotho EI Salvador 
Liberia Honduras 
Malawi Peru 
Niger Uruguay 
Swaziland Ven,zuela 

Indian & 
Asia Pacific Oceans 

India Fiji 
Korea Seychelles 
Malaysia Tonga 
Philippines 
Thailand 

teer might get academic credit for 
his tour, provided he can make the 
proper arrangements with his univer
sity. 

I n other cases, couples can vol
unteer for overseas aSSignments, in 
which case, both husband and wife 
would receive living allowances. How
ever, assignments in which fami
lies can serve are very few, and no 
more than three children, or two 
school-age children, may accompany 
their parents. 

All volunteers must be U.S. citi
zens; this requirement covers both 
husband and wife in the case of cou
ples. Those who feel that they qualify 
as volunteers, are interested in envi
ronmental matters, and also in 
"roughing it" a bit with the SI-PCEP, 
should contact Robert K. Poole, Of
fice of Ecology, Smithsonian Institu
tion, Washington, D.C. 20560. Bon 
voyage! JJ 
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The great coal. rush of the 1970's 
The need for power plants using oil to switch back to 
coal, and comply with clean air rules simultaneously, 

has the electric utilities all steamed up 

The generation of electric power at 
many, if not most power plants, is a 
matter of well-understood technolo
gy. Steam is produced, brought up to 
high . temperatures and pressures, 
and used as the motive power for the 
generating machinery. There was 
plenty of cheap fuel available to 
make this steam. Also , air and ther
mal water pollutions originating from a 
steam power plant were not matters 
of great general concern. 

Now, however, environmental 
quality is a matter of at least some 
public <;:oncern ; what is more , the 
sins of the energy wastrels , a subject 
of stern warning since 1954, accord
ing to the American Petroleum Insti
tute, have come home to roost. Still , 
electric power must continue to be 
produced , and in ever-increasing 
quantities, to satisfy accelerating de
mand. Fueling many of the boilers 
which will make the steam needed to 
generate this power is somewhat 
problematical these days. 

Unfortunately, fossil fuels will feed 
the larger part of these boilers for the 
foreseeable future , and these fuels 
may not always be immediately 
available. Listed in increasing order 
of pollution potential , such fuels 
comprise gas, oil , and coal. Although 
gas is the cleanest burning fuel , gas 
will become less and less available 
to power plants. The same will hold 
true for clean and even dirty oil. 
Coal , therefore, which oiten has a 
high sulfur content , and is therefore 
considered the dirtiest of fuels, will 
feed hungry boilers increasingly. 

Shoveling coal 

In view of the current petroleum 
shortages, the federal government, in 
late 1973, asked that , where possi
ble, power plant bOilers now fired by 
oil switch to coal. In some cases, 
proposed fossil-fueled power plants, 
planning to employ oil-fired boilers, 
will have to revise their plans and go 
to coal-fired boilers. Thus, low-sulfur 
coal would be the desired fuel , but it 
may be almost as scarce as low-sul
fur residual oil , at least at present. 
Many plants that cannot convert to 
coal would be granted variances 
from clean air standards so that they 
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may fire their boilers with high-sulfur 
oil. Clean air variances will also 
cover coal firing for a limited time . 

Now it is easy to talk glibly of con
version from oil to coal (or vice 
versa), solid waste, or whatever else 
comes to mind . The engineering , 
economic, and environmental head
aches involved , however , might act 
as sobering rebuttals to blithely of
fered prescriptions for instant alter
native fossil-fuel energy. 

For example , some 26 electric util
ities if! New England and on the 
Eastern Seaboard have recently re
ceived telegrams from the federal 
government, in which they were 
strongly urged to switch from oil to 
coal. The basis for selection of the 
26 utilities contacted was a trade-off 
of factors of petroleum shortage and 
environmental risk. 

In 1971 , Potomac Electric Power 
Co. (PEPCO, Washington, D.C.) 
spent between $2 and $3 million to 
convert its Buzzard Point plant in 
Washington from coal to oil, largely 
to comply with clean air rules. Now, 
PEPCO has been directed to recon
vert the plant to coal , a task requir 
ing about 3 months. Costs will be 
considerably less than those of the 
original coal-to-oil conversion; none
theless, they will be heavy. More
over, the reliability of a coal supply 
for the immediate future might not be 
guaranteed. I n addition , storage 
space for coal has been diminished 
because of oil tank installation in 
what used to be a coal yard . Long
neglected coal conveyor belts, pul
verizers , and other associated equip
ment would have to be refurbished. 

PEPCO has also decided on two 
pulverized coal-fired bOilers, 900 MW 
each, which can also be fired by oil 
(full-load) . Solid waste may be con
sidered as a future nonfossil fuel ad
ditive for the bOilers. These boilers 
will supplement three existing pulver
ized coal boilers of 185 MW each at 
PEPCO's Dickerson plant near Point 
of Rocks, Md. Combustion Engineer
ing , Inc. (C-E) is to build and install 
PEPCO's boilers. PEPCO has provid
ed for electrostatic precipitation for 
particulate removal , and is to have 
SOx treatment. One boiler should go 

on stream in December 1977, and 
the next in 1978. 

At Chalk Point, Md ., C-E is to pro
vide PEPCO with two 660-MW oil
fired boilers (start-up summer 1974 
and 1976, respectively) to supple
ment two pulverized coal-fired boilers 
of 360 MW each , built by Babcock 
and Wilcox, Inc. (B&W) . The 660-
MW boiler to go on stream in sum
mer 1974 is designed for partial con
vertibility to coal. The other 660-MW 
boiler can also be modified by instal
lation of enough equipment to pulver
ize and handle coal and ash, and 
perform associated functions , so that 
the boiler can use up to 33% coal in 
an emergency. As this goes to press, 
however, such modification is not 
planned . The original B&W boilers 
have been converted to dual fuel-

Power station. A tall, cleaner 
nonsmoker replaces five stacks 



Boiler air pollution control operating costs and investment 
(Millions of dollars) 

Fuel. Coal, eoal, eoal, eoal, 011 011 
0.75 1.55 1.55 US No. Z No. & 

Equlpmen~ EP FF EP Scrub 

• 0.7S = 0.7% sulfur coal 
1.5S = 1.5% sulfur coal + No.Zoll 
3.OS = 3.0% sulfur coal 
No. Z = No. Z fuel 011 
No.6 = 0.7% sulfur, No.6 fuel 011 

• EP = electrostatic precipitators 
FF = fabric filters 
Scrub = limestone tall·end scrubbers 

Source: American Society of Mechanical Engineers Paper No. 73-1PWR·5 

that is, to full option of coal or oil fir
ing . 

The new 660-MW boilers for Chalk 
POint will be able to burn high-sulfur 
oil. They are fitted with Peabody-Gal
ion scrubbers for particulate removal ; 
SOx cleaning systems can also be 
retrofitted. However, if these boilers 
had to be converted to coal, they 
could operate on partial load at best, 
and two years would be necessary to 
effect such a conversion . 

In some cases, dual-fuel boilers 
with complete fuel interchangeability 
are specified. Baltimore Gas and 
Electric Co. has ordered two such 
boilers from B&W. These boilers are 
to be 600 MW each. 

Another example of a coal-fired 
power plant is a 650-MW plant that 
Allegheny Power System, Inc. , plans 
to build near St. Marys, W.Va. The 
plant will cost $265 million, and is 
expected to start up in 1978. This 
represents about $407 per kW, and 
includes pollution control by a meth
od as yet unannounced, as well as 
materials and construction . By con
trast , a 650-MW coal unit, brought on 
stream in December 1973 at the 
same site, cost $196 per kW of ca
pacity. 

Coal headaches 

The principal headache resulting 
from coal firing is that burning most 
types of coal produces particulate 
matter, and sulfur and nitrogen ox
ides. Federal EPA new source perfor
mance standards (NSPS) permit 0.1 
Ib of particulate per million Btu, and 
0.2 Ib of N02 per million Btu . For 
SOx, 1.2 Ib/million Btu are permissi
ble with coal , and 0.8 Ib/ million Btu 
with oil. 

In view of the current petroleum 
squeeze, and resulting paucity of 

low-sulfur oil and natural gas, which 
some power plants have been burn
ing increasingly of late in order to 
comply with clean air rules , certain 
variances to compliance with these 
rules are being granted. These vari 
ances are allowed so that use of 
dirty oil, or better, coal which the 
U.S. has in relatively large potential 
supply, may be encouraged for the 
time being . Such variances, how
ever, will almost certainly not remain 
in force for very long; yet , no miracu
lous surfeit of clean oil or gas ap
pears on the horizon . One answer to 
this dilemma will have to be found in 
improved stack gas cleaning technol
ogy. Indeed , EPA will push strongly 
to see that power plant SOx cleaning 
facilities are installed as expeditious
ly as possible; Deputy Administrator 
John R. Quarles, Jr., was most spe
cific about this point in a press con
ference last month. 

The question of cleaning stack 
emissions, and especially of SOx re
moval , seems to have elicited a di
chotomy of views. One belief, ex
pressed in many quarters of the utili 
ties industry, is that SOx cleaning 
technology is at worst, essentially 
nonexistent , and at best, "almost 
there," but not yet ready for large
scale use. An opposing tack was 
taken late in 1973 by the Industrial 
Gas Cleaning Institute (IGCI) , which 
said that the U.S. pollution control in
dustry has the technology , people, 
and financial muscle to bring about 
effective SOx cleaning. However , 
IGCI warned , these capacities may 
be disbanded if no adequate market 
exists to support them. 

Probable supply is another head 
ache, at least over the near term . 
When the Government orders electric 
utilities to switch from oil to coal , it 

assumes that sufficient coal is readi
ly available to effect this conversion. 
In the U.S., for the time being, the 
availability of coal , like that of oil , 
may be a "sometime thing ." 

To be sure, coal production has ir}:c. 
creased of late , but it is stitr' not 
enough to meet the demand that 
would result from a sudden , whole
sale conversion to coal on the part of 
the electric utilities now on oil or 
gas. Moreover, this demand could 
soon materialize as a result of pres
ent national energy policy. 

In December 1973, Carl E. Bagge, 
president of the National Coal Asso
ciation (NCA) , estimated that the 
coal industry produced 590 million 
tons of coal during 1973. He said 
that the industry could increase this 
production by 110 million tons
equivalent to about 484 million bbl of 
oil-if optimum conditions prevailed. 
Among these conditions are labor 
stability , adequate transportation , re
laxation of price controls , delay in 
timetables for environmental cleanup, 
and an end to federal harassment 
and unnecessary mine closings. 

According to Bagge , the obstacles 
to bringing about these conditions 
are formidable . For example, trans
portation of mined coal is an acute 
problem. Bagge estimated that at 
least $6 billion will have to be spent 
on adequate railroad rolling stock for 
coal shipments. Moreover , the coal 
industry will not expend much effort 
or investment unless it can be sure 
that its revenues will not be a " flash 
in the pan." 

For the future 

First of all , scarce or not, oil will 
continue to be used as a boiler fuel 
to some extent over the years to 
come. Some plants simply cannot 
convert to coal. However, in such 
cases, more efficient oil burning and 
gas cleaning facilities, so that high
sulfur oil can be used , will be rigor
ously required . 

Nevertheless, as far as fossil fuels 
are concerned , the electric power in
dustry will probably rely increasingly 
on coal and its derivatives. After all, 
coal is basically still plentiful in the 
U.S.; new methods are being devel
oped to make cleaner burning fuels 
and useful chemical by-products 
from coal ; and use of coal would 
promote the self-sufficiency of the 
U.S. for its energy needs. 

Certainly, costs will be high if , si
multaneously, energy requirements 
are to be met and improvement of 
environmental quality is to be 
achieved . The U.S., however, is 
blessed with the economic resilience 
and technological ingenuity to realize 
both aims. The long-run cost will be 
very low in comparison with the price 
of being in the thrall of nations which 
do not always wish the U.S. well. JJ 
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Liabilities into assets 
Garbage-to-power: conversion can satisfy 

as much as 10% of U.S. needs 

The name of the game is Fuel. If we 
had as much fuel as we have rub
bish , we would win each and every 
time. Since we are obviously losing, 
the consolation is to convert the gar
bage into some form of usable ener
gy. Such resource recovery can also 
solve other critical problems: 

• the banning of open burning 
• the unavailability of sanitary 

landfill 
• the lack of fuel required to op

erate municipal incinerators 
Europe has been making wise use 

of its solid refuse long before the 
current oil crisis. Amsterdam, for in
stance, has burned trash for the last 
60 years to release heat for the pro
duction of steam. This steam is 
forced under pressure through high
temperature turbines to generate 6% 
of that city's electricity, the equiva
lent of a town the size of Santa Bar
bara, Calif. (population 72,000). 

By 1975, Germany expects to 
serve 25% of its total population by 
burning their garbage in installations 
equipped with steam heat recovery 
systems. The list goes on. 

Potential users of CEA plant 

In the U.S., the urban population 
generates over 136 million tons of 
refuse per year. The heat content of 
the combustible portion is roughly 
1433 trillion Btu . If this heat energy 
is used entirely for the production of 
electricity, it could produce 136 bil
lion kWh or 10.9% of the electric en-

Trash-to-fuel cycle. 
Municipal truck dumps 
garbage at receiving 
hopper; garbage is 
conveyed into primary 
shredder I classifier; 
primary shredded garbage 
is dried and cycloned 
into secondary mills 
and air-conveyed into 
Eco-Fuel storage bin; 
Eco·Fuel emerges from 
bi n conveyer, ready for 
delivery to utility 
or other energy user 
for power generation 

ergy from conventional steam gener
ating equipment in 1970. This same 
energy also corresponds to the heat 
content released by burning 5417 
million tons of low-sulfur coal or 228 
million barrels of low-sulfur residual 
fuel oil. 

Trash-Io-power 

Many projects in the U.S. are indi
cating that refuse is a good fuel 
source. Some of them are patterned 
after the European experience of di
rect burning for the release of heat 
and then steam. Essentially, refuse is 
used as a supplementary fuel source 
in a conventional fossil fuel boiler. 
Two cases in point are the earlier St. 
Louis, Mo. (EPA-funded) and more 
recent Lynn, Mass. plants. 

The Lynn venture, due to go on
line at a General Electric facility in 
1975, plans to collect 1200 tons of 
household garbage daily from 16 sur
rounding communities. The resulting 
350,000 Ib of steam generated per 
hour should produce as much as 
35,000 kWh of electricity. 



Trash-to-fuel 

The new idea is to first convert the 
solid waste into a self-sufficient fuel 
before being used by an electric utili
ty. This process surpasses the trash
to-power method , which , in the case 
of St. Louis, provided only 10% of 
the total heat input needed. 

Certain demonstration projects 
have proved the feasibility of going 
directly from trash to fuel. Examples 
that come to mind are Union Car
bide's 5-tpd pilot plant in Tarrytown 
(N .Y.) , and joint lab studies by York 
Research and Combustion Equip
ment Associates in Stamford 
(Conn .). As a result, the process has 
gone commerc ialized . 

Some companies are building fa
cilities which will convert refuse to a 
fuel gas by pyrolysis-a method of 
chemical decomposition by heat. 
These include Monsanto Environ
Chem Systems, Inc . (Baltimore , 
Md.), Garrett Research and Develop
ment Co . (San Diego , Calif.) , and 
Union Carbide (Charleston , S.C.) . 

CEA concept 

A step ahead of the fuel game, 
Combustion Equipment Associates 
has developed a process for deriving 
a solid fuel from solid wastes. Their 
$10 million , 1200-tpd East Bridgewa
ter, Mass. plant was opened for busi
ness last October. 

Communities within a 10-25 mi ra
dius from East Bridgewater send 
their garbage to the privately owned 
center . Wastes are picked up by spe
cially equipped front-end loaders, 
passed through a conveyor system, 
and fed to primary shredders. They 
are dried and classified in an air sep
arator in which a light combustible 
fraction is separated from the heavier 
noncombustible fraction containing 
ferrous and nonferrous materials. 

The heavy fraction is further shred
ded and classified to segregate any 
remaining combustibles which are 
then recycled to the first air separa
tor . The separated heavies are com
bined with the noncombustibles; fer
rous metals (6.5% of total wastes) 
are recovered by magnetic separa
tion and sold; nonferrous materials 
(14.2% of total) such as glass, dirt , 
aluminum, zinc, lead, and copper are 
sterilized for clean fill or further pro
cessed for recovery . 

The light fraction is reduced fur
ther in size and fed to a mechanical 
separator to remove the rest. The 
final product (67.7% of total) is a 
solid " fuel." 

Eco-Fuel 

This refined combustib le fraction 
recovered from municipal solid waste 
is: 

• a grayish substance with pop-
corn consistency 

• 'h -in particle size 
• 7-10 Ib/ tt3 in density 
• low in sulfur content 
• 78 .5% combustibles (paper, 

wood , leather , rubber, plastics, tex
tiles, food and yard wastes), 11 .5% 
ash , and 10% moisture 

• high in heating value-6900 
Btu / lb 

• odor free 
• stable over an indefinite storage 

period 
Fired in a specially designed CEA 

double-vortex burner coupled to an 
existing boiler , Eco-Fuel will generate 
as much steam as pulverized coal, 
on an equivalent weight basis. The 
nature and amount of fly ash from 
coal or Eco-Fuel are comparable. 
Particulate removal in both instances 
is easily affected by electrostatic 
precipitators or fabric filters. 

Eco-Fuel mixes well with combus
tion air because of its physical char
acteristics, achieving a less than 
8-ppm carbon monoxide equilibrium 
concentration at furnace exit temper
atures of 2100-2300°F. It also burns 
at a lower adiabatic flame tempera
ture, so that NOx emissions are 
lower than those from coal-fired boil
ers. 

DV burners 

This double-vortex system com
bines turbine technology with sus
pension fuel burning and is recom-

mended for optimal performance of 
Eco-Fuel. The CEA design allows 
complete fuel combustion with mini
mal emissions, thereby releasing 
more heat. 

The burner, a double cone-shaped 
combustion chamber with one end 
closed and the other opened to ex
haust the combustion gases, is 
housed within a wind box into which 
fuel and combustion air enter tan
gentially . The mixture spirals toward 

Double-vortex burner 

Source: CEA 

the closed end in an outer vortex be
fore reversing travel toward the open 
end in an inner vortex. Larger fuel 
particles are recirculated back into 
the outer vortex for complete burn
ing . 

In a nutshell , the solid fuel is con
verted to a gas, mixed with air , heat
ed to ignition temperature, and oxi
dized. Exit gases are clean. Ash and 
slag are removed by an ejection sys
tem within the burner, eliminating the 
need for a secondary collection unit. 

Everybody benefits 

Conservative estimates point out 
that as much as 10% of the U.S. 
power requirements can be met with 
garbage. Towns can be rid of their 
unsightly garbage at costs compara
ble to what they are now paying for 
dumping. Any enterprise can build 
these refuse processing plants with 
private financing . Take the case of 
CEA, their East Bridgewater facility 
charges $9 .25 / ton refuse. This sum 
is sufficient to amortize the 20-yr in
vestment of $10 million. CEA can 
also profit by selling the end product 
marketed as Eco-Fuel; ideally, to a 
utility in close proximity to the refuse 
plant , thus minimizing transportation 
costs. It has recently signed a 10-
year contract with Weyerhaeu ser 
Corp. (Mass.) . The latter has agreed 
to purchase over 770,000 tons of 
Eco-Fuel , roughly equivalent to 2 
mbbl of oil for use in one of its boiler 
plants. The not so tasteful subject of 
garbage has become a good conver
sation piece . LCG 
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PAT REPORT 
PRACTICAL. AVAILABLE TECHNOLOGY 

Sonic gas cooling systems cut •• 

Sonic Development Corp.'s units cool 
hot effluent gases from smelters in Arizona and 
asphalt roofing plants in Los Angeles 

Optimum performance of air pollu 
tion control equipment with minimum 
maintenance cost requires more 
careful attention to preconditioning of 
the effluent gases. The use of ultra
fine water sprays is helpful in pre
treating gas stream to enhance the 
collection efficiency and reliability of 
the · air pollution control system. Re
cen,tly developed sonic atomizing 
nozzles and computerized analysis of 
gas conditioning problems permit the 
design of automated systems for 
cooling hot effluent gases. Such sys
tems can be used to upgrade exist 
ing installations or to reduce the size 
and cost of new installations. 

Sonic evaporative cooling equip
ment from Sonic Development Corp. 
(Upper Saddle River , N.J .) is now 
operating in numerous foundries, 
smelters, liquid waste incinerators, 
and various industrial furnaces with 
excellent results. In a typical applica
tion , sonic atomizing nozzles were 
installed in a cooling chamber at the 
Hayden, Ariz .. facility of Kennecott 
Copper Corp. with the basic work 
handled by the plant engineering 
staff and operating personnel. 

James Stocker , smelter operations 
superintendent at the Hayden opera
tion , says thai off-gases from the 
fluidized bed reactor are cooled from 
1100-800°F before cleanup by an 
electrostatic precipitator. As original
ly designed , the cooling chamber 
used 30 conventional spray nozzles 
operating at hydraulic pressures up 
to 350 psig . Two sonic nozzles re
placed the 30 . The finer atomization 
delivered by these nozzles provided 
total water evaporation and eliminat
ed the earlier experiences of wet 
chamber bottoms, sludge buildup, 
and unscheduled shutdowns. Stocker 
says the nozzles at the Hayden facili
ty were installed in 1970, and in the 
past three years have saved many 
thousands of dollars by reducing 
plant downtime. 

What is useful to smelter operators 
has been found useful by other man
ufacturing operations including as
phalt roofing plants. For example, the 
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Celotex Corp . recently installed a 
sonic gas cooling system in their Los 
Angeles asphalt roofing plant to cool 
hot gas fumes before cleaning by a 
Johns-Manville high-energy air filter 
(HEAF) . 

According to Lloyd Pfaff, senior 
project engineer for the Celotex 
Cerp., the sonic system cooled 
22 ,000 acfm from 1S0-130°F-the 
optimum temperature for efficient fil
tration by the glass fiber med ia. 
" Without the fine atomization of the 
sonic nozzles, " Pfaff reports, " evapo
rative cooling could not have been 
accomplished in the existing duct
work with in the available residence 
time of 1.6 sec. The sonic atomizing 
system enabled us to avoid costly 
shutdowns and satisfy EPA regu la
tions." 

Why spraying? 

In evaporative cooling, water in
jected into a hot gas stream evapo-

Kennecott's Stocker 
" Nozz/es . . . have saved many 

thousands of dollars . . . " 

rates and absorbs heat from the gas. 
Virtually every problem associated 
with evaporative cooling systems is 
traceable in some way to the nozzles 
used to inject water into the gas 
stream . The low-cost pressure nozzle 
commonly used in such systems is 
inherently incapable of producing the 
ultrafine droplets required for evapo
ration and cooling. Large water drop
lets produced by such nozzles ag
glomerate with dust particles to form 
sludge or pass through the cool ing 
chambers to foul collection equip
ment. 

The large droplets also cause lo
calized cooling resulting in refractory 
spalling and severe distortion of 
sheet metal ducts. The small orifi ces 
required for pressure nozzles clog 
frequently and wear rap idly causi ng 
high maintenance costs and frequent 
shutdowns. Lacking turndown capa
bility, pressure nozzles cannot be 
modulated to suit varying inlet tem
peratures but must be actuated sep
arately or in banks to achieve even 
crude flow modulation. 

To compensate for the poor atom
ization , designers must often in
crease the requ ired water volume by 
SO% to allow a " safety" factor, thus 
further compounding nozzle prob
lems and creating a secondary water 
pollution problem. The combination 
of poor atomization, erratic cooling , 
and slow system response is often 
the cause of baghouse fires and pre
Cipitator malfunctions. These severe 
field problems clearly indicate the 
need for more sophisticated and reli
able gas cooling equipment. 

Preconditioning 

In addition to cooling hot gases, 
fine water sprays also play a crit ical 
role in the preconditioning of the gas 
stream and significantly affect the 
performance and efficiency of the 
pollution control equipment. With 
electrostat ic precipitators, efficiency 
of collection is a function of the elec
trical resistivity of dust particles . 

Many dusts , such as glass and ce
ment, have inherently high resistivi-



Why sonic cooling? 

The smaller the droplet size 
the smaller the ~ooling chamber 
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air pollution control costs 

ties and , at normal collection tem
peratures of approximately 300°F, 
cannot be properly collected unless 
humidity levels approaching 30% are 
achie'!ed . Hence, fine water sprays 
not only cool the hot gases but also 
condition the gas stream by raising 
the humidity level to enhance the 
collection efficiency of the precipita
tor. 

With bag collectors, temperature 
and humidity controls are also critical. 
Precise control of cooling water is 
required to ensure temperature con
trol below the limit of the materials 
and the prevention of condensation 
by maintaining the gas stream above 
the dew point. 

Once it is recognized that water 
sprays playa critical role, not only in 
the cooling of hot gases, but also in 
the preconditioning of the gas stream 
to enhance collection efficiency, the 
need for improved design of gas con
ditioning systems becomes obvious. 

Savings 

Substantial cost savings can be 
realized by the use of improved gas 
cooling equipment in place of dilution 
cooling techniques. Dilution cooling 
involves the use of ambient outside 
air to dilute the gas stream and re
duce its temperature . This technique 
increases the total cfm of gas to be 
treated with a corresponding in
crease in the size of collection 
equipment. 

In a typical case, 100,000 clm of 
dry air at 1500°F is increased to 
185,000 cfm when cooled to 500°F 
by dilution with 100°F outside air. At 
$1 .50/ cfm cost of baghouse capacity 
using glass bags, the cost in excess 
baghouse capacity is $127 ,500. By 
contrast , the cost of a complete 
evaporative cooling system (includ
ing the cooling chamber) is $0.50/ cfm 
or $50,000 . The resulting savings in 
using evaporative cooling in place of 
dilution cooling is $77,500. 

Smalier chamber size 

The importance of small droplets 
to cooling chamber dimensions is 

shown . A conventional press'ure 
nozzle (8) producing maximum drop
lets to 250 Jl requires a chamber of 
35 .9 It in length . By contrast , Sonic 
Development's atomizing nozzles re
quire only 5.12 ft for complete evap
oration at the same water flow rate. 
Hence, to achieve dry bottom opera
tion with smaller , lower cost cooling 
chambers ,. atomizing systems capa
ble of producing extremely fine drop
lets are required. 

Automating the COOling system I 
Equipped with accurate engineer

ing data from computer studies to
gether with nozzles capable of pro
ducing ultrafine atomization, we now 
are able to design a control system 
to modulate water flow to suit varying 
inlet gas conditions. For new installa
tions, a complete system includes a 
cooling chamber , sonic atomizing 
nozzles, temperature sensors, auto
mated flow controls, and an air com
pressor. 1 n existing installations, the 
nozzle / control package can be retro
fitted to the existing cooling cham
ber. 

An automated control system 
takes full advantage of the modula
tion capabilities of the sonic nozzles 
and provides rapid system response . 
The temperature sensor at the inlet 
dictates the liquid flow rate to the 
nozzles and downstream sensor pro
vides trimming feedback to correct 
for any system errors while providing 
fail-safe protection against excessive 
temperatures at the collector. The 
system is designed to use only the 
volume of water required to accom
plish cooling thereby eliminating wet
ted walls, refractory spalling , sludge 
buildups and water wastage, carryo
ver , and recycling problems. 

Until recently , gas cooling has 
been the weakest link in most pollu
tion control systems. The develop
ment of new evaporative cooling 
techniques using sonic atomizing 
nozzles and automated controls 
overcome the problems normally as
sociated with wet systems while pro
viding substantial cost savings. 
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INTERNATIONAL 

What's happened 
since Stockholm? 

The United Nations Environment Program has 
a Stockholm Action Plan, a Governing Council, 
an Environment Fund, and soon will start up 
its Earthwatch Program and Referral System 

Peter Thacher, director of UNEP's 
Geneva office, reminds ES& T that 
the June 1972 conference concluded 
with approval of 109 recommenda
tions, the so-called Stockholm Action 
Plan accompanied by an agreed 
Declaration of Principles. He says, 
"These principles do not have the 
force of law, but they represent a po
litical consensus by the intergovern
mental community of the world which 
has a political significance and, in 
some cases will , in years ahead , be
come codified international law in 
much the same way as the law with 

. regard to outer space was codified a 
decade ago." 

At the end of the conference 
(ES& T, Aug . 1972, p. 682) , "All of 
these recommendations were pious 
expressions of goodwill and inten
tion," Thacher says. "They were pa
per resolutions." 

But in December 1972, the UN 
General Assembly endorsed the 
Stockholm Action Plan and created 
an intergovernmental body of 58 
States to serve as a policy-making 
and priority-setting mechanism. The 
body is known as the Governing 
Council of UNEP. Last September, 
Maurice Strong, executive director of 
UNEP and secretary.-general of the 
Stockholm conference, and others 
moved to new headquarters in Nairo
bi , Kenya. Key personnel accompa
nying Strong included Mustapha 
Tolba, deputy executive director of 
UNEP, Robert A. Frosch , assistant 
executive director of UNEP, and Paul 
Berthoud , director of the Environment 
Fund . 

The work of UNEP touches on 
such diverse questions as how to 
stop the spread of the deserts and 
how to protect the vitality of the 

214 Environmental Science & Technology 

UNEP's Thacher 
"A big order indeed" 

oceans. By now, however, govern
ments have created the institutional 
machinery to make the plans a reality; 
they have established a $100 million 
fund for the next five years for get
ting these plans under way. Signed 
on December 15, .1973, Public Law 
93-188 provides for U.S. participation 
in UNEP. 

" It is clear that $100 million will be 
completely inadequate to cover all 
the work that needs to be done," 
Thacher explains. "I n effect, the 
Fund is leverage money. The money 
will help the operating entities, in
cluding the specialized agencies of 
the UN system-the World Health 
Organization (WHO) , the World Me
teorological Organization (WMO) , as 
examples-to conduct particular ac
tivities within the overall program. 

"The goal of the UNEP in the 
broadest sense is to protect and en
hance the quality of the human envi
ronment for present and future gen
erations, " Thacher says. "A big order 
indeed." 

The oceans 

In the case of the oceans, the Brit
ish government convened a confer
ence of governments in late 1972: 
which agreed on a convention speci
fying a prohibited list of substances 
that may not be deliberately dumped 
in the ocean under any circumstan
ces , as well as a "gray" list for which 
a special licensing procedure has 
been agreed by a large number of 
coastal states that are becoming 
parties to the convention. 

Another special ized agency of the 
UN, the Intergovernmental Maritime 
Consultive Organization (IMCO) 
(ES&T, July 1968, p. 510), has spon
sored a conference at which a Con-

vention for the Prevention of Pollution 
from Ships was agreed to by a large 
number of states. In recent months, 
the French government and a large 
number of European states have 
agreed on a convention to block ma
rine pollutants from land into rivers 
and to block direct discharges. 

£arthwatch program 

"One of the areas in which UNEP 
has devoted the greatest attention 
after the Stockholm conference is 
the broad assessment program la
beled Earthwatch," Thacher says. In 
the monitoring area, the task is to 
provide early warning of trends that 
are of significance to man's health or 
well-being . 

"Today we have a list of catego
ries of pollutants that wi ll be treated 
with considerable attention in the 
next years," he continues. " In the 
broadest terms, the categories in
clude heavy metals, chlorinated hy
drocarbons, and other specific mate
rials such as aSbestos." Monitoring is 
expected to yield differing results 
from different parts of the globe; but 
one of the real problems in the areas 
of monitoring is the compatibility of 
one set of data with any other. 
Hence, a main objec;tive will be not 
only the intercalibration of measure
ments within a particular medium but 
also across media. What is essential 
is that the data be intercomparable. 

Perhaps an example is in order to 
illustrate the necessity of early warn
ing . " In the case of some of the food 
which is exported from Africa to Eu- ' 
rope, already some crops are being 
turned away because of the pesticide 
residue levels which are higher than 
those allowed by the standards set 
by the consuming State," Thacher 



says. Needless to say, these crops, 
such as coffee and cocoa, are of 
very great economic importance to 
the exporting African state and of 
considerable importance to the con
sumer in Europe. 

Another example: Years ago, sud
denly one day the Philippine tuna fish 
industry was put out of business be
cause the U.S. adopted a protection 
standard that set a limit on methyl 
mercury lower than levels already 
carried by Philippine tuna with the re
sult that a major market suddenly 
disappeared. 

"At that point an early warning, if 
there had been one, would have 
been too late," Thacher adds. "We 
need to know what the levels are 
today, if possible yesterday, certainly 

Global Environment 
Monitoring System (GEMS) 

List of priority pollutants 

Sulfur dioxide and 
sulfate 

Suspended particulate 
matter 

Carbon monoxide 
Carbon dioxide 
Oxides of nitrogen 
Ozone, photochemical 

oxidants and reac
tive hyd rocarbons 

Mercury 

Lead 
Cadmium 
Halogenated organic 

compounds (DDT, 
PCBs, Dieldrin, and 
the like) 

Petroleum hydrocar
bons 

Nitrates, nitrites, 
nitrosamines 

Mycotoxins (alfa
toxins) 

Asbestos 
Selected microbial 

contaminants, esp, 
Salmonella 

Selected indicators of 
water quality-bio
logical oxygen de
mand, dissolved 
oxygen, pH, and 
coliform bacteria 

Selected indicators of 
soil salinity and 
acidity / alkalinity 

Media 

Air 

Air and water 

Air 
Air and oceans 
Air 
Air 

Man, soil, food, . 
biota, water 

Same 
Same 
Same 

Water 

Food 

Food 

Air 
Food and water 

Water 

Soil 

Note: It is considered that radionuclides 
and ionizin g radiation from peaceful uses of 

~~~~~f~n e~~~tre~O a~oih:iVp~e~i:~t \7m~~i~~~ 
term "water" includes the oceans. 
Source: UNEP. 

tomorrow, in order to see the trend. 
If we cannot produce harder data for 
decision makers, at the national 
level , they will continue to make 
choices which are based on hard 
economic data that are valid for at 
least the .short term. But if we can 
selectively produce stronger data, 
data that stand up against hard anal
ysis, then we can hope to have an 
impact on these decisions." 

Rising levels of harmful chemicals 
in food in international trade risk 
endangering the exports of many 
countries, especially developing coun

·tries, which may be denied ad
mission for the sake of protecting the 
consumer. Conversely, there is the 
danger that some developing coun
tries unwittingly admit imported 
food that is harmful to their citizens. 

Plans for the global environment 
monitoring system (GEMS) were for
mulated at the first session of the 
Governing Council, at Geneva last 
June 12-22. The first step would be 
to plan for the monitoring of levels of 
pollutants considered to be important 
in air, water, food, soil, and biota , 
with particular reference to those 
found in several media. 

An interagency working group on 
monitoring has been established; 
members are organizations of the 
UN system, including WHO , WMO, 
UNESCO, IOC, IAEA, FAO, together 
with UNEP. This group met during 
1973; they have prepared 'a report for 
the establishment of a global envi
ronment monitoring system within 
the Earthwatch program. 

In effect, then , many of the activi
ties proposed for the monitoring por
tion of Earthwatch are already being 
undertaken to some degree by gov
ernments and intergovernmental and 
nongovernmental bodies. 

The ultimate objective of the 
Earthwatch program is to provide 
early warning of impending changes 
or trends, whether man-made or nat
ural, in any part of the environment 
that threatens directly or indirectly to 
cause significant harm to man s 
health or well-being. At present, 
there is no systematic means for de
termining which pollutants are signifi
cant, within the meaning of recom
mendation 85 of the Stockholm con
ference . Even though there may be 
general agreement as to the hazards 
caused by certain broad classes of 
pollutants, in many cases only a few 
countries have the capability to mea
sure the levels of these pollutants in 
the media involved. In almost no 
case has there been suffiCient inter-

Spectrophotometers 
for Water Analysis 

You can 't find spectrophotometers any easier to 
use-especially for water and wastewater analy· 
sis. The new OR / 2 Model 2504 is available in a 
handy carrying case; Model 2582 is a handsome 
laboratory instrument. 

Both offer the advantages of dialing any of 
various light wavelengths instead of seljlcting 
from a set of individual color filters for each 
colorimetric test. OR / 2 instruments utilize a 
circular variable interference filter with a wave· 
length range of 400 to 700 nanometers (nm). 
Special wavelength dial positions are also 
marked for suspended solids testing !infrared 
light) and for measurement of color in water. 

Electronics are all solid·state with transis· 
torized voltage regulation. The carrying case 
model can be operated on either eight standard 
flashlight batteries or 115/ 220 V, 50 / 60 Hz; 
the laboratory model operates on either 115 or 
220 Volt power. 

Each control is at your fingertips on the in· 
strument panel. The spectrophotometer chassis 
also lifts out of its case to faci litate battery 
change or inspection, 

Irs 2 SPECTROPHOTOMETERS IN 1 
The instruments also perform well for general 
laboratory use. For analysts who choose to mix 
their own reagents and calibrate the spectro· 
photometer on their particular sample, Hach 
provides special blank meter scales. The instru· 
ment may also be fitted with an optional cell 
adapter which accepts commonly used 1.0 cm. 
sample cells. 

New Handbook For 
Water Analysis 
A Hach procedures handbook of 
simplified water and wastewater 
analys is Is provided with each 
Instrument. Tltrations and 
colorimetric determinations are 
detailed-more than 70 tests in 
all. Most procedures are based 
on Standard Methods but have 
been carefully simplified so 
anyone can perform without 
previous training. 

S First in Water Analysis 

HACH CHEMICAL COMPANY 
P.O. Box 907, Ames, Iowa 50010 U.S.A, 
(515) 232-2533, TWX: 910-520-1158 
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helping to solve energy 
and environmental 

problems 

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

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

To solve environmental 
problems. call NUS. 

NUS 
CORPORATION 

Circle No. 12 on Readers' Service Card 
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calibration to give any assurance that 
useful comparisons of acquired data 
can be made. 

In any case. this year special at
tention will be given to the develop
ment of an international capability to 
measure. on a repetitive basis. levels 
of pollutants of greatest international 
concern. 

Referral system 

Another initiative considered at the 
first session of the Governing Council 
last June is the activation of the IRS, 
the International Referral System. A 
basic function of the I RS would be to 
give a specific user a selective listing 
of the names, addresses. and attri
butes of those information sources 
most likely to satisfy his information 
needs and help him solve his envi
ronmental problems. The sources of 
information to which a user would be 
referred include formal information 
services. information analysis cen
ters, data files, and small groups 
of individuals with expert knowledge . 

An IRS demonstration project is 
under way today. This exercise in
volves: 

• creation of a demonstration IRS 
file of information sources 

• examination of how best to de
sign the I RS so that it may respond 
to the real needs of its users 

• study of the possible relation
ship between IRS and major existing 
or planned environmental information 
systems. 

Other contacts 

"One of our principal contacts with 
the scientific community has been 
the I nternational Council of Scientific 
Unions," Thacher explains. "Some 
years ago, its Scientific Committee 
on Problems of the Environment 
(SCOPE) assisted considerably in 
shaping the monitoring and other 
recommendations for the Stockholm 
conference. SCOPE recently estab
lished a Working Group on Environ
mental Assessment and Monitoring 
and will be involved in future moni
toring programs." 

UNEP also deals with many other 
organizations outside the UN system 
including: 

• European Community in Brus
sels 

• Organization of American States 
(OAS) . 

• Council for Mutual Economic 
Assistance (CMEA) (Moscow) 

• Nordic Council 
• OECD (Paris) 
• Rhine Commissions 
• Danube Commission 
• Regional development banks 
• a whole variety of international 

organizations 
• a whole variety of nongovern-

mental organizations. SSM 

Three books in the 
Chemistry in Action Series 

CHEMICALS FROM 
THE ATMOSPHERE 

by Charles H. Simpson 

An absorbing volume that tells how 
the use of atmospheric gases emerg
ed into a giant industry. The author 
deftly pieces together the exciting 
chain of events. History comes 
alive-air and the ancients . .. the 
oxyacetylene flame . .. experiments 
in liquification ... refrigerating ma
chines and liquid air ... modern air 
separation plants . . . cryogenic 
fluids .. . and others. 
181 pages 1973 Paperback $2.95 

HOW DID YOU THINK OF THAT? 
An Introduction to the Scientific Method 

by David H. Killeffer 

A distinguished science writer tells how 
you can use the scientific method-in 
detail. Five rules to follow in thinking out 
a problem. Case histories of famous dis
coveries-antiknock gasoline. electrolytic 
aluminum. and others. 
153 pages 1973 Paperback $2.79 

SILICA AND ME 
The Career of an Industrial Chemist 

by Guy Alexander 
An inside view of what it's like to do re
search in industry. The assignment. dis
cussions about the problems. a clue. the 
tests. a blind alley. and finally success. 
111 pages 1973 Paperback $2.69 

All books postpaid in U.S. and Canada. 
plus 25 cents elsewhere. 

Order from: 
Special Issues Sales 
American Chemical Society 
11 55 Sixteenth St .. N. W. 
Washington. D.C. 20036 



us at WWEMA-Booth 316 
& Lomb, Analytical Systems Division, 46-03-47 Linden Ave., Rochester, N.Y. 14625. 

Canada-Bausch & Lomb-Canada, Analytical Systems Division, 1790 Birchmont Road, Scarborough, Ontario. 
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GO ,has,,~ changed, but monitoring 
has."-- liere's why more and more 
companies and government agen
cies are using Ecolyzers®. 

The portable Ecolyzer gives you the reliability 
and the accuracy (± 1 '1. full scale) of the heavi
est, most expensive monitors. It lets you see CO 
on a large, direct linear scale. Scales range 
from 0-50 ppm to 0-2000 ppm, and there are 

scale combinations. It's powered by AC 
o~' nternal rechargeable batteries, and uses the 
a vanced, electro-chemical oxidation pri nciple 
- ot the troublesome, high maintenance meth
Odstommon to older analyzers. 

R r full , continuous, plant-wide or field sta
tibn monitoring , the Ecolyzer 3100 Alarm lets you 
see nd hear CO the minute it reaches a pre, 
dete~mined danger level. In addition to the scale 
there's both a visual and an audible alarm-both 
with t~ e same adjustable CO settings. The mon
itors ~ re tamperproof, weatherproof, and unaf
fecteq by humidity. They operate continuously 
for 30 days between routine checks; and have 
simple 0 to span calibrations. They are specially 
designed to be reliably maintained, by non
technical personnel. 

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

1~~~~~~~N.Y. State Dept. of Air Re-
~ sources, and other 

e nvi ron m ental 
agencies use 
Ecolyzers. 

Let us send you 
a list of users, a 
brochure, and a 
price I is!. Better 
yet , discuss yo ur 
needs with Jim 
Burkhardt. Call him 
at (914) 592-3010 
collect . 

CARBON MONOXIDE MONITOR 

ENERGETICS SCIENCE, INC. 
85 Executive Boulevard, Elmsford , N.Y. 10523 
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particles and then expose them to a concentrated charge 
of disinfectant prior to discharge. The actual units con
sisted of a macerator and holding tank in one unit and 
accommodated a 3-gal flush treated with 60 ml of 5.25% 
chlorine solution. 

Several in-service problems were noted-motors with 
insufficient capacity, leaks, treated liquid flowing back 
into the toilets, excessive salt deposits in the holding 
tank, and loss of effectiveness of the chlorine solution 
after aging. Effluent analysis showed that the amount of 
chlorine solution used was insufficient for disinfection at 
1965 Public Health Standards (PHS). 

During 1965-70, large macerator/chlorinators were in
stalled on several Coast Guard vessels with pressurized 
sanitary flushing systems. The 28 vessels equipped with 
this system included the 75-11 tow boats constructed dur
ing this period , all 110-ft harbor tugs in the 3rd and 9th 
Districts, and several buoy tenders. The treatment device 
consisted of a 15-gal macerator/ holding tank, a 20-gal 
storage-injection tank that treated each batch with 250 
ml of 12.5% chlorine solution, and a control panei. After 
an in-service evaluation, the following problems were 
noted: backflow of liquid from the macerator tank to the 
chlorine storage tank, need for a careful adjustment of 
tlTe amount of injected chlorine solution , and loss of ef
fectiveness of the disinfectant after aging. Of the effluent 
samples tested, 38% showed coliform densities in excess 
of PHS. 

Early systems 

The earliest prototype shipboard waste water treatment 
systems evaluated by the Coast Guard in the mid 1960's 
were of the biological type, consisting of an aerobic sys
tem installed on a 210-11 medium endurance cutter , and 
a trickling filter unit installed on a 180-11 buoy tender. 
Their design was based on land-developed technology 

with minor modifications for shipboard use. These sys
tems used activated sludge, trickling filtration , sedimen
tation, and disinfection. No means of on-board sludge 
disposal were provided . Aller extensive modifications, the 
results were unsatisfactory because of poor mechanical 
reliability, adverse effects produced by ship motion, wide 
variation of waste water loading rates, and the deleteri
ous effects of such toxic substances as pine oil disinfec
tants. 

A carbon adsorption system . was next evaluated in 
1969. Wastes were macerated against a screen in the re
ceiving/ maceration tank and fed through a series of col
umns filled with activated carbon filtration/adsorption 
beds for the removal of solids and soluble organics. Air 
was supplied to the receiving/ maceration tank and the 
final carbon column to support the bio-oxidation of the 
wastes. Disinfection prior to discharge was accomplished 
with an ultraviolet light source. Results after el(tensive 
modification indicated that the system provided inade
quate treatment when operating at one third its design 
hydraulic capacity. I nitial shore testing showed average 
BOD reductions of 37% and average suspended solids 
(SS) reduction of 27%. An excessive coliform count was 
present in all of the samples tested. 

Also in 1969, a physical/biological system was in
stalled on board the 180-11 buoy tender, the USCGC Sas
safras. Another improved version was installed on the 
210-11 medium endurance cutter, the USCGC Alert. The 
major components of the system included a preaeration 
disintegrator (hydraulic comminutor), vacuum aeration 
tower, settling tank, chlorine storage tank, and chlorine 
contact / ejection tank . The hydraulic and organic design 
loadings for the Alert system were based on that of the 
Sassafras, both having approximately the same crew 
size. During testing, the hydraulic load for the Alert was 
two-and-one-half times greater than the Sassafras's. 

TABLE 1 

Vessel constraints and waste water characteristics 

WASTE WATER CHARACTERISTICS 

Wa.te water sources 

Diluent water 
Influent cheracterlstlcs 

BOD 
Suspended solids 
pH 
Temperature 

Influent hydraulic loading 
Total 
Average per capita 
Peak flow 

Effluent requirements 
BOD 
Suspended solids 
Total coliform (mpn) 

PHYSICAL CONSTRAINTS 
Weight 
Volume 
Dimension. 

ENVIRONMENTAL CONSTRAINTS 
Ambient air temp 
Permanent trim 
Permanent list 
Pitch 
Roll 

ELECTRICAL POWER 
Type 
Maximum av.II.ble 
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Combined sanitary, galley, 
scullery, laundry, deck drains 

Salt, brackish, or fresh 

1000 mg/I. (av) 
1000 mg/l. (av) 
~9 
28-95°F 

5000 gal/day 
100 gal/man/day 
300% of av 

50 mg/I. or less 
50 mg/l. or less 
240/100 ml or less 

5000 Ib (dry) 
300ft< 
8.5' long X 5' wide X 7' high 

4O-14O"F 
3" from horizontal 
15° from vertical 
10" up or down · 
30" from vertical, l()'sec period 

44(). V, ac, 3-phase 
10kW 

ZO-M. ~st.'" 

Combined sanitary, galley, 
scullery, laundry, deck drains 

Salt, brackish or fresh 

500 mg/I. (av) 
500 mg/I. (av) 
~9 
28-95°F 

700 gal/day 
35 pi/man/day 
2QO% of av. 

50 mg/l. or less 
50 m~'. or less 
240/1 ml or less 

1000 Ib (wet) 
50ft< 
3' long X 4' wide X 4' high 

4O-14O"F 
3" from horizontal 
15" from vertical 
10" up or down 
40" from vertical, l()'sec riod 

I2JJ~V, ac, 3-phase 
4kW 



FIGURE 1 

50-man screening-centrifugation system 

From this experience it was determined that the volume 
of waste water generated is a function of both the crew 
size and the number of water-using facilities. 

Average influent BOD for the Alert system was 954 
mg/1. while average effluent BOD was 270 mg/ 1. for a 
BOD reduction of approximately 72%. The average in
fluent and effluent SS concentrations were 793 mg/ 1. and 
474 mg/ I., respectively, achieving an average SS reduc
tion of approximately 40%. It should be noted that this 
system was heavily overloaded hydraulically and suffered 
a correspondingly severe reduction of retention time in 
the treatment system. Bacteriological analyses for total 
coliform were inconclusive. Corrosive deterioration and 
metal fatigue affected several parts of the system and 
there was no means for on-board sludge disposal. 

Recently , some of the small vessel classes have been 
fitted with unitized toilets that recirculate the flush water 
and utilize a chemical in the flush waier as a dye, bio
cide, and odor suppressant. These toilets are periodically 
dumped into an on-board holding tank and recharged for 
further use. The dramatic reduction in hydraulic loading 
has greatly increased the time between main holding 
tank pumpouts for these vessels. 

Unfortunately, initial reports have indicated an odor, 
minor clogging when the toilets are dumped into the main 
holding tank, and crew complaints of discomforts caused 
by high units. 

Limitations and characteristics 

Although no operational systems resulted from the 
testing of available marine waste water equipment, valu
able experience and insight were gained. Additional infor
mation was obtained on shipboard limitations-space, 
weight, power constraints ; dynamic effects of ship motion 
on waste water treatment processes; and the character 
of vessel waste waters. 

Vessels have several constraints . Power constraints of 
on-board waste water treatment are the limitat ions of 
available electrical energy and / or fuel oi l. Space con
straints are severe on military vessels which are com
partmentalized to allow for the isolation of battle damage. 

Fine solids separation 

The weight and location of the treatment system are also 
critical on small recreational boats and some military 
classes. Comparatively, commercial vessels are less af
fected by the above limitations. 

Vessel waste systems require special aesthetic and 
safety considerations because of the restrictive environ
ment on the ship. Formation of noxious, potentially explo
sive, or toxic gases should be prevented. Operational and 
maintenance requirements should not require extensive 
time or special skills beyond those normally available to 
the host vessel. Recycled flush water should not be vi
sually objectionable, emit malodors, or carry pathogens. 
Other considerations include a corrosion-resistant sys
tem, a service interval compatible with the l1'Iissionprofile 
of the host vessel; and the utilization of expendable ma
terials that do not have excessive weight , space, or han
dling requirements. 

Vessel waste waters are dependent on the types of 
flushing system (hand-pumped or pressurized), waste 
water (sanitary only or combined) , and vessel; crew size; 
number of water-using fixtures; geographic location of 
the vessel ; weather; vessel mission profile; and cargo 
carried. For example, hydraulic flow can vary from 2 gal 
per capita per day (gpcd) for sanitary wastes in a re
duced flush system to 100 gpcd for combined waste 
water and a standard flush system. Similarly, average 
BOD can vary from 1122 mg/ I. for the sanitary waste 
waters of an 82-11 patrol boat to 712 mg/ 1. for the com
bined waste waters of a 180-11 buoy tender. 

CG development c;ontracts 
Following these observations, performance goals and 

design specifications were developed for treating the 
Coast Guard's 50-man and 20-man shipboard waste 
water systems (Table 1). A 50-man, 210-11 medium en
durance cutter was fitted with a surge tank which damp
ened the effects of hydraulic flow variations (Figure 1). 
Combined waste waters entered the tank before going 
into a vibrating screen for coarse solids removal and sub
sequent disposal of solids in an incinerator. A coagulant 
was added to the waste water en route to the centrifugal 
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FIGURE 2 

20-man ozonation system 

separator where the coagulated fine SS and light liquid 
fractions of the waste were separated from the main 
stream. Hydraulically operated internal collectors periodi
cally removed the separated solids from the centrifuge 
bowl to be fed to the incinerator. The centrate was 
pumped to the ozone reactor for oxidation of the dis
solved organics, removal of residual solids, and disinfec
tion before being pumped overboard. Initial feasibility 
testing gave a BOD and SS reduction of 89% and 95%, 
respectively , with an influent of 50% galley and 50% 
human wastes. Despite the encouraging early results, 
this system was too complex to warrant further testing. 

In May 1972, a successful laboratory feasibility study 
was completed for a 20-man ozonation system. Average 
BOD removal was 85% and SS removal 89%: In this sys
tem (Figure 2) , the coarse solids were removed by a 
screening device and dropped into an incinerator while 

FIGUR~ 3 ' 

20-man .electrocatalysis system 
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the underflow was led into a basket centrifuge for heavier 
SS removal. The centrate was pumped into a disc centri
fuge, where the finer SS were removed. The liquid was 
fed through the ozone reactor for the oxidation of dis
solved solids and disinfection of the effluent before dis
charge. 

A full-scale prototype was then built for shore testing 
and shipboard testing on a harbor tug (Figure 2). Initial 
shore results were very encouraging. 

In July 1972, a successful laboratory phase was com
pleted for another 20-man system, based on electrocatal
ysis (Figure 3). BOD and SS reductions of 88% and 91% 
were obtained. The influent was received by a surge tank 
and pumped through a filter/ incinerator that filtered out 
the coarse solids with sintered metal filter elements. Peri
odically, the trapped coarse solids were incinerated di
rectly on the filter elements. The filtrate was pumped into 



the secondary treatment cycle and passed through elec
trolysis cells that electrolytically generate sodium hypo
chlorite from the saline waste waters (salt must be added 
to the system during freshwater operation). The chlorinat
ed wastes were recirculated through a catalyst column 
that accelerated the oxidation of the organics and the 
disinfection. A small immersion heater and heat exchang
er were used in the secondary treatment component to 
increase the efficiency of the catalyst by raising the tem
perature of the waste water . In June 1973, full-scale pro
totype (Figure 3) was built. Initial shore results have 
been promising . 

The feasibility of using membrane separation and 
sludge incineration has been studied . In a proposed sys
tem application , all the wastes were macerated and the 
coarse solids removed with a centrifuge and led to the 
incinerator. The waste water was pressurized and 
pumped through a succession of membrane filters. The 
ensuing filtrate was discharged overboard and the resu l
tant sludge incinerated. A concentration ratio greater 
than 130 was obtained during the concept feasibility test
ing, using raw untreated sewage with a total solids of 
1000 mg / I. Thus, 260 liters of sewage would have given 
about 2 to 1 of sludge. The compact pebble-bed incinera
tor successfully handled 4 '12 gph of a 6% digested 
sludge. BOD and 55 removals were 76% and 90%, re
spectively. Presently, wet oxidation is undergoing study. 

Developmental rationale 

One of the two main approaches after the background 
investigation will be to develop effective systems for 
Coast Guard vessels. New system development efforts 
and process feasibility testing will be initiated . Promising 
results will lead to building a full-scale prototype, shore 
testing, vessel installation, and field testing . 

The continuing attention placed on developments out
side of the Coast Guard will undoubtedly mean that wor
thy processes and systems will come to Coast Guard at
tention . These systems will be procured and tested to de
termine their merits. 

The second major approach will be to evaluate existing 
systems and develqp promising processes for all other 
vessels, especially the recreational types. Again, those 
processes that prove themselves in their feasibility evalu
ation will be subjected to additional testing, proto.type 
component development, and demonstration testing as 
appropriate. 
The opinions or assertions contained herein are the private ones of the 
writers and are not to be construed as official or reflecting the views of 
the Commandant or the Coast Guard at large. 

Lt. Roswell W. Ard is a project offi
cer at U.S. Coast Guard's Office of 
Research and Development Head
quarters, working specifically on the 
development of marine waste water 
treatment units and vessel air pollu
tion control equipment. He has 
served on a 311-ft high endurance 
cutter and 180-ft buoy tender. 

Thomas S. Scarano is a civilian proj
ect officer at U.S. Coast Guard's Of
fice of Research and Development 
Headquarters involved in the vessel 
waste water management program. 
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Detecting pollutants with 
chemical-sensing electrodes 

Almost all analytical chemists find it necessary, at one 
time or another, to make measurements at very low lev
els. Most often nowadays, the analyst is looking for tra
·ces of toxic materials in sewage or in waste waters. 
Chemical-sensing electrodes have many advantages in 
such applications. They are relatively inexpensive de
vices, are fast to respond, and are unaffected by turbidity 
or color in the sample. Because the response is logarith
mic in nature, the precision (up to the limit of detection) 
remains constant over the entire measuring range: A flu
oride measurement at 0.1 ppm will have the same preci
sion as a measurement at 1000 ppm. Electrodes are 
unique in another sense; they are probably the only ana
lytical devices completely independent of the volume or 
weight of the sample. 

Until the mid 1960's, the only specific ion electrodes 
available were the classical pH and the glass sodium 
electrodes. Starting with the commercial availability of 
Ross's calcium electrode and the solid state electrodes 
for sulfide and fluoride, the use and acceptance of elec
trodes have been growing year by year. Orion's bibliogra
phy now includes more than 600 papers describing elec
trodes in analytical application. 

Since electrodes now include those for ammonia and 
sulfur dioxide, both of which are neutral species, the orig
inal term "specific ion electrodes" or "ion selective elec
trodes" must now be broadened to "chemical-sensing 
electrodes. " 

Analytical methods 

The development of new electrodes has been paral
leled by development of analytical methods using elec
trodes. Since many of these methods are applicable to 
low-level measurements, it is important first to view them 
briefly. 

The direct calibration methods are the simplest and 
most commonly used procedures. Standards are pre
pared by serial dilution or by adding a series of small in
crements to an initially large volume (the "liter beaker 
method"). 

For many ions, the calibrating standards can be pre
pared in a distilled water background, but some caution 
must be exercised if the ionic strength of the samples 
varies from sample to sample or if the samples will have 
a different background from the standards. For trace de
terminations in relatively pure water, small variations in 
sample ionic strength have almost no effect, since the 
activity of an ion changes little at low ionic strength. For 
trace determinations in waste waters where samples 
have high and variable backgrounds, these variations can 
have a marked effect on the estimated concentration. 

One way of handling this variation problem is to add a 
sufficiently high level of a background ion to both stan
dards and samples so that the normal variations would 
not have any effect. This procedure has been recom-
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mended in standard procedures (ASTM Standards, Part 
23, D 1179-72). However, in trace work this technique 
introduces, in turn, a new problem-the possibility of in
troducing trace contaminants from the material used to 
provide the background. Techniques for recognizing this 
problem will be discussed later. 

Aside from the problem of possible contaminant intro
duction, the use of "ionic strength adjustors" presents 
serious difficulties for those electrodes that are not highly 
selective, such as some of the liquid membrane types. 
Nevertheless, where the samples are of relatively fixed 
ionic strength and composition (for example, analyses 
after combustion or ashing) and when there are many re
petitive samples to be run, the direct measurement tech
nique is the easiest and simplest. 

The known increment methods consist of taking an ini
tial reading in the sample, adding a known amount of the 
species to be measured , and then taking a second read
ing. This procedure, now called "known addition," has 
been widely adopted and is especially valuable for work 
at low levels, since the second reading is always at a 
higher level. The concentration may be determined from 
direct-reading known addition scales now available on 
meters, from computer printout tables supplied by elec
trode manufacturers, or found in instruction manuals for 
the newer electrodes. 

The converse of known addition is known subtraction, 
where the loss of a sensed species after addition of a re
agent is measured. This technique is of less general use 
in trace analysis becaU'Se it moves the concentration in 
the wrong direction. It is useful in dealing with species 
that are unstable at low levels, such as sulfide: The dif
ference in reading for a pure cadmium acetate solution 
before and after the addition of a sample containing sul
fide is much easier than the direct measurement of low 
levels of sulfide, where air oxidation during the time of 
measurement may be a problem. Known subtraction is 
also useful' in situations where there is no electrode for 
the species to be measured-chlorine by subtraction of a 
known iodide solution. 

Known addition and known subtraction are usually 
done under conditions where the ionic strength of the 
sample does not change much between the two mea
surements. If this is the case, it is not necessary to know 
the ionic strength or make any corrections for it. If com
plexing agents are present for the species being mea
sured, they must be present in excess so that the fraction 
of ions which are bound remains constant during the 
measurement. 

Titrations are slower but more precise than direct mea
surements. Electrodes can be used to follow titrations. 
However, in order to have a good end-point break using 
conventional plotting techniques, the initial level should 
be at least two orders of magnitude greater than the level 
at the end of titration. Almost by definition, there are very 
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few situations in trace analysis when this can occur. With 
special plotting techniques, however. many microchemi
cal titrations become possible. 

Detection limits 

Determining the lower limit of detection of an electrode 
is usually not a simple experimental procedure. A series 
of successively more dilute standards is prepared . until a 
value is ultim<!tely reached which does not change ap
preciably with further dilution. For almost all electrodes. 
this lower limit is caused by the solubility of the mem
brane material itself. The only exception to this rule is for 
the glass pH and sodium electrodes, where the ultimate 

limit is set either by the presence of interferences, or the 
absence of a sufficient number of ions in the sample fails 
to provide a thermodynamic equilibrium within a reason
able time. 

For solid state electrodes, the apparent concentration 
of the measured species can be calculated from the sol
ubility product of the membrane material. For instance. 
the solid state chloride electrode membrane contains sil 
ver chloride, which has a solubility product of about 1.2 
x 10- 10. This means that in an unstirred solution, the 
portion of the solution next to the membrane will have a 
chloride level of approximately 1O - 5M from the dissolu
tion of the membrane material. If the solution is stirred , 

Commercially available chemical-sensing electrodes 

Ammonia 
Bromide 
Cadmium 

Calcium 
Carbon 

dioxide 
Chloride 
Chloride 
Cupric 

Cyanide 

Fluoride 

Hydrogen 
Iodide 
Lead 
Monovalent 

cation 
Nitrate 

Nitrogen 
oxides 

Perchlorate 
Potassium 
Silver/ sulfide 
Sodium 
Sulfur dioxide 

Thiocyanate 
Water 

hardness 

Low-
est 

Type de· 
of tee-

elec- tion 
trade limit 

GS 10-' 
SS 
SS 10 - 7 

LM 10 - ' 
GS 

LM 10-' 
SS 5 X 10-' 
SS 10-7 

SS 10-< 

SS 10-7 

G 
SS 
SS 10 - 7 

G 

LM 10 - ' 

GS 

LM 
LM 10-& 
SS 
G 10- 7 

GS 

SS 
LM 10 - 8 

Interference 

Cyanide 

Ferric 

Sulfide 

Aluminum 

Chloride 

Nitrogen 
oxides 

Removal 
technique 

Add 
hypochlorite 

Add sodium 
fluoride 

Add lead 
carbonate 

Complexing 
with COTA 

Add silver 
sulfate 

Add sulfamic 
acid 

GS = gas-sensin g, LM = liquid-membrane, G = glass, and 
5S = s olid·state. 
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the chloride level adjacent to the membrane will fluctuate 
as the stirring removes more or less of the dissolved ma
terial. 

If a standard is prepared which contains lO - sM chlo
ride , there will ,be an equal contribution of chloride from 
the dissolution of the membrane material. As a matter Of 

defining a relatively fixed point, the lower limit of detec
tion of an electrode is usually taken as the point at which 
the contribution from the membrane solubility is equal to 
the apparent concentration. This point can be found by 
extrapolating from higher concentrations to the reading in 
distilled water . 

Most electrodes have lower limits of detection than the 
chloride electrode, since the membrane materials are 
less soluble. Silver bromide, for example, has a solubility 
product of 5 X 1'0 - 13 , and the lower limit of detection is 
approximately 7 X 10 - 1M. For lanthanum fluoride, the 
membrane material in the fluoride electrode, the solubili
ty product for the single crystal material used in making 
the electrode is apparently many orders of magnitude 
less soluble than the freshly precipitated material. The 
fact that the limit of detection is much lower than antici
pated from the solubility product has been discussed by 
Lingane (Anal. Chern., 39,881,1967) and others. 

Tne same considerations hold for liquid membrane 
electrodes. In this instance, the electrode inventor tries 
to reduce water solubility by making the organic mole
cules as large as possible, but he is limited by other fac
tors such as the need to keep the molecule soluble in 
suitable solvents and the need to maintain adequate ionic 
mobility within the organic phase. 

Low-level problems 

The problem of adsorption, common to all low-level 
analytical procedures, is by no means a simple one. Cer
tain generalizations are possible, however. Glass contain
ers and beakers are generally unsatisfactory, because of 
the ion exchange-properties of glass. Plastics are gener
ally preferred, with Teflon apparently showing the least 
amount of adsorption (Anal. Chern., 42, 1002, 1970) . 
Prerinsing or prestorage of solutions having a Similar low 
level of the desired ion has been recommended as a 
technique for reducing the effects of adsorption. 

Manahan (Anal. Chern., 45, 836, 1973), working with 
the copper electrode at very low levels, suggested the 
use of an acetate buffer to -prevent adsorption of copper. 
I n the presence of excess acetate, the fraction of free 
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copper is fixed , so that there is no interference with elec
trode procedures. 

The problem of contamination can come from the re
agents used in the analysis, the water used to prepare 
samples, or even from the air. For example, distilled 
water prepared in tin-lined copper-distilling equipment 
may contain significant quantities of copper. And lab 
tissues used for wiping electrodes may well contain fluo
ride. Heavy metals which interfere with sulfide determi
nations have been found in sodium hydroxide solutions. 
Reagent contamination can be minimized by the use of 
ultrapure reagents, available from some suppliers, and by 
preliminary treatment with ion exchange resins, particu
larly resins having chelating properties. 

Time response is another problem. All electrodes be
come slower as the solutions become more dilute. In the 
case of gas-sensing electrodes, such as ammonia or 
S02, the lower limit of detection for the electrodes is set 
by the maximum acceptable time in which a reading can 
be obtained (typically 5-10 min). The S02 electrode re
sponses (Figure f), for example, are faster in the direc
tion of increasing concentration, as can be seen by com
paring the two uppermost curves (going from 10 - 5 to 
10- 4M, and the reverse) . Full response going from zero 
to 1O- 6M cannot be reached in less than 15 min. On the 
other hand , full response, going from 10 - 6 to 2 X 10- 6 

is reached within 5 min. 
Working at very low levels means long waiting periods 

for equilibrium. This wait can be remedied by using the 
recently developed Time Response Paper. With this 
paper, initial readings taken within the first few minutes 
are extrapolated to give the reading at "infinity" time. 

The problem of interferences is more serious in low
level work because in most cases it is the measured ion 
to the interfering ion ratio which determines whether in
terferences will occur. I n the case of glass and liquid 
membrane electrodes, the effect of an interference is 
gradual ; for any given level of the ion to be measured, in
creasing amounts of the interference cause a gradually 
increasing error. 

For example, hydrogen ions are an interference for the 
glass sodium electrode. Most of the commercially avail
able glass sodi~m electrodes actually have about a 100:1 
preference for hydrogen ion over sodium. This means 
that at low levels of sodium ion in neutral solution, there 
will be an interference from hydrogen ion. At pH 5 
(10 - sM activity of hydrogen ion) the electrode begins to 



respond to hydrogen ion at a level of around 1O - 3M sodi
um ion. At pH 7, interference begins at about 1O - 5M so
dium. For low-level sodium measurements, the solution 
must be made alkaline with gaseous ammonia or organic 
amines. Similar curves can be prepared for sodium inter
ference with the glass pH electrode, and chloride inter
ference on the liquid membrane nitrate electrode. 

For these electrodes, the equation describing the ef
fect of the interference on the observed potential has 
been given in various forms, typically: 

(1) 

where E equals the observed electrode potential; Eo 
equals a constant whose value depends on the choice of 
reference electrode; S equals the electrode slope (59.16 
mV at 25°C); A equals the activity of the ion being mea
sured; Ai equals the activity of the interfering species; z 
equals the charge on the ion being measured; Zi equals 
the charge on the interfering ion; Ki equals a selectivity 
constant. 

The equation can be used to estimate whether an in
terference is likely to occur, and selectivity constants are 
given in the manufacturer's literature. Such "constants" 
are not truly constant, and vary with the ratio of the 
species, temperature , and other factors. As a result·, it is 
not practical to attempt to correct for the presence of in
terferences by the use of selectivity constants. 

One interesting case which can be derived from the 
equations is that of sodium interference for the calcium 
electrode. Since the charge on the calcium ion is 2 and 
on the sodium is 1, the term for the activity of the sodium 
ion must be squared. As a result, there will be less sodi
um interference for the calcium electrode (given the 
same ratio of calcium to sodium) in a dilute solution. 

For some of the solid state electrodes, the manufactur
er's literature indicates that the interference "must be ab
sent." This would be true, say, for Silver or mercury with 
the copper electrode, since cupric sulfide in the mem
brane surface would be converted to silver or mercury 
sulfide. I n actual practice, there is no observed' interfer
ence below 1O - 7M of the interfering ion. Interferences in 
low-level work are best handled by chemical pretreat
ment of the sample. 

How to lower the detection limit 

All of the simple concentration techniques which are 
used by the microchemist are applicable to electrode 
work. Thus, extraction of species such as fluoride has 
been used to bring the fluoride level up to a point where 
it can be measured (Anal. Chim. Acta, 53, 23, 1971) . 
The use of chelating of complexing ion exchange resins 
(Soil Sci., 108, 266, 1969), the use of distillation to con
centrate volatile species such as cyanide (ASTM 0-19 
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Water Committee, March 1973) , and similar techniques 
are well-known . Techniques from other fields might also 
be applied, but thus far have not been reported. For ex
ample, in a variation on paper chromatography, a dilute 
solution could be evaporated from the end of a paper 
strip the end of which could be re-equilibrated with a 
much smaller volume of water . 

Reducing membrane solubility. can also lower the limit 
of detection set by the solubility of the membrane materi
al. There are two ways in which this solubility can be re
duced. 

First, the measurements can be made at temperature 
below that of room temperature . For example, the ex
pected chloride ion activity in solutions of saturated silver 
chloride are shown as a function of temperature from 5-
45°C. I t can be seen that decreasing the temperature 
from 25° to 5° would lower the limit of detection by a fac
tor of about 2.7 to a limit of 5 X 10 - 6 chloride. 

An alternative procedure is to reduce the solubility of 
the membrane material by using an organic solvent back
ground . There is a balance between the advantage 
gained from depressing the lower limit of detection and 
dilution of the sample, typically at about 90-95% organic 
solvent. 

Changing the chemistry can in some instances lower 
the limit of detection . The titration of calcium with EOTA, 
using the calcium electrode, is good down to only about 
10 -3M calcium. This is because of the relatively high 
lower limit of this electrode (10- 5M) and sodium interfer
ence from the sodium EOTA used for the titration. 

To remedy this (Anal. Chem. , 41, 1900, 1969) , a small 
amount of copper is added to serve as an indicator, and 
the copper or cadmium electrode is used. As long as 
there is free calcium in the solution , the dissociation of 
the added metal-EOTA complex is relatively unaffected 
by the additions of EOTA to the solution. When all the 
calcium has reacted , further small increments of EOTA 
cause a large change in the level of free cadmium or 
copper in the solution. 

Recently, the measurement of low levels of cyanide in 
industrial waste discharges has become of conSiderable 
interest. Legal requirements of maximum cyanide dis
charges in the range 0.01-0.1 ppm are not uncommon. 
The lower limit of detection for the cyanide electrode is 
about 0.1 ppm. 

The silver-sensing electrode has, on the other hand, an 
extremely low limit of detection, particularly for silver ac
tivity . A novel scheme has recently been proposed (Anal. 
Chem., 44, 2227, 1972) in which an indicator, consisting 
of a dilute solution of potassium silver cyanide, is used. 
PotaSSium Silver cyanide dissociates to a small extent in 
dilute solutions, giving a small level of free silver and free 
cyanide. It has been estimated that a 1O-5M potassium 
silver cyanide solution has a free silver ion activity of ap
proximately 10 - 9M. Any addition of free cyanide, such as 
mixing with an outside sample, causes a large change in 
the free silver activity in the solution. Species which 
might be expected to interfere, like chloride, do not be
cause the silver is entirely present as the cyanide com
plex. The lower limit of the indicator procedure, when 
combined with the Gran 's Plot technique discussed 
below, is probably about 0.01 ppm. 

The use of special plotting techniques, such as Gran's 
Plot, is a useful technique for work at low levels. As sug
gested by Equation 1, all potentiometric ion-sensing elec
trodes obey the Nernst equation: 

E = Eo - (RT/ nF) log A (2) 

where E equals observed potential ; Eo equals a constant 
which depends on the particular electrode and on the 
choice of reference electrode; R equals the gas constant; 
T equals the temperature in degrees Kelvin; n equals the 
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charge on the ion; F equals the faraday ; also a constant ; 
A equals the activity of the species, in many analytical 
pmcedures directly proportional to the concentration. 

A calibration curve can be prepared by plotting E vs. 
log A, or by plotting antilog of both sides, using the equa
tion antilog E/ S = K + A. A paper (by assuming a slope 
of 58 mV per decade) has been developed for plotting 
electrode readings directly against the concentration. 
Since the original procedure, using linear paper, was 
suggested by Gran in 1952, the paper was named 
"Gran's Plot" paper. To further simplify the plotting , pa
pers are available which correct for the volume change 
on making a series of additions, by skewing the millivolt 
lines. Thus, for a series of l-ppm additions, made by 
adding l-ml portions of 100 ppm each, to a 100-ml solu
tion, the 1-ppm additions may be plotted as 1, 2, 3, 4, 
and so on, even though by the · fifth addition there is a 5% 
change in the volume. 

The special usefulness of the Gran's plotting technique 
is that, unlike conventional logarithmic plots, these an
tilogarithmic plots may be extrapolated back to zero con
centration . This is especially useful for low-level work , as 
in the case of the calibration curve prepared in a solution 
which already contains some cyanide. Each point on the 
calibration curve (Figure 2) is displaced by the amount of 
cyanide initially present, and a "best fit" line can be 
drawn which extrapolates back , not to zero, but to the 
original concentration present. This is known addition in 
which several additions are made, and the best fit line is 
taken. Since the additions are at higher levels than the 
amount originally present in the sample, electrode re
sponses are fast and stable, and problems such as ad
sorption are of 'less consequence. 

Gran's Plot techniques are particularly useful for low
level titrations because the lower limit is usually set not 
by the electrode, but by the solubility of the precipitate 
formed during the titration. If, instead of using the actual 
solubility , one extrapolates to zero concentration, then 
the lower limit of a titration may be increased by as much 
as a factor of ten. For example, during the titration of 
chloride with silver nitrate, at a chloride level of 5 X 
10 ~ 5M, it is not possible to determine the end point from 
a conventional titration curve, inasmuch as the inherent 
solubility of Silver chloride in water is about 1O ~ 5M. If the 
same data are replotted on Gran's Plot paper, the points 
taken when there is excess silver present (and hence 
when the solubility of silver chloride is repressed) can be 
extrapolated back to find the correct end point because, 
in an ideal titration, there would be zero concentration of 
Silver chloride at exactly the stoichiometric end point. 

Valuable tools 

Chemical-sensing electrodes can be used in a wide 
variety of analytical techniques for detecting many chem
ical species at low levels. More care and thought are nat
urally required in this work than in routine measurements 
at higher concentrations. Nevertheless, the techniques 
are not difficult and the rewards to the analytical chem
ist, in terms of ease and simplicity of measurement, 
make the application of these techn iques well worth
while. 

Martin S. Fran!, Vice-President of 
Research at Orion Research Inc., 
has been part of the group which in
vented and brought the chemical
sensing electrodes to their present 
state of acceptance and use. 
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Hydrocarbon Composition of Urban Air Pollution 
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• Air samples were collected at sites in Los Angeles and 
New York to evaluate compositional detail of the hydro
carbons and oxides of nitrogen. The compositional details 
provide a wealth of information allowing for the estima
tion of source contribution and photochemical potential of 
an ambient atmosphere. The need to inventory an ambi
ent atmosphere for source contribution is important for 
evaluating control strategy required to meet the 1975 air 
quality standards. The manuscript describes two methods 
for estimating vehicular hydrocarbons in an ambient at
mosphere. 

Since the development of gas chromatography, several 
attempts have been made to sample the atmosphere for 
hydrocarbon pollutants. The earliest report of atmospher
ic hydrocarbons was made by Eggertsen and Nelsen 
(1958). The paper outlined a procedure for trapping large 
volumes of air and included some data of atmospheric 
analyses. Neligan (1962) presented a detailed description 
of the C2-C7 aliphatic hydrocarbon species in the Los An
geles atmosphere. The comparison of hydrocarbon compo
sition of these air samples to auto exhaust resulted in the 
identification of other sources of the paraffinic hydrocar
bons. These other sources were attributed to natural gas 
leaks, gasoline evaporation, and industrial sources. 

Similar observations were made by Altshuller and Bel
lar (1963) for the paraffinic hydrocarbons, especially eth
ane, propane, and isobutane in the Los Angeles area. 
They reported ambient concentrations for these species 
five to ten times larger than those observed from auto 
emissions. For the most part, the other hydrocarbon 
species measured compared well to compositional mea
surements of auto exhaust from dynamometer studies. 

Stephens and Burleson (1967) compared the composi
tion of individual C2-Ca aliphatic hydrocarbons analyzed 
in air samples collected in Riverside, Calif., to auto ex
haust, gasoline (both vapor and liquid), and natural gas to 
evaluate pollutant sources. The olefin pollutant ratios to 
acetylene were compared in morning and afternoon sam
ples, and the decrease of these ratios in afternoon samples 
was attributed to photochemical losses. The high concen
tration of ethane observed was attributed to natural gas 
sources. They suggested a combination of vehicular emis
sions, gasoline evaporation, and natural gas and oil field 
losses as sources of the propane species. They suggested 
the lower pollutant ratios of ethylene and propylene to 
acetylene observed in the morning samples compared to 
auto exhaust emissions were due to the mixing of fresh ex
haust with reacted pollutants from the previous days. 

Stephens and Burleson (1969) used irradiated air sam
ples to evaluate air samples in terms of hydrocarbons 

1 To whom correspondence should be addressed. 

present, hydrocarbons reacted, and original hydrocarbon 
levels. Estimates were made for morning concentration 
levels from those observed in afternoon samples using 
first-order kinetics and rate constants determined from 
flask reactions of ambient air samples. The method left 
many questions unanswered, such as the extent of nitric 
oxide loss compared to hydrocarbon reacted. 

Altshuller et al. (1971) presented diurnal patterns of a 
variety of individual aliphatic and aromatic hydrocarbon 
species. From these patterns, they were able to show auto 
exhaust as a common source for many of these species. 

They presented patterns from two locations in the Los 
Angeles basin; namely, nOLA (downtown Los Angeles) 
and Azusa. Compositional variations were observed at 
these two locations primarily of the aliphatic hydrocar
bons. The transportation of heavily polluted air masses 
from nOLA was observed in the diurnal pattern of hydro
carbons at the Azusa site. Even though the hydrocarbons 
at the Azusa site were generally one half of those reported 
at nOLA, mid-afternoon oxidant concentrations were of 
comparable magnitude on many occasions. 

Many of these reports were limited by the lack of detail 
of hydrocarbon composition. In most of these papers, 
comparisons were made of ambient air pollutants to auto 
exhaust obtained from dynamometer studies. Hydrocar
bon composition of auto exhaust obtained in this manner 
varies with vehicle, gasoline and test cycle used, and is 
not necessarily representative of the vehicular emission 
observed in the actual atmosphere . 

This paper deals with alternate methods for evaluating 
vehicular emissions in an ambient atmosphere. The paper 
also presents atmospheric hydrocarbon data from the 
eastern coast, in particular the New York- New Jersey 
area. 

Experimental 

Atmospheric air samples were collected in 70-liter, 
2-mil Tedlar bags (nu Pont Co.) by means of an automat
ic sequential air sampler. The trapping system used for 
concentrating large air samples was similar to those out
lined in previous work (Lonneman et al. 1968; Bellar et al. 
1963). 

Figure 1. Trapping system for gas chromatographic analyses 
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The trapping device is shown in Figure 1. Three gas 
chromatographic systems were used to analyze the hydro
carbon species. The technique for each gc system is de
scribed below: 
C2-C~ Aliphatic Hydrocarbons (Excluding Ci Ole

fins) 
The technique of injection 

The concentration setup is described in Figure 1. 
The trap was a 1-ft x %-in. stainless steel column 

packed with 60-80 mesh dilute nitric acid washed 
silica gel grade 58 (Grace Labs) . 

The analytical column was an 8-ft x %-in. stainless 
steel column packed with the same silica gel sub
strate at 30·C. 

The loop volume was 72 cc. 
The helium trap flow rate He, was 90 cc/ min. 
The helium column flow rate Her was 40 cc/ min. 

Sampling procedure . 
Air was pulled from a sample bag through the sam

ple loop at ambient pressure by means of a 
pump. In the meantime the trap was immersed 
in liquid nitrogen. 

Sample valve Vl was turned to the inject position 
routing the He, flow through the loop, pushing 
the sample through the trap. This period was 
usually 6 min or enough time to flush the loop 
several times. 

At the end of this time period, the liquid nitrogen 
was removed and the trapped oxygen was vented 
to the atmosphere for a period of 5-8 sec. 

At the end of this period, valve Vl was turned to 
the fill position, and simultaneously valve V2 was 
turned to the inject position. 

The column helium, Her front flushes the trapped 
C2-C~ aliphatic hydrocarbons through the trap 
and onto the analytical column. 

After a period of llh min, valve V2 was turned back 
to the fill position. This period was sufficient for 
the quantitative injection of the C2-C~ aliphatics 
onto the analytical column. If this time period 
was extended, the higher molecular weight hy
drocarbons and water would break through the 
trap and onto the analytical column resurting in 
the deactivation ofthe silica gel substrate . 

During the sample analysis, helium flow He, back 
flushes the higher molecular weight hydrocarbons 
and water off the trap preparing it for the next 
sample. 

Ci-Cs Aliphatic Hydrocarbons 
The technique for injection of the Ci-Cs aliphatic hy

drocarbons was similar to that for the C2-C~ sys
tems with the following differences. 
The trap was a' l-ft x %-in. stainless steel column 

packed with 10% Carbowax 1540 on 60-80 mesh 
GasChrom Z. 

The analytical column was a 300-ft by O.06-in. i.d . 
open tubular column coated with dibutylmaleate 
at ice water temperature. A 1-ft X %-in. trap 
containing 10% 1,2,3-tris(2-cyano)ethoxy propane 
(TCEP) was used after the column to prevent 
bleeding of the dibutylmaleate substrate to the 
detector. 

The loop volume was 90 cc. 
The helium trap flow rate, He" was 100 cc/ min. 
The helium column flow rate, Her, was 70 cc / min. 

Sampling procedure was similar to the C2-C~ system 
with the following differences. 
The period for venting trapped oxygen to the atmo

sphere was 1-2 sec. When the liquid nitrogen was 
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removed, the trap was immersed in a beaker of 
water at room temperature. 

After a period of 30 sec, valve V2 is turned back to 
the fill position. This period was sufficient for the 
quantitative injection of the C.-Cs aliphatics 
onto the analytical column and prevents the in
jection of the heavier molecular weight aromatics 
hydrocarbons onto the-column. 

C6-Cl0 Aromatic Hydrocarbons 
The technique for injection of the C6-C10 aromatic 

hydrocarbons was similar to that described for the 
C2-C~ aliphatics with the following differences: 
The trap was a 1-ft x %-in. stainless steel column 

packed with 60-80 mesh glass beads. 
The analytical column ~as a 300-ft. x O.06-in. i.d. 

open tubular column coated with m-bis-m-phe
noxyphenoxy benzene at 70·C. 

The.1oop volume W!lS 150 cc. 
The helium trap flow rate, He" was 100 cc / min. 
The helium column flow rate, Hec, was 70 cc / min. 

Sampling procedure was similar to the C2-C~ system 
with the following differences: 
The time period for venting trapped oxygen was 1- 2 

sec. When the liquid nitrogen was removed, the 
trap was immersed in a beaker of water at room 
temperature. 

Valve V2 was not returned to the fill position until 
the completion of the analysis. This period was 
usually 30 min. 

The carbon monoxide and methane species were sepa
rated on an 8-ft x%-in. stainless steel column packed with 
60-80 mesh 13x molecular sieve (Wilken Instrument Co.) 
at 70·C . Nitrogen was used as the carrier gas. Hydrogen 
was added to the carrier gas effluent at the exit of the col
umn via a Swagelok tee. The mixture was routed through 
a 1-ft x Vi-in . copper column packed with reduced nickel 
on firebrick catalyst (40-60 mesh) to the flame-ionization 
detector. The catalyst temperature was maintained at 
450·C. The catalyst was prepared by wetting untreated 
firebrick with a saturated solution of nickel nitrate. The 
substrate was dried and exposed to a hydrogen atmo
sphere at 450·C for a period of 12 hr. The catalyst served 
to reduce carbon monoxide to methane. 

Results and Discussion 

Air samples were collected in 70-liter Tedlar bags for 
detailed compositional analysis . The study included the 
following three items: 

Samples (400) collected in Downtown Los Angeles dur
ing the fall months of September, October, and November 

·1968. The air samples represented a 1-hr integrated sample. 
Samples (310) collected at various sites located 

throughout the New York-New Jersey area during the 
summer months of June, July, and August 1969. Each air 
sample was collected over a 2-hr time period. 

Samples (10) collected in the Lincoln Tunnel over a 
lh-hr period. 

The three gas chromatographic procedures produced 52 
Il)easurable hydrocarbon peaks representing the C1-C10 
hydrocarbons. The higher molecular weight hydrocarbons 
(CU -C12) were observed on occasion but at very low con
centration levels. Some of these peaks represented more 
than one hydrocarbon component that were not complete
ly resolved. The overlap of paraffinic and olefinic species 
was not a significant problem, especially with more abun
dant components. There were overlaps between benzene 
and some of the C7 and Cs paraffins, especially methyl 
cyclohexane. 



The summation of concentrations of these peaks in 
parts-per-billion carbon was considered to represent the 
total hydrocarbon concentration. This assumption was 
confirmed by the comparison of this value with that ob
tained with a Beckman Model l09A Total Hydrocarbon 
Analyzer. The problems encountered, however, with the 
total hydrocarbon analyzer are numerous including re
sponse variation with sample air flow rate; variation in re
sponse factors of the individual hydrocarbon species in 
air; response due to water vapor (relative humidity) (Luc
ero, 1972); and temperature variation effect on the elec
tronics of the system. 

On many occasions, however, the concentration com
parisons were in good agreement. In addition to this com
parison, no other measurable peaks corresponding to other 
hydrocarbon species were observed on the chromatogram. 

Detailed hydrocarbon composition of an ambient atmo
sphere serves as a fingerprint for estimating source contri
bution to the overall hydrocarbon burden, permits evalua
tion of the photochemical smog potential of an ambient 
atmosphere due to hydrocarbon reactivity, and provides 
input for estimating emission control requirements neces
sary to attain the 1975 hydrocarbon air quality standards. 

Dynamometer results have been used to compare ambi: 
ent samples to automotive tail pipe emissions (Stephens, 
1967; Stephens, 1969; Altshuller, 1971). However, there 
are large uncertainties involved in extrapolating the re
sults of dynamometer studies to the real atmosphere. 
Since dynamometer studies cannot practically cover all 
combinations of parameters affecting automotive emis
sions, estimates of emission into the atmosphere are based 
on measurements from "typical" vehicles, using "typical" 
fuels and operating under "typical" driving conditions. 

Table I. Average Hydrocarbon Ratios' to Acetylene 
in Lincoln Tunnel 

Component 

Ethylene 
Isobutane 
n·Butane 
Propylene 
Isopentane 
Isobutylene} 
Butene·1 
Sum of C, olefins 
n-Pentane 
Sum of C, olefins 
Cyclopentane } 
2·Methylpentane 
3·Methylpentane 
n-Hexane 
2,4·Dimethyl pentane 
2,2,4·Trimethyl pentane 
Toluene 
Ethyl benzene 
p·Xylene 
m·Xylene 
o·Xylene 
Sum of C8 aromatics 
3 & 4-Ethyl toluene 
sec-Butyl benzene } 
1,2.4-Trimethyl benzene 
Sum of paraffins 
Sum of olefins 
Sum of aromatics 
Total nonmethane hydrocarbons 
Carbon monoxide 

Ratio of component 
to C~H2 and std dey 

1.33± 0.14 
0.34± 0.05 
0.97± 0.12 
0.61 ± 0.07 
1.25± 0.14 

0.34± 0.04 

0.60± 0.07 
0.62 ± 0.07 
0.53± 0.08 

0.76 ± 0.08 

0.34± 0.04 
0.36± 0.05 
0.34± 0.04 
0.27 ± 0.23 
1.27 ± 0.23 
0.22± 0.03 
0.25 ± 0.03 
0.70± 0.15 
0.28± 0.04 
1.44± 0.25 
0.38 ± 0.05 

0.4D± 0.06 
6.81± 0.92 
3.24± 0.32 
3.87 ± 0.58 

13.9 ± 1.5 
63.4 ±6.1 

a Ratios were calculated from component concentrations in parts
per-billion carbon. 

Emission measurements made under real driving condi
tions can minimize many uncertainties inherent in dyna
mometer measurements. 

Air samples collected along roadways represent a larger 
number of vehicles and gasolines in actual use. However, 
these sampling locations are subjected to air ventilation 
and circulation characteristics resulting often in hydrocar
bon concentrations only two or three times higher than 
that of surrounding atmosphere. Under such conditions, 
strong and variable emissions from non vehicular sources 
may prevent the accurate determination of a vehicular 
emission factor. The operation of the automobile on any 
given roadway may not be representative of the composite 
urban traffic, and accurate vehicular emission factors may 
require information on traffic density and sampling at 
roadways under different traffic conditions. 

The Lincoln Tunnel constructed under the Hudson 
River connecting New Jersey with Manhattan is heavily 
traveled. The controlled ventilation of the tunnel provides 
hydrocarbon concentrations four to five times larger than 
those observed in roadway samples, and 10 to 15 times 
higher than those observed in the ambient atmosphere. 
Contribution of hydrocarbons from other sources are ex
pected to be insignificant at these concentrations. A wide 
range of vehicles using a variety of gasolines produces a rep
resentative automotive atmosphere. As with roadway 
samples, however, one must incorporate assumptions re
garding the comparability of tunnel traffic and the com
posite urban traffic. 

The comparison between the tunnel atmosphere and 
that observed at ambient atmospheres throughout the city 
can be made between hydrocarbon composition or ratios 
of individual hydrocarbons. Acetylene was used as a nor
malizing species since it serves as a convenient means of 
comparing individual hydrocarbons or sums of hydrocar
bons. 

Two assumptions were made about the acetylene 
species; namely, 

The only source of acetylene in the urban areas was 
from automotive sources. This is a valid assumption, ex
cept in vicinities of acetylene plants or areas where acety
lene is used for an industrial application. 

The acetylene species for practical purposes is photo
chemically unreactive. This postulate has been confirmed 
in other studies (Stephens, 1967; Kopczynski, 1972). 

Because of its excellent correlation with acetylene, car
bon monoxide could also be used as a normalizing species. 
However, acetylene was selected since the magnitude of 
its concentration was comparable to other hydrocarbon 
species; and it was analyzed by gas chromatography using 
cryogenic concentration techniques. 

The normalization factors for some of the major indi
vidual components, total hydrocarbon, sums of paraffins, 
olefins, and aromatics are listed in Table 1. The concen
trations of the components used to calculate these ratios 
are parts-per-billion carbon. The total hydrocarbon factor 
does not include methane, ethane, and propane since 
these components are largely representative of natural 
sources in the ambient atmosphere. Benzene was also ex
. cluded from the total hydrocarbon factor since interfer
ence in its gas chromatographic analysis by paraffinic 
components was identified. In the table, ethylene is ob
served to be the most abundant pollutant in the automo
tive atmosphere foilowed closely by toluene and isopen
tane. Fifty percent of the identified components have ra
tios valued below 0.20 with 62% of these below 0.10. Sev
enty percent of the identified species with ratios above 
0.10 have a standard deviation range better than ± 15%. 

The superior precision in the standard deviation range 
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Figure 2. Linden. Average total hydrocarbon (less methane. eth
ane. propane, and benzene) vs. time 

for the ratio of the sum of the olefins to acetylene may re
sult from the fact that the major olefins, in particular eth
ylene and propylene, represent pollutants produced by the 
combustion process and are not significant constituents of 
gasoline. Since acetylene is also produced exclusively by 
the combustion process, it seems reasonable that these 
components compare that well. 

However, the paraffins and aromatics are components of 
gasoline. Their presence in tail pipe emissions is due to 
both the combustion process and survival. These effects 
combined with the compositional differences of the vari
ous gasolines used by automotive traffic may explain the 
higher standards deviation ranges observed for the ratios 
to acetylene for both the sum of paraffins and aromatics. 
More severe deviation in ratios are observed for the heav
ier hydrocarbons such as toluene, m-xylene, and 2,2,4-tri
methyl pentane than the lighter paraffins such as isobu
tane through Cs species. 

The standard deviation range about the mean ratio for 
many of these components and the summation of compo
nents are low enough to be used as factors to evaluate the 
hydrocarbon composition at several locations throughout 
the area in terms of vehicular and nonvehicular sources. 

Samples were collected at four sampling sites through
out the New York-New Jersey area. Two sites were locat
ed at industrial areas of New Jersey southwest of Manhat
tan; namely, Linden and Bayonne. The other two sites 
were located in the nonindustrial areas of Brooklyn and 
Manhattan. At each site 8-13 air samples were collected 
and analyzed for each 2-hr time periods during the time 
interval of 3:00 a.m.-5:oo p.m. The average total hydro
carbon (excluding methane, ethane, propane, and ben
zene) for each sample period is given in Figures 2 through 
5. The estimated vehicular total hydrocarbon for each 
time period was calculated by multiplication of the 13.9 
factor from Table I by t he average acetylene concentra
tion. From the figures, it is obvious that the observed 
total hydrocarbon concentration exceeds the estimated ve
hicular total hydrocarbons at all sample sites at all sam
ple times, indicating other sources of hydrocarbon. This is 
especially true for the Linden and Bayonne sites where in
dustrial sources are more predominant. 

The 7:00- 9:00 a.m. sample interval represents a time 
period of peak vehicular· traffic, generally associated with 
a mild morning inversion. The highest total hydrocarbon 
concentration is expected during this period. It is also ex
pected that most of the total hydrocarbon would be at-

232 Environmental Science & Technology 

I I I I 

B EtmllllFItOIALLSOUItCU 

VElttCUlAIIImcsslOa .. 
~ 

.. ... 
>---

~ 

.. 
f--- . 

'" ~ 
~ 

, .. "" 01~ "" II. ,. 
NOUIt Of OAY 

Figure 3. Bayonne. Average total hydrocarbon (less methane, 
ethane, propane, and benzene) vs. time 

tributed to vehicular sources. The Brooklyn site is the 
only location where both of these expectations are ob
served. The vehicular total hydrocarbon peak does not 
occur at the Manhattan site until the 9:00-11:00 a.m. pe
riod. This is possibly explained by the transport of heavily 
polluted air from midtown Manhattan to the sampling 
site located 7-8 km north . 

The highest percentage of total hydrocarbons account
able as vehicular emission occur during the 7:00-9:00 a.m. 
time period at the Brooklyn and Linden stations and 
9:00-11:00 a.m . at the Bayonne and Manhattan sites. At 
all other time periods t he contribution of hydrocarbons 
from other sources increases at all sam piing locations. 
This fact is observed by the greater difference between the 
observed total hydrocarbon and that estimated from vehi
cular emissions. These other sources include industrial 
and gasoline evaporative losses from parked vehicular fuel 
tanks. The contribution of hydrocarbon from evaporated 
fuel tank losses are expected to increase significantly dur
ing the afternoon hours owing to the increase in ambient 
temperatures. The decrease in the estimated vehicular 
hydrocarbon concentration during the afternoon hours is 
probably due to the breakup of the momin.g inversion ac-

Table II. Ratio" of Sum of Paraffins, Olefins, and 
Aromatics to Acetylene at New York-
New Jersey Stations at 7:00-9:00 a.m. 

Bay- Man- Brook-
onne Linden hattan Iyn Tunnel 

2: Paraffins 17.79 14.65 8.33 9.22 6.81 
2: C, paraffins 4.51 4.06 1.73 1.83 1.41 
2: C, paraffi ns 6.10 4.37 2.80 2.79 1.90 
2: Oletins 5.11 4.86 2.64 2.79 3.24 
2: C, olelins 1.12 0.93 0.47 0.49 0.59 
2: C, oletins 0.07 0.10 0.03 0.07 0.08 
2: Aromatics 10.85 8.57 5.97 7.81 3.87 
Toluene 4.18 3.31 2.11 2.96 1.27 
2: C, aromatics 4.55 3.51 2.95 3.34 1.44 
2: C, + CIO aromatics 2.12 1.75 0.91 1.51 1.16 
Ethylene 1.97 1.69 1.10 1.20 1.33 
Propylene 0.73 1.04 0.34 0.38 0.61 
Av acetylene concn, 21.3 30.4 48 .2 51.1 

ppb carbon 
a Ratios were calcu lated from 

carbon. 
component concentrations i. ppb 
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Figure 4. Manhattan. Average total hydrocarbon (less methane, 
ethane, propane, and benzene) vs. time 

companied by better air ventilation characteristics. These 
meteorological changes indicate little beneficial effect at 
any station, in particular Linden, where the observed 
total hydrocarbon concentration is generally unchanged. 
This would indicate that industrial sources of hydrocar
bons are increasing during t he afternoon hours. 

With the exception of two time periods, at the Linden, 
Brooklyn, and Bayonne stations (Brooklyn 7:00-9:00 a .m. 
and Bayonne 5:00-7:00 a.m.), the hydrocarbon concentra
tion from non vehicular source exceeds 240 ppb carbon. 
This would indicate the need for further reduction of in
dustrial emissions to meet the 1975 air quality standards. 

More detailed information of hydrocarbon composition 
was obtained by the comparison of tunnel ratios in Table 
I to those calculated at the sampling stations. Because of 
the enormous amount of data, these calculations were 
limited to the 7:00-9:00 a.m. time period, and the average 
ratio determined for all sampling periods. The results are 
recorded in Tables II and III. Presentation of data in this 
form permits a more detailed evaluation of hydrocarbon 
composition at each sampling site, allows for convenient 
comparison of composition at each station, and in general 
permits the evaluation of the nonvehicular hydrocarbon 

Table III. Ratio· of Sum of Paraffins, Olefins, and 
Aromatics to Acetylene at New York-
New Jersey Station at All Times 

Bay- Man- Brook-
onne Linden hattan Iyn Tunnel 

2: Para1fins 19.50 19.08 8.51 11.29 6.81 
2: C. paraffins 5.34 5.24 1.97 2. 47 1.41 
2: C, paraffins 6. 48 5.65 2.89 3. 21 1.90 
2: Olefins 4.83 5.75 2.21 2.97 3.24 
2: C. olefins 0.99 1.35 0.39 0.50 0.59 
2: C, olefins 0. 11 0.14 0. 05 0. 05 0.08 
2: Aromatics 12 .77 11.70 6. 74 11.3 3.87 
Toluene 5.20 4.84 2.16 4.77 1.27 
2: C. aromatics 5.89 4.87 2.67 4.67 1.44 
2: C, + CIO aromatics 1.68 1.99 1. 91 1.86 1.16 
Ethylene 1.83 1.91 1.08 1.28 1.33 
Propylene 0.54 0.87 0.31 0.38 0.61 
Av acetylene concn, 15.9 21.7 43.7 32.1 

ppb carbon 
a Ratios were calculated 

carbon. 
from component concentrations in ppb 
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Figure 5. Brooklyn. Average total hydrocarbon (less methane, 
ethane, propane, and benzene) vs. time 

composition. Since the automobile is considered as the 
major source of the overall hydrocarbon burden at the 
urban locations, the 7:00-9:00 a.m. sampling period with 
the associated automotive traffic density should be repre
sentative of the highest percent of vehicular emissions. In 
Table II this is generally true for the nonindustrial sam
pling sites and obviously not true for the industrial sites. 

The Manhattan sampling site during this time period 
demonstrates the nearest comparison to the tunnel com
position. The paraffin-acetylene and aromatic-acetylene 
ratios at the Manhattan site are greater than in the tun
nel composition. The obvious explanation for these obser
vations is other sources of paraffins and aromatics con
tributing to the air quality at the Manhattan site. The 
lower olefin- acetylene ratio at the Manhattan site can be 
accounted for by photochemical reaction losses, since the 
sunlight intensity during the midsummer months in New 
York at the 7:00-9:00 a.m. time period is comparable to 
that observed at mid afternoon in Los Angeles during the 
fall smog season. 

If the hydrocarbon composition of the 7:00- 9:00 a.m. 
time period at the Manhattan site is selected as being 
more representative of average vehicular emissions than 
the tunnel samples, other sources of paraffins and aromat
ics are still observed at the Brooklyn site. Irrespective of 
which composition is selected, other significant sources of 
all hydrocarbon classifications are observed at both the 
Linden and Bayonne sites. 

Table III represents the average ratio of component to 
acetylene for all sample times. As expected, the hydrocar
bon composition at each sampling station demonstrates 
greater divergence from the tunnel composition. The ex
tent of photochemical reaction loss of the olefin compo
nents is even more significant. Likewise the contribution 
of paraffinic and aromatic species from other sources are 
more pronounced. At the industrial sites, sources of all 
types of hydrocarbons are indicated. 

Sunlight irradiation of air samples in plastic bags and 
glass containers, as well as a variety of simulated chamber 
studies (Stephens, 1967; Kopczynski, 1972), indicate the 
rather high reactivity of many paraffinic and aromatic 
species. The reactivity of di- and trimethyl-substituted 
aromatics exceeds that of ethylene. Yet, in these ambient 
atmospheres no significant loss of these species was ob
served. This is shown in Table III where the hydrocarbon 
to acetylene ratio at all sample times is higher for the Cg 

and C9- 10 aromatics than similar ratios found in Table II 
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for the 7:00-9:00 a.m. period. Lower ratios should be ob
served if these species had reacted. Since there is no evi
dence to conclude a different photochemical mechanism, 
it must be assumed that the continuous contribution of 
fresh pollutants of this type masks their consumption in 
the photochemical process. However, when evaluating 
data as average concentration over a period of three 
months, the possibility of one or two unusual days biasing 
the average concentration must be considered. The hydro
carbon composition will vary at each site with atmospher
ic conditions and sources strength. On days of high oxi
dant, the atmosphere is stable and stagnated. Wind veloc
ities are low, and more significant photochemical losses of 
all reactive hydrocarbons should be observed. 

It would perhaps be more fitting to lump gasoline evap
orative emissions from parked automobiles with the vehi
cular emission factor since this fuel reserve is associated 
with the automobile. The inability, however, to estimate a 
factor representative of all gasolines, vehicle density, and 
ambient temperature requires that these sources be com
bined with other nonvehicular sources. 

Our laboratory studies have shown that a temperature 
range of 21-32°C has very little effect upon compositional 
changes of the vapor over gasoline. However, increases of 
approximately 20% in total hydrocarbon concentration in 
the vapor were observed. Even though it may be difficult 
to estimate hydrocarbon burden due to evaporative losses, 
it is safe to assume that the burden may increase as much 
as 20% during the afternoon hours . 

Ratios of compounds or sums of compounds to acetylene 
can be used to observe transport of hydrocarbons from an 
industrial complex to a nonindustrial location. This ap
proach was used to compare compositional variations in 
Manhattan when the wind direction was from the indus
trial complex located west to southwest, and when the 
wind was from other directions. The results of this ap
proach are given in Figure 6. Sources of paraffins and aro
matics from the industrial complex located west to south
west significantly affect the hydrocarbon composition at 
Manhattan. The olefins are only slightly affected. 

The results in Figure 6 are only intended to show the 
effect of wind direction on compositional changes. The re
sults should not be interpreted to indicate increase in hy
drocarbon concentration. In fact, the total hydrocarbon 
concentrations in Manhattan at times were higher when 
the winds were from north and east. 

Air samples were collected in Los Angeles on both 
weekdays and Sundays. The total hydrocarbon concentra
tion (less methane, ethane, propane, and benzene) for 
each I-hr integrated sampling period is plotted in Figure 
7. Each point on the curve represents an average concen
tration for 25 weekdays or 10 Sundays. 

The effect of weekday morning traffic on the hydrocar
bon burden in the stable Los Angeles atmosphere is ob
served by the sharp twofold increase in total hydrocarbon 
concentration. As expected, no traffic peak is observed on 
Sundays. In fact, the Sunday total hydrocarbon decreases 
continually throughout the day. A similar observation can 
be made from the weekday curve between the 5:00-6:00 
a.m. and 1:0(}-2:00 p.m. sampling periods. This drop 
should not be interpreted as a decrease in hydrocarbon 
sources, but rather a decrease in the atmosphere stability 
from the nighttime inversion. 

An interesting observation is made when the average 
total oxidant curves for the same weekday and Sunday 
sampling periods are compared. These curves are included 
in Figure 7. The average oxidant concentration from the 
Sunday curve is higher at all sampling periods than the 
weekday curve. This is not expected in view of the higher 
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Figure 7: Diurnal pattern of hydrocarbons (less methane. eth
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concentrations of hydrocarbons and nitrogen oxides ob
served during the weekdays. However, these observations 
are possibly explainable by the oxides of nitrogen compo
sition. Plots of NO and N02 for the 25 weekdays and 10 
Sundays under consideration are given in Figure 8. (Both 
oxidant and oxides of nitrogen data were obtained from 
Los Angeles A.P.C.D.) Even though the total NOz con
centration for the weekday average is higher than the 
Sunday samples, N02 becomes the dominant NOz species 
more than an hour earlier on Sundays. Consequently, the 
conditions for oxidant formation occur earlier on Sunday 
than weekdays. Also, since more nitric oxide is available 
to react with ozone during the weekdays, the conditions 
for oxidant formation are more favorable on Sundays. 

Since tunnels were not availahle in Los Angeles, a dif
ferent approach was used to calculate vehicular emission 
factors . If the weekday total hydrocarbon build-up during 
the 6:00-9:00 a.m. time period is assumed to be entirely 
from automotive sources, then a typical average vehicular 
hydrocarbon composition can be determined by subtract
ing the 6:00-7:00 a.m. average total hydrocarbon concen
tration from the 7:00-8:00 a.m. averages . A vehicular total 
hydrocarbon factor was calculated by a ratio of this differ
ence to that determined for acetylene. Vehicular factors 
for a variety of hydrocarbon components and combined 
hydrocarbon components were calculated using this meth
od. The calculated vehicular concentration for each of 
these selected components was ratioed to the observed 
concentration at the time periods of 7:00-8:00 a.m . and 
1:00-2:00 p.m. The results in terms of percent vehicular 
emissions are listed in Table IV. 

In Table IV the 7:00-8:00 a.m . sample is observed to 
contain the highest percent of vehicular composition for · 
most of the selected hydrocarbon components and sum of 
hydrocarbon components. The percentage of adjusted 
total hydrocarbon attributed to auto emissions during this 
time period was determined to be 70%. Similar to the 
New York and New Jersey sites, the olefins can be mostly 
attributed to vehicular sources. However, other sources of 
olefins are indicated, especially on Sundays at 7:00-8:00 
a.m. where as much as 18% of the olefins is attributed to 
nonvehicular sources. Unlike the N.Y.-N.J. nonindustrial 
sites, the percentage of olefins estimated as vehicular 
sources never exceeds 100% during the late morning and 
afternoon hours . 

Table IV. Emission Factors and Percent Contribution 
of Vehicular Emissions to Pollutants in 
Downtown Los Angeles 

Weekdays Sundays 

7:00-8:00 1:00-2:00 1:00-8:00 1:00-2:00 
Pollutant a.m. p.m. a.m. p.m. 

CO 93 84 87 80 
Ethylene 92 93 84 98 
n-Butane 62 38 38 30 
Isopentane 72 52 54 50 
Toluene 79 54 65 60 
~ HC (less methane, 70 46 48 42 

ethane, propane, 
benzene) 

~ Paraffins 72 47 48 43 
~ Olefins 92 90 82 97 
~Aromatics 59 34 34 30 

Emission Factors 
~ Paraffins/C,H, 5.88 
~ Olefins/C,H, 1.95 
~ Aromatic/C,H, 3.42 

Total nonmethane 11.3 
HC/C,H, 

Inasmuch as substantial oxidant concentrations are ob
served in Los Angeles during the afternoon hours, extell: 
sive photooxidatiori of the olefins is expected. The fact 
that the olefin concentration ' on weekdays does not signifi
cantly change from 7:00-8:00 a.m. to 1:00-2:00 p.m. would 
indicate other important sources of olefins. The 15% in
crease in vehicular olefins observed at 12:00-2:00 p.m. 
from 7:00-8:00 a.m. on Sundays can be interpreted as 
reaction of the atmospheric olefins by photochemical pro
cesses. The vehicular factor of 1.95 for the sum of ole fins 
is substantially lower in the Los Angeles area compared to 
the 3.24 factor determined in the Lincoln Tunnel of New 
York and is possibly explained by different gasoline com
positions in the two areas. 

The method used to calculate the olefin factor does not 
account for photochemical losses occurring during the 
6:00-8:00 a.m. time period. The ultraviolet intensity dur
ing the 6:00-8:00 a.m. period in Los Angeles for several 
selected days of clear skies ranged from 0.15-0.21 mW / 
cm.2 This range is approximately one third the range of 
0.50-0.60 mW /cm2 observed in New York during the simi
lar time period. Because of the lower ultraviolet intensity 
and generally lower temperature observed during the fall 
months in Los Angeles the photochemical loss of olefins is 
expected to be significantly less than those observed in 
New York during this earlier morning period. 

The paraffin components attributed to vehicular sources 
amounts to 72% during the morning 7:00-8:00 a.m. time 
period. This percentage is only slightly lower than that 
observed iIf the nonindustrial areas of New York during a 
similar time period . The vehicular source percentages of 
both n-butane and isopentane are in good agreement to 
the total paraffins. The lower percentage of n-butane 
compared to isopentane may be explained by either 
stronger industrial sources or the higher volatility of n
butane from gasoline evaporative losses. 

The vehicular estimate of the aromatic components 
during both time periods suggests strong industrial and 
solvent loss sources. The rather low 59% vehicular percent 
during the 7:00-8:00 a.m. time period is not unreasonable 
in view of the very low 34% observed at the 1:00-2:00 p.m. 
sample period. During the 7:00-8:00 a.m. sampling period, 
79% of toluene, the most abundant aromatic component, 
is attributed to vehicular emissions. This indicates strong
er nonvehicular sources of CS-C,O aromatics, contradict
ing to some extent the observations reported by Lonne
man et al. (1968) . Integrated 1- and 2-hr air samples were 
collected in an effort to eliminate problems of inhomo
geneity and incomplete mixing within the air masses. 
Losses of aromatics to the surfaces of the bag containers 
used to collect the air samples are expected to be insignif
icant from laboratory investigations. 

Not included in this report is the discussion of the 
methane, ethane, and propane concentrations observed in 
these ambient atmospheres . These components are gener
ally considered to come from natural sources and probably 
are uncontrollable. High concentration of propane from 
refineries and leakage from liquid propane storage tanks 
have been observed in many of our air samples during 
both New York and Los Angeles studies. The concentra
tions of both ethane and propane are generally higher in 
the Los Angeles area . A combined concentration ranging 
from 500 to 600 ppb carbon for the two species has been 
observed on several occasions in the downtown Los An
geles site. 

Conclusion 

Methods for estimating ambient hydrocarbon composi
tion as vehicular and nonvehicular sources were presented 
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for Los Angeles and the New York-New Jersey metropoli
tan areas. Assumptions were made in the calculation of 
these vehicular factors. However, these factors do provide 
a means for evaluation of the hydrocarbon air quality af
fecting a metropolitan area. Information of this type is es
sential for planning · control strategies required to meet 
1975 hydrocarbon air quality standards. 

Similar calculations were made to demonstrate the ef
fect of wind direction on t he hydrocarbon composition in 
Manhattan. 
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Adsorption of 2,4-0 from Aqueous Solution by 
Fulvic Acid-Clay Complex 

Shahamat u_ Khan 1 

Research Station, Canada Department of Agriculture , Regina (Sask.), Canada, S4P 3A2 

• The adsorption of 2,4-0 (2 ,4-dichlorophenoxy acetic 
acid) from aqueous solution by a fulvic acid - clay complex 
has been investigated. The equilibrium data followed the 
Freundlich-type isotherm . T he relatively low values of the 
"isosteric" heat of adsorption indicated a physical type of 
adsorption. 

In recent years several reports have been published on 
the adsorption of 2,4-0 by clay minerals (Weber et aI. , 
1965; Weber and Gould , 1966; Weber et aI., 1968; Bailey 
et aI., 1968; Haque et aI., 1968). However, the clay frac
tion in soils and sediments is closely associated with or
ganic matter and exists in the form of an organoclay com
plex (Greenland, 1965). The intimate association of clay 
and organic matter would li kely cause a considerable 
modification of the clay adsorpt ive properties. Therefore, 
it appears more appropriate and realistic to study the ad
sorption of 2,4-0 by the organoclay complex rather than 
by pure clay mineral. 

Recently, Miller and Faust (1972) investigated the sorp
tion of 2,4-0 by several organoclay complexes. The latter 
were prepared by treating dimethyl benzyl octadecylam
monium chloride and various benzyl and aliphatic amines 
with Wyoming bentonite. However, the nature of the or
ganic matter in soils differs profoundly from the organic 
compounds used by Miller and Faust (1972). Thus, t he 
adsorption behavior of their organoclay complexes may 
differ significantly from those found in soils and sedi
ments. 

T his communication reports on the adsorption of 2,4-0 
by a fu lvic acid -clay complex prepared by t reating fu lvic 
acid (FA) with Na-montmorillonite . The FA- montmoril 
lonite complex appears to be very similar to the fine clay 
fraction of some soils (Kodama and Schnitzer, 1971) . 

1 Present add ress, Chemistry and Biology Research [nstitute. 
Canada Department of Agriculture , Ottawa (Ont.). Canada. 
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Materials and M ethods 

The FA originated from the Bh horizon of a Podzol soil 
from eastern Canada and accounted for about 75% of the 
organic matter in the original soil sample. Methods of ex
t raction and purification as well as a number of analytical 
characteristics of the FA have been described (Schnitzer 
and Khan, 1972). The montmorillonite used was the 
<0.2-1' fraction of a Wyoming bentonite obtained by sedi
mentation and centrifugation techniques from the original 
sample. The clay was saturated with sodium by repeated 
washing with I N NaCI solution. Excess salt was removed 
by washing and by dialysis against distilled water until 
free of chloride, and finally was freeze dried. 

The FA- montmorillonite complex was prepared as de
scribed by Kodama and Schnitzer (1969). FA (500 mg) 
was taken in a glass-stoppered Erlenmeyer flask and dis
solved in 50 ml of distilled water. A lO-ml aliquot of clay 
suspension, containing 200 mg of montmorillonite, was 
added to the solution and the tota l volume was made up 
to 75 ml with distilled water. The contents of the flask 
were shaken for 18 hr and then centrifuged. The residue 
was dried at about 60°C under vacuum and stored in a 
desiccator over P20 5 . The FA- clay complex thus prepared 
contains 62 and 38% of clay and FA, respectively. Sl ightly 
more than one half of the FA is adsorbed in the interlam
ellar spaces of the clay, with the remainder on external 
surfaces (Kodama and Schnitzer, 1969). On the basis of 
infrared and differential thermogravimetric analyses it has 
been shown that the main FA forms adsorbed in and on 
the clay were undissociated or slightly dissociated FA, and 
to some extent, Na- FA (Schni tzer and Kodama, 1967). 

Analytically pure 2,4-D (2,4-d ichlorophenoxy acetic 
acid) was used in this study. 

A known amount of FA- clay complex (15 mg) was 
weighed in severa l Corex centrifuge tubes, and shaken for 
about 1 hr with 7.5 ml of distilled water to allow adsorp
tion of water on the adsorbent. After this, a known vol
ume of 2,4-0 solution (7.5 ml) of varied concentration 
(0-40 ppm) was added and the tubes were shaken for 24 
hr at 5° and 25°C. The suspensions (pH ~ 3.5) were cen-



trifuged off to obtain clear supernatant solutions. If we 
assume that the pK of 2,4-0 is 2.7, then in the suspen
sions about more than one half of the herbicide was pres
ent in the ionic form. 

An aliquot of the supernatant solution was acidified to 
about pH 1 with 6N H2S04 and extracted with ether. The 
ether extract was first dried over anhydrous Na2S04, then 
its volume was reduced to about 0.5 ml using a rotary 
evaporator. The residue was taken up in a small volume of 
methanol and methylated with an ether solution of diazo
methane, generated from Oiazald. A few drops of hexane 
were added in the flask and the excess of diazomethane 
was removed by allowing it to evaporate in the fumehood. 
The resulting material was taken up in hexane, and an ap
propriate aliquot of the solution was injected into a gas chro
matograph for quantitative analysis of 2,4-0. The amount 
of 2,4-0 ester present in the sample was calculated by 
comparing the sample's peak height (in the linear response 
region) with that of the appropriate standards. Blanks, 
consisting of the same amount of the herbicide used in the 
presence of FA~clay complex, were run concurrently. 
Recoveries of 2,4-0 in the blanks ranged between 97 and 
101%. 

A Hewlett-Packard model 7610A gas chromatograph 
equipped with a Ni63 electron capture detector was used 
in this study. The glass column (1200 x 4 mm) was 
packed with 5% ethyl acetate fractionated Oow Corning 
high-vacuum grease on Chromosorb W OCMS, 80~100 

mesh. The carrier gas was 95% argon and 5% methane 
mixture, which was also used for purging the detector. 

Results and Discussion 

An analysis of the data revealed that they can be best 

Table I. Freundlich Isotherm Constants for Adsorption 
of 2,4-0 on Organoclay Complex 
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Figure 1. Freundlich plots for adsorption of 2.4-D on the orga
noclay complex 

represented in terms of the empirical Freundlich adsorp
tion isotherm as: 

X=KC n (1) 

where X is the amount of adsorbate taken up by unit 
mass of the adsorbent, C is the equilibrium concentration 
in solution, and nand K are constants representing the 
slope and the intercept of the isotherm, respectively. By 
plotting log X against log C (Figure 1), reasonably good 
straight lines were obtained indicating the general con
formity of the adsorption data to the linear form of the 
Freundlich equation. 

The value of n decreased with decrease in temperature 
(Table I) which is in accordance with the Freundlich-type 
isotherm (Hayward and Trapnell, 1964). At both tempera
tures the value of n was less than unity, indicating a con
vex, or L-type, isotherm. This type isotherm may arise 
due to a minimum competition of solvent for sites on the 
adsorbing surface (Hayward and Trapnell, 1964). Values 
of n that are less than unity have also been reported for 
the adsorption of 2,4-0, isocil, and bromacil on the humic 
acid (Haque and Sexton, 1968; Haque and Coshow, 1971). 
However, montmorillonite surface gave a value of n that 
was greater than unity, indicating a concave, or S-type, 
isotherm (Haque and Coshow, 1971). 

According to Lambert (1967), the equilibrium between 
the solute adsorbed (X) and concentration of solute in so
lution (C) can be expressed as: 

X = (XC + (3C' + .,.C3 + .... (2) 

<> , {3, and 'Yare the adjustable coefficients used to fit the 
data. For the adsorption of many pesticides on soil col
loids, 'Y and higher coefficients are negligible, and {3 is 
small. Hence, the constant, <>, may be taken as a measure 
of equilibrium constant, Ke. Under certain conditions, K 
in Equation 1 is a sufficiently good approximation of Ke. 
Thus, the intercept (log K) of the Freundlich plots (Fig
ure 1) can be taken as an indirect measure of the relative 
free energy changes :J.G (= - RT In Ke) of 2,4-0 on the 
FA-clay complex surface. The constant, K, gives an indi
cation of extent of adsorption. 

Examination of log K values in Table I shows that the 
adsorption capacity of the FA~montmorillonite complex 
for 2,4-0 was smaller than that of humic acid (Haque and 
Sexton, 1968). However, the values were much greater 
(Table 1) than those reported for montmorillonite (Haque 
and Sexton, 1968). An increase in temperature resulted in 
a decrease of K value , thereby indicating the exothermic 
nature of adsorption (Kipling, 1965). Yamane and Green 
(1972) obtained similar results in a study of s-triazine her
bicides adsorption on soil material. However, they attrib
uted the apparent exothermic nature of adsorption of 
triazines to the temperature dependence of the herbicide~ 
water interaction. 

It is likely that the FA molecules adsorbed on the clay 
are preferentially oriented in accordance with the sheet 
structure of montmorillonite (Schnitzer and Kodama, 
1967). The resulting organic surface then adsorbs the 
2,4-0 molecules. The extent of the adsorption will be 
partly determined by the physical and chemical nature of 
the initial organoclay surface. The results of Miller and 
Faust (1972) for the adsorption of 2,4-0 onto an orga
noclay complex, show that the latter adsorbed about 58 
/Lmol of 2,4-0 per gram of the complex covering about 
60% of the available surface. Furthermore, the adsorption 
increased considerably at a lower pH approaching to al
most a coverage of 100%. Our studies indicated that the 
organoclay complex, prepared by treating FA with mont
morillonite, adsorbed about 6.5 and 5.2 /Lmol of 2,4-0 per 
gram of complex at 5° and 25°C, respectively (Table I). 
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In view of the foregoing it appears that 2,4-D sorption 
covered only a small proportion of the FA-clay complex 
surface. The large adsorption values observed by Miller 
and Faust (1972) appear primarily due to dimethylbenzyl 
octadecylammonium chloride and various other benzyl 
and aliphatic amines sorbed on clays. Although the occur
rence of these organic compounds in waters is possible, as 
they are used in detergents, their presence in soils and 
waters in measurable amounts have not been reported. 
Therefore, caution should be exercised when predicting 
the pesticide adsorption by organoclay complexes in soil 
and aquatic environments. While our work dealt exclu
sively with a soil FA, there is considerable evidence that 
FAin waters is, in many respects, similar to that in soils 
(Fotiyev, 1967; Schnitzer and Khan, 1972). Thus, the nat
urally occurring organoclay complexes appear to be very 
similar to the FA-montmorillonite complex used in this 
study. 

From the adsorption data at 5° and 25°C (Figure I , 
Table I) we may approximate the " isosteric" heat of ad
sorption /lH (Koral et aI., 1958) . Assuming the chemical 
potential of 2,4-D in the liquid phase (I't) is equal to the 
chemical potential of 2,4-D at the organoclay surface (1'.,), 
we may write: 

11 / + RT In al = 11,0 + RT In a, (3) 

where at and as are the activities of 2,4-D in the liquid and 
on the surface, respectively. For a very dilute solution, at is 
proportional to the equilibrium concentration, C. Assum
ing that the activity of 2,4-D at the organoclay surface 
does not change when the amount adsorbed (X) is kept 
constant, Equation 3 after differentiation can be ex
pressed as: 

t.H 
R 

H,' - Hoi [ iJ In C J; 
R = , iJO/T') x (4) 

where H os and H ot are the partial molal enthalpies of 
2,4-D on the surface of the organoclay complex and equi
librium solution, respectively. 

The "isosteric" heats of adsorption /lH, expressed as a 
function of the amount of 2,4-D adsorbed: were estimat
ed from Equation 4. The values were all negative and vary 
from about -1.2 to -0.3 K cal/ mol wit\:! increasing surface 
coverage. The /lH values are approximately of the same 
order of magnitude as those reported for 2,4-D adsorption 
on other surfaces (Haque and Sexton, 1968). For humic 
acid, the values varied from about -2.0 to +2.0 K cal/ 
mol with increasing surface coverage (Haque and Sexton, 
1968). The relatively low heat of adsorption values are of 
the order which suggest that the probable mechanism of 

2,4-D adsorption on the organoclay complex was a physi
calor van der Waals-type adsorption (Glasstone and 
Lewis, 1962) . 

From this study it is obvious that the mobility and 
persistence of 2,4-D in soils or waters will partly be a 
function of adsorption of the herbicide onto surfaces such 
as FA- clay complex. A knowledge of the adsorption pro
cesses will aid in predicting the distribution of the herbi
cide in the soil and aquatic environments. 
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Hydrogen Sulfide Adsorption by Manganese Dioxide and Activated Carbon 

John L_ Hudson, Edwin H. Johnson,' David F. 5. Natusch,2 and Robert L. Solomon 

School of Chemical Sciences, University of Illinois, Urbana, III. 61801 

Annual hydrogen sulfide emissions to the atmosphere 
are made up of approximately 100 million tons from natu
ral processes and 3 million tons from man's activities (Rob
inson and Moser, 1970) . Hydrogen sulfide, therefore, does 
not rank as a major atmospheric pollutant in terms of 
bulk emissions. It does, however, constitute a very signifi
cant localized air pollutant in the vicinity of petroleum 

1 Present address, 3M Co., St. Paul, Minn. 55101. 
2 To whom correspondence should be addressed. 
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refineries, kraft mills, viscose plants, gas works, sewage 
pumping stations, canneries, and animal processing plants 
(Harding and Landry, 1966; Ellis, 1958; Nonhebel, 1964; 
Roberts and Farrar, 1956; Air Pollution Engineering Man· 
ual, 1967; Natusch, 1970). 

In many cases HzS can be effectively removed from air 
by adsorption . The most commonly used solid filter mate
rial for high efficiency adsorption of small amounts of HzS 
is granulated activated carbon (Barnebey, 1958) . A num
ber of either pure or mixed metal oxides have also been 



• Hydrogen sulfide was adsorbed in a fixed bed with an 
active form of manganese dioxide impregnated on sawdust 
and with several activated carbons. The efficiencies for 
H2S removal were measured as functions of H2S concen
tration, flow rate, particle size, relative humidity, and bed 
depth . The outlet co~centration of H2S from a bed of 
Mn02-sawdust is considerably below that from a bed of 
activated carbon of the same volume and at the same con-

employed (as pellets or granules) to adsorb H2S (Banerjee 
et aI., 1959; Dodonov, 1959; Singh, 1965; Topsoe, 1969). In 
general, their efficiencies are less than those of the better ac
tivated carbons, but their capacities are superior. 

In this paper we discuss the adsorption of H2S on a 
solid filter which is a manganese oxide deposited on the 
surface of wood sawdust; the filter is prepared by reaction 
of KMnO. with the sawdust. For convenience, the oxide is 
denoted by Mn02 although its exact form has not yet 
been determined. Its performance is also compared to sev
eral commercially available activated carbons. Both the 
efficiency and capacity of the Mn02- sawdust are superior 
to those of all activated carbons tested. The influence of a 
number of operating parameters on H2S removal efficien
cy and capacity was determined. Some data correlation 
has been made with a view toward possible use in prelimi
nary system design and/ or scale-up. A standard prepara
tion of Mn02-sawdust was employed and its performance 
assessed as a function of H2S concentration (0.4-80 
ppm), relative humidity (8-90%), flow rate (20-600 ft / 
min), bed depth (1- 3 in .), and particle size (4-6, 6-8, 
8- 10, and 10-14 mesh, Tyler). Hemlock and fir sawdusts 
were employed and limited studies were carried out with 
the hard inner ring of ground corn cobs. 

Experimental 

Apparatus. The Mn02- sawdust or activated carbon to 
be tested was held in a bed through which an air- H2S 
mixture was drawn by a vacuum pump. The desired con
centration of H2S in the inlet to the bed was obtained by 
mixing the main air stream with a second stream of high 
H2S concentration; the latter was contained in a laminat
ed Milar balloon (approximately 2000 ppm H2S) or a gas 
cylinder (approximately 1% H2S, Linde Division of Union 
Carbide). The desired relative humidity was obtained by 
humidifying or dehumidifying the main air stream. The 
adsorbent filter material was held in position by a stain
less steel wire mesh and was compacted gently until a re
producible standard pressure drop across the bed was 
achieved for a given height of the filter bed. The diameter 
was usually 3 in., although some runs were made with a 
diameter of 1 in. H2S conentrations in the inlet and outlet 
streams were determined with a Gelman Model 23000 
paper tape sampler utilizing a silver nitrate impregnated 
tape (Natusch et aI. , 1972). The optical density of the re
sulting silver sulfide spot was measured with a Gelman 
Model 14101 paper tape densitometer. 

Preparation of Mn02-Sawdust. Mn02-sawdust was 
prepared as follows: After it was graded for size and dried to 
ambient moisture content, a 200-gram sample of sawdust 
was placed in a 1500-ml beaker and soaked in 1000 ml of 
1% reagent grade sodium hydroxide solution for 2 hr. The 
sodium hydroxide solution was then drained off and the 
sawdust washed with 1000 ml of water to remove any ex
tracted material. 

The sawdust mixture was transferred to a 20-liter Pyrex 
container, covered with water, and heated to 80'C. 

ditions, often by more than an order of magnitude. The 
useful capacity of the Mn02-sawdust bed (the amount of 
H2S which can be adsorbed before the efficiency drops 
below a predetermined value) can be greater than four 
times that of activated carbon . The efficiency of the 
Mn02- sawdust has a maximum at a relative humidity of 
80%. Both Mn02-sawdust and activated carbon are ineffi
cient below 20% RH. 

Crushed technical grade granular KMnO. (Carus Chemi
cal Co.) (200 grams) was then added. The mixture was 
stirred rapidly and the highly exothermic reaction be
tween sawdust and permanganate was considered com
plete when it ceased to produce heat. After removal of the 
liquid, the Mn02- sawdust was placed on a 20-mesh screen 
to dry under an exhaust hood. (Note: If this material is 
taken to complete dryness at a temperature greater than 
100'C over a period of days, it can ignite.) The final mate
rial has a bulk density of about 0.38 g/ cm3 . 

No effect of storage life on either the activity or capaci
ty of Mn02-sawdust for H2S has been observed over a pe
riod of at least two years. The majority of the Mn02 pre
pared in this way adheres firmly to the surface of the saw
dust (or groupd corn cobs) and is not dislodged by passage 
of air through the sawdust particles. 

Operating Conditions_ Unless otherwise stated, all 
the filter materials were presented in a I-in . deep and 
3-in. diameter bed. The particle size was 8- 10 mesh and 
air containing 5 ppm of H2S at 60% RH and 75'F was 
passed through this bed at 200 ft / min. These values were 
varied individually from the standard conditions given to 
determine the effect of individual parameters on the effi
ciency and capacity of each filter material for adsorbing 
H2S. 
Results 

Performance of Mn02- Sawdust and Activated Car
bons. The performance of various adsorbents in removing 
H2S from air, under the standard conditions given above. 

Co 
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Figure 1. H,S outlet/ inlet concentration ratio vs. time for vari
ous materials 
200 ft / min. 5 ppm H2S. 8- 10 mesh , 60% relative humidity, 1-in. bed 
depth. 75'F 
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Figure 2. H2S outlet/ inlet concentration ratio vs. time for vari
ous materials 
20 fI/min. 8-10 mesh . 80 ppm H,S. 1-in. bed depth . 60% relative humId
ity,7S0F 

is presented in Figure 1. The ratio of the H2S concentra
tion in the air leaving the bed (Co) to the concentration in 
the inlet stream (CI ) is shown as a function oftime. 

The Mn02 impregnated fir and hemlock are considera
bly more efficient in removing H2S from air than any of 
the activated carbons tested. (Activated carbons were ob
tained from Bamebey-Cheney Inc., types CJ, GI, and AC 
and Pittsburgh Activated Carbon, type BPL; type CJ is 
impregnated with a metal oxide. The bulk density range 
is 0.41-0.63 g/cm3 .) The Mn02-sawdust filter is at least 
an order of magnitude better than the carbons over the 
course of the 8-hr run. . 

We also investigated the efficiency of ground ccm cobs 
impregnated with Mn02. As can be seen in Figure I , this 
material is less efficient than the Mn02-sawdust but 
more efficient than the activated carbon. The part of the 
corn cob used in this work is very hard, and the lower effi
ciency compared to the sawdust substrate may be due to a 
lower surface area. 

To run at conditions closer to those which might be ob
tained in practice, Mn02-sawdust was tested against 
three activated carbons at a flow rate of 20 ft / min and an 
H2S concentration of 80 ppm. The results are shown in 
Figure 2. These results show the performance of the acti
vated carbons relative to Mn02-sawdust to be somewhat 
improved with respect to the previous testing conditions. 
However, none of the activated carbons is comparable to 
Mn02-sawdust in activity. 

The foregoing experiments were stopped before the effi
ciency of H2S removal had dropped to zero; however, we 
did carry out a few runs to complete, or nearly complete, 
bed exhaustion. Some results are shown in Figure 3 (200 
ft / min, 5 ppm H2S) for both Mn02-hemlock and carbon 
type Gl. At higher concentrations, similar results are ob
tained although both the Mn02-sawdust and the carbon 
are exhausted in a shorter time. For example, at 80 ppm 
and 200 ft / min, t he two curves cross at 4'h hr at wh ich 
time the efficiency of each has dropped to 15%; the hem
lock and carbon are exhausted in 8 and 10 hr, respective
ly. 

The capacities of these fi lters can be found by integrat 
ing data such as those shown in Figure 3. In this way, one 
obtains the total mass of H2S adsorbed before the filter 
efficiency drops below some specified value. Capacities in 
grams of H2S removed / gram filter are shown in Figure 4 
for Mn02-hemlock and carbon type GI for H2S inlet con
centrations of 5 and 80 ppm as functions of efficiency. The 
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capacities of the Mn02-sawdust filter are significantly 
higher than those of the activated carbon. For example, 
consider an inlet H2S concentration of 80 ppm . The total 
H2S adsorbed by the Mn02-sawdust before the efficiency 
drops below 60% is 0.075 gig whereas for the carbon, it is 
0.00425 gi g. For an inlet H2S concentration of 5 ppm, the 
sawdust and carbon adsorb 0.084 gi g and 0.0171 gi g, re
spectively, before the efficiency drops below 60%. The ca
pacity of the hemlock at exhaustion is roughly 0.12 gi g 
(either H2S level) while that of the carbon is 0.1 gi g (ei 
ther H2S level) . 

H2S Concentrations. The behavior of the Mn02-saw, 
dust and activated carbon type GI at various H2S concen-

0. 20. 40. 60. BC 100 120 140 160 

Time, hours 

Figure 3. Efficiency vs . time 
5 ppm H2S. 200 ft / min, 8- 10 mesh , 1-in. bed depth , 60% relative humid
ity.7SoF 
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Figure 4. Capacity as a function of desired adsorption efficiency 
Bed diameter, 3-in.; bed depth, 1-in. 



tratiDns may be cDmpared as in Figure 5, where the ratio. 
Df the H2S cDncentratiDns in the effluent and inlet 
streams is shDwn as a functiDn Df the tDtal mass Df H2S 
fed to the filter Dn a per gram Df filter basis. In the case Df 
Mn02-sawdust, the filter efficiency increases somewhat 
with the cDncentratiDn Df H2S passing thrDugh the bed . 
This behaviDr is cDnsistent with reactiDn kinetics in which 
the rate Df reactiDn between Mn02 and H2S is a pDsitive 
functiDn Df the H2S cDncentratiDn. The activated carbDn 
efficiency, hDwever, varies inversely with H2S CDncentra
tiDn. This is cDnsistent with predictiDns based Dn the acti
vated carbDn adsDrptiDn iSDtherm (Kipling, 1956). 

Relative Humidity. The variatiDn Df filter activity with 
relative humidity is shDwn in Figure 6 fDr Mn02-sawdust 
and carbDn type BPL. On the left-hand side Df Figure 6 
the ratio. Df CO/C1 .at 80% RH to. that at any humidity 
level is ShDwn fDr bDth filters [(Co/ Ctlso%R H/ (Co/Ctl l. This 
ratio. is essentially independent Df time except at the Dnset 
Df a run where efficiency is nearly 100% at all humidity 
levels . The efficiency Df Mn02-sawdust peaks at abDut 
80% RH. A similar maximum is Dften Dbserved fDr the 
rate Df CDrrDsion Df metals by H2S with varying RH 
(Backlund, 1966) . This maximum is attributed t o. a reduc
tion in the rate Df H2S reactiDn at high humidity Dwing to. 
the fDrmatiDn Df a film Df water Dn the reactive surface. 
Thus, the rate Df mass transfer Df H2S to. the surface be
comes partially liquid-film cDntrolied. The same effect 
would also. be expected to. Dccur fDr activated carbDn; 
hDwever, it shDuld be much less apparent Dwing to. the 
lDwer activity Df the carbDn. In practice, no. cDnvincing ac
tivity peak is Dbserved fDr activated carbDn. 

On the right-hand side Df Figure 6 isshDwn the varia
tiDn of Co/C; with time at RH equals 80%. Mn02-sawdust 
is superiDr in perfDrmance to. the activated carbDn at all 
R,H levels; hDwever, neither perfDrms well at lDW humidi
ties «20% RH) . Figure 6 prDvides a cDncise design basis 
fDr efficiency variatiDn with time at all RH levels. FDr 
hemlock ; 

log [(Co/C;)SOr., RH/ (Co/ Ci )] 

- 3.19 log (RH) - 6.06 20% =:: RH =:: 80% 

= - 13.6 lDg (RH) + 25.9 80% =:: RH =:: 90% 
Temperature. Preliminary studies were cDnducted to 

determine whether the activity and capacity Df Mn02-
sawdust depend Dn temperature at CDnstant relative hu
midity (40% RH). No. substantial effect was Dbserved Dver 
the temperature range 75-113°F. In this narrDw tempera
ture range any increase in the rate Df chemical reactiDn 
may be Dffset by a decrease in the rate Df adsDrptiDn Df 
reactant . ContrDI by diffusiDn Dr mass transfer wDuld also. 
explain the experimental temperature behaviDr. The lat
ter is suggested by results presented in this paper. 

Figure 5. H2S outlet/ inlet concentratiDn ratio vs. mass of H2S 
feed 
200 fI / min. 1-in. bed depth. 60% relative humidity. 8- 10 mesh. 75°F. 
3-in. bed diameter 
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Figure 6. Dependence of H,S outlet/ inlet concentration on rela
tive humidity (left) and on time for RH = 80.% (right) 
Hemlock and Pittsburgh carbon type BPL. 200 fI / min. 5 ppm H,S, 1-in. 
bed depth . 75°F. 8-10 mesh 
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Figure 7. H, S outlet/ inlet concentration ratio vs. time for vary
ing flow rates 
5 ppm H2S, 8-10 meSh, l -in. bed depth. 60% relative humidity, hemlock, 
75°F 

Residence Time. The activity dependence Df Mn02-
sawdust Dn the flow rate of air passing through the filter 
bed is shDwn in Figure 7. No. capacity data are available 
fDr Figure 7, althDugh filter capacity is expected to. be es
sentially independent Df flDW rate unless autDregenerative 
prDcesses take place. 

The dependence Df the activity of Mn02-sawdust Dn the 
depth Df the filter bed was also investigated. The ratio. Df 
the concentratiDn Df H2S in the outlet stream to. that Df 
the inlet, Df course, decreases as the depth Df the bed is 
increased . If there were no. mass transfer Dr channeling ef
'fects and if the activity were independent Df H2S CDncen
tratiDn, the ratio. should initially decrease exponentially 
with increasing bed height; if the ratio. decreases by SDme 
multiplicative factDr when the bed depth is increased 
from 1-2 in ., it shDuld decrease by the same factDrs when 
the bed depth is further increased to. 3 in . In practice, the 
change frDm 2-3 in. is somewhat less . FDr example, at the 
cDnditiDns Df Figure 1, the ratio. Co/ C; at the beginning Df 
a run is 0.002, 0.0006, and 0.0004 fDr bed depths Df 1, 2, 
and 3 in., respectively. 
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Mass Transfer Effects. An H2S molecule in the gas 
stream must be tran&ported to the surface of the solid 
Mn02-sawdust before it can react. A high free gas stream 
velocity reduces the external mass transfer resistance. 
Thus, by varying the gas flow rate and the filter bed 
depth simultaneously to maintain a constant residence 
time, the importance of mass transfer limitations in the 
filter bed can be assessed. The results of such an experi
ment are shown for Mn02-sawdust in Figure 8. 

Clearly under these experimental conditions there is a 
significant mass transfer reduction in the efficiency of ad
sorption of H2S by Mn02-sawdust. 

Particle Size. The dependence of H2S removal on par
ticle size for Mn02-hemlock and carbon type BPL is 
given by: 

R = 5.48 X 1O-7d p -2.87 Mn02-hemlock 

= 2.48 X 1O-3dp -1.19 Carbon(BPL) 

R is the ratio of the quantity (Co/C;) for mesh size 8-10 
Tyler to that at imy given mesh size [R = (Co/Cd8-10 mesh/ 
(C~/Ct)] . . This value is independent of time, except 
initially, where conversion is approximately 100% for all 
mesh sizes. The characteristic material dimension, dp in 
feet, was taken as the average aperture opening for a given 
mesh size range. The above correlation was determined at 
a superficial gas velocity of 200 ft/min, H2S concentration 
of 5 ppm, 60% RH, 75'F, and I-in. bed depth for a mesh 
size range 4-14 Tyler. These correlations may be used in 
conjunction with Figure 1 for rough design purposes. As 
expected, the rate of H2S removal increases monotonically 
as the particle size is decreased from 4-6 to 10-14 mesh. It 

. should be noted that even the largest sawdust tested (4-6 
mesh) is a more efficient adsorbent than the smallest car
bon (10-14 mesh). For both Mn02-sawdust and the car
bon, the H2S removal efficiency increases with decreasing 
particle size because of the reduction of mass transfer re
sistance within the particles. For the Mn02-sawdust ad
sorbents, there is also the additional factor that the small
er particles probably contain a larger mass of Mn02 per 
unit bed volume since the Mn02 is found only in a layer 
near the outside of the sawdust particles. 

Pressure Drop. We have measured the . pressure drop 
across the bed of Mn02-sawdust at velocities up to 300 
ft/min for various mesh sizes. The pressure drop t>p/L 
(in. H20/ft bed) is given by 

a 

0.017 

0.044 

0.054 

t.p 
L = av L26 

Tyler mesh 

4-6 

8-10 

10-14 

where v is the superficial gas velocity in ft/min . The pres
sure drops are similar to those across a bed of carbon (Ad
sorption Handbook, 1973). 

Optimization. No attempt was made in this work to op
timize the performance of Mn02-sawdust by varying pre
parative parameters. Preliminary investigations have, 
however, indicated that considerable improvement in the 
performance of Mn02-sawdust can be achieved by varying 
a number of preparational parameters. These studies will 
be reported later. 

Discussion 

The foregoing performance tests have clearly estab
lished the superiority of Mn02- sawdust over some of the 
better activated carbons for the adsorption of H2S. How
ever, while Mn02-sawdust can be readily prepared, it is 
not commercially available at present and must be dis
carded after use. In practice, activated carbon used in 
odor control applications is rarely regenerated. The possi
bility of regeneration is attractive and is being investi
gated for Mn02-sawdust. 

Mn02-sawdust has the disadvantage that it will ignite 
if allowed to dry out completely over a period of days at a 
temperature above 100'C. The material has remained sta-
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Figure 8. H2S outlet/inlet concentration ratio for constant resi
dence times and varying flow rates 
8-10 mesh, 5 ppm H2S, 60% relative humidity, 75°F 

ble when operated for a period of weeks at temperatures 
over 1OO'C in the presence of steam and even when ambi
ent air (70'F, 55% RH) is heated to 120'C and passed 
through the bed. However, high-temperature (>loo'C) 
operation should be approached with caution. The prob
lem can be overcome by presenting the active Mn02 on 
nonflammable substrates such as pumice, vermiculite, 
perlite, or coke although there is a marked decrease in 
performance (Natusch and Sewell, 1970) . 

In attempting to make a general correlation for the be
havior of the Mn02-sawdust in fixed bed applications for 
H2S removal, one realizes that the system is transient, 
that there are substantial mass transfer effects both with
in and outside the particles and that the reaction kinetics 
are unknown. The task is thus quite difficult and only 
part of the picture is available. It is already clear that 
many physical and chemical properties of the Mn02 pres
ent on Mn02-sawdust are quite different from those of 
any other Mn02 yet reported (Bienstock and Field, 1960; 
Korshunov and Vereshchagin, 1966). The material ap
pears to be most similar to {j Mn02. 

The overall reaction of Mn02-sawdust with H2S can be 
written 

MnOz + 2H2S .... MnS + S + 2H20 

indicating that 1 mole of Mn02 is capable of adsorbing 2 
moles of H2S. For the Mn02-sawdust used here, a stan
dard I-in. deep bed (diameter = 3 in.) contains 40 grams 
of Mn02-sawdust which, in turn, contains approximately 
11.8 grams of Mn02. For this bed configuration, calcula
tions based on the results given in Figure 3 show that only 
about half the total Mn02 reacts with H2S before the bed 
is exhausted. Additional capacity can, however, be ob
tained by agitating the exhausted Mn02-sawdust to ex
pose fresh Mn02. 

Work is presently in progress on the basic nature of the 
Mn02- sawdust to produce a more active filter material 
and to obtain and correlate further the data necessary for 
the design of filter beds under a variety of conditions. 
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Lead, Cd, Zn, Cu, and Co in Streams and Lake Waters of 
Cayuga Lake Basin, New York 
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• Waters of 12 tributary streams of Cayuga Lake were 
studied to determine the levels and seasonal and geo
graphic patterns of trace elements in the Cayuga Lake 
basin, a primarily rural area. Trace elements in soluble 
fonn (filtered water) and in suspended particulates were 
studied. The trace element concentrations were generally 
low, but a seasonal pattern reflecting higher concentra
tions with high stream flow was noted in the case of Pb. 
Values for streams of rural areas reflect levels associated 
with normal geochemical processes and soil weathering. 
An impact of urbanization was reflected in higher levels of 
the trace elements in suspended particulates carried by 
these streams that flow through Ithaca, N.Y. A basis has 
been established to evaluate changes in trace element 
load with future changes in land use and urbanization. 

Trace metals in surface waters of major rivers in the 
U.S. (Kopp and Kroner, 1968), as well as their permissi
ble limits in drinking water (Federal Water Pollution 
Control Administration, 1968), have been determined 
with the growing recognition of their importance to 
plants, animals, and man. Remaining largely undeter
mined are the levels of trace metals in surface waters of 
rural areas that provide an insight into natural levels due 
to soil weathering and geochemical processes. The present 
report focuses on trace elements in water and suspended 
particulates of the Cayuga Lake basin, a primarily rural 
area with a local population center in Ithaca, N.Y. 

Cayuga Lake Basin 

Cayuga Lake basin is part of the Finger Lakes region in 
central New York. Cayuga Lake, a deep, mesotrophic 
body of water 61.4 km in length serves as a catchment 

1 To whom correspondence should be addressed. 

basin of water from numerous (approximately 125) tribu
tary streams. In the northern part, the streams drain an 
area underlain primarily by well-drained soils formed in 
calcareous drift (Cline, 1961) . In the southern part, exten
sive areas of poorly drained soils occur on shaly drift over 
Devonian shales. Because of poor soil drainage, more land 
in the southern part is devoted to pastures and forage 

. crops, that provide. good ground cover, than in the north
ern part of the study area. Woodlands also occupy more 
land (Child et aI., 1971) in the southern part (40%) than 
in the northern part (20%). 

The lake's outlet is to the Erie canal system at the 
northern end of the lake. Three streams that flow through 
Ithaca at the southern end of the lake provide points of 
observation of waters that flow through a local population 
center. 

Methods and Materials 

Twelve streams were selected for study within the 
drainage basin (Figure 1). Soils, geologic characteristics of 
the uplands, and modified stream flow characteristics and 
gradient were important considerations in the selection of 
the streams. Canoga Creek was selected because it is pri
marily fed from groundwater. Trumansburg Creek was se
lected to provide a point of observation below a sewage 
treatment plant. Fall Creek, Six-mile Creek, and Casca
dilla Creek were selected to provide observation of stream 
water flowing through an urbanized center without dis
charge from sewage treatment plants. Sampling stations 
on these streams were located upstream from bridges of 
major roadways in this area. Four stations previously lo
cated for limnological study (Mills and Oglesby, 1971) 
were used as sample collection sites of lake water samples. 

A sampling procedure focusing on periods of high- and 
low-stream flow was followed over a five-month period 
from March through August of 1970. The larger streams 
were sampled nine times during this period but several of 
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the smaller ones had dri~d up and could not be sampled 
in late summer. All of the samples were collected on a 
given sampling date . The time lapse between the collec
tion of the first and last sample on any sampling day var
ied from 4-8 hr. 

Samples of lake water were collected in June, July, and 
August from four stations. The sampling dates for the col
lection of these samples were not the same as those for 
stream water sampling. 

A plastic bucket was used to collect the samples of 
stream water. The samples were transferred to acid
washed polyethylene bottles. A nonmetallic VanDorn 
sampler was used to obtain samples of the lake water. 
Samples were obtained at the surface and at depths of 5 
and 10 meters and were transferred to acid-rinsed poly-

Figure 1. Generalized map of the Cayuga Lake basin showing 
the sampling stations on streams and within the lake 

ethylene bottles. The temperature of the water was re
corded at time of sampling. 

Most of the samples were filtered within 2-3 hr after 
collection but some were stored in a refrigerated. room 
until they could be filtered during the latter part of the 
day. Two-liter portions of stream water and 6-liter por
tions of lake water were filtered under suction through a 
2.5-cm glass fiber filter (Reeve Angel) placed in a filter 
crucible. The filtration system was free of metal and rub
ber. The filtered water was then transferred to a 4-liter 
separatory funnel , ammonium citrate buffer was added, 
and the pH adjusted to 8.5 with NH.OH. The trace ele
ments were then complexed with dithizone in CCI. and 
removed by drawing off the CCI. phase (Beeson et aI., 
1965) . The aqueous phase was washed with CCI. and the 
washings were combined with the original organic phase. 
The CCI. phase was then digested in the presence of 2 ml 
of 70% HClO. and evaporated to dryness. The residue was 
dissolved in exactly 10 ml of O.DIN HCI and transferred to 
%-oz. bottles with plastic-lined caps. 

The glass fiber filter with the particulate matter was 
carefully removed from the crucible and transferred to a 
platinum crucible, dried , weighed, and then fused with 
Na2COa. Silica was dehydrated with HCI and removed by 
filtration and the filtrate transferred to a 125-ml separato
ry funnel. The dithizone procedure described earlier was 
used to concentrate the trace elements. The residue after 
removal of CCI. and dithizone was evaporated to dryness, 
dissolved in D.OIN HCI, and stored in %-oz. bottles for 
analysis. 

The concentration of Pb, Cd, Zn, and Cu was deter
mined on the HCI solutions by atomic absorption analy
sis. Standards were prepared by adding increments of Pb, 
Cd, Zn, and Cu to O.DIN HCI solutions. Cobalt was deter
mined by the nitrosocresol method on aliquots (5 ml) of 
the unknown solution (Beeson et aI. , 1965). Blank correc
tions of the filtered water were made using double-deion
ized water carried through the entire procedure from fil
tration to analysis, and those for particulate analysis, by 
the use of N a2COa fusion blanks . 

Preliminary recovery studies were made using double
deionized water and a sample of stream water to which 
increments of Pb, Cd, Zn, Cu, and Co were added. Recov
,eries of 96-100% of the amounts added were obtained. 
These recoveries were consistent with results of earlier 
'studies of Pb, Cd, Cu, and Zn in blood (Kubota et al. 

Table I. Summary of Some Physical and Chemical Characteristics of Stream Water Samples 

Physical characteristics (means) Chemical characteristics (means) 

Suspended solids Total Soluble 
Stream alkalinity Conductivity reactive 
flow,4,. Temp., Total, Volatile, as CaCOa, at 25°C, phosphorus, NO,..N, 

Stream ct. 'C mg/I. mg/I . pH mg/I. "mho/em "g/1. mg/I. 

Primarily rural 
Canoga 4.6 10.6 52 17.2 8.2 190 799 53 0.25 
Great Gully 11.0 10.7 38 1·~ 8.2 178 429 14 0.88 
Little Creek 8.3 18 2 . .5 8.1 159 444 27 0.73 
Sheldrake 9.6 22 5.1 8.2 127 352 177 0.79 
Taughannock 71.0 12.7 42 13.0 8.3 97 306 16 0.46 
Salmon 110. ()a 10.1 72 11 .9 8.2 159 392 26 0.88 
Inlet 35.4" 11.8 57 8.7 8.3 113 276 18 0.24 
Buttermilk 8.8 13.6 34 9.6 8.3 91 236 24 0.17 

Urbanized 
Trumansburg 10.0 22 4.6 8.2 123 324 174 0.46 
Six Mile 55.0 12.2 63 17.0 8.2 70 229 34 0.18 
Cascadilla 16.0 13.8 107 18.0 8.3 76 272 514 0.39 
Fall Creek 179. ()a 13.4 72 13.9 8.3 85 230 91 0.37 

(I Mean annual as measured by U.S. Geological Survey, Ithaca. N.Y. b All other stream flows are mean annual as estimated from limited data . 
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Figure 2, Seasonal transport pattern of total suspended partic-u
lates and temperature changes of streams 

1968) made using the same procedure and in recovery 
studies of Co added to soil and plants (Beeson et al. 
1965). 

The preconcentration procedure, combined with atomic 
absorption analysis, gave detection limits of about 0.01 
"g/ml of the Pb, Cd, Cu, and Zn in the HCI solution . 
This level is equivalent to about 0,05 "g of the element 
per liter of filtered water. Use was made of a 10-cm cu
vette to detect amounts of Co in the range of 0.01 "g. 

Portions of the unfiltered samples were used to define 
some of the physical and chemical properties of the water 
samples. Procedures described in "Standard Methods for 
the Examination of Water and Waste Waster;" (Amer. 
Public Health Assoc" 1965) were used except of the deter
mination of soluble reactive P determined by the method 
of Strickland and Parsons (1968). 

Discussion of Results 

Characteristics of Stream Waters and Sediments. A 
summary of chemical and physical characteristics of the 
stream waters is presented in Table l. The pH of the wa
ters was uniformly high, but streams draining areas of cal
careous soils had higher alkalinity than did those of the 
noncalcareous soil area. Conductance was also higher for 
the more northern streams and especially for Canoga 
Creek. Nitrate-N concentrations were high relative to 
most natural waters, especially for the northern streams. 
Soluble reactive P was quite variable and extremely high 
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. Figure 3. Precipitation recorded in Ithaca during period of study 

in a few tributaries . The general level of suspended solids 
transported by streams was low. 

The stream sediment load in relation to sampling dates 
is presented in Figure 2, together with rises in mean tem
peratures of stream waters . Sediment load was highest in 
samples collected on March 27, when stream flow was 
high following a period of heavy rains and rapid thaw. The 
precipitation recorded in Ithaca for the period of study is 
presented in Figure 3. Canoga Creek, a stream fed pri
marily by groundwater sources, was the only stream that 
did not reflect marked increases in sediment load with 
high stream flow during this period. The temperature rise 
of Canoga Creek water was also low relative to other 
streams, reaching a high of 17°C on July 20. The water 
temperature of Six Mile Creek, Cascadilla Creek, and Fall 
Creek, by contrast, was slightly higher (1-2°) than the 
means of all streams during each sampling period. 

Trace Elements with Sampling Date. Changes in 
mean concentration of soluble Pb and Pb in suspended 
particulates of 12 streams are presented in Figure 4. The 
concentration of soluble Pb was highest in samples of 
early spring, after which it tended to level off. The mean 
Pb in suspended particulates tended to increase with in
creases in stream sediment load. Samples from Six Mile 
(8.2 "gi l.), Fall Creek (8.3 "gi l.), and Cascadilla (7.0 "gl 
l.) were major sources of high Pb noted in the summer 
maximum (June-July) of particulate Pb (Table II). . 

The mean concentration of Cd, Zn, and Co in suspend-

Table II. Summary of Soluble Lead and Lead in Particulate Matter 

Soluble, ",g/1. Particulate fraction, ",g/I. 

No. samples No. samples 
with with 

detectable detectable 
Sample source amounts Mean" Maximum amounts Mean Maximum 

Primarily rural 
Canoga 4/8 1.17 2.67 5/8 1.37 2.06 
Great Gully 6/8 0.62 1.33 8/8 1.38 6.17 
Little Creek 4/7 0.57 1.00 6/7 0.66 1.85 
Sheldrake 5/8 0.42 0.67 7 /8 1.39 2.62 
Taughannock 5/8 0.74 1.00 8/8 1.57 4_01 
Salmon 5/9 2.99 16 .1 8/ 9 0.91 2.62 
Inlet 8/9 0.66 1.33 8/9 1.89 6.17 
Buttermilk 3/8 0. 40 0.67 6/8 1.45 3.09 

Urbanized 
Trumansburg' 4/8 1.11 1.67 7/8 3.94 7.41 
Six Mile 6/9 0.73 1.33 8/9 3.14 8.23 
Cascadilla 5/9 0.50 1.00 9/9 3.88 6.99 
Fall Creek 7/9 0.93 2.67 7/9 2.91 8.33 

" Means are given for detectable amounts. b Sampling site located below sewage treatment plant. 
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Figure 4. Seasonal transport pattern of Pb, Cd, ln, Cu, and Co 
in waters and in suspended particulates of streams 

ed particulates was also highest in early spring samples, 
but a peak load of Cu transport coincided more closely 
with periods of high stream flow following heavy summer 
rains (Figure 3). 

The mean concentration of soluble Cd and Co increased 
with sampling date from March through June, unlike that 
of .soluble Pb, Zn, and Cu. The increases in soluble Cd 
and Co tended to more nearly parallel increases in stream 
water temperature with sampling date (Figure 2). A .simi
lar seasonal rise in soil temperature might reasonably be 
expected during this period. Increased biologic and chemi
cal activity in soils may account for the release of Cd and 
Co from the surrounding landscapes. High-volume stream 
flow does not appear to cause a dilution of Pb, Zn, and Cu 
in stream waters. 

Variations Among Streams, A summary of the mean 
concentration of soluble Pb and Pb in suspended particu
lates is presented by streams in Table II . The concentra
tion of soluble Pb did not differ consistently between 
streams flowing through rural areas from those flowing 
through an urbanized center. The soluble Pb concentra
tions in streams of rural areas provide an estimate of Pb 
release to water from geochemical processes and soil 
weathering. The data for Canoga Creek provide an esti
mate of soluble Pb in stream water that flows through cal
careous glacial drift deposit. 

The range of soluble Pb and particulate Pb reflects ef
fects of sampling date. Over one half of the samples col
lected after April 9 had nondetectable amounts of soluble 
Pb. The maximum amounts reported (Figure 4) were 
found with few exceptions in samples collected on March 
24 or March 27. Comparison of Pb in the suspended par
ticulates is a better indicator of the impact of urbaniza
tion than soluble Pb. Fall Creek and Six Mile Creek con
sistently ranked among the top four streams with the 
highest concentrations of Pb in suspended particulates. 

A summary of the mean concentration of Cd, Zn, Cu, 
and Co in suspended particulates is presented by streams 
in Table III . Most of the samples with less than detecta
ble amounts of Cd were from the April 9, April 23, and 
June 10 sampling dates. The largest amount found in any 
sample during this period was 1.83 p.g/l. of Cd. The mean 
concentration of Cd in suspended particulates in stream 
waters of rural areas was 0.09 p.g/ l., and that of urbanized 
areas, 0.21 p.g/ l. Suspended particulates of streams flow
ing through an urbanized area had about 50% more Zn, 
about 85% more Cu, and about 100% more Co. 

The differences among streams in concentration of solu
ble Cd, Cu, Zn, and Co were small and did not consis
tently reflect an impact of urbanization (Table IV). 

Evaluation of Sources of Trace Elements in Stream 
Particulates. Because soils of the surrounding uplands 
are sources of suspended particulates in stream waters, 
their trace element content was compared with that of 
stream suspended matter. For this purpose, 27 samples of 
soils from four nearby locations were fused with Na2C03 

and their trace element concentrations were determined 
according to the methods described earlier. The trace ele· 
ment data of stream particulates previously presented as 
concentration per unit volume (p.g/ I.) were recalculated 
on a dry weight basis (ppm) for this purpose. 

Table III. Summary of Cd, Zn, Cu, and Co in Particulates Carried by Tributary Streams of Cayuga Lake 
Cadmium, ",g/I. Zinc, ~g/l. Copper, ",g/I. Cobalt, ~g/l. 

No. samples No. samples No. samples No. samples 
with with with with 

detectable dtftectable detectable detectable 
Stream amounts Meano amounts Mean amounts Mean amounts Mean 

Primarily rural 
Canoga 5/8 0.09 8/8 6.40 8/8 1.69 8/8 0.08 
Great Gully 6/8 0.06 8/8 10.28 8/8 1.35 8/8 0.07 
Little Creek 1/7 ::; 0.05 6/7 2.91 7/7 1.72 7/7 0.05 
Sheldrake 7/8 0.09 8/8 5. 48 8/8 1.11 8/8 ::;0.05 
Taughannock 7/8 0.11 8/8 6.95 8/8 1.46 8/8 0.09 
Salmon 6/9 0.10 9/9 3.94 9/9 1.37 9/9 0.10 
Inlet 4/9 0.13 8/9 10.71 9/9 3.37 9/9 0.11 
Buttermilk 5/8 0.10 7/8 8.96 8/8 1.64 8/8 0.13 

Urbanized 
Trumansburg> 5/8 0.09 8/8 9.45 8/8 1.30 8/8 0.13 
Six Mile 4/9 0.21 8/8 10.05 9/9 5.92 9/9 0.13 
Cascadilla 6/9 0.10 8/8 14.67 9/9 2.43 9/9 0.15 
Fall Creek 5/9 0.44 8/9 14.29 9/9 2.89 9/9 0.20 

o Means are given for detectable amounts. & Sampling site located below sewage treatment plant. 
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Table IV. Summary of Soluble Cd, In, Cu, and Co in Tributary Streams of Cayuga Lake 
Cadmium, pRjl. Zinc, ~g/I. Copper, ~g/I. Cobalt, .g/l. 

No. samples No. samples No. samples No. samples 
with with with with 

detectable detectable detectable detectable 
Str.am amounts Meanll amounts Mean amounts Mean amounts Mean 

Primarily rural 
Canoga 6/8 0.25 8/8 7. 97 8/8 0.79 8/8 0.05 
Great Gully 5/8 0.07 8/8 1.88 8/8 0.40 8/8 0.03 
Little Creek 3/7 0.20 7/ 7 2.24 7/7 0.32 7/ 7 0.03 
Sheldrake 6/8 0.10 8/8 1.61 8/8 0.53 8/8 0.04 
Taughannock 4/8 0.28 8/8 1.17 8/8 0.53 8/8 0.05 
Salmon 8/9 0.10 9/9 2.27 9/9 0.51 9/9 0.05 
Inlet 6/9 0.28 9/ 9 2.71 9/9 0.39 9/9 0.05 
Buttermilk 7/8 1.10 8/8 0.83 8/8 0.54 8/8 0.04 

Urbanized 
Trumansburg' 6/8 0.07 8/8 3.20 8/8 0. 77 8/ 8 0.03 
Six Mile 6/9 0. 25 9/9 1.57 8/9 0.88 9/g. 0.04 
Cascadilla 2/9 0.29 9/9 1.40 9/9 1.70 9/9 0.06 
Fall Creek 7/9 0.17 9/9 3.51 8/9 0.75 9/9 0.04 

I> Mea{ls are given for detectable amounts. Sampling site located below sewage treatment plant. 

Results of these comparisons are presented in Table V. 
The mean concentration of Pb and Cd was appreciably 

greater in suspended particulates than in soils, Cu and Zn 
somewhat greater, and Co nearly the same. The concen
tration of Pb in suspended particulates fell within the 
range of Pb present in soils adjoining smelter plants 
(Djuric et aI. , 1971) . The amount of Cd and Co in stream 
particulates of the Cayuga Lake watershed was nearly the 
same as that in Lake Michigan sediments (Shimp et aI. , 
1970) , but the amounts of Pb, Zn, and Cu were apprecia
bly higher. 

Trace element concentrations, expressed on a dry 
weight basis, provide a basis for making comparisons of 
stream particulates with soils of the surrounding areas, 
but give little information about the mineral carriers of 
the trace elements . Fractionation studies according to 
particle size separations of the particulates and by specific 
gravity separations may provide some definitive informa
tion. The undertaking of such a determination required 
appreciably larger amounts of suspended particulates 
than were available in this study. 

The Co concentration in clay, silt, and sand particle 
sizes has been determined following fractionation of whole 
soils (Hill et aI., 1953). Appreciably more Co (13 ppm) 
was present in clays than in sand (2 .5 ppm). More sand 
might reasonably be expected in sediments of rapidly 
flowing streams. Maximum concentrations of Pb, Zn, Cd, 
and Co in suspended particulates found in early spring 
samples indicate a need to recognize sources other than 
soils to account for the amounts found. Particulates in 
streams of urban areas may represent confounded effects 
of inputs from industrial , automotive, and household uses . 
High Pb in river sediments has been attributed to snow 
dumped into local streams after its collection from streets 
(Oliver, 1973). The melting of snow from roads may also 
be a pathway by which Pb may enter a stream system 
during early spring thaws. Cadmium and Zn from wear 
and tear of tires (Lagerwerff and Specht, 1970) may have 
a similar pathway. 

A summary of the soluble trace elements in water of 
Cayuga Lake, presented in Table VI, provides an insight 
into the possible fate of the trace elements transported by 
its tributary streams. The variations with sampling 
depths (surface, 5 meters, and 10 meters) and sampling 
stations (Figure 1) were appreciably smaller than were 
variations due to sampling dates. There was a general 

trend toward lo,,!er concentrations in samples collected in 
August (6 and 11) than in June and July: Lead was nota
ble in this regard in that 11 of the 16 samples with nonde
tectable amounts were determined in samples collected in 
August. The mean temperature of the surface water on 
June 22 was 15°C, and 18°C on August 6; the temperature 
rise at the lO-meter sampling depth for the same sampling 
period was from 12- 17°C. 

An undetermined factor in the evaluation of the trace 
element concentrations is the mixing pattern of water in 
the lake. The mean retention time of water in Cayuga 
Lake is estimated to be about 12 years (Wright, 1969) , 
and evaporation approximately equals precipitation. The 
input of trace elements from rainwater is largely not 
known . 

Attempts to prepare an estimate of a trace element bal
ance of the Cayuga Lake basin was limited further by the 

Table V, Summary of Mean Concentrations of Pb, Cd, 
Cu, In, and Co in Soils of Upstate New York 
and in Suspended Particulate Matter of 
Streams 

Suspended 
particulate SollsC! Ra~:~~~r:t:~·d Trace matter, (total), 

element ppm ppm to solis 

Pb 483.9 7.9 61.2 
Cd 15.6 0.2 78.0 
Cu 569.6 21.6 26.4 
Zn 1044.2 79.9 13.1 
Co 12.2 9.1 1.3 

4 Soil samples from Cayuga and Cortland counties. 

Table VI. Summary of Concentrations of Soluble Pb, 
Cd, In, Cu, and Co in Water of Cayuga Lake, 
Sampled from Three Sampling Depths at 
Each of Four Sampling Stations in June, 
July, and August 

Trace 
.g/l. 

element Mean Median Range 

Pb 0.12 0.10 ND4l.93 
Cd 0.54 0.16 ND-1.98 
Zn 2.17 1.06 0.04-9.41 
Cu 0.60 0.47 ND-1.57 
Co 0.02 0.01 0.01-0.09 
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fact that the water discharged at the outlet (north end) is 
mixed with water from Seneca Lake by way of the Seneca 
River. There is a localized center of population with in
dustrial plants, traffic, and housing along the banks of 
Seneca River. A notable observation, however, was that 
the mean concentration (I'g/l) of Cd in Cayuga Lake water 
was slightly higher (0.54) than in waters of the tributary 
streams (0.17), and Pb slightly lower (0.12 against 0.91). 

Discussion 

The levels of soluble Pb, Cd, Zn, Cu, and Co are low in 
comparison with their levels in major rivers of this coun
try (Kopp and Kroner, 1968) and well below minimum 
levels recognized for municipal drinking waters (Durfor 
and Becker, 1964). An absence of parallel increases in the 
soluble trace elements with increases in suspended partic
ulates indicates that much of the trace elements in stream 
sediments probably end up in the lake in deltaic and la
custrine deposits. 

The establishment of natural levels of trace elements in 
streams of rural areas will provide some basis for evaluat
ing future changes resulting from increased urbanization 
and changes in land use within the Cayuga Lake basin. 
The changes may be important in affecting quality of lake 
water for drinking purposes as well as in the growth of 
aquatic plants and phytoplankton. Various workers have 
demonstrated a requirement by aquatic plants for Co, CIi, 
and Zn (Provasoli, 1961; Goldman, 1964), and increased 
phytoplankton photosynthesis with added trace elements 
to C'ayuga Lake water has been observed (Mills and 
Oglesby, 1971). 

While the relative changes in the soluble trace elements 
have been small, the direction of change indicating in
creases in concentrations of elements like Cd in the sedi
ments may be important. Long-term ingestation of low 
levels of Cd have been associated with increased hyper
tension and decreased life span of experimental animals 
(Schroeder, 1965), and a detrimental effect of Cd move
ment in a food chain has been observed (Yamagata and 
Shigematsu, 1970). The possible movement of Cd through 
drinking water also suggests a need to safeguard open res
ervoirs located in areas with heavy traffic load (Johnson et 
al.,1966). 

248 Environmental Science & Technology 

Literature Cited 

American Public Health Association, "Standard Methods for the 
Examination of Water and Wastewater," 12th ed., New York, 
N.Y., 1965. 

Beeson, K. C., Kubota, J., Lazar, V. A., Chem. Micro. Prop. 
Agron. Monograph, Pt. 2, Amer. Soc. Agron., Madison, Wis., 
pp 1064-77, 1965. 

Child, D., Oglesby, R. T., Raymond, L. S., Jr., Water Resources 
& Marine Sciences Center, Pub!. 33, Cornell Univ., Ithaca, 
N.Y., 1971. 

Cline, M. G., Cornell Agr. Ext. Bull. 930 (rev.), 1961. 
Djuric, D., Kerin, Z., Graovac-Leposavic, L., Novak, L., Kop, M., 

Arch. Environ. Health, 23, 275 (1971). 
Durfor, C. N., Becker, E., Geo!. Survey Water-Supply Paper 

1812, U.S. Gov't Print. Off., Washington, D.C., 1964. 
Federal Water Pollution Control Administration, Environmental 

Protection Agency, "Water Quality Criteria," ibid., 1968. 
Goldman, C. R., "Primary productivity and micronutrient limit

ing factors in some North American and New Zealand Lakes," 
Verh. Int. Ver. Limnol., 15,365-74 (1964). 

Hill, A. C., Toth, S. J., Bear, F. E.', Soil Sci., 76,273 (1953). 
Johnson, R. E., Rossano, A. T., Jr., Sylvester, R. 0., "Dustfall as 

a Source of Water Quality Impairment," J. Sanit. Eng. Div., 
ASCE, Proc. Paper 4694, 1966, 

Kopp, J. F., Kroner, R. A., "Trace Metals in Waters of the Unit
ed States," Div. Pollut. Surveillance, Fed. Water Pollut. Contr. 
Admin., Cincinnati, Ohio, 1968. 

Kubota, J., Lazar, V. A., Losee, F., Arch. Environ. Health, 16, 
788 (1968). 

Lagerwerff,J. V., Specht, A. W., Environ. Sci. Technol., 4,583 
(1970). 

Mills, E. L., Oglesby, R. T., Proc. 14th Ann. Conf. on Great 
Lakes Research, Univ. of Toronto, Toronto, Canada, pp 256-67, 
1971. 

Oliver, B. G. Environ. Sci. Technol., 7, 135 (1973). 
Provasoli, L., Trans. Seminar Algae & Metropolitan Wastes, R. 

A. Taft Sanit. Engr. Center Rept. W61-3, pp 48-56, 1961. 
Schroeder, H. A., J. Chron. Diseases, 14,236 (1965). 
Shimp, N. F., Leland, H. V., White, W. A., Environ. Geo!. Notes 

No. 32, Ill. State Geo!. Survey, Urbana, Ill., 1970. 
Strickland, J. D. H., Parsons, T. R., Fish. Res. Board Canada 

Bull. 125, 1968. 
Wright, T. D., in "Ecology of Cayuga Lake and the Proposed Bell 

Station (Nuclear Powered) ," R. T. Oglesby and D. J. Allee, 
Eds., Water Resources & Marine Sciences Center, Pub!. 27, 
Cornell Univ., Ithaca, N.Y., pp42-73, 1969. 

Yamagata, N., Shigematsu, I., Bull. Inst. Pub. Health, 19, I 
(1970). 

Received for review October 6, 1972. Resubmitted July 20, 1973. 
Accepted November 7, 1973. Supported in part by the Office of 
Water Resources Research, U.S. Department of the Interior, 
Grant No. A-025-NY, and by a Federal Water Quality Adminis
tration Traineeship Grant (5T1- WP-212-02J. 



Characterization of Crude, Semirefined and Refined Oils by 
Gas-liquid -Chromatography 
M. E. Garza, Jr.' 

Region VI, Environmental Protection Agency, Houston, Tex. 77036 

Jerald Muth 

Region IX, Water Quality Office, Environmental Protection Agency, San Francisco, Calif. 94111 

• A method is described for characterization of oils that 
is simple, requires comparatively little time and utilizes 
instrumentation and techniques that are available in most 
laboratories. Chromatograms are shown (combination 
flame ionization and flame photometric responses) of 
crude oils from different sources, artificially "weathered" 
samples of crude oils, samples of oil spills, and samples of 
lubricating oils removed from internal combustion en
gines. It is shown that crude oil may be laboratory 
"weathered" and will duplicate the chromatograms of 
materials extracted from oil spill samples. Furthermore, 
lu bricating and fuel oils can be identified as to source by 
this procedure. The analysis of an oil sample, exclusive of 
artificial "weathering" and separation of some of its com
ponent fractions, can be accomplished in about 2 hr. 

The ability to "fingerprint" and pinpoint the source of 
oil spilled in a river, harbor, or on a beach is essential to 
the control of water pollution. Oil from spills which occur 
many days prior to their discovery still retains many of its 
characteristics which the analyst is able to identify. 

The present methods are time consuming (requiring 
days instead of hours) and complicated, involving tech
niques of metals analysis (Gamble and Jones, 1955), de
termination of sulfur content (ASTM, 1962), infrared ab
sorption techniques (Kawahara, 1969), and others. With 
the proposed method, in most oil spills comparison of 
chromatograms-of the oil spilled and of oil from the sus
pected -sources- is sufficient to determine the source. 
Only 4 or 5 hr are required to make identification. When 
gas-liquid chromatographic separation and dual response 
(flame ionization for hydrocarbons and flame photometric 
for sulfur-containing compounds) are employed, the iden
tification of crude, semirefined, and refined oil is greatly 
simplifed. 

The response of the flame photometric detector to sul
fur-containing hydrocarbons depends on the concentration 
of individual compounds and separation on the gas chro
matographic column. All oils contain different and vary
ing amounts of sulfur-containing hydrocarbons; therefore, 
the chromatograms obtained with the 394-mll filter vary 
in retention time, relative intensity, and peak configura
tion. This method utilizes these differences for the identi
fication of oils. Brody and Chaney (1966) , employing a 
flame photometric detector using the 394-mll filter, noted 
differences of sulfur content and sulfur-containing com
pounds in different brands and grades of gasolines. Bow
man and Beroza (1966 and 1967), Getz (1967), and others 
have successfully determined thiophosphate pesticides 
qualitatively and quantitatively, employing the flame 
photometric detector with a 526-mll filter. 

1 To whom correspondence should be addressed. 

Figure 1. Crude oil, field A. temperature programmed 15° I min. 
60-250°C, 394 mil Iiller 

Column. 3% SE-30, 4 mm X 3 m recorder speed, 'h in.jmin 

. . 
Figure 2. Crude oil, lield B, temperature programmed 15° I min, 
60-250°C. 394 mil Ii Iter 

Column, 3% SE-30, 4 mm X 2 m recorder speed, % in ./min 
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Results and Discussion 

For all figures , the following conditions are true: detec
tor, Melpar; carrier, N2, 80 cc / min; air, 100 cc/ min; H2 , 

150 cc/ min; O2, 20 cc/min. The different columns and re
corder speeds are noted under each caption. 

The flame ionization, flame photometric responses of 

.0 

Figure 3. Co. A diesel fuel, temperature programmed 15° I min, 
60-250°C, 394 mIL filter 

Column , 3% SE-30, 4 mm X 2 m recorder speed , ' .. in./ min 

12 .4 .0 

Figure. 5. Crankcase oil from automobile in authors' parking lot, 
temperature programmed 15° I min 60-250°C, 394 mIL filter 

Column , 3% SE-30, 4 mm X 2 m recorder speed, % in.jmin 
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crude oils from two different oil fields are shown in Fig
ures 1 and 2. These crude oils on examination exhibit dif
ferences in relative intensities, retention time (rtl and 
peak configuration on both types of detectors. 

Starting with the first significant peak at rt of 6 min, 
differences and similarities are noted throughout the chro-

.2 '0 '0 

Figure 4, Diesel fuel Co. B, temperature programmed 15° I min, 
50-250°C, 394 mIL filter 

'Column , 3% SE-30. 4 mm x 2 m recorder. speed y. min./ min 

.2 .0 .0 

Figure 6. Crankcase oil in Figure 5, temperature programmed 
15° Imin, 60-250°C, 526 mIL filter 

. Column; 3% SE-30. 4 mm X 2 m recorder speed, % in. / min 



matograms. In general, these differences or similarities are 
sufficient to denote different or identical crude oils. 

When the di(ferences are not great enough to be ob
vious, intensity ratios of significant corresponding peaks 
may be used-i .e., the intensity ratios of the major peaks 
in the chromatograms at approximately rt of 12 min to 
the corresponding peaks at rt of 6% min, are shown in 
Figure 1, 0.48 and Figure 2, 0.36. The intensity ratios of 
the two major peaks to the corresponding peaks at rt of 
7'12 min are Figure 1, 0.60 and Figure 2, 0.45. The intensi
ty ratio of the major peaks to all other significant peaks in 
the chromatograms may be calculated to establish . identi
ty. 

The techniques of ratioing the in tensity of the major 
peaks and all other significant peaks in the chromato
grams may also be employed in the chromatograms of the 

aromatic fractions (Figures 10 and 11) and the aliphatic 
fractions (Figures 12 and 13) of the samples. The same 
differences, Figures 3 and 4, were noted for semirefined 
oils processed by different companies. 

Weathered oil spills present the greatest analytical 
problems in identification and source tracing by existing 
methods. The present method eliminates most of these 
problems by artificial laboratory "weathering" and direct 
vis ual examination of the weathered spill and the suspect
ed source. 

In weathered oil spills and unweathered suspected 
source samples, the flame photometric (394-mll) responses 
are used in a screening process. Figure 7 (refuge oil spill) 
and Figure 8 (refinery crude oil) are good examples of the 
flame ionization, flame photometric responses of weath
ered and unweathered samples: Figure 8 exhibits a large 

Figure 7. Refuge oil spill sample. temperature. programmed 10° I min, 60-300° C, 394'mll filter 
Column , 3% OV-1 , 2 mm X 3.1 m recorder speed : 1f2 in ./min 

W~H+~+-----~----~~--~ ~ 
.~ 

Figure 8. Refinery crude oil sample , temperature programmed 10° I min, 60-300°C. 394 mil filter 
Column , 3% OV-1, 2 mm X 3.1 m recorder speed, 112 in.fmin 
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number of low-boiling hydrocarbons on the flame ioniza
tion response, while the refuge oil spill sample of Figure 7 
does not_ The flame photometric response for both sam
ples are identical, indicating that the refinery could be 
the source of the refuge oil spilL 

The chromatograms of the laboratory "weathered" re
finery crude, Figure 9 is nearly a duplicate of Figure 7, 
refuge oii spill, further indicating that the refinery was 
the source of the refuge oil spilL 

Chromatograms of the aliphatic and aromatic fractions 
(see experimental section) of the refuge oil spill and the 
refinery crude oil samples supplies further evidence that 
the refinery was the source of the oil spilL The procedure 
employed on the refinery crude and the refuge oil spill 
samples yielded three different flame ionization responses 
and two different flame photometric responses of each 

sample for direct comparison (all sulfur-containing hydro
carbons noted were aromatic in nature) _ 

Should additional information for direct comparison be 
desired, the 394-mll filter may be replaced with a 526-mll 
fil ter, a different flame photometric response is obtained 
(Figures 5 and 6). 

The flame photometric and flame ionization responses 
of a variety of oils collected from 25 oil fields and other 
sources were examined to determine if gas-liquid chroma
tographic column separation and flame ionization and 
flame photometric responses could be used to distinguish 
differences in oils with reproducible results . Forty-nine 
different oils and oils from six spills were examined: In 
addition, two diesel fuels (different companies), six waste 
crankcase oils (brands unknown), 33 crude oils (25 differ
ent oil fields), one grease (outboard lower unit grease), 

I __ ~-----l 
Figure 9. Laboratory-weathered refinery crude, temperature programmed 10' i min , 60-300'C, 394 mIL filter 

Column , 3% OV-1 , 2 mm X 3.1 m recorder speed , % in. j min 

Figure 10. Aromatic fraction of oil spill sample, temperature programmed 10' i min, '60-250' C, 394 mil filter 
Column, 3% OV-', 2 mm x: 3.1 m recorder speed, '12 in. / min 
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and 7 Bunker C oils were examined. This procedure iden
tifies oil spill sources by direct comparison of flame ion
ization responses and 394 mil and 526 mil filter responses. 

The weathering effect on oil spills by wind, water, sun
light, temperature, and other environmental factors has 
to be considered in order to apply this method to oil pol
lution problems. One significant effect of oil spill weather
ing is the rapid evaporation and loss of low,boiling hydro
carbon fractions . 

Six oil spills in the Southwest, in fresh- and saltwater, 
during the years of 1968 through 1970, offered opportuni
ties to test this method in its entirety and to determine its 
effectiveness. The oil spill samples collected were in var
ied forms-as slicks, emulsions, and thick viscous layers, 

affording a full range of sample conditions and weather
ing. 

The Game Refuge pollution sample (Figure 7) was col
lected from the spill area. It was prepared for analysis as 
described in the experimental section . The resulting chro
matograms of the flame ionization and flame photometric 
(394 mil) responses eliminated all other suspected sources 
and pinpointed the refinery crude (Figure 8) as the source 
of the spill in the Game Refuge. 

A portion of the refinery sample (Figure 8) was "weath
ered" as described in the experimental section. The re
sulting chromatogram (Figure 9) is identical in peak re
tention time, relative intensities, and configuration to the 
oil spill sample (Figure 7). 

Figure 11 . Aromatic Iraction, laboratory-weathered relinery crude, temperature programmed 10' imin , 60-300'C, 394 mil filter 
Column , 3% OV-1 , 2 mm X 3.1 m recorder speed, % in.jmin 

IV IV ~ 1\ Il 

Figure 12. Aliphatic fraction of oil spill sample, temperature programmed 10' i min, 60-300'C, 394 mil lilter 

C~lumn , '3% OV-" 2 mm X 3.' m recorder speed, 'h in ·/mln 
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As a further confirmation, the "weathered" sample and 
the oil spill sample were separated into aliphatic and aro
matic fractions (see Experimental Section) and the corre
sponding fractions compared. (Figures 10-13). Again the 
fractions are identical. 
Experimental 

Examination of all oils was performed on a Micro-Tek 
MT-220 gas chromatograph equipped with FPD detectors. 
The gas chromatographic columns employed were a glass 
"U" type 2 m X 4 mm i.d., packed with 3"10 SE-30 on 
60/80 mesh Chromosorb W, and a stainless steel coiled 

"U" type ·3.1 m x 2 !lim i.d., packed with 3"10 OV-l on PIJ/ 
100 Chromosorb W, AW, DMCS High Performance. The 
operating conditions were as follows: column temperature 
programmed from 60-250·C at 15· /min and 60-3OO·C at 
10· /min. The detector temperatures were 170· and 220·C; 
the injection port temperature-s were 225· and 300·C. The 
gas flows were: nitrogen carrier gas 80 ml/min, hydrogen 
flow 150 and 200 ml / min, oxygen flow 20 ml / min, and air 
flow of 100 and 120 ml / min. Electrometer sensitivities 
were: FID, 4 x 10- 10 through 64 x 10-10 amp full scale; 
FPD, 3.2 x 10- 8 amp full scale. 

Figure 13. Aliphatic 'fraction , laboratory-weathered refinery C(ude , temperature programmed 10· / min, 60-300·C, mIL filter 
Column, 3% OV-1 , 2 mm X 3.1 m recorder speed . 'k in.j min 

12 •• 
Figure 14. Co. A diesel fuel , temperature programmed IS· / min, 
60-250· C, 394 mil filter " 

Column, 3% SE-30, 4 mm X 2 m recorder speed. % in.jmin 
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12 •• 
Figure 15. Diesel fuel extracted from Mississippi River water, 
temperature programmed IS· / min, 60-250·C, 394 mil filter 

Column , 3% SE-30. 4 mm X 2 m recorder speed, % in.jmin 



The recorder used was a Westronics MT-22, dual pen 
having 1 mV full-scale sensitivity. 

Samples of oil, each 100 1'1, were diluted with n-hexane 
in ratios of 1 to 25 and 1 to 50. The amounts injected for 
examination ranged from 1- 51'1. 

Portions (100 1'1.) of the pollution and suspected source 
samples were cleaned and dried by dissolving them in n
hexane and passing them through a 1-in. column of anhy
drous sodium sulfate. The volumes of each were reduced 
to 5 ml on a water bath at 70'C, and aliquots ranging 
from 1-51'1. were injected into the gas chromatograph. 

Water Partitioning. Three 1-ml samples were obtained 
from each "standard" 'oil sample and added to 800 ml of 
Mississippi River water in clean 1-qt glass jars. The sam
ples and 800 ml of Mississippi River water blank were 
stirred for 1 hr with the aid of 2-in. Teflon-coated magnet
ic stirring bars and magnetic stir-jacks. The samples and 
the Mississippi River water blank were then extracted 
with 30 ml of n-hexane and dried on a 5-cm, column of an
hydrous sodium sulfate . 

"Standards" of each oil were prepared by diluting 100 
1'1. of the oil to a volume of 5 ml with n-hexane. 

The n-hexane extracts of the samples and Mississippi 
River water blank were reduced to a volume of 25 ml on a 
water bath at 70'C and aliquots, ranging from 1-5 1'1., of 
the extracted samples, blank and corresponding "stan
dard," were injected for analysis. The gas chromatographic 
responses were compared for reproducibility (Figures 14 
and 15) . 

Weathering . One gram of the refinery sample (Figure 
8) was laboratory "weathered" by placing the sample in a 
wa ter bath at 70'C for 4 hr to remove the more volatile 
components and reduce the sample 25% by weight by 
evaporation. A 100-1'1. portion of the "weathered" sample 
was diluted to a volume of 5 ml with n-hexane and 5 1'1. 
were injected into the gas chromatograph for analysis. 

Aliphatic, Aromatic Separation. Another portion of 
the "weathered" refinery crude oil sample and a similar 
amount of the oil spill sample were each dissolved in 5 ml 
of ethyl ether and transferred to columns co'ntaining 2.5-cm 
layers of silica gel. The ethyl ether was evaporated' from 
the column with the aid of a small reverse flow of prepuri
fied nitrogen gas. The columns were eluted with 75 ml of 
isooctane, then with 75 ml of benzene, collecting the eluates 
separately. The two eluates collected from each sample 
contained the aliphatic and aromatic fractions, respec
tively. The eluates were reduced to a volume of 25 ml on a 
water bath and 5 1'1. of each eluate were injected into the 
gas chromatograph for analysis. 

The use of a proprietary product is for information and 
does not necessarily imply endorsement of the product by 
the U.S . Environmental Protection Agency. 
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Migration and Redistribution of Zinc and Cadmium in Marine 
Estuarine System 

Charles W. Holmes,' Elizabeth Ann Slade, and C. J. McLerran 

U.S. Geological Survey, Corpus Christi , Tex. 78411 

• A survey of trace-element levels in the estuarine sedi
ments of Texas shows that Corpus Christi Bay has anom
alously high concentrations of zinc and cadmium. Maps of 
elemental abundance within the bay indicate large con
centration gradients, the highest values being near the 
harbor entrance. Seasonal determinations of metal levels 
in the harbor and bay waters also revealed variations with 
time. During summer, stagnation of the harbor water in
creases the concentration of metals so that significant 
quantities precipitate in the reducing environment of the 
bottom water . In winter, the exchange of water between 
the bay and the harbor increases, and metals are redis
solved from harbor deposits, washed into the bay, and ad
sorbed by particles settling to the bottom. 

1 To whom correspondence should be addressed. 

During a survey of the trace-element distribution in the 
sediments of Texas bays and lagoons, anomalous zinc and 
cadmium levels were found in Corpus Christi Bay. Be
cause zinc has been found to be detrimental to fish and 
other aquatic life (Pettyjohn, 1972) and because cadmium 
is a known toxin to man, these elements pose a threat to 
the estuarine system. Although zinc does not appear to be 
highly concentrated in the marine food chain (IDOE, 
1972), it may pose a greater hazard in the dissolved state 
where it can interact freely with nectonic life . Cadmium, 
on the other hand, does become concentrated in the food 
chain and is therefore a hazard in any chemical state. 
This report presents data on the distribution of these ele
ments in the sediments, their seasonal variations, and the 
pathways by which they move within the estuarine sys
tem. 
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Corpus Christi Bay is approximately 4 meters deep and 
nearly equidimensional, covering an area of approximately 
300 km2 (Figure 1). In the saucerlike central part of the 
bay, the sediments consist of fine silts and clays; sands 
composed mainly of shell debris rim the bay on shallow 
shelves. A dredged ship channel 15 meters deep and 123 
meters wide nearly bisects the bay and terminates in a 
narrow, 13-km-long, landlocked harbor, along which pet
rochemical and other industries are located. Current mea
surements and drogue studies at the entrance of the har
bor show a significant inwardly directed current below 6 
meters; outflow occurs in the surface zone . The strength 
of both currents is much greater than can be accounted 
for by industrial uptake and discharge or by the move
ment of the tidal prism. Figure 1. Location of studyarea 
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Figure 2. Distribution of zinc in the sediments of Corpus Christi Bay (dot = sample locality) 
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Figure 3. Distribution of cadmium in the sediments of Corpus Christi Bay (dot = sample locality) 
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Methods 

In the initial phase of the study, 287 sediment samples 
were taken from the bay and harbor with a clamshell 
sampler designed to obtain a %0 m3 sample. In addition 
to these, 156 water samples were taken with a PVC water 
sampler. 

The sediment samples were air dried, ground to less 
than 200 mesh, and leached with boiling 16N HN03 until 
N02 fumes ceased; they were then analyzed for zinc and 
cadmium by atomic absorption spectrophotometry. The 
deviation in this procedure determined on replicate sam
ples was found to be less than 10%. Subsequent analyses 
on replicate samples by a spectrographic method (Grimes 
and Marranzino, 1968) demonstrated that this digestion 
procedure accounted for approximately 85% of the zinc 
and cadmium in the sediments. These results roughly 
agree with those of Jones (1973), who reported that 75% of 
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Figure 4. Zinc and cadmium concentrations in the sediments of 
Corpus Christi harbor 
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Figure 5. Zinc and cadmium concentrations in the water during 
summer conditions for Corpus Christi harbor (concentration in 
ppb [I'g / I.] Dot = sample site) 

the zinc and 60% of the cadmium in the bottom sedi
ments of Cardigan Bay, Wales, were acid soluble. 

Zinc concentrations in the water were determined by 
chelating and extracting the metal with an ammonium 
pyrrolidine-dithiocarbonate (APDC) methyl-isobutylke
tone (MIBK) mixture and subsequent atomic absorption 
analysis (Brooks and others, 1967). The deviation deter
mined on replicate samples by this procedure was ap
proximately 20%. Cadmium in the water was determined 
directly by anodic stripping voltammetry (ASV) (Matson, 
1968), with a deviation on replicate samples of less than 
8%. 

In an attempt to determine the mineral association of 
the zinc in the bay and harbor sediments, 18 representa
tive samples were analyzed for the metal- mineral associa
tions. These samples were shaken for approximately 1 hr 
in a solution of 1M hydroxylamine- hydrochloride and 25% 
(v Iv) acetic acid, a procedure which dissolves nonsilicate 
ferromanganese minerals and carbonate minerals and ex
tracts the adsorbed trace elements but has no effect on 
the silicate or authigenically formed sulfide minerals 
(Chester and Hughes, 1967) . Subsequent leaching of the 
residual material with 16N HN03 allowed for an estima
tion of the amount of zinc and cadmium bound with or
ganic or sulfide compounds. Replicate analyses of these 
samples established the analytical deviation to be less 
than 10%. 

The pH of the sediment and water was determined with 
a combination glass electrode calibrated against commer
cially available buffer solutions. The Eh (redox potential) 
was measured with a combination platinum electrode cal
ibrated with "Zobell" solution (Langmuir, 1971). The 
temperature and salinity were determined by an in situ 
induction salinometer . 

Results and Discussion 

In the sediments of the bay, zinc concentrations ranged 
from a maximum of 235 ppm near the entrance of the har
bor to a minimum of 6 ppm in the northeastern part of 
the bay (Figure 2) and cadmium concentrations ranged 
from a high of 1.9 to a low of 0.1 ppm (Figure 3) . In the 
harbor sediments, zinc ranged from a maximum of 11,000 
ppm, approximately 8 km from the harbor entrance, to a 
minimum of 235 ppm at the entrance, cadmium ranging 
from 130 ppm to 2 ppm (Figure 4). Correlation between 
the zinc and the cadmium concentrations in the bay and 
harbor sediments was calculated to be 0.80, indicating an 
identical source and their chemical similarity. 
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Figure 6. Zinc and cadmium concentration in the water during 
winter conditions in Corpus Christi harbor (concentration in ppb 
[I'g / I.] Dot = sample Site) 
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Figure 7. Vertical summer distribution of zinc and Eh in the water at four stations in Corpus Christi harbor. June .1972 
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Figure 8. Correlation of sulfide and authigenic phases of zinc in 
the sediments of Corpus Christi harbor 

Determination of zinc and cadmium dissolved in the 
harbor waters revealed significant spatial and temporal 
variations. In September, zinc and cadmium ranged from 
a high of 480 ppb and 78 ppb, respectively, in the harbor 
(Figure 5) to a low of 6 ppb and 3 ppb in the bay. At the 
time of this traverse , the highest concentrations were near 
the surface, and secondary concentrations were at the 
sediment-water interface, a distribution characteristic of 
conditions during the summer (June to October). The 
January pattern was simpler (Figure 6). Zinc ranged 
from 182- 4 ppb and cadmium from 10 to less than 2 ppb. 
This pattern was characteristic during winter (November 
to May). 

Temperature, salinity, dissolved oxygen (Hahl and Ratz
laff, 1970) , and Eh and pH measurements in the harbor 
showed that the bottom water is more saline, anoxic, and 
slightly more acidic during the summer period. When 
these parameters were monitored bimonthly, the bounda
ry between the oxygen-rich and oxygen-poor water was 
seen to rise during the summer, enlarging the anoxic zone. 
Hydraulic configuration is the probable result of the com
bination of the predominant and nearly constant 
southeasterly winds which inhibit circulation in' the har
bor and of increases in the microbial activity. Because of 
these factors, the anoxic water mass at its maximum ex
tent (late in the summer) is wedge-shaped, increasing in 
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Figure 9. Aerial photograph taken from an altitude of 3600 me
ters on December 23, 1968. The dark. clear water originated in 
the harbor at the upper left and is discharging into the open 
bay. Mixing with light-colored turbid bay water can be seen tak
ing place. especially in the gyre near the center of the photo 
(N ASA photo) 

thickness from the entrance to the upper reach of the har
bor. 

During the summer when water in the harbor is most 
stagnated, the zinc and cadmium concentrations, intro
duced from industrial effluent, are increased in the oxi
dizing surface waters. In these waters, the zinc exists in 
the ionic state (Zn2 +), whereas cadmium is present as an 
ion pair with chlorine (CdCI +) (Goldberg, 1963). Below 
the surface water, zinc and cadmium react with the sul
fide ions present and are precipitated, probably according 
to the following reactions: 

Zn2+' aQ ' + HS - ~ ZnS ,s> + H+ 'aQ' 

CdCI+ taQ, + HS - ~ CdS , s> + CI- taQ , 

This precipitation process is accelerated as the redox 
boundary rises and more metals diffuse into the reducing 
layer. The end result is a metal-rich oxidized upper layer, 
a metal-poor reduced lower layer, and a metal-sulfide-rich 
sediment (Figure 7). Figure 8 illustrates the relative parti
tioning of zinc between the adsorbed (authigenic) phase 
and the sulfide (HNOa leached) phase and diagrammati
cally shows t.hat the sulfide-entrapped metal increases 
with distance from the harbor entrance. This is good evi
dence that the proposed chemical reactions do in fact 
occur. 



Table I. Amount of Zinc and Cadmium Leached by 
Shaking Selected Samples 30 Min in 
0.5M NaCI 
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Figure 10. Adsorbed (authigenic) VS. total zinc content of bay 
sediments 

r = correlation coefficient, b = slope of line based on data presented 

When the seasons change, significant hydraulic changes 
occur within the harbor. High winds associated with the 
passing of cold fronts mix the waters in the harbor and in
crease circulation between the harbor and bay. The in
creased flow of oxygen-rich water into the previously stag
nant areas results in desorption of some of the precipitat
ed- metals. Similar desorption of zinc has been noted in 
Chesapeake Bay sediments when sediments previously de
posited in fresh to brackish water come in contact with 
salt water (Bradford, 1972). Experimental data also dem
onstrated significant desorption of zinc and cadmium from 
harbor sediments by a O.5M NaCI solution (Table 1). The 
data from this experiment suggest that the metals are more 
tightly bound with increasing distance from the harbor en
trance; a situation that would be expected since more of the 
metals are associated with the sulfide phases in the upper 
reaches of the harbor. 

Thus, by a "conveyor belt" type of circulation set up by 
the hydraulic conditions, metal-poor water enters the har
bor along the bottom, is enriched in these metals by de
sorption', and leaves on the surface where it joins the nor
mal bay circulation (Figure 9). As a result of this mixing, 
the metals are adsorbed onto the suspended sediment and 
are transported through the bay by the currents. Figure 10 
illustrates the one-to-one relationship of the adsorbed 
metal to the total metal content of the sediments, show
ing that most of the metals are adsorbed onto the sedi
ments. Further supporting data were obtained by measur
ing the adsorption of 65Zn and l09Cd on suspended mate
rial in the laboratory, which demonstrated that more than 

Table II. Adsorption of "'Cadmium and "Zinc by 
Corpus Christi Bay Sediments 

IOtCd 

Total Total 
mCdin IOted in 

TotallOted IOted in sedi- IGecd in super-
in sample, sediment, ment, supernate, nate 

Sample cpmc. cpm<J % cpm" % 
C-11 496,376 383,432 77 112,944 23 
G-128 488,522 393,751 81 94,771 19 

"Zn 

Total Total 
Total 6hZ" 6~Zn in &bZnin t.5Zn in IlliZn in 
in sample, sediment, sedi- supernate, super-

Sample cpm cpm ment,% cpm nate, % 
C·11 7763 7750 99.8 13 0.2 
G-128 8112 8102 99.9 10 0.1 

<I Cpm. counts per minute. The experimental data suggest that 
equilibrium was reacted within 1 hr . 

99% of the zinc and an average of 79% of the cadmium 
were rapidly (within 1 hr) adsorbed onto suspended mate
rial (Table II). 

In conclusion, the zinc and cadmium concentrations in 
Corpus Christi Bay are the result of the interactions be
tween the waters of the harbor and the bay; these interac
tions take place predominantly during the winter when 
this exchange is the greatest. This significant transfer into 
the bay of the metals previously deposited on the floor is 
seen as a danger long after the effluent from industrial 
processes is stopped. This is a consideration which must 
be taken into account in coastal management. 
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Poisoning of Vehicle Emission Control Catalysts by Sulfur Compounds 

Norman A. Fishel,' Richard K. Lee, 2 and Frederick C. Wilhelm 
Corporate Research Center, Universal Oil Products Co. , Des Plaines, III. 60016 

• The effects of sulfur combustion products on particu· 
late base metal vehicle emission control catalysts have 
been studied. Some of the factors controlling the degree 
and rate of deactivation of one type of UOP exhaust gas 
control catalyst, namely, copper-chromium alumina, are 
discussed . Data are presented which show how sulfur al· 
ters the chemical composition of these catalysts; how sui· 
fur .poisoned catalysts may be regenerated in situ; and 
that low levels of sulfur accumulation on the catalyst are 
more detrimental to catalyst performance than small ac· 
cumulations one ad or phosphorus. Under certain automo· 
.tive operating conditions, sulfur poisoning can be mini· 
mized to the point that copper-chromium alumina cata· 
lysts offer the potential to meet 1976 EPA hydrocarbon 
and carbon monoxide standards for 50,000 miles. Emis· 
sions from a slave vehicle, using one such catalyst after 
prior use for 52,000 vehicle miles on fuel containing sulfur, 
were 0.34 and 3.16 grams per mile of hydrocarbon and 
carbon monoxide, respectively, using the 1975 EPA test 
procedure. 

Pollution from the internal combustion engine (ICE) is 
a problem that has concerned the automobile industry for 
many years. S!-,ch items as utilization of mechanical mod
ifications (the PCV valve), manifold air injection, high 
air-fuel ratios, spark advance-retard, and exhaust gas reo 
circulation (EGR) have reduced emissions from the ICE 
·such that 1973 federal standards (Table I) for vehicle 
emissions for hydrocarbon (HC), carbon monoxide (CO), 
and oxides of nitrogen (NO.) have been met. With intro
duction of the 1975 and 1976 federal vehicle emission 
standards shown in Table I, additional or alternative 
emission control systems are required. Use of a catalytic 
converter is one such alternative. 

The maximum temperature at which catalysts for vehi· 
cle emission control applications will function without 
major loss of activity or physical degradation is dependent 
on the nature of the support and the active ingredient. 
Loss in activity following exposure to high temperature is 
generally caused by one or more of the following effects: 
structural collapse of the support and any associated buri· 
al of active ingredient, crystal growth of the active ingre
dient, and reaction between the support and the active in· 
gredient. 

There are two general categories of active ingredients: 
base metal oxides and noble metals. Although the latter 
are more active, concern over their availability in some 
quarters has led to the expenditure of considerable effort 
in the development of base metal catalysts. The most 
commonly used base metals are the oxides of the first 
transition series, specifically the oxides of chromium, 
manganese, iron, copper, and nickel. The subject of vehi· 
cle emission control catalysts has been recently reviewed 
by Dwyer, 1972. 

In the development of base metal oxidation catalysts, 

1 Present address, Monsanto Co., 800 N. Lindbergh Blvd. , St. 
Louis, Mo. 63166. 

2 To whom correspondence should be addressed. 
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the HC and CO emissions from a Chevrolet Bel Air test 
vehicle using such catalysts increased rapidly, even after 
limited mileage accumulation, as shown in Table II. 

Initial evaluation of the physical and chemical analyses 
of used catalysts from vehicles (Table III) did not point to 
any single cause for this deactivation. Hence, detailed in
vestigations of the effects of S, P, and Pb were initiated. 

This paper discusses the deleterious effects of sulfur 
combustion products on catalysts in vehicle exhaust envi
ronments, first reported by Hunter, 1972, and how these 
may be eliminated. 

Experimental 

Catalyst Preparations. Copper-chromium alumina 
catalysts in the form of approximately 'k-in. diameter 
spheres were prepared conventionally from the metal salts 
and the composites calcined in a flowing stream of dry air 
at 650°C . Catalyst A, as prepared, has a copper-to-chrom-

Table I. Federal Vehicle Emission Standards 
(G; Mile-I)o 

Year HC co NO. 

1973' 
1975' 
1976 

3.4 
0.41 
0.41 

39.0 
3.4 
3.4 

3.0 
3.1 
0.4' 

mil:: uO:i~:7~:rtpl~'dlJ:ibim;~~C~~~ndard~ were ~o be met for 50,~ 
II Emissions for 1973 modelS to be determined uSing 1972 EPA testing 

pr~7t~~';;mpletion of this wor~ the 1975 Fec;leral He and CO standards 
were relaxed to 1.5 and 15 g·mlle-t , respectlvely_. 

d The EPA may recommend to Congress that thl:; st~ndard be relaxed 
to 1.5-2.0 g. mile- I in September 1973. to be effective In 1976. 

Table II. 1975 EPA Emissions (G· Mile-I) for 
Catalysts A and B 

Catalyst A" 
Catalyst miles He CO 

0 0.14 
1500 0.19 
3600 0.17 

Catalyst B" 
0 0.10 

500 0.32 
1000 0.35 
3600 0.55 

II Catalysts A and Bare Cu-Cr-AI-O materials. 

1.21 
4.32 
3.98 

1.07 
4.56 
2.23 
7.63 

Table III. Chemical Analyses of Catalyst B, Fresh and 
After 3600 Miles of Vehicle Use 

Fresh Used 

Total S, wt% 0.86 
Total SO.' -, wt % 2.42 
Pb, wt% 0.001 0.067 
P, wt% 0.0085 
CO 50% conversion temp, ·C 238 412 
HC 50% conversion temp, ·C 324 346 
Relative CO oxidation activity 124 33 
Surface area, m' ·g-I 111 92 
Pore volume, m·g·-I 0.28 0.27 
Mean pore diameter, A 101 117 



ia weight ratio of 0.2- 1; catalyst B has a weight ratio of 
1- 1. These are the only two catalysts formulated. Cata
lysts C through I are catalyst-A treated as specified in Ta
bles VII and XIII. 

Determination of 50% CO' and HC Conversion Tem
peratures. Fifty percent conversion temperatures for CO 
and HC oxidation were obtained by treating catalysts 
with a gas blend of the following composition: CO, 1.0; 
C3H6 , 0.025; O2, 2.5; H20 , 10.0; and N2, 86.475 mol %. 
The gas flow rate was 5000 mi· min '-1 over the catalyst 
(20 ml), resulting in a gas hourly space velocity (ghsv) of 
15,000 hr - 1 at STP. Reactors were constructed of 304 
stainless steel with bed dimensions of 5.26 cm by 2.2 cm 
in diameter. 

Catalysts were brought to 595°C inlet temperature in 
dry N2 and held in the feed gas for at least 30 min. HC 
and CO conversions (100%) were observed at these condi
tions. After thermal equilibrium was reached, power was 
cut, furnaces were opened, and a temperature-conversion 
curve was obtained as the catalyst cooled. Temperatures for 
50% conversion were then read directly from temperature
conversion plots. Catalyst temperature is measured at a 
point one fourth of the bed length from the inlet. 

NO', Testing. Nitric oxide conversion data were ob
tained at 480°C and a ghsv of 300,000 hr- 1 at STP. The 
catalyst (1 ml) with "y-Ah03 (19 ml) was contained in the 
same reactor used for the determination of the 50% CO 
and HC conversion temperatures described above. At an 
equivalence ratio (ER) of 2.22 (equivalance ratio is de
fined as [CO] + [H21/2[02] + NO]) the gas blend compo
sition was NO, 0.2; O2, 0.35; H20, 10; CO2, 10; CO, 1.56; 
H2, 0.44; N2, 77.45 mol %. 

Relative CO' Qxidation Activity Test. Relative CO ox
idation activities were obtained on a laboratory screening 
unit at a ghsv of 75,000 hr- 1 at STP with a gas composi
tion of H20, 10; CO, 1.5; O2, 1.1; N2, 87.4 mol % with a 
300°C inlet temperature. Activities were determined with 
the catalyst in a quartz reactor having bed dimensions of 
1.8 cm by 2.6 cm in diameter. The catalyst bed consisted 
of the catalyst test sample (3cc as ~1fs-in. spheres) and 
a-Ah03 (7cc, 14/20 mesh) diluent, separately shown to be 
inert. Inlet and outlet gas streams were analyzed by gas 
chromatography, and the CO conversion was compared to 
that of a standard, catalyst A. Relative CO oxidation ac
tivities are expressed as V (standard) 100/3, where V 
(standard) is the volume of catalyst A required to give the 
same conversion as the test sample. By definition, stan
dard catalyst A possesses a relative CO oxidation activity 
of lOO (i.e., catalysts possessing relative CO oxidation ac
tivities > 100 are more active under the conditions of the 
experiment for CO oxidation than catalyst A). 

Laboratory Thermal Aging. Catalysts were tempera
ture cycled in the laboratory under the following condi
tions: catalyst sample (50 ml) was loaded into a quartz 
tube (2.5 cm o.d.) and heated to 950°C, then cycled be
tween 950° and 850°C (time for one complete cycle, 20 
min) for three cycles under flowing N2 (3.751..min -1). 

Laboratory SQ2 Treatment. S02 treatment was car
ried out in the laboratory with catalysts contained in a 
quartz reactor at 480°C for 1 hr using a blend gas compo
sition of S02, 1.7; air, 32.3; and N2, 66 mol % at a flow 
rate of 210 l.·hr - 1 . The catalyst volume used was either 
20 or lOO ml. 

Sulfur and Sulfate Analyses. The sulfate ion was de
termined gravimetrically by precipitation as barium sul
fate. Catalyst samples were dissolved by refluxing in con
centrated HCI under a N2 blanket to prevent oxidation of 
other sulfur species to SO.2-. 

Total sulfur was determined by combustion, employing 
the Leco Model 521 sulfur analyzer. Combustion products 

were bubbled through a slightly acidic solution containing 
a small amount of NaN3. The amount of sulfur in the so
lution as H2S03 is then measured by an automatic iodo
metric titration. 

Pb Analyses. Catalyst samples were digested by reflux
ing with concentrated HCI. Portions of the dissolved sam
ple were aspirated into the burner of a Jarrell-Ash Model 
82-500 solid state atomic absorption spectrometer and Pb 
was determined at 2833 A by the method of standard ad
dition. 

P Analyses. Catalyst samples were fused with Na202 in 
a Ni crucible and the melt was neutralized with HCI. 
Na2MoO. and SnCl2 were added to PO.3- containing solu
tions, resulting in the formation of a molybdenum blue 
color, the absorbance of which is determined photometri
cally (X = 725 nm). 

Vehicle Testing. 1975 EPA HC, CO, and NO, emis
sions were obtained from a 1971 Chevrolet Bel Air 
equipped with a V-8 engine (350 CID), a fuel evaporative 
emission control system, manifold air injection [air being 
supplied from a Saginaw pump (19.3 in.3, drive ratio 
1.55:1)], and a downflow converter (260 in.3). Sufficient 
air was added to ensure oxidizing conditions in all modes. 
The front of the converter was located in such a way that 
it was directly below the front of the transmission hous
ing. 

Base emissions (without converter) from this vehicle 
were HC; 0.96; CO, 20.53; and NO" 3.35 g.mile - 1 . 

Constant volume sampling (CVS) test procedures were 
carried out according to the requirements laid down in the 
Federal Register, except that the 12-hr soak time prior to 
the test was not necessarily carried out in the specified 
temperature range of 20- 30°C and the fuel evaporative 
emission control system was disconnected. 

Mileage accumulation on the catalysts was carried out 
with a 13-mode driving cycle (Table IV), using either a 
1970 Ford Galaxie or a 1971 Buick LeSabre on a CT-200 
Clayton Chassis Dynamometer equipped with adjustable 
inertia flywheels. The Ford was equipped with a V -8 en
gine (351 CID), a Saginaw pump (19.3 ina, drive ratio 
1.7- 1) supplying air immediately prior to the converter. 
The Buick had a V-8 engine (455 CID), and an air supply 
from a Saginaw pump (19.3 ina, drive ratio 1.7-1) to the 
manifold. Converters were removed from the latter vehi
cles and transferred to the Chevrolet slave car for CVS 
testing so that any deterioration in the operation of these 
vehicles, and hence higher base emissions, would not in
fluence the performance of the catalyst. Indolene fuel 
(typical analysis, Pb, 0.017; P, 0.01 g.gal- 1 ; S, no 
ppm) and Shell XL-I00 lubricating oil were used in all 
cases. 

Table IV. 13-Mode Vehicle Durability Test Cycle 
Mode no. 

7 
8 
9 

10 
11 
12 
13 

Speed, mph Time, sec. 

Idle, 1 15 
1-35 14 

35 13 
35-17 11 
17-46 21 

46 44 
45-23 17 

23 10 
23-1 8 

1 10 
1-60 17 

60 40 
60-1 20 

4min 

Volume 8, Number 3, March 1974 261 



Engine Pb and P Poisoning Experiments. Catalysts 
were loaded into a segmented, six·compartment converter 
(120 ml per segment) and inserted into the exhaust train 
of a Labeco CLR single cylinder engine (42.5 CID). The 
engine was run at 2000 or 2500 rpm and air-fuel ratios in 
the range of 13.5- 14.6 on isooctane fuel containing either 
Pb or P added as tetraethyllead plus halogen scavenger or 
benzyl dicresyl phosphate, respectively. Secondary air wa~ 
added to the converter to ensure an oxidizing atmosphere 
in the catalyst bed. Bed temperatures of 480'C (for the Pb 
studies at 2000 rpm) and 540'C (for the P studies at 2500 
rpm) were obtained by use of a heat exchanger prior to 
the converter . Catalysts were removed, analyzed for Pb or 
P, and tested for oxidation activity on completion of the 
test. 

Results and Discussion 

Exposure of catalysts containing Cu, Cr, AI, and 0 to 
various gaseous sulfur species resulted in a substantial de· 
cline in CO oxidation and NO removal activities while the 
HC oxidation activity was only slightly affected (Table 
V). These observations confirm results regarding oxidation 
activity reported previously (Hunter, 1972). The extent of 
deactivation due to "sulfur poisoning" .was far worse than 
after thermal aging in the laboratory (Table V) . Analysis 
of these catalysts showed that the sulfur was present as 
SO.2 - in all cases where a final oxidation step was carried 

out. Attempts to determine the nature of the sulfur com· 
ponent(s) by X-ray diffraction were inconclusive; however, 
CuSO. was identified for "y-AhOa-supported catalysts 
containing CuO or CuAhO. after exposure to a S02/ air/ 
N2 blend (see Table VI). 

Oxidation activities for a 19% Cu on UOP "y-AhOa cata
lyst, typical of several prepared, were 50% HC conversion 
temperatureTHC~O%, 332'C; Tco~O%, 291'C; relative CO oxi
dation activity (rei, CO), 107. Activities for a typical 10% 
Cr on UOP "y-AI20a catalyst were THc~O%, 274'C; Tco~O%, 
466'C; rei, CO, 17. From these data the assumptions were 
made that under simulated and ahual exhaust gas condi
tions, the active sites for CO and HC oxidation on a Cu
Cr-AI-O catalyst were primarily associated with the cop
per and chromium, respectively. 

The oxidation of CO over a metal oxide catalyst may 
proceed via the following type of mechanism (Shelef et 
al.,1968): 

CO .. ' --+- COad. 

CO,d, + MO --+- CO, .... + M 

CO, ... --+- CO", .. 

0 28"88 --+- 0""" 

0, ... + 2M --+- 2MO 

Table V. Comparison of Effects of Laboratory Temperature Cycling and "Sulfur" Treatment at 480°C for 
Catalysts A and B 

50% cony. temp, °C 

Treatment Catalyst Total S, % 50,2-,% HC CO 

Fresh catalyst A 308 259 
B 324 238 
B 

SO,/air A 1.46 312 374 
B 2.53 7.2 334 396 

Vehicle exhaust. B 0.86 2.42 346 412 
3600 miles on 
Indolene fuel. 
S. 110 ppm 

Lab temp cycling A 319 285 
B 339 262 

a Inlet temperature, 540°C; ghsv, 150,000 hr-1 at STP. 

Table VI. Activities of Catalysts Containing CuO and CuAI,O, 
50% cony. temp., °C 

Catalyst Treatment HC CO 

CU on AI,O, (1) Fresh 313 277 
(1) SO,/air 338 456 
Cu on AI,O, (2) Fresh 272 307 
(2) SO,/air 338 427 

Table VII. Activity Data for Fresh, SO,;Air Treated, and Regenerated Catalyst A 

Treatment 

Fresh catalyst A 
SO,/air (catalyst C) 
Catalyst C + air for 1 hr 
Catalyst C + air for 1 hr 
Catalyst C + air for 1 hr 
Catalyst A + 8 cycles consisting 

of following treatments: 
SO, at 480'C for 30 min followed 

by air at 870'C for 1 hr 
Final treatment with SO, at 480'C 

for 30 min (catalyst D) 
Catalyst D + air for 1 hr at 870'C 
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Treatment 
temp,OC 

480 
650 
760 
870 

Total Sf wt ~ 

1.46 
0.70 
0.29 

< 0.03 

2.22 
1.02 
0.10 

ReI. CO 
oxidation 
activity NO conv., % 

100 58.2' 
124 54.1 

84.0" 
60 
6 19.8 

33 10.0 

81 
90 

Species Identified by X-ray 

'Y·AI,O, and CuO 
'Y·AhO, and CuSO. 

Nth sal. 

48 .2" 
31.8 
75.0" 

25.6 
40 .4 

Expanded 'Y·AI,O, and CuAI,O. 
Expanded 'Y·AhO, and CuSO. 

50% cony. temp, °C Rei. CO 
oxidation 

HC CO activity 

308 259 100 
312 374 60 
317 352 43 
293 288 80 
303 268 91 

309 421 

298 275 



Table VIII. Results of Treatment of 3600-Mile Vehicle-Used Catalyst B in Flowing Gas for 1 Hr 
50% cony. temp, °C Re I. CO 

Treat ment oxidation 
Atmosphere temp, OC Total S, wt% SO.2-, wt" HC CO activity NO conv., % NH. sel. 

Fresh catalyst 
Vehicle-used· 0.86 2.42 
Air 650 0.77 2.20 
Air 760 0.40 1.12 
Air 815 
Air 870 0.05 0.10 
N, 870 0. 08 0.15 
90% air, 10% H,O 870 0.39 1.03 
0.5% H" 0.5% CO, 

99% N, 650 0.75 0.25 
0.5% H" 0.5% CO, 

99% N, 760 0.25 0.21 
0.5% H" 0.5% CO, 

99% N, 870 < 0.03 0. 04 
" Pb (670 ppm) and P (85 ppm) were also fou nd on this catalyst. 

In light of the above, although CuSO. is a known oxida
tion catalyst, it would be expected that the rate of CO ox
idation over CuSO. would be slower than over CuO. 
Therefore, if CuO on a catalyst were converted to CuSO., 
a decline in the CO oxidation activity would be expected. 
Decomposition of CuSO. to form CuO via the intermedi
ate basic sulfate should result in an improvement in the 
CO oxidation activity . Thus, attempts were made to reac
tivate S02-treated catalysts in the laboratory by decom
posing t he metal(s) sulfate(s). The results in Table VII 
show that the oxidation activity (mainly CO) of catalyst A 
improves on heating in air. With increasing temperature 
of exposure, a concomitant improvement in the CO oxida
tion activity and a decline in the SO.2 - content were ob
served. Repetition of sulfur poisoning followed by regener
ation did not adversely affect the resultant catalyst's ac
tivity. 

Similar results were observed when a vehicle-used cata
lyst (described in Table III) was regenerated in the labo
ratory. The extent of regeneration could be correlated to 
the atmosphere, temperature, and time of treatment 
(Table VIII). At 870·C with air, N2 or a H2- CO-N2 mix
ture, sulfur concentrations on the catalyst were reduced to 

:::1:\ 
120 

Regenerated In 

&. '" Air 100 
o . N2 (99%), H2 (0 .5%) 

~ 2 50 
COI0 5%) . O . Nitrogen 

I 0 Fresh Catalyst eo . ~ 
o • 

E 280 0 
<t 

~ 0 

0 
u 

j 60 
310 0 

0 
u 

8 
. 

" 
340 40 0 

~ 
.1! 

370 

20 

400 

. . 0 
0 05 10 15 

Wl- % Sulfur On Catal ys t 

Figure 1. Rel ationship between CO oxidation activity and sulfur 
concentration on regenerated vehicle-used Catalyst B 

324 238 124 54.1 31.8 
346 412 33 10.1 40 .5 
342 416 40 
318 318 76 15.9 38 .1 
324 315 83 
321 262 107 40.3 41.2 
329 286 98 
335 340 50 

333 347 49 47 .2 20.3 

325 296 60 53 .6 18.8 

327 277 102 67.7 25 .8 

<0.10%, resulting in the equivalent of fresh HC oxidation 
activity and essentially fresh CO oxidation activity. 

The CO oxidation activity of catalysts regenerated at 
these three conditions varied somewhat owing to a proba
ble difference in the oxidation state of the metal compo
nents on the final catalyst. Failure to attain fresh CO oxi
dation activity on regenerated vehicle-used' catalysts may 
be the result of one or more of the following: Pb poisoning, 
P poisoning, loss in surface area, and burial of active in
gredient . It should be pointed out that Hunter, 1972, was 
unable to obtain complete sulfur removal from a poisoned 
Cu-Cr-AI-O catalyst at 870·C. Treatment conditions 
and/or catalyst nature may explain these different results. 

Partially regenerated samples of vehicle-used catalyst 
showed a direct relationship between CO oxidation activi
ty and sulfur content regardless of the atmosphere used in 
the regeneration, as shown in Figure 1. When the stan
dard deviations for the results obtained from the activity 
tests are taken into account, the time required for regen
eration at 820·C in air appears to be less than 15 min (see 
Table IX). At -870·C it is believed that complete sulfate 
decomposition on these catalysts in exhaust gas environ
ments can be achieved in a matter of seconds . 

Data in Table VIII indicate t hat sulfur attack decreases 
NO removal activity and increases the fraction of NO con
verted to NH3 . As in the case of CO and HC oxidation ac
tivity, the deactivation is reversible. When regenerations 
were carried out in a reducing atmosphere (Table VIII). 

N 
N 

N 

c 
o . 
> c 
o 
u 
o 
z 

80 

, , 
60 \'" 
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CO (D.S %) and H2 (0.5%) 

. .................... _---. 

°0~------~0~5~------710~------~,'5 

WI-% Sulfur On Coto lyst 

Figure 2. Relationship between NO removal activity and sulfur 
concentration on regenerated vehicle-used catalyst B 
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activities exceeded the fresh activity, indicating that a re
duced form of the catalyst is more active than the oxi
dized form . Correlations between sulfur and sulfate con
centrations and NO removal activities are shown in Fig
ures 2 and 3, respectively. Although the relevance of ob
taining NO. removal data on catalysts that have operated 
solely in oxidizing atmospheres is questionable, linear re
lationships in Figure 3 may indicate that it is specifically 
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60 
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Figure 3. Relationship between NO removal activity and sulfate 
concentration on regenerated vehicle-used catalyst B 
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Figure 4, Effect of sulfur accumulation on 1975 EPA CO emis
sions of vehicle emission control package using 260 in .3 cata
lyst A-1971 Chevrolet Bel Air (350 CID) equipped with exhaust 
port air injection 

Figure 5, Phase diagram for Cu-S-O system (Printed with kind 
permission from T. R. Ingraham) 
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Table IX. Dependence of Regeneration of Vehicle
Used (3600-Mile) Catalyst B at 820°C in 
Flowing Air on Time 

50'% cony. temp, °C Rei. CO 
Treatment oxidation 
time, min. HC CO activity 

0 346 412 33 
15 311 318 71 
30 322 337 66 
45 318 309 76 
60 324 315 83 

Std Dev, u 5 4,5 8.3 

S042- formation that causes the decline in NO removal 
activity, whereas apparently any form of sulfur adversely 
affects CO oxidation activity. 

Following the successful attempts to regenerate sulfur
poisoned Cu-Cr-Al-O catalysts in the laboratory, it ap
peared feasible to regenerate similarly sulfur-poisoned 
catalysts on a vehicle. Attempts were made to regenerate 
in situ a catalyst A sample which, after 7200 miles of ve
hicle use, showed a substantial decline in CO oxidation 
activity, as indicated in Table X. Regeneration was ac
complished by using the durability cycle described pre
viously (Table IV), except that periodically (15 min every 
2 hr) , the bed temperature was raised to 790-900'C by ac
celerating and decelerating between 65 and 70 mph. After 
this treatment, 1975 EPA HC and CO emissions at 7700 
miles were 0.08 and 1.15 g.mile-" respectively, com
pared with 0.15 and 5.25 g.mile- 1 at 7200 miles. 

During the period from 7700 to 9800 miles, the normal 
durability cycle was used and bed temperatures were in 
the range 510- 565'C, where sulfur poisoning of the cata
lyst is expected. At 9800 miles, 1975 EPA HC and CO 
emissions were 0.48 and 8.27 g. mile-I, respectively. 

After a 15-min in situ regeneration, when we used the pro
cedure described above, the emissions were reduced to 
HC 0.18 and CO 2.12 g·mile- 1 . An additional regenera
tion period of 15 . min did not result in any further im
provement. The CO emissions from the CVS test vehicle 
equipped with catalyst A when sulfate formation was per
mitted, and t hen prevented by use of elevated tempera
tures, are summarized in Figure 4. 

Although it was shown that these catalysts could be re
generated in situ on a vehicle, the feasibility of carrying 
out such an operation in practice was questionable; how
ever, if conditions in the catalyst bed could be maintained 
such that attack by sulfur combustion products could be 
prevented, the sulfur-poisoning problem would be elimi
nated. The obvious solution to this situation is to remove 
the sulfur from gasoline during processing, as has been 
suggested previously (Hunter, 1972). The cost of reducing 
the sulfur level in most straight-run naphthas to < 1 ppm 
is currently estimated to cost 15¢/bbl (approximately 
$0.0033/gai) for a 10,OOO-bbl/d refinery (Parker, 1973). 

Ingraham, 1965, has determined stability regions for all 
the phases that constitute the Cu-S-O system, Figure 5. 
The equilibrium temperatures for the decomposition of 
CUS04 to CuO.CUS04 and CuO.CUS04 to CuO were es
timated from this information for O2 and S02 concentra
tions that would be experienced in vehicle exhaust. Some 
of these data are summarized in Table XI. The effects of 
H20 and CO were ignored despite their obvious impor
tance (Table VIII). For an exhaust gas containing 10% O2 
and 10 ppm S02 (typical concentrations in exhaust gas, 
after air has i?een added), CuO would be the stable phase, 
provided temperatures are held above 580 ± 15'C. If the 
assumption is made that these estimated equilibrium de
composition temperatures for bulk CUS04 and CuO .. 



Table X. Vehicle Durability Test Results for Catalyst A 
1975 EPA emissions, g. mile-I 

Miles HC CO NO. APPt':~:~:~~~~%J'ed Treatment 

0 0.14 1.21 3.25 
1,500 0.19 4.32 2.10 51~565 
3,600 0.17 3.98 2.22 51~565 
4,900 0.14 4.86 2.55 51~565 
7,200 0.15 5.25 2.52 51~565 
7,700 0.08 1.15 (2 .48) 51~565 

+ high temp 

For 15 min every 2 hr, bed temp raised to 
approx, 7~9OO"C by accelerating and 
decelerating between 65 and 70 mph 

9,800 0.48 8.27 1.88 
9,800 0.18 2.12 2.55 

9,800 0.23 1.67 3.21 

12,400 0. 23 6.58 2.76 
12 ,400 0.37 4.24 3.03 
12,400 0.21 2.49 2.64 

14,800 0.15 2.40 2.48 
15,875 0.30 2.90 3.00 
18,900 0.20 2.44 2.65 
21,800 0.20 2.64 2.57 
24,100 0.20 2.90 
27 ,550 0.22 11.03 3.53 
27,550 0.26 2.53 1.86 

30,400 0.26 2.73 3.41 
32,000 0.27 3.95 2.66 
35,000 0.18 3. 28 2.79 
40,750 0.21 2.16 3.21 
47,700 0.40 3.49 3.51 
48,100 0.42 3.29 3.69 
52,000 0.34 3.16 2.76 

Estimated standard deviations, He, 0.10 and CO, 1.0 g -mile- I . 

Table XI. Equilibrium Sulfate Decomposition 
Temperatures 

Estimated from data reported by Ingraham 
-Log pso, (atm) 6 5 6 5 
-Log Po, (atm) 2 2 1 1 

51~565 

51~565 

65~760 
65~760 
65~760 
65~760 
65~760 

51~565 

65~760 
65~760 
65~760 
65~760 
65~760 
65~760 
65~760 

MO = MO . MSO. 525 565 540 580 'C, ±15' 
MO.MSO. = MSO. 480 530 495 545 'C, ±15' 

CuSO. are similar for dispersed copper sulfates, then 
sulfur poisoning of catalysts A and B in a vehicle emis
sion control system should be inhibited, providing bed 
temperatures are held in excess of6oo'C . 

In an attempt to prevent sulfur poisoning, the catalyst 
A vehicle durability test was continued from 14,800 to 
24,100 miles with bed temperatures held in the range 
650-750'C by partially activating the choke on the Buick 
test vehicle. Throughout this testing, HC and CO emis
sions from the Chevrolet slave car were below the 1976 
HC and CO federal standards (Table X), indicating that 
no detectable sulfur poisoning had occurred and that the 
assumptions made regarding the equilibrium decomposi
tion temperatures were correct. 

Continuation of the durability test from 24,100 to 27,550 
miles was deliberately conducted with bed temperatures 
in the range where sulfur poisoning would occur, namely 
510-565°C. The HC and CO emissions at 27,550 miles 
were 0.22 and 11.03 g.mile - 1 , respectively. After the test, 
catalyst (100 ml) was removed for analysis. Inert diluent 
(100 ml) was added and the converter subjected to tem
peratures in the range 790-900'C on the vehicle using 
methods described previously. The HC and CO emissions 
after this high-temperature treatment were 0.26 and 2.53 
g.mile- 1 , respectively. Another catalyst sample (100 ml) 
was removed from the converter for analysis and replaced 
with inert diluent. The durability test was continued to 
52,000 miles, at which point the HC and CO emissions 

Catalyst bed temp raised to approx 
815'C for 15 min 

Catalyst bed temp raised to approx 
8WC for 30 min 

Catalyst bed temp. raised to approx 
815'C for 30 min 

Catalyst deliberately sulfur poisoned 
Catalyst bed temp raised to approx 

815'C for 15 min 

from the Chevrolet slave car were still below the 1976 fed
eral standards. 

Analytical and activity data for fresh and vehicle-used 
(at 27,550 miles) catalyst A are given in Table XII. At 
27,550 miles after the deliberate sulfur poisoning (S, 0.50; 
SO.2- , 1.04%) the CO oxidation activity was poor, as ex
pected. After nearly complete removal of the sulfur (car
ried out in situ on the vehicle) , the CO oxidation activity 
improved sufficiently to meet 1976 EPA CO emission 
standards (Table X), but did not approach the fresh labo
ratory activity (Table XII) . This loss in activity is proba
bly due primarily to partial collapse of the support and 
burial of the active ingredients. Although structural col
lapse and decline in the activity as determined in the lab
oratory was limited during the period 27,550- 52,000 miles, 
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Figure 6. Percent CO conversion (at 30,000 ghsv) vs. tempera
ture for fresh and treated catalyst A samples 
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the loss of 161 grams of catalyst of the original 2177 grams 
loaded probably caused channeling in the converter, hence 
higher vehicle emissions (Table X). No loss of copper or 
chromium due to vapor transport was observed. 

The degree of sulfur poisoning of a catalyst will be de
termined by a number of factors including: 8ulfur concen
tration in the fuel and hence Pso, and Psoa in the 
exhaust gas; Peo, Po" and PH,O in the exhaust gas; cata
lyst formulation ; gas flow rates (Ingraham, 1965); and cat
alyst temperature. 

Ideal catalyst formulations would contain a catalytically 
active ingredient(s) which either does not form a sulfate 
or forms a sulfate that decomposes to form the oxide at 
low temperature. From a recent survey of the chemistry of 
47 M-8-0 systems, which includes decomposition data 
for Mx(80.)y compounds (Lowell et ai. , 1971), it is appar
ent that very few base metal oxides are potential candi
dates . Noble metals are not directly affected by sulfur 
combustion products at the temperatures experienced in 
catalytic converters, but deactivation of supported noble 
metals may occur if constituents of the substrate form 
stable sulfates-e.g., Ab03 (Papazian et ai., 1972). Many 
noble metal-promoted base metal catalysts have been pre
pared on a variety of supports in these laboratories and 
each has shown some activity decline as a result of expo
sure to 802 at 480°C; the deactivation observed, particu
larly for noble metal catalysts, however, is much less se-

vere than for the Cu-Cr-Al-O catalysts. 8nyder et ai., 
1972, claimed that noble and noble metal-promoted base 
metal catalysts do not lose any activity on exposure to the 
equivalent of 5000 miles of operation on fuel containing 
0.1 wt % 8 added as (t-Bu8)2. 

Data in Table XIII show the effects of Pb, P, and 8 
combustion products on the oxidation activity of catalyst 
A. High Pb and P concentr.ations in the fuel were used in 
the CLR studies to simulate the effect of low concentra
tions for extended periods; Twenty-five, 50, and 75% HC 
and CO conversion temperatures were determined in a 
manner similar to that previously described but at a ghsv 
of 30,000 hr-l. From the limited number of experiments 
carried out, it is not possible to compare the effects of Pb, 
P, and 8 on an absolute basis . However, in light of the 
proposed 1975 EPA restrictions on the Pb and P content 
of gasoline, 0.05 and 0.005 g·gal - 1 , respectively, and a 
typical 8 content of 1 g<gal- 1 (~0.04 wt %), some qual
itative conclusions regarding the effects of these poisons at 
the above levels may be drawn. In the preparation of cata
lyst C (Table XIII), 5.3 grams of 8, as 802/803 , was 
passed ,over the catalyst compared to 1 gram of Pb in the 
pr~paration of catalyst E-i.e., 8-Pb is 5.3-1. Although 
this ratio is substantially less than that projected for 1975 
fuels (20-1), the 8 combustion products have caused 
greater decline in the oxidation activity than those arising 
from the Pb. 

Table XII. Analytical and Activity Data for Fresh and Vehicle-Used Catalyst A 
Vehicle-used 

Av. crush strength, kg 
BET surface area, m'. g-l 
Pore volume, ml ·g-l 

Pore diameter, A 
ReI. CO oxidation activity 
50% HC conv. temp, °C 
50% CO conv. temp, °C 
1975 EPA HC emissions, g. mile-l 
1975 EPA CO emissions, g . mile-l 

P, wt% 
Pb, wt% 
5, wt% 
50,'-, wt% 

Fresh 

6.3 
158 

0.39 
99 

100 
301 
260 

0.14 
1.21 

17 
354 
457 

0.22 
11.03 
0.062 

0.50 
1.04 

After regen. at 
27,550 miles 

2.8 
65 
0.14 

86 
66 

342 
298 

0.26 
2.53 
0.062 

0.07 
0.23 

Table XIII. Effects of S, Pb, and P on Oxidation Activity of Catalyst A 
(Conversion temp obtained at a ghsv of 30,000 hr-l) 

Temp, °C for X% He or CO conv. 

Poison HC 

Treatment 
conen, 
wt% X = 25 50 75 25 

Lab SO, treatment for 1 hr at 480°C 
(catalyst C) 1.46 317 368 422 348 

Exhaust from CLR engine 
Fuel, iso-C, + 0.2 gram Pb·gal-l, 

temp., 480°C, 60 hr at 2000 rpm 
(catalyst E) 0.5 277 338 393 249 

Exhaust from CLR engine 
Fuel, iso-C, + 0.22 gram P' gal-l, 

temp., 540°C, 60 hr at 2500 rpm 
(catalyst F) 0.93 310 391 504 271 

Catalyst F heated in flowing air for 
1 hr at 870°C (catalyst G) 0.90 310 379 590 274 

Exhaust from CLR engine 
Fuel , iso·C, + 3.0 grams Pb ·gal-l 

temp., 480°C, 60 hr at 2000 rpm 
(catalyst H) 6.8 327 471 599 274 

Catalyst H heated in flowing air for 
1 hr at 870°C (catalyst I) 6.5 345 477 318 

266 Environmental Science & Technology 

After 52,000 miles 

CO 

50 

409 

307 

352 

335 

377 

415 

2.0 
46 
0.09 

78 
71 

351 
302 

0.34 
3.16 
0.11 
0.36 
0.06 

75 

460 

365 

515 

590 

593 

585 



The effect of Sand P combustion products on the CO 
oxidation activity are shown in Figure 6. Comparisons of 
the plots for fresh and S02-treated catalysts show that the 
slopes are similar but a shift to higher temperatures is ev
ident for the S02-treated catalyst. Since the slope of a 
temperature vs. conversion plot is relatable to the activa
tion energy (Eactl, it appears that for these S02-treated 
catalysts the frequency factor, A (a function of the num
ber of active sites in the expression K = Ae-E(act ) / RT), 

has been reduced. The corresponding plot for a P-treated 
catalyst shows a change in the slope, indicating that the 
number of active sites is essentially the same as on the 
fresh catalyst but that the activity of these sites has de
clined . 

From the activities of catalysts C and F (Table XIII), it 
would appear that P-combustion products have a more 
adverse effect on the activity of catalyst A at a S-P value 
of approximately 4.5 than S-combustion products. The 
S- P ratio for proposed 1975 fuels , however, will approach 
100-200, and at these levels, the same as used in the 
52,OOO-mile durability test, it is apparent that any effects 
due to P-poisoning were not sufficiently adverse to hinder 
the catalyst's ability to meet 1976 federal HC and CO 
standards. 

Heating both the P-treated catalyst F and Pb-treated 
catalyst H samples in flowing air at 870'C for 1 hr re
sulted in only slight removal of the poisons and a further 
decline in activity (Table XIII). This is consistent with 
the pore-mouth poisoning mechanism recently proposed 
by Dwyer and Morgan, 1972, for Pb-poisoning of copper 
chromites. Scanning electron microscope/ microprobe 
studies of catalysts G and I show that the Pb penetration 
on catalyst I is greater than on catalyst G. Unlike the case 
of sulfur poisoning, apparently Pb and P poisoning of cat
alyst A is irreversible under oxidizing conditions at least 
at :'S870'C. 

Conclusions 

The oxidation activity of Cu- Cr- Al- O catalysts is ad
versely affected by Pb-, P-, and S-combustion products. 
However, at their proposed levels in 1975 fuels, S-combus
tion products far outweigh the effects of Pb- or P-combus
tion products. Unless these S levels are reduced, vehicle 

NOTES 

operating conditions and, hence, catalyst environment, 
will have to be strictly controlled, such that SO.2- forma
tion on the catalyst is prevented. 

Vehicle durability results do not infer that 1976 federal 
standards can be met on a production vehicle equipped 
with an emission control package that includes catalyst A, 
but it does indicate, given the optimum operating' condi
tions, that: The physical stability of catalyst A is suffi
cient to allow appreciable mileage accumulation without 
excessive catalyst loss and the activity stability of the cat
alyst is sufficient to enable 1976 federal HC and CO stan
dards to be met for a meaningful period of time. 
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Aqua Regia for Quantitative Recovery of Mercuric Sulfide from Sediments 

• A digestion procedure consisting of a 2: 1 concentration 
of H2SO.:HN03 plus KMnO.- K2S20 g oxidation (Iskan
.der et aI., 1972) proved to be inadequate for quantitative 
recovery of HgS, a Hg compound that may be present in 
reduced materials such as river and lake sediments and 
waste sludges. Since HgS or Hg(II) associated with metal 
sulfide phases may be a significant fraction of the total 
Hg in these substances, incomplete dissolution of these 
Hg(ll) sulfide phases during sample digestion will cause 
total Hg concentrations to be underestimated. An aqua 
regia digestion p~ocedure which quantitatively recovers 
HgS from sediments is described, and is recommended for 
total Hg analyses of sediments. The authors found that 
KMnO. and K2S2 0 g must be included with aqua regia to 
obtain complete recovery of five other Hg compounds im
plicated in Hg transformations and pollution in the envi
ronment. Nonaqua regia procedures being used to analyze 
sediments or sludges for total Hg should be tested for 
quantitative recovery of HgS. 

Lee W, Jacobs 1 and Dennis R_ Keeney 

Department of Soil Science, University of Wisconsin , 
Madison, Wis 53706 

During an investigation of Hg transformations in river 
sediments, we observed a significant decrease with time in 
the total Hg content of Hg-amended sediments incubated 
in situ within closed vessels. Because no obvious loss of 
Hg from these vessels could be postulated, we evaluated 
the total Hg procedure (Iskandar et aI., 1972) for possible 
sources of error. In anaerobic sediments where H2S is 
being produced, HgS and / or Hg(Il) associated with metal 
sulfide phases will likely be formed owing to the low solu
bility of metal sulfides. Therefore, pure HgS was analyzed 
by the Iskandar et al. (1972) procedure . Results of the re
covery test showed that this procedure recovered only 10-

1 Present address, Department of Crop and Soil Sciences, Mich
igan State University, East Lansing, Mich. 48824. To whom cor~ 
respondence should be addressed. 
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20% of the Hg added as HgS. The low and variable recov
eries indicated that any HgS present in the sediments was 
not being completely dissolved duri_ng acid di~estioil . 

Consequently, other digestion procedures were evalu
ated with respect to their effectiveness in completely dis
solving HgS. Aqua regia (Dow Chemical Co., 1970) was 
the best digestion reagent, and the procedure finally 
adopted is described. In addition to HgS, the recoveries of 
several other Hg compounds were also evaluated. 

Recommended Procedure for Sediments 

Lower the water content of a wet sediment by centrifug
ing and decant the interstitial water. Weigh an amount of 
sediment, equivalent to approximately 1 gram of oven-dry 
material, into a 250-ml beaker. Weigh separate samples 
for moisture determination. Wet sediment is used since 
Iskandar et al. (1972) noted that significant losses of Hg 
compounds occurred on drying of sediments at 60°C. 

Slowly and cautiously add 25 ml of aqua regia with stir
ring. (CAUTION: Aqua regia is an unstable mixture 
which should not be stored or put into a stoppered con
tainer. Prepare just prior to use by carefully adding 1 part 
concentrated HNOa to 3 parts concentrated HCl and al
lowing the mixture to stand for approximately 5 min. Use 
only in a fume hood.) Heat the sample to boiling and boil 
for 1 min, stirring occasionally to prevent excessive froth
ing. Rinse down the sides of the beaker with a few ml of 
deionized water and allow the sample to cool to room 
temperature. Carefully add 25 ml of 5% KMnO. and 2 ml 
of 5% K2S20 S. Slowly stir the solution to avoid frothing, 
cover the sample, and allow to stand about 16 hr . 

Reduce the residual KMnO. with a 20% solution of hy
droxylamine hydrochloride to a faint pink color and trans
fer the sample. quantitatively to a l00-ml volumetric flask . 
Make further dilutions where appropriate and determine 
total Hg2+ by flameless atomic absorption as described in 
an earlier procedure (Iskandar et aI., 1972) . 

Results and Discussion 

To compare the recovery of various Hg compounds 
using the recommended digestion with the Jecoveries ob
tained with the H2S0.-HNOa-KMnO. digestion of Is
kandar et al. (1972) or aqua regia without KMnO. and 
K2S20 S, replicated samples of wet sediment (2 grams) 
containing various Hg compounds were digested by these 
digestion procedures and analyzed for total Hg. Enough 
salt of each compound was weighed to give approximately 
1 mg of Hg, an amount equivalent to the Hg present in 1 
gram (oven-dry) of sediment containing a lOOO-ppm con
centration. This concentration wo·uld rarely be exceeded 
except in sediments or soils located near ore deposits. 
Sediment near the discharge point of a chloralkali plant 
in Wisconsin was 700-800 ppm of Hg (Konrad, 1971). 

The recoveries of several Hg compounds obtained by 
the digestion procedures evaluated are listed in Table l. In 
addition to HgS and the three compounds tested by Isk
andar et al. (1972) , two other compounds implicated in 
Hg transformations were checked for recovery , namely 
methoxyethylmercuric chloride (Jernelov, 1969) and di
phenyl mercury (Matsumura et aI., 1971) . Results show 
the necessity of using aqua regia for complete dissolution 
of HgS- i.e., hot_H~SO.-HNOa mixture was not adequate. 

To our knowledge, only two published papers recom
mend the use of aqua regia for sediment or sludge analy
sis, namely the Dow Chemical Co. (1970) and the Analyti
cal Quality Control Laboratory (AQCL) of EPA (1972). 
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Table I. Average % Recovery of Various H9. . 
Compounds Using Recommended Digestion 
Compared to Other Digestion Procedures 

Hg compound 

Methoxyethylmercuric 

Average % recovery 

Iskandar 
at at 

procedure 

Aqua regia-
Aqua wI 
regia KMn04-K2S:OS 

chloride 92 99 ± 7 
Methylmercuric chloride 103' 86 104 ± 9 
Phenylmercuric acetate 100' 98 103 ± 4 
Diphenyl mercury 96 101 ± 8 
Mercuric chloride 102' 92 106 ± 4 
Mercuric sulfide 10-20 97 96 ± 8 

" Recommended procedure showing ± standard deviations for 6 or 

m?Ree~6~tr~e~ercentages previously published by Iskandar et at. (1972). 

The AQCL has revised its original provisional method for 
. Hg in sediments and sludge-like materials (published in 
1970) by recommending the use of aqua regia instead of 
the H2S0.-HNOa mixture, although it still recommends 
the latter for water and fish analyses. No reason was given 
in the sediment method for this change, but low recov
eries of Hg, similar to those reported in this paper, proba
bly warranted a change to aqua regia . 

Another important part of the recommended procedure 
is the inclusion of KMnO. and K2S2 0 S . These oxidants 
appear to be necessary for complete recovery of various or
ganic Hg compounds as the data in Table I suggest. The 
AQCL (1972) recommends using KMnO. with aqua regia 
in their procedure, but Dow Chemical (1972) does not. 
The authors feel that KMnO. and K2S20 S should be used 
with aqua regia to ensure complete oxidation and dissolu
tion of the six Hg compounds listed in Table l. 

Many procedures have been published recently for the 
determination of Hg in various biological materials and 
soils with a wide variety of oxidants being used for sample 
digestion. However, few procedures are concerned specifi
cally with reduced materials such as sediments and slud
ges. Consequently, many other procedures, including that 
of Iskandar et al. (1972), have been adopted for total Hg 
determinations in sediments and sludges without consid
eration of HgS recovery. While the Iskandar et al. (1972) 
procedure and others are adequate for the digestion of 
most soils, the total Hg content of materials which may 
contain significant amounts of HgS-e .g., sediments and 
sludges, will likely be underestimated. 
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INDUSTRY TRENDS $181,600 from New York State and 
Westchester County, N.Y., in the 
field of solid waste resource recov
ery. 

Research-Cottrell , Inc., will acquire 
Multi-Amp Corp .. Dallas, Tex. , in an 
exchange of stock. Multi-Amp pro
duces equipment for testing nuclear 
and fossil-fue led electric power plant · 
protective systems and other safety 
devices. The merger is subject to 
Mult i-Amp stockholder approval at 
meeting this month . 

Dravo Corp. will do the preliminary 
engineering on water management 
improvements at Weyerhaeuser Co .' s 
pulp and paper mill at Longview, 
Wash ., to design a " best value" 
waste discharge treatment facility 
and recycle much of the process 
water. 

Ethyl Corporation's subsidiary, Air 
Monitoring , Inc., has designed and 
bu ilt a $1-million , 4-un it quality con
trol system for audit -testing catalyti c 
converters for auto emission control . 

The Foxboro Co. said that no corpo
rate relationship or joint venture with 
Computer Sc iences Corp. is being 
negotiated or con sidered . 

Zurn Industries, Inc. agreed to sell 
its heavy con struction division to 

Pascal and Ludwig , Inc. , of California 
for an undisclosed amount of cash 
and notes. 

Mercedes-Benz of North America 
started up its $250,000 exhaust 
emission sampling laboratory (Car
son , Cali!.) to monitor pollution con
trol performance of Mercedes cars 
sold in southern California. 

Dames & Moore (Los Angeles, 
Calif.) was retained by the Southwest 
Florida Water Management District 
to do a $179 ,000 study of the Alafia 
and Little Manatee Rivers. 

Universal Oil Products Co. has com
pleted arrangements for $50 million 
in short-term credits for 1974. Ten 
banks will grant the credit. 

lonics, Inc. has acquired the assets 
and business of Olin's Custom Ana
lytical I nstrument Venture. No plant 
or facilities were involved . Terms 
were not disclosed . 

The National Center for Resource 
Recovery, Inc. (Washington, D.C) re
ceived two contracts totaling 

Dow Chemical U.S.A. has begun a 
$2-million expansion for product 
safety research , and will complete a 
major new toxi cology laboratory early 
in 1975. 

Westinghouse Electric Corp. will 
build a cooling tower for 160,000 
gpm of water at Florida Power & 
Light Company's 500-MW plant to be 
built near Palatka, Fla. 

Poly Con Corp. will build a major gas 
scrubbing system for Rollins Environ
mental Services (Houston , Tex. ), as 
part of a chemical waste inc ineration 
scheme. 

Met-Pro Water Treatment Corp. will 
manufacture and supply a 50,000-
gpd independent physical-chemical 
compact advanced sewage treat
ment plant for the Wionkhiege Valley 
Waste Treatment Co. (Smithfield, 
R.I.). 

International Telephone & Telegraph 
Corp. has signed an agreement with 
Romania for cooperation in telecom
munications, electronic and electro
chemical components, industrial 
products, consumer products, and 
publishing . 

Plant Site Environmental 
Monitoring System 
TURNKEY INSTALLATIONS! 
USing Bendix Designed and Produced Units to. 

Monitor the Parameters 
Oefined Under the 
NATIONAL 
ENV IRONMENTAL 
POLICIES ACT OF 1969 

MEASURE and RECORD 
CHEMICAL CONTAMINANTS 
DELTA TEMPERATURE 
WIND SPEED AND WIND DIRECTION 

RELATIVE HUMIDITY 

DEW POINT AND RAINFALL 

SO, S02 SENSORS, NO, NOx SENSORS, CO, CO2 SENSORS 

WATER TEMPERATURE 

FLOW RATE, VELOCITY 

WATER TABLE HEIGHT 

GAS AND CHEMICAL STRATIFICATION 

LEVELS, TIDES, FLOODS, CURRENTS 

WAVE ACTION , CIRCULATION PATTERNS 

FLUSHING TIMES, TURBIDITY.CONDUCTIVITY 

. And More . . . ! 

THE BENDIX CORPORATION 
ENVIRONMENTAL SCIENCE DIVISION 
Department 81 
1400 Tay lor Avenue 
Balt imore , Maryland 21204 
Telephone (301 ) 825-5200 
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PROBE with optional BOUNDARY LAYER DILUTER 

U,..."\ 
I 

r 

1 r-------------..J 

Air 
Sample 
Stream 

I 

SAMPLING 
MODULE 

STACK SAMPLING SEMINARS (4th Year) 
RAG sponsors a series of 2-day technical how
to seminars on stack sampling parameters and 
procedures (EPA method). Write lor descriptive 
lolder. 

Circle No . 2. on Readers' S.ryiee Caf' 
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DEHYDRATION 
MODULE 

METERING 
MODULE 

Fully automated, computerized 

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

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

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

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

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

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

Write jor BULLETIN 2412 jor jull details. 
Circle HI . 25 .on Readers' SUttee Card 

RESEARCH APPLIANCE COMPANY 
Route 8, Gibsonia, Pa. 15044 • 412-443-5935 
Environments//nstruments I Laborstory Products 



Air cleaner 
Small-type environmental control unit 
cleans atmospheres inside small 
plants electronically by removing oi l 
mists and welding fumes. The device 
is completely self-contained and can 
be located anywhere in the plant. It 
is prewired for 115-V current and can 
be installed in many cases by plant 
personnel. It recirculates the cleaned 
air , thus saving on heating and cool
ing costs . American Air Filter Co., 
Inc . 144 

Precast sewage plant 
System for erecting precast concrete 
sewage treatment plants without the 
need for on-site forms can save de
velopers as much as 50% in both 
construction and expansion costs, 
according to the manufacturer. 
Plants consist of 500 psi precast 
concrete sections. They can be in
stalled within 14 weeks. The one pre
requisite is that a concrete base slab 
be poured on site. Marolf, Inc. 143 

Waste water sampler 
Automatic waste water sampler fea
tures a simple , single-stroke dis
placement action, controlled by an 
adjustable timer. The device is of 
heavy duty corrosion resistant con
struction and can handle raw wastes 
without plugging. It is available in 
both 110-V and battery-operated 
models and is readily adapted to flow 
proportional sampling. Environmental 
Marketing Associates 108 

Oven rate controller 
Ultrahigh , autofeed system is de
signed to improve combustion and 
reduce smoke emissions from Dutch 

NEW PRODUCTS 

oven boilers by automatically control
ling feed rate and height of hog fuel , 
sawdust, and shavings. Components 
of the ·system include a thermocou
ple sensing probe, solid state trans
ducer, and relay . Requires little or no 
attendance. Easy to install. Union 
Heating Inc. 141 

Noisemeters 
Devices are specifically designed to 
meet federal noise level measure
ment requirements . They are porta
ble , versatile , and accurate to 0.5 
dB. Manufacturer calls them a fast, 
accurate, and inexpensive way to 
monitor sound levels, measure the 
effect of community noise abatement 
programs, and to aid in industrial 
noise rejection. Five models offered . 
TechEcology, Inc. 113 

Particulate microbalances 
Line of easy-to-use electronic bal
ances is adapted for weighing air
borne particulates on membrane fil
ters. The weighing operation is totally 
automatic . The balances can resolve 
as little as 0.1 microgram of particu
late matter. It has a single filter hold
er, which handles 25-, 37-, and 
47-mm filters easi ly. The Perkin
Elmer Corp. 140 

Solar cooker 
Cooking device fries , roasts , boils, 
broils without wasting energy or pol
luting the environment. It converts 
from a rectangular aluminum enclo
sure measuring 17" X 19" X 3" 
into an umbrella-like , self-standing 
unit measuring a little over 3 It in 
diameter. Best results , of course, are 
possible on clear , sunny days. I nter
continental Enterprise s Co . 110 

Exhaust pollutant reducer 
Product greatly reduces harmful ex
haust pollutants while increasing 
gasoline mileage of autos, trucks, or 

campers. It works by electronically 
senSing combustion phases and cod
ifying the ignition system's output. 
Before gasoline can be wasted and 
pollutants formed in each engine cyl
inder, the device electronically ad
justs the ignition spark duration and 
shape. Dynamic Development 139 

Butterfly valves 
Plastic body butterfly valves combine 
light weight , corrosion resistance , 
high strength, and low cost . This se
ries of valves employs a proprietary, 
glass-reinforced nylon body that re
duces valve weight by 70% com
pared to conventional butterfly 
valves. They are ideal for handling 
sewage, industrial and municipal ef
fluents, and treatment and process
ing fluids. Garlock Inc. 147 

Refuse compactors 
New model refuse compactors fea
ture a deeper ram than usual and a 
SWing -out container. With 10,000 Ib 
of force , the devices reduce wet or 
dry waste, cans, bottles, and boxes 
to a tenth of their original volume. No 
installation is necessary. They oper
ate on 115 V and will plug into any 
standard receptacle. Compacted 
bags weigh 50- 150 lb. International 
Dynetics Corp. 109 

Need more information about any 
items ? If so, just circle the appro
priate numbers on one of the reader 
service cards bound into the back of 
this issue and mail in the card. No 
stamp is necessary. 
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ENGINEERS, 
ENVIRONMENTAL SCIENTISTS 

1. On which of these sites would you locate a 
power plant? 

2. What are the cooling system alternatives? 

3. What are the potential effects on biota? 

4. What are the tectonic and foundation aspects of 
the site? 

5. Which site will have the least environmental impact? 

Can you answer any of 
these siting questions? 
At Gilbert Associates we know that it takes a team of highly 
skilled professionals-working together-to solve the problem 
of providing electric energy with minimal adverse environ· 
mental impact. If you are qualified, we have career oppor· 
tunities for you as a member of our environmental/design 
team. Make a real contribution to the needs of industry and 
society-accept the challenge. 

We at Gilbert Associates are engaged in environmental 
impact analysis, site evaluation and the design of nuclear and 
fossil fueled generating stations, with overall project planning 
and design responsibility. Are you looking for a company 
where creative minds thrive ... an association with congenial 
co·workers ... a salary and advancement potential consistent 
with your ability? We have the opportunity for you. 

We are located in Berks County, Pennsylvania in the heart 
of historical Pennsylvania Dutch Country, where you can find 
abundant recreational facilities, educational opportunities 
.and suburban living, all within minutes of the office. 

OPPORTUNITIES IN THESE AREAS: 

PROJECT ENGINEER 
Requires an M.S. preferably in Civil Engineering with 2·5 years experi· 
ence in analysis of environmental, economic and regulatory con· 
straints for site selection. You 'll develop stUdies and reports regard· 
ing civil aspects of site selection for nuclear and fossil power plants. 

NUCLEAR POWER PLANT LICENSING ENGINEER 
Requires a B.S. in Engineering, a P.E. license or qualifications, and 5· 
10 years of experience, plus experience in preparation of USAEC, 
PSAR and FSAR construction and operating permits. You'll organize 
and supervise the preparation and presentation of: SAR's, construc· 
tion and operating permits, environment impact reports, site quali· 
fication studies for nuclear power plants, and provide direction 
regarding regulations to design engineers. 

ENVIRONMENTAL ENGINEER/ECOLOGIST 
Requires an M.S. and 0·2 years of experience and education and/or 
related experience. You'll participate in site stUdies and environ· 
mental reports. 

OSHA ENGINEER 
Requires a B.S. in Engineering; 5·10 years experience; train ing and/ 
or experience in safety engineering, analysis, design evaluation, and 
plant inspection procedures; and thorough familiarity with OSHA reo I 

quirements. You'll evaluate building and plant design for compliance 
with state and federal regulations, provide guidance to other engi· I 
neers regarding safety and related design aspects, maintain liaison 
with governmental agencies, and interpret (or obtain interpretation) 
of regulations. 

Become part of the answers. Send your resume in confidence to: Carl Mycoff. 

tAilbert Associates Inc. 
ENGINEERS AND CONSULTANTS 

P.O. Box 1498 EL , Reading, Pennsylvania 19603 
The Gilbert/Commonwealth Companies Are Equal Opportunity Employers M/F 
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Spectroscopy accessories. Catalog 
lists cells or CUV'lttes for uv, nmr, 
and visible and near ir instruments. 
Markson Science Inc. 158 

Temperature recorders. Brochure de
scribes miniature instruments for use 
with thermocouples, thermistor 
probes and resistance bulbs. Gulton 
Industries, West Instrument Div. 159 

Electrodes. Catalog CP-CSI de
scribes process pH, reference and 
metallic electrodes, and automatic 
temperature compensators. Corning 
Glass 160 

Equipment. Brochure lists specially 
designed environmental laboratory 
and production ovens, test cham
bers, incubators, and conveyors. 
Hotpack Corp. 161 

Test kits. Literature introduces dye 
penetrants and magnetic particle tes
ters for quick discovery of defects in 
parts and materials within the manu
facturing processes. Magnaflux Corp. 

162 

Global consulting. Brochure outlines 
environmental services available to 

NEW LITERATURE 
industry, commerce, and govern
ment. Recent projects are cited
mining and mineral processing, for
est product design. SNC Enterprises 
Ltd. 163 

NOx meter. Bulletin 10721300 fea
tures series 1300, designed to moni
tor and record nitrogen oxide em is
sions from stationary gas engines 
and detect reduction in efficiency of 
an exhau st system catalytic convert
er. Meter is computer-compatible. 
McMillan Electronics Corp. 164 

Air pollution equipment. Brochure 
pictorially describes adsorption and 
thermal recovery control systems. J. 
B. Seage Co. 165 

Steel components. Four-page booklet 
illu strates and reviews accessory 
equipment for water and waste water 
treatment plants. I t includes case 
histories of municipalities that have 
used steel for large clarifiers and 
chemical tanks. American Iron and 
Steel Institute 166 

By-pass leeders. Bulletin BF -1000 
details systems used to introduce 
treatment chemicals into closed re-

Circie No. 23 on Readers' Senice Card 

circulating water tanks. 
Chemical Pump Co. 

Neptune 
167 

Fuel oil additives. Booklet narrates 
how the use of Aiken treatments can 
improve combustion efficiency, re
duce fuel consumption, and control 
particulate emissions and S03. 
Aiken-Murray Corp. 168 

Water pollution. Brochure summa
rizes capabilities in control-pumps 
for water, sewage, and effluent han
dling; specialty chemicals. General 
Signal Corp. 169 

Digital recorders. Bulletin 37 A de
scribes use of environmental data 
monitoring servosystems for punched 
tape recording of temperature, con
ductivity, pH, dissolved oxygen, and 
pressure. Leupold & Stevens, Inc. 

170 

Need more information about any 
items? If so, just circle the appro
priate numbers on one of the reader 
service cards bound into the back of 
this issue and mail in the card. No 
stamp is necessary. 
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Environmental system. Report 88-050 
out lines applications of data acqui si
tion system in electric utilities, indus
tries, and municipalities. Each key 
component of the Adviser is illus
trated . Westinghouse Electric Corp. 

treatment systems-dewatering , 
clarification , filtration , reverse osmo
sis, and softening. It also includes 
equipment for sanitary sewage and 
sludge concentration. Permutit Co. 

173 
171 

Water purification systems. Catalog 
descr ibes line of reverse osmosis 
units for removing organics, bacteria, 
and dissolved solids from water . 
Modular systems can process 
16,000- 130,000 gpd water. Purifica
tions Techniques, Inc. 172 

Basket centrifuge. Brochure 315-'161 
describes equipment suited for 
sludge dewatering , especially light, 
delicate, and hard-to-handle sludges. 
Envirex Inc. 17 4 

Buyer's guide. Bulletin 5391 available 
processes for water and waste water 

Monograph. Paper, entitled " Pollution 
Control Through Computer Simulation 
Models" discusses the use of la
grangian point particles to represent 
pollution mass, models in intermittent 

The "Classic" ..• 
for salinity measurements 
In the field. 
By far the most 
widely used 
salinometer 
for field use 
ever offered. 
Here are the 
reasons 
why: 

• Completely portable - battery operated. Rugged, 
aluminum waterproof case. Weighs less than 11 Ibs. 

• High accuracy - salinity readings in the field to ± 0.3% • . 

• Fast, easy to use - any operator can 
make temperature, conductivity and 
salinity measurements in seconds. 

• Wide range - measures 0 to 40%. 
salinity; 0 to 40·C temperature; 
o to 60 millimhos/ cm conductivity. 

Send for your. free 
catalog today. 
Just use this publications Reader 
Service Card, or write direct to: 

Beckrnan® INSTRUMENTS, INC. 
CEDAR _E OPERATIOtIS 
89 COMMERCE ROAD 
CEDAR GROVE. NEW JERSEY' 01009 
12011 239-6200 • TWX, 110-99'-5181 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE. 

For a Sales Engineering Call, Circle No. 28 on Reader Service Card 
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emission control , and application to 
other air quality problems. Systems, 
Science & Software 175 

Pumps. Catalog features electric
powered or diesel-operated dewater
ing equipment, suitable for slurries 
heavy with solids. Sykes Pumps 176 

Ir spectra. Technical report TR-590 
contains reference data for 62 haz
ardous gases and vapors, including 
maximum allowable OSHA limit. 
Beckman Instruments, Inc. 177 

Analyzers. Illustrated bulletin details 
combustible and toxic gas mon itors , 
and gas analyzers for process con
trol. Mine Safety Appliance Co. 178 

Oil spill equipment. Brochure covers 
alarm systems for inland spills on 
water and on land. Drawings and 
specificat ions are included . Illinois 
Chemical Corp. 179 

Noise abatement. Bulletin 0.0005.0 
presents modular traffic barrier sys
tem designed to absorb sound in
stead of reflecting it back to the 
roadway. They are installed outdoors 
such as the embankment walls of 
depressed highways. Industrial 
Acou stic s Co . 1 80 

Air / water monitoring. Publication de
scribes system adaptable to environ
mental needs, illustrates typical mon
itoring system in municipal setting , 
and covers system configurations. 
EMR-Telemetry 181 

Filter collectors. Bulletin 230-201 
features low-cost product recovery 
and air pollution control media which 
come with top or bottom air/ material 
inlet , and pressure or vacuum appli
cators. Young Industries, Inc . 184 

Laser systems. Folder provides full 
speCifications and typical configura
tions for high-brightness component 
combinations, such as modular oscil
lator plus amplifier. Korad Div. of Ha
dronl~ . 1~ 

COld-storage units. Catalog 1073 pre
sents line of explosion-proof freezers 
and refrigerators, safe from the dan
gers of sparking or arcing in electri
cal wiring, relay, thermostat, switch, 
or compressor. lab-Line Instruments 
Inc. 186 

Piping. Booklet G-24 describes poly
vinyl pipes which minimize corrosion 
worries, speed up installation time, 
reduce maintenance problems, and 
lower overall costs. Application histo
ries are inc luded . B. F. Goodrich 
Chemical Co. 187 

Instruments. Bibl iography lists ultra
violet and fluorescence applications 
in air and water pollution studies. 
Perkin-EI mer Corp. 191 



BOOKS 

Patterns and Perspectives in Environ
mental Science. National SCience 
Foundation. xiii + 426 pages. Super
intendent of Documents, U.S. Gov
ernment Printing Office, Washington, 
D.C. 20402. 1973. $7.30, hard cover. 

Prepared as a companion volume 
to the National SCience Board 's "En
vironmental Science-Challenge for 
the Sevenlies." It is a compendium 
of the views and judgments of a 
large number of sCientific leaders. It 
addresses a broadly representative 
array of topics that serve to illustrate 
the scope and nature of environmen
tal science today. 

Radioecology. V. M. Klechkovskii, G. 
G. Polikarpov, R. M. Aleksakhin , edi
tors. xii + 371 pages. Halsted Press, 
605 Third Ave ., New York, N.Y. 
10016. 1973. $35, hard cover . 

Attempts to satisfy the need for a 
monograph review of the current sta
tus of radioecological problems. In 

.. . . 
.....-

doing so, it deals both with radio
ecology of land biogeocenoses and 
aquatic biocenoses. Shows how the 
atmospheric source of radionuclide 
fallout on the soil-plant cover of the 
earth is the starting stage of migra
tion in many contamination situa
tions. 

Solid Waste Disposal, Vol. 1: Inciner
ation and Landfill. Bernard Baum, 
Charles H. Parker. xvi + 397 pages. 
Ann Arbor Science Publishers, Inc ., 
P.O. Box 1425, Ann Arbor , Mich. 
48106.1 973. $22.50, hard cover. 

Treats the practice of incineration 
in terms of its history and its design 
criteria for municipal and industrial 
wastes, capital and operational 
costs, instrumentation , and the con
trol of air pollutants. Landfill prac
tices and the design , construction, 
administration, and economics of 
sanitary landfill operations are dis
cussed . 

Environmental Pollution and Mental 
Health. John S. Williams et al . xi + 
136 pages. Information Resources 
Press, 2100 M St. , N.W., Washing
ton , D.C. 20037. 1973. $9.50, hard 
cover . 

Seeks to demonstrate how pollu
tion and degradation of the physical 
environment have complex and var
ied consequences for man's mental 
health . Book provides material for 
elucidating the mechanisms through 
which mental health is affected , on 
the one hand, by the external world , 
and, on the other hand , by the inner 
world as it is experienced concept
ually by each particular human 
being . 

Sourcebook on the Environment: The 
Scientific Perspective. Charles Re
Velle , Penelope ReVelle. ix + 332 
pages. Houghton Mifflin Co., Educa
tional Div ., 110 Tremont St. , Boston , 
Mass. 02107 . 1974. $4.95, paper. 

Attempts to provide a better under
standing, from a scientific perspec
tive, of the principal environmental 
issues that confront civilization . Book 
sees the various needs of man, such 
as mechanical and electrical energy, 
water and food, and raw materials, 
as interrelated . It says the balancing 
of these costs against the benefits of 
a healthy environment is everybody's 
concern. 

Customize your IR analysis 
with o1f-the-shelfLIAAAnalyzers. 

MSA can offer you five different 
models and a dozen configurations 
of our dependable LIRA Infrared 
Analyzer. One is sure to fit your 
ambient air, auto exhaust, or 
stack-analysis need. 

So you can specify your choice 
of response speed, degree of 
sensitivity, local or remote sensors, 
explosion proof or general-purpose 
case, recorders, automatic alarm, 
and other options. 

With any LIRA Analyzer you 
order from MSA, you get: 
• Reliable, accurate analysis of 

CO, CO2 , NO, S02, and other 
gases in air, with ± 1 % 
repeatability. 

• Rugged, solid-state plug-in 
construction, for long life and 
trouble-free operation. 

• Simple testing and calibration 
procedures. 

• Computer-compatible signal 
output. 

• Compact design for minimum 
panel space requirements. 

• U.S.-built and backed by MSA's 
own field engineers and 
servicemen. 

Circle No. 17 on Readers' Service Card 

Customize your next pollution 
instrumentation package with the 
right LIRA Infrared Analyzer. 
Write for more information and 
specifications to Mine Safety 
Appliances Company, 400 Penn 
Center Blvd., Pgh., Pa. 15235. 

Make slIre/check MSA 

, ... \#f:1 
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Name your Poison. Bill Mauldin. 80 
pages. New Mexico Citizens for 
Clean Air and Water, 500 Camino 
Rancheros, Santa Fe, N.M. 87501 . 
1973. $3 .95, paper. 

A collection of 76 Bill Mauldin en
vironmental cartoons, which first ap
peared in the Chicago Sun- Times. 
Drawn over a period of 15 years, the 
cartoons employ the same props 
(dead fish, poisonous drainpipes, fil
thy chimneys) to whack away graphi
cally at the people and institutions 
that have been polluting our air, 
water, and lives. 

Adverse Effects of Environmental 
Chemicals and' Psychotropic Drugs: 
Quantitative Interpretation of Func
tional Tests. ' Vol. 1. Milan Horvath , 
editor. 292 pages. American Elsevier 
Publishing Co., Inc. , 52 Vanderbilt 
Ave., New York, N.Y . 10017. 1973. 
$20, hard cover . 

Concerned with current approach
es and methodological practices for 
evaluating functional impairment re
sulting from exposure to chemical 
agents. This volume centers on the 
use of functional tests and on the 
quantitative interpretation of test re
sults in two well-defined research 
areas; experimental toxicological cri
teria and the influence of drugs in 
work and transport safety. 

Forty Years of Landscape Architec
ture: Central Park. Frederick Law 
Olmsted , Jr. , Theodora Kimball , edi
tors . xviii + 575 pages. MIT Press, 
28 Carleton St. , Cambridge, Mass. 
02142. 1973. $4.95 , paper. 

Edition is produced from Volume 2 
of " Frederick Law Olmsted, Land
scape Architect, 1822-1903." Con
tains statements, by the designers, of 
the reasons underlying the develop
ment of Central Park's design, and 
opinions as to its possibilities for 
deep-rooted usefulness in the life of 
New York City . Shows the park as a 
single "work of art." 

Instrumentation for Environmental 
Monitoring. Vol 3: Radiation. Techni
cal Information Division, Lawrence 
Berkeley Laboratory, University of 
California, Berkeley, Calif. 94720. 
1973. $25, notebook. 

This volume investigates those in
struments useful in measuring radia
tion environmentally. Consideration is 
given to instruments and techniques 
presently in use, and to those devel
oped for other purposes that have 
possible applications. The survey re
sults include descriptions of the 
physical and operating characteris
tics of available instruments, critical 
comparisons among instrumenta
tions, and recommendations. 

6 16 E. Colorado St. Glend a le . Calif. 9 1205 . (213) 247-7601 
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A Guide to Air Quality Monitoring 
with Lichens. William C. Denison, 
Sue M. Carpenter. vii + 39 pages. 
Lichen Technology, Inc., P.O. Box 
396, Corvallis , Ore. 97330. 1973. $3, 
soft cover. 

Written to acquaint the general 
public about the possibilities of moni
toring the quality of the air using li
chens. The book is aimed at the high 
school and undergraduate levels. It 
demonstrates that lichens are sensi
tive to very low levels of air pollution 
and serve as a measuring device that 
is cheap, can be used anywhere, and 
responds immediately. 

Environment and Society: A Book of 
Readings on Environmental Policy, 
Attitudes, and Values. Robert T. Roe
lofs, Joseph N. Crowley, Donald L. 
Hardesty, editors. x + 374 pages. 
Prentice-Hall , Inc. , Englewood Cliffs, 
N.J. 07632. 1974. $11.95, hard 
cover . 

Collection of articles offers an in
terdisciplinary approach to the histor
ical, social, policy-making, and value 
dimensions of environmental prob
lems. The collection goes beyond the 
factual data of such problems as 
population and pollution, and em
bodies the interrelated viewpoints of 
the SOCial sciences and the humani
ties. 
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NOW 
TROUBLE-SHOOT 
TREATMENT 
PLANT PROBLEMS 
A completely integrated, 
automati c miniature 
activa ted sludge system 
helps your industry or 
municipality meet new EPA 
pre-treatmen t guidelines. 
Typical Applications 
• Simulate actual plant 

performance, simplifying 
the evaluation of shock 
loadings and predictions 
of biolog ica l sludge upsets. 

• Determine effect of 
specific industr ia l 
discharges on activated 
sludge fac il it ies without 
upsetting actu al plan t. MODEL CF·325 Bio-Malic 

• Evaluate ex tent of the biological 
degradabilityof any industrial waste. 

• Dupli cate any conventional activated sludge system to help 
maintain process stability. 

Other w.utewater analysis equipme nt available. 

Wate r 
Storage 

Makeup 

Write or phone for fcchnicallilcrature. 

Princeton Aqua Science 
789 Jersey Avenue 
New Brunswick, New Jersey 08902 
(201) 846-8800 
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Reclaimed 

Water 

Fill raso rb.! 
Granular 
Activated 
Carbon 

Adsorber 

Reactivated 
Carbon 

Regeneration 
System 

Spent '-___ ..J 

Carbon 

6~~~ 
Remove dissolved organics 
from wastewater with 
proven carbon adsorption. 
Calgon Corporation offers Fi Itrasorb® granular acti
vated carbons that remove both toxic and nontoxic 
organics including phenols, benzene, organic dyes, 
and pesticides. Filtrasorb upgrades wastewater for re
use or acceptable discharge. Send for free bulletin . 
Filtrasorb Dept., Calgon Corporation, P.O. Box 1346, 
Pittsburgh, Pa. 15230. Or call (412) 923-2345. 

Name ____________________________________ _ 

Title ____________________________________ __ 

Company __________________________________ _ 

Address __________________________________ _ 

City' __________________ State _______ Zi p _ _ _ 

Telephone : (Area Code) _____ (Number) _ __________ _ 

Circle No. 35 on Readers' Service Card 

If you 
didn't get 
yours, 
here's a 
sample of 
what's in it 

SOME NEW AND FUTURE 

ENVIRONMENTAL- ENERGY BOOKS 

FROM ANN ARBOR SCIENCE 

1. Water and Community Development-Social and Eco-
nomic Perspecti ves 

2. Trace Elements in the Atmosphere 
3. Extraction of Minerals and Energy-Today's Dilemmas 
4. Fuel and the Environment 
5. Pollution and the Use of Chemicals in Agriculture 
6. Treatment & Disposal of Wastewater Sludges 
7. Disinfection of Water 
8. Design of Environmental Information Systems 
9. Ground Water Pollution 

10. Chemistry of Water Supply, Treatment & Distribution 
11. Sol id Waste Disposal (2 vols) 
12. The Particle Atlas Edition Two (4 vols) 
13. Combustion-Formation and Emission of Trace Species 
14. Analytical Methods Applied to Air Pollution Measure

ments 
16. Atomic Spectrometric Analysis of Heavy-Metal Pol-

lutants in Water (Fresh and Marine) 
17. Biological Indicators of Environmental Quality 
18. Aqueous-Environmental Chemistry of Metals 
19. Trace Metals and Metal-Organic Interactions in Natural 

Waters 
20. Handbook of Gamma Ray Data 
21. Models for Environmental Pollution Control 
22. Modeling the Eutrophication Process 
23. Pollution Engineering Techniques 

~~ TEXTBOOKS & MANUALS 

~ ra~I~~e :r~~pa~~n~sOa~ I~~~~NCE 
1. Understanding & Controlling Air Pollution 
2. Mathematics for Water & Wastewater Treatment Plant 

Operators (Book I-Fundamental, Book 2-Advanced) 
3. Applied Chemistry of Wastewater. Treatment (Program-

med Learn ing-units) 
4. Emissions from Combustion Engines and Their Control 
5, Instrumental Analysis for Water Pollution Control 
6. Water and Community Development-Social and Eco

nomic Perspectives (Many other books can be used as 
supplementary texts) 

If you didn't get yours, send for your 
free new 1974 catalog today, 

rJD ~e~e~a;~e~~;d ~~'~~~t~~ 
ltjJ POBOX 1125 AN~ ARflOR "IC'" . I, .. I 

PUBLISHERS INC. 

Largest Quality Selection Available Anywhere 
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March 18-20 Salt Lake City, Utah 
Physiological and Toxicological As
pects of Combustion Products. Na
tional Academy of Sciences, Com
mittee on Fire Research and other 

Contact: I. N. Einhorn, Div. of Materi
als Science and Engineering, U. of Utah, 
2020 Merrill Engineering Bldg., Salt Lake 
City, Utah 84112 

March 20-22 Houston, Tex. 
Artificial Reefs Conference. Texas 
Coastal and Marine CounCil and oth
ers 

Covers experiences and opportunities 
in enhancing the marine environment. 
Contact: Joe C. Moseley, Executive Di
rector, Texas Coastal and Marine Coun
cil , Box 13407, Austin, Tex. 78711 

March 25-27 Rochester, N.Y. 
Agricultural Waste Management. 
Cornell University 

Write: Agricultural Waste Management 
Program, 207 Riley Rd., Cornell U., Itha
ca, N.Y. 14850 

MEETING GUIDE 

March 26-27 Champaign, III. 
Fourth Illinois Water Resources Con
ference. American Water Resources 
AssOCiation 

Theme is "A Decade of Progress in 
Water Resources." Contact: Z. A. Sa
leem, 2456 SES, U. of Illinois, Box 4348, 
Chicago, III. 60680 

March 26-27 Columbus, Ohio 
Land-Use Planning. Battelle Colum
bus Laboratories 

Contact: J. M. Griffin, Battelle, 505 
King Ave., Columbus, Ohio 43201 

March 27 Washington, D.C. 
APCA Government Allairs Seminar. 
Air Pollution Control Association 

Theme is "Clean Air and Energy
What Next. " Write: APCA, 4400 5th Ave., 
Pittsburgh, Pa. 15213 

March 29 Honolulu, Hawaii 
April19 Memphis, Tenn. 
Quality Control Conference. Profes
sional Engineers in Private Practice 

Write: NSPE/ PEPP, 2029 K St. , N.W. , 
Washington, D.C. 20006 

Theirs: 55,000, 54,900, 54,200, 53,000, 52,760, 51.795 ... 

Ours: 
Model 724-2M Ozone Meter 
Continuous sampling: 0-1 ppm: 
.005 sensitivity: less than 1 min
ute rise time: completely self 
contained system: tiny mainte
nance and operating cost; 
portable; strip chart recorder 
optional. 

There are many other reasons 
why our 724-2 Series Ozone 
Meters have been the most widely used 0 , (Oxidant) measuring 
instruments in the world for more than ten years. In industrial 
hygiene, laboratory studies, ambient monitoring, and many other 
applications. We'd like to show you exactly why our monitor is 
Number One. Contact us for complete information. Monitors also 
available for NO" Cl" F" Br" b. 

AIR MONITORING DIVISION 
2212 East 12th St.. 
Davenport, Iowa 52803 

Circle No 5 on Rea'.rs· S.nice Car' 
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March 31-April 3 Denver, Colo. 
Thirty-Ninth North American Wildlife 
and Natural Resources Conference. 
Wildlife Management Institute 

Theme is " Balancing Environmental 
and Economic Goals." Write: WMI, 1000 
Vermont Ave. N.W., 709 Wire Bldg., 
Washington, D.C. 20005 

April1-3 Austin, Tex. 
Virus Survival in Water and Waste 
Water Systems. University of Texas 

Write: Engineering Institutes, c/ o Divi
sion of Extension, P.O. Box K, U. of 
Texas, Austin, Tex. 78712 

April1-4 Detroit, Mich. 
1974 WWEMA Industrial Water and 
Pollution Conference and Exposition. 
Water and Wastewater Equipment 
Manufacturers Association 

Contact: Robert Hughes, WWEMA, 744 
Broad St. , Newark, N.J . 07102 

April 2 Valley Forge, Pa. 
Annual Industrial Air Pollution Control 
Seminar. Rossnagel & Associates 

Write: R&A, 1999 Rt. 70, Cherry Hill. 
N.J. 08003 

April 2-4 Pittsburgh, Pa. 
Joint Railroad Conference. American 
Society of Mechanical Engineers and 
others 

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

April7-9 Lake Geneva, Wis. 
Mid-Western Regional Conference. 
Environmental Management Associa-
fun . 

Western Regional Conference will be 
held April 22 at Monterey, Calif. Write: 
EMA, 1710 Drew St., Clearwater, Fla. 
33515 

April7-11 Chicago, III. 
Scanning Electron Microscopy 1974. 
liT Research Institute 

Tutorials will be held before and during 
symposium. Contact: Om Johari , IITRI, 
10 W. 35th St., Chicago, III. 60616 

April 8-10 Athens, Ga. 
Identification and Transformation of 
Aquatic Pollutants. EPA and others 

Write: Wayne Garrison, S.E. Environ
mental Research Lab, College Station 
Rd., Athens, Ga. 30601 

April8-10 Boston, Mass. 
Symposium on Fabric Filtration for 
the Collection of Fine Particulates. 
EPA and other 

Write: L. M. Seale, GCA/ Technology 
Div., Burlington Rd. , Bedford , Mass. 
01730 

Apri19-15 Pacific Grove, Calif. 
Stack Sampling and Monitoring. En
gineering Foundation 

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



Apri116-19 Monterey, Calif. 
Fifth National Food Processing 
Wasle Symposium. EPA and others 

Emphasizes recycling of food process
ing wastes to abate air, water, or soil pol 
lution. Write: National Canners Associa
tion, 1950 6th St. , Berkeley, Calif. 94710 

April16-19 New Orleans, La. 
1974 TAPPI Environmenlal Confer
ence. Technical Association of the 
Pulp and Paper Industry 

Write : J. E. Doherty, TAPPI, 1 Dun
woody Park, Atlanta, Ga. 30341 

April18 Washington , D.C. 
Congressional Views on Pollution 
Control. I nternational Association for 
Pollution Control 

Write : IAPC, 4733 Bethesda Ave., Su ite 
303, Washington D.C. 20014 

Courses 
March- December New York . N.Y. 
Seminars: Plastics, Metals, Packag
ing. New York University 

Three or five days in length. Write: 
NYUSCE, Registration Office, Rm. 3700, 
600 3rd Ave. , New York , N.Y. 10016 

March 20-21 San Francisco, Calif. 
Managing and Monitoring Environ
mental Impact Statements. Universi 
ty of California Extension 

Fee: $100. Write: Continuing Education 
in Engineering, U. of Calif. , 2223 Fulton 
St ., Berkeley, Calif. 94720 

March 25-27 Dallas, Tex. 
Data Communications Interface 74. 
Data Communications Interface 

Fee: $40/ day or $80/ 3 days. Write : 
William Saxton, Data Communications In
terface, 160 Speen St. , Framingham, 
Mass. 01701 

March 25-29 Richmond, Va. 
Eighth Institute on Noise Control En
gineering. I nstitute on Noise Control 

Fee: $400. Contact: James Botsford, 
Director , Institute on Noise Control , Inc .. 
P.O. Box 3164, Bethlehem, Pa. 18107 

March 26-29 Washington , D.C. 
Management of Municipal Solid 
Waste. George Washington Universi 
ty 

Fee: $310. Write: G.W.U., Washington. 
D.C. 20006 

April1-5 North Wales, Pa. 
Liquid Analysis Instrumentation, Con
trol and Applications. Leeds & Nor
thrup 

Fee: $325. Write: D. S. Luppold, L&N , 
North Wales, Pa. 19454 

April1-5 Columbus, Ohio 
Introduction to Vibration and Shock 
Testing, Measurement, Analysis and 
Calibration. Tust in Institute of Tech
nology, Inc. 

Fee: $340. Contact: TIT, 22 E. Los Oli
vos St. , Santa Barbara. Calif . 93105 

April1-5 Cleveland, Ohio 
Industrial NOise Control Seminars. 
B&K Instruments, Inc. 

Other noise courses offered at different 
dates. Fee: $200. Write: B&K Instru
ments, 5111 W. 164th St., Cleveland, 
Ohio 44142 

April1-5 Nashville, Tenn . 
Development of Design Criteria for 
Wastewater Treatment Processes. 
Vanderbilt University 

Fee: $300. Write : W. W. Eckenfelder, 
Box 6222, Station B, Vanderbilt Universi
ty , Nashville, Tenn. 37235 

April 1- 5 Research Triangle Park, 
N.C. 
Atmospheric Sampling. Air Pollution 
Training Institute 

Other courses are offered during April. 
Write : APTI , Research Triangle Park, 
N.C. 

April 4- 5 Pittsburgh, Pa. 
Stack Sampling. Research Appli
ance Co. 

Other courses held at different times. 
Write : R. J. Bulger, RAC, Rt. 8, Gibsonia, 
Pa.15044 

April16-18 Washington , D.C. 
Problems of OSHA Compliance. 
George Washington University 

Fee: $250. Contac t: Continuing Engi
neering Education Program, G.W.U" 
Washington , D.C. 20006 

CLEAN UP 
10BODY EVER SAID 

CHAIGIIG JOBS IS EASY, 
BUT ISI'T lOW 

BETTER THAI lEVER? tough dust 
collection 
problems. 
American-Standard 
Series 348 large 
tube mechanical 
dust collectors 
give you : 
• capacities 

from 10,000 cfm 
to 1 ,000,000 cfm 

• efficiency 
• durability 

• accessibility 
• economy 

Write or phone today for your 
FREE copy of catalog F-1501 . 

~~T~~rgX~~ 
A IR QUA LIT Y DI V I SI O N 

DETROIT. MICH . 48232 
Phone (3 13) 93 1-4000 ' Te lex 23-5445 

American-Standard POWER and CONTROLS GROUP 
working fluids for industry 

Circle No. 21 on Readers' Service Card 

NOW: Because our clients are engaged in all 
areas of the environmental industry. 

NOW: Because we have specific openings 
for environmental engineers with 
background and experience in: 
preparation of environmental re
ports, stack sampling, biological 
waste treatment systems, terrestrial 
and aquatic field programs, site 
selection and meteorological moni
toring programs. 

NOW: Because our clients are located 
throughout the country, and they 
offer good salaries (10 to 30K) 
depending on education and experi
ence, and all costs are assumed by 
our client companies. 

NOW: Because there's a job to be done! 
Please send your resume in confidence to: 

Nancy Root I 

SPARKS ASSOCIATES (A PERSONNEL I 
REFERRAL SERVICE SPECIALIZING 

INT!!~ R~~i~eI~~,~~!.:~,T~~o~~ELD J 
301-424-5516 
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International 

March 25-29 Paris, France 
Pollution Control Equipment Exhibi
tion, Department of Commerce, U.S. 
Trade Center 

American manufacturers and suppliers 
of equipment for the control of air and 
water pollution, noise abatement, sewage 
treatments and solid waste disposal can 
display their products to the French mar
ket. Write: John l. Wolf, U.S. Department 
of Commerce, Room 1009, Washington , 
D.C. 20230 

March 28-29 London, England 
Recent Analytical Developments in 
the Petroleum Industry, Institute of 
Petroleum 

Contact: C. H. Maynard, Assistant Gen
eral Secretary, I P, 61 New Cavendish St., 
London, Wl M8AR, England 

April 2- 5 Montreux, Switzerland 
Second European Electro-Optics 
Conference, Mack-Brooks Exhibi
tions Ltd. 

Write : Mack-Brooks, 62-4 Victoria St. , 
St. Albans , U.K. 

April17-19 Lincoln , Neb. 
I nternational Livestock Environment 
Symposium, American Society of Ag
ricultural Engineers and others 

Contact: Roger Castenson, ASAE , 2950 
Niles Rd ., St. Joseph, Mich . 49085 

April 22-26 London , England 
International Heating, Ventilating and 
Air Conditioning Exhibition. Heating, 
Ventilating and Air Conditioning Man
ufacturers' Association 

Write : British I nformation Services, 845 
3rd Ave ., New York , N.Y. 

April 23-24 Washington, D.C. 
Seventh International Water Quality 
Symposium. Water Quality Research 
Council 

Theme is "Declining Quality of Life." 
Contact: DXM Co. Inc., 237 E. Rocks 
Rd .. Norwalk. Conn. 06851 

Call for Papers 

April 1 deadline 
Fourth Mineral Waste Symposium. 
liT Research Institute and other 

Conference will be held May 7-8 , in 
Chicago. Emphasis is on recovery, utiliza
tion, and disposal of wastes. Write : S. A. 
Bortz, IITRI, 10 W. 35 St., Chicago, III. 
60616 

April 15 deadline 
Inter-Noise 74. Institute of Noise 
Control Engineering 

Conference will be held in Washington, 
D.C. from September 30-0ctober 2. Con
tact: J. C. Snowdon , Applied Research 
Lab. , Penn State University, P.O. Box 30, 
State College, Pa. 16801 

April 30 deadline 
1974 Earth Environment and Re
sources Conference. IEEE and others 

Conference will be held in Philadelphia, 
Pa .. from September 10-12. Write: E. P. 
Mercanti , 12415 Shelter Lane, Bowie, 
Md. 20715 
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professlona consulting services directory 

ENVIRONMENTAL IMPACT REPORTS 

APPLIED RESEARCH ENGINEERING CONSULTING 

DIFFUSION METEOROLOGY STACK TESTING 

MARINE TECHNOLOGY ANALYTICAL LABORATORIES 

The Research Corporation of New En,land 
125 Silas Deane Highway Wethersfield, Connecticut 06109 

(203) 563-1431 

ENVIRONMENTAL SERVICES DEPARTMENT 

" 

• Industrial air, water, solids, and noise pollution controi 
. • Laboratory and Pilot Plant Studies 
• • Environmental Impact Reports 

BECHTEL CORPORATION 
50 California Street, San Francisco, Calif. 94111 

Phone: (415) 764-5893 
Other offices : Houston, Texas-Gaithersburg (Md) 

ENVIROENGINEERING, INC. 
27 WARREN STREET, SOMERVILLE, ,,! .J. 08876 

TE L. (201) 526-2700 

air. water. solid waste. noise. osha 

surveys. certification. testing 
systems engineering & design 
turn key. impact statements 

DIVISION OF H.V.WEEKS, INC .. INDUSTRIAL CONSULTANTS 

SOMERVILLE, N.J. - GOLDEN, COLO. 

T
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) 386-1805 

'_ ... ' . . COMPLETE ENVIRONMENTAL SERVICES : 

SI 
- .. · .. 8-' \ . Envi ronmental impact statements. - - Pollutant emis-

ea~~!O:'HO . sion ,. a ir qu~lity & water qualit~ monitorin~ ... Dis-
p erSion estimates . Ecological consulting _ _ 

Meteorologica l field studies & consulting services. Contact 

ENVIRONMENTAL SCIENCES DIVISION 
(303) 758-1122 

P. O. Box 5888 
Denver, Colorado 80217 



professional consulting services directory 

We perform 
over 750 
different 

chemical and 
biological tests. 
Write for complete 

list and prices. 

WARF INSTITUTE,INC. 
A Full Service 
Independent Laboratory 

Box 2599 Dept. J 
Madison, Wisconsin 53701 
Phone: 608 /257-4851 

• WATER TREATMENT/ DISTRIBUTION/ 
LEAK AND FLOW STUOIES 

• SEWERAGE/ CO LLECTION AND TREATMENT 
• SOLIO WASTE PLANNING AND MANAGEMENT 
• AIR POLLUTION / INVESTIGATION / 

EVALUATION/ CONTROL 
• COMMUNITY PLANNING 
• INDUSTRIAL WASTE / STUDY / TREATMENT 
• SUPERVISION OF CONSTRUCTION 

AND OPERATION 

( Iillull .A. sS()UdleS I nc 
ENGINEERSf PLANNING CONSUL TANTS 
Read Ing . Pill • Spr,og"eld Man • PhIl adelphIa POI 

COMPLETE ENVIRONMENTAL 
5 ... .,..ir.. RESEARCH AND SERVICES 

• TERRESTRIAL AND AQUATIC 
BASE LINE STUDIES 

• WATER QUALITY ANALYSIS 
• OCEAN ENGINEERING 
• HYDROTHERMAL SURVEYS 
• MARINE FOU LING STUDIES 
• ECOLOGICAL MONITORING 
• ENVIRONMENTAL IMPACT REPORTS 

NORMANDEAU ASSOCIATES, INC. 
686 Mast Road • Manchester. N H 03102 

PHONE (603) 669-7911 

GREELEY AND HANSEN 
EN GINEERS 

Water Su pply, Water Purifica tion 
Sewerage, Sewage Treatment 

Refuse Disposal 

222 So. Riverside Plala, Chicago, III . 60606 
233 Broadway. New York, N.Y. 10007 

Texas Instruments Provides Ecological & tnvironmental Services 
For Industry, Engineering, Utilities, Government 

• F ield Investigations - Terrestrial . Air , 
Aquatic, Water Quality . 

• Aerial Surveys - I nfrared, Photogeology . 
• Laboratory Services - Chemical, 

Biological, Physical. 

• Research & Development - Hydrological 
and Ecosystems, Sensor Systems, 
Monitoring Systems, 
Biologica! Waste-Treatment 
Systems. 

• Data Processing - Acquisition, Storage. • Professional Consulting and Expert 
Retrieval, Analysis, Reduction, Witness - Environmental Impact 
I nterpretation. Statements. 

For information contact Texas Instru-~ 
ments Incorporated, Ecologica l Services, TEXAS . I NSTRLMENTS 
13500 N. Centra l Expressway - P.D.Box 1"'("O IH 'O R Aln) 

5621 ( MS·949 ), Dailas, Texas 75222. 
Telephone : 214 I 238·3444. 

f; ILSON 
COM PANY 
EN G INEE.RS 

AR.c HITECTS t 

COMPLETE LABORATORY SERVICES 

AIR, WATER AND NOISE POLLUTION 
SAMPLING AND ANALYSIS 

POLLUTION CONTROL PROCESS STUDIES ANI) SYSTEMS DESIGN 
BOX 28 BOX 1526 BOX 3305 

SALINA. KS 67401 ARLINGTON. TX 67010 ALBUQUERQUE. NM 87110 

BLACK & VEATCH / CONSULTING ENGINEERS 
COMPLETE ENGINEERING SERVICES FOR POLLUTION CONTROL 

AIR • WATER • WASTEWATER • INDUSTRIAL WASTES. 
SOLID WASTES • ENVIRONMENTAL PLANNING 

1500 MEADOW LAKE PARKWAY, KANSAS CITY, MISSOURI 64114 
DALLAS. DENVER. ORLANDO. NEW YORK. SAN FRANCISCO. WASHINGTON D.C. 

for x-ray analysis 
qualitative &. quantitative 

• IDENTIFICATIONS • CHEMISTRY (z=9-92) 
• CRYSTALLINITY • PARTICLE SIZE 
• DIFFRACTION • SPECTROSCOPY 

METHODS CONSUL.TAT10N DESIGN 

ES LABORATORIES 
8 SOUTH MAPLE AVENUE - MARLTON, NEW JERSEY 08053 - (609) 983-3616 

WATER AND AIR POLLUTION CONSULTANTS 
Environmental Services - Water and Air Quality 

Testing - Emission & Ambient Air Testing -
Microbiological and Chemical Analyses 

(504) 889-0710 ANALYSIS LABORATORIES, INC. 
2932 LIME STREET 

Sou rce testi ng & stack sa m pl ing sp ec ia l 
ist s. 
Perform ance , e f fic iency & compl ia nce 
te stin g 

for 
Part icula tes, SO ~ , N Ox 
Parti c le sizi ng & on si t e trainin g 

P.O. Box 26212 Deny er, Colo. 80226 Tel (303) 232-3299 

METAIRIE . LA . 70002 

CROBAUGH LABORATORIES 
SINCE 1894 

AIR AND WATER POLLUTION 
Sampling - Measurements 

Analysis - Consulting 

COMPLETE LABORATORY SERVICE 
Chemistry-Metallurgy-Spectroscopy 

Particle Size Analysis-Atomic Absorption 
Infrared-Chromatography-X·Ray Diffraction 

216-881-7320 
3800 Perkins Ave. 

ERNEST F. FULLAM. INC. 
P. o. BOX 444 • SCHENECTADY, N. Y. 12301 
TELEPHONE 518·785·5533 
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professional consulting services directory 

i:RjAR INC. 
Specialists in Industrial Pollution 

Problems 
· Air, Water and Solid Waste 

Engineering 
· Pollution Control Economics 
· Mobile Laboratories 

Field Engineering Teams 
Versar Inc. 

6621 Electron ic Drive 
Sp ringfield, Va . 2215 1 

17031 354·3350 

""""'''K 1--(til) U Jlan 
ENVIRONMENTAL ENGINEERS 

• WATER & AIR POLLUTION CONTROL 
• WATER SUPPLY & TREATMENT 
• LlQUIO & SOLID WASTES DISPOSAL 
• NOISE LEVEl CONTROL 

STUDIES ' REPORTS ' DESIGN 
CO NSTRUCTION • OPERATION 

1845 WALNUT ST., PHILADElPHIA, PA. 19103 
Tel. : (2 15) 561·5300 

MOGUL 0 ' . 

~1ffiWl1rrCD)/erViCe 
PROGRAMS 

Water Quality Programs 
Air Quality Programs 
Engineering Programs 

Solety Programs 
Educational Programs 

Management Consultation Programs 

Write lor brochure 

THE MOGUL 
CORPORATION 
Chagrin Falls. Ohio 44022 

1216) 247·5000 

PARSONS 
BRINCKERHOFF 

QUADE 
DOUGLAS 

Engineers 
Oesigners & Pla nners 

." i r Qu~ llt r • W~ lcr Q uali ty 

• Water Resource> . M uni( ipal 

&. Industrial W.ltcr & Waste

WOller • River Ihsin Studies 
• Dr:!inagc & F lood Comra! 
• Sol id W;t S!c • R c~j(jnal Plan

ning • l rnpad Ass~ssrncn t 5 

M;m~gclllcrlt. 

One Penn Plaza, New York , NY 10001 

·1 1ft/ It/a, Hoslofl . I lI'IUJ/' f. /J (lflOllllu, 
Stln FrulLcisCI!, '/'rl'ldol'. W(l shirl!lfQfL , f) .C. 

I~ SCIENCE 
,,~ ASSOCIATES, INC. 

prol.,,;onol con.ul'ont. on 
meteorological ;nlfrumen'rafion to 

government, education, 
industry, and 'h. pub,jc 

Sel.ction of the proper equipment 
depends on survey objectives, 

techniques of analysis, 
and funds available. 

230 NASSAU STREET. BOX 230 N 
PRINCETON, NEW JERSEY 08540 

TELEPHONE : 609·924-4470 

YORK RESEARCH CORP. 

• Ambient Air Studies 
• Air & Water Pollution Control 
• Complete Analytical Laboratory 
• Source Testing & Stack Sampling 
• Industrial Hygiene & Safety 
• Combustion Studies 

,.. 

ONE RESEARCH DRIVE 
STAMFORD, CONNECTICUT 06906 

(203) 325-1371 

WESTERN DIV.-DENVER, CO 
(303) 758·.100 

laboratory and Process Development 

Industria l Waste Water Control 

liquid and Solid Incineration 

Air Pollution Control 

In-plant Control and Process Mod if ications 

Desalination 

CATALYTIC 
INC. 

Can su Itan ts . E ngi neers. Con structors 
Environmental Systems Division 

... 1528 Wa lnut Street . Philadelphia, Pa . 19102 ~ 

.... 215- KI5·75oo .... 

.~ accu-Iabs research, inc. 

• Environmental Impact Studies 
• Air, Water and 

Waste Analysis 
• Trace Elements in Coals and 

Fly Ashes 
• Ultra Trace Mercury in Coals 

and Tissues 
• Trace Elements in 

Biological Samples 
• Identification of 

Contaminants 
9170 W. 44th Ave., Wheatridge, Colo. 80033 

(303) 421-2766 

Field work and studies in: 
Environmental, Salety, & Systems 

/ad-d £ <@/UMeA, 9t 9. 
CONSULTING CHEMIST 

• Pollution Analvsis and MOnitoring 
• Treatability and Impact Studies P.O. Box 203 

• Product Liability l uington. MiSS. 02113 

• Safely and Hygiene (6 11)646.0220 
• Complete Laboratory Services 

Drew PollutlDn Abatement Group 
Complele Waler and Waite Water Services 

An alyt ical Labora tory Services . Plant 

E~~f~~fll~~n •• p%e~tOD~7i ;~Uad~~S c~n~: ;~~t~gn 
Drew Chemical Corporation 

Subsidia ry 01 United Sta tes Filler Corporat ion 
701 Jeffe rson Roa d, Pa rs ippa ny, N.J . 07054 

(201) 887-9300 

GEOLOGICAL SERVICE 
Teslong & Moniloflng Laboratories 

Chemical • Atomic Absorption _ Infrared 
Emission Spect • Chromatographic • Microscopy 

All Water Testing • Pollution • Quality 
Corrosion Control • Geothermal • Waste Di sposal 

1539 W. 16th Street (213) 436 4254 
Long Beach, CA 90813 

PRINCETON AQ UA SCIENCE 

WATER/ 
WASTEWATER 

SPECIALISTS 

• Environmental assessment studies 
• Industrial/municipal wasre sUn'eys 
• Treatability studies 
• Complete laboratory 5el'Yices 

789 Jeney Ave. New lrun,wkll . N.J. 08902 (201) 846~ 

/¥~rt1-~f{~hI 
LABORATORIES INC. 

54 5 Comme rc!' St Frd nkh n l dkes, N J 074 1 7 
201 33/4774 201891 8787 

• Atomic Absorption • Qpltcal EmiSSIon 
• Chemical • X.ray Spectrometry 

Compl ete A ndlytlcd l Sep,Il ce s fo r 
Envl ronmentd l Stud ies & Po l lut ion C o nt ro l 

ENVIRONMENTAL CONTROL 

KAISER ENGINEERS 
300 LAKESIDE DRIVE 
OAKLAND CA 94604 

CHICAGO PITTSBURGH 

ENVIRONMENTAL SERVICES DIVISION: 

Environmental Engineering 
Industrial- Municipal- Water-Sewage 

Solid Wastes Management 
Air Pollution Control-Power Engineering 

Gibbs e Hill. Inc. 
ENGINEERS . DESIG NERS, CONSTRUCTORS 

393 Seve nih Avenue . N ew York . NY 10001 
A SubSidiary of Oravo Corporation 

CHARLES R VELZY 
ASSOCIATES, INC. 

CONSULTING ENGINEERS 
WATER POLLUTION CONTROL. SOLID 
WASTE DISPOSAL. AIR POLLUTION 
CONTROL. INDU STRIAL WASTES. 

DRAINAGE. WATER SUPPLY 
350 Executive Boulevard 

Elmsford, New York 10523 
Mineola, New York Babylon, New York 



CLASSIFIED SECTION • POSITIONS OPEN 

WILDLIFE & AQUATIC BIOLOGISTS 
AGRONOMIST jSOIL SCIENTIST 

DAMES & MOORE, world wide consultant. in environmental and applied earth Icienc8', 
hal immediate openlngl for experienced Biologist. and a Soil Scientilt in: 

CINCINNATI, OHIO & OTHER LOCATIONS 
Position. include preparing environmental reports and conducting inveltigative fleld 
and office .tudles for lite .election, land reclamation and resource development. 

Submit relume, Including salary hiltory'expectatlons and availability to: 

V. E. Edward. 

DAMES B MOORE 
445 S. Figueroa, Suite 3500 

los Angeles, Calif. 90017 
Equ~/ Opportunity Employer 

SYSTEMS 
PROGRAMMER 

Position scope includes the 

development of real time 

software for the control of 

environmental monitoring 

systems and the develop· 

ment of off·line system 

analysis codes. Software 

experience should include 

assembly language and 

FORTRAN as applied to 

both mini and large com· 

puter applications. Sys· 

tems experience which in· 

cludes both software and 

hardware is preferred. 

Please send resume to: 

Vice President, Corporate Development 

4 R .... rch PI.ce . Rockville, Md. 20850 
An Equal Opportunity Employer 

GROWTH POSITIONS 
ENVIRONMENTAL SYSTEMS 

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

MARKETING- MANUFACTURING APPLICATION 
Fees company paid. Include present salary, minimum sal
ary requirement and location flexibility with resume. 
Environmental Systems Div., Longberry Employmcnt S~rv
icc, Inc., 650 Nilcs Bank Bldg., Niles, Ohio 44446. 

ENVIRONMENTAL 
ENGINEER 

Environmental Services 
Supervisor to plan and supervise 
environmental monitoring programs 
involving the operation of electric 
generating plants. 

Position requires: A minimum of a 
BSME or BSCHE. 
Five to ten years' experience in 
environmental work. 
Ability to work periodically at heights 
up to and exceeding 500 feet; also 
to work in extreme ambient 
temperatures. 
Thorough knowledge of recent 
developments in techniques 
pf radiological monitoring: air and 
water pollution control: new 
equipment, and other environmental 
science developments. 
If interested, please send detailed 
resume to: 

Treasvant Feaster, III. 
Northeast Utilities Service Company 
P.O. Box 270 
Hartford, Conn. 06101 

NORTHEA.ST 
UTILITIES 
SERVICE COMPANY 
affiliated with: 
THE cOtl.cnCUT lIGHT AND POWER COMPANY 

THEHARTFORD€lECTAlCll()ttTCOMPANY 

WESTERNMAsso,cHUSEnSElECTfljCCOMPANY 

HOlYOKE WATERPOWER COMPANY 

AN EQUAL OPPORTUNITY EMPLOYER, MI F. 

ENVIRONMENTAL PERSONNEL 
DESIGN-APPLICATIONS-MARKETING 

SALES & SALES MANAGEMENT 
$ 1 2,000- $30,000 

\llny!"« rt. 11'" pm'ltloWI\\lth tilt IlillOIl S lill' 'it 
(limp 1111,s SIlI.lnlt 11''''1111, "r ( til ("I]', t 
(hI7) ~hl H~OO (ompIIiU" \S'iUtrl. (hll ,.1" 

ENVIRONMENTAL PROFESSIONS :ltV 
PERSONNEL SYSTEMS INTERNATIONAL, INC. 

739 Boylston St , Boston. Mass 02116 

U, S, ATOMIC ENERGY COMMISSION ::: 
REGULATION-BETHESDA, MARYLAND . 1:::1:::: .. ::, 

The expanding Regulatory program has 
created attractive positions dealing with 
the assessment of the environmental 
impact of construction and operation of 
reactor facilities proposed for licensing. 
ENVIRONMENTAL PRO~ECT MANAGER 
Performs technical reviews, analyses and 
evaluations of Environmental Reports 
submitted in support of applications for 
construction permits and licenses for the 
operation of nuclear power plants. Par· 
ticipates in the preparation of AEC Environ· 
mental Statements pursuant to require· 
ments of the NEPA. Contributes to solutions 
of related generic problems. Reviews 
comments and responds to questions sub· 
mitted by Federal and State agencies, and 
participates in final development of detailed 
environmental statements. Requires knowl· 
edge of nuclear power reactor technology 
gained by an engineering degree with 
experience in reactor power station systems 
such as utilities or hydraulics engineering 
sufficient to evaluate overall reactor plant 
systems including cooling towers, ponds, 
spray tanks and intake/outflow structures. 
ENGINEERING GEOLOGIST 
Evaluates geological characteristics of 
reactor sites and their implications with 
respect to safety requirements of nuclear iii 

~~~~~~~~~;:~~ I:i:.ii.i:! 

Review the water supply and flood po· 
tential in applications for licenses to con· ::: 
struct and operate nuclear power facilities. iii 

~: !~~1~:le~'tS~~~g~~~:~sf~v~~ ~~~;~e~;~~~ 1:::::,'1:::::.'1:::::,' tical experience in design, construction, and 
operation of water resource projects is 
necessary. 
METEOROLOGIST 
Reviews and evaluates meteorological 
factors associated with the safety and 
environmental impact of nuclear power 
plants. At least a B.S. degree in meteorol· 
ogy is essential. Familiarity and/or experi· 
ence with the nuclear industry and related 
branches of science and engineering, i.e., 
plant ecology, earth sciences, etc., desir· 
able. 
Salary Range---;$17,497 to $28,263 
MAIL Application (Standard Form 171-
available at most Post Offices) to: 

U.S.ATOMIC ENERGY COMMISSION 
PERSONNEL OPERATIONS 
REGULATION 008 
WASHINGTON, D. C. 20545 

A resume may be used for preliminary 
consideration. 

An Equal Opportunity Employer 
U. S. Citizenship Required 

CHEMICAL OCEANOGRAPHER 
A position requested for f,,11 of 1974 but not 

yet Clpproved. Applic~~lnt should helve eln ",ctive 
resec!rch inte rest in estu,Hine or coc!stal oceelnog
,c!phy c!nd be dble to tedch courses in the under-

~~~~~~!e P~~~r;~".duAt~~~~~~~~~~ ~I; ~hr: eI~~S~~~~ 
pro fesso r leve l wil l be in the Depelrtment of 
Geology (lnd / or the DePdrtment of Chemistry. 
Send curriculum vi t"e dnd three le tters of recom· 
mendeltion by April 1, 1974 to: Or. Bjorn 
Kjer'vt, Chairman, Marine Science Search Com
mittu, Department of Geology and Marine 
Science Program, UniversilV of South C.rolina, 
Columbia, South Carolina i9208. 

The University of South C"raline! is an equ41 
opportun i ty/ "ffirm"tive "ction employer. 
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CLASSIFIED SECTION • POSITIONS OPEN 

If you haye a Degree in the Physical 
and have related experience in 
Water Monitoring Equ ipment or 
sales, you' ll be a preferred candidate 
lucrative terr itory with this industry 
in the manufacture of diversified electronic 
equipment. 

a top salar y plus comprehensive in ~ 
company car, in add ition to 

company benefits. Local interviews 
arranged by sending your resume and 
requirements, in full confidence, 10: 

Personnel Director 

RESUME GUIDE 
Free Resume Guide For Engineers 

RONNIE BOYD AND ASSOCIATES 
PUCEMENT CONSULTANTS 

1212 Main, Houston, TX 77002 

.« THE UNIVERSITY OF WISCONSIN & 
d MILWAUKEE' COUEGE OF ENGINEERING fi 
~ AN~ci':~~i~Tsc~m~ ~Tdu5~~iER ~1 I .. ::., .. , ENVIRON~~Jf;;[>:N~NEERING ti 
.~ aUIIIRe.tlons sought: Outstctnd ing sci~nti~c ~ 
~.~ dnd profession<tl QUdli~cc!tions " nd exoerience, m. 
®l combining leclehing, restc!rcn, clnd rese4rch -:-:~ 
:':'. luders hip in the ~elds of w c! ter resources f.i.~ 
'fu~';"~ m""dgement " nd envi ronmentc!1 e ngineeri ng. ~' ... 
~. Selection wi ll be m"de on the evid ence of th e *::: 
'x dPplicdnt's pdS! clnd continuin g ou tput in te rms ~.:.:J~ 
~ of tr<!lined profession" ls, publis hed restc!rch, ~ 

~ ~~~t~~~X~~~t!;~~~~t ~f:~~~; r~~ ~~~~~;: trut- ~~ 
~ Dutiu : Development of dnd le<tdership in I~~~ 
ij ~~s~~rr~ht ~~~~;:d5 t~f ~~~~~i~:so"unr~e 9;;~~~~~ ~ 
~ including mullidiscipli ndry mode lli ng c!ppro4ches 
~~~ to the dqUdl ic envi ronment .md to resourct ~::: 

.r .... ~:~.,.~,:'.;:, L:k:$S~~~~!:t~d ~~;~~~!~~~, u:~~~ ~~~~~:~f~ ~ 
. ~ ye~f s~l~ry comm ens ufll te with Qu~lificlltions ill~"'~'*
.. . lind elC pe rience, w ill be 70 % in the Coll ese of ... 
ff~ Engineering ~ nd Applied Science li nd 30% 

~ill"'~": rllek::S~~d~~~ointment) in the Cente r for Grul lto::: 

m Applications with curricu lum villle ,md ndmes 1:; 
of three professionlll referees to: Dr. C. H. ;.;~ 

~::~ Mortimer, Ch.irman of Sa"ch Committee, ~";"~",.',~;,,,.":.~: :t Canter For Gra. t lakes Studies, The Un iversity ~;~ 
t;"'<$'.:.6~: of Wisconsin-Milwaukee, Milwaukee, Wis-
~« consln , USA, 53201. 

• Affi rm/ltive Ac tion Em ployer. ;.'« 

ENVIRONMENTAL ENGINEERS 
~~~i~~~ej~~Ythcs~t:~i';~,P:~i;I~:ait~o~':~J/~~~~~S~~:~!: 
water o r waste poll ut ion control cquipm~nt , ch ~mica J s 
an1 systems.- Client companies p1.y fee s; Scnd reaume 
& s;ll;try hi srory in confden ce to RO.!,:er M. Huffman. 

ESSEX PLACEMENT ASSOCIATES 
2 :-':orth ~bin Ip. \\" ich, Mass. 01938 

ENVIRONMENTAL SERVICE ENGINEER 
Requires BS degree and petroleum 
industry background . At least two 
years of experience in pollution 
abatement sciences desirable along 
with t ra ining or experience in a ir 
quality control. 

Th is position will be located in our 
Fort Worth, Texas, corporate office 
and involves extensive U.S. travel. 

Interested applicants should submit 
a resume in confidence to: 

Staffing Manager 
Champlin Petroleum Company 

P.O. Box 9365 
Fort Worth, Texas 76107 

APPLlCATlO~S ENG INEER-Magneric En~ i ncc ri nR 
Associates, Inc. of Ca mbridJi:e. Mass;l(hus:(( s, :l. w ho lly. 
owned subsidiary of a large internarioil:l l COmp:l.ily see ks 
Applic;l tions Engineer with minimum of 5 yurs experience 
in mllrkcting walCr poll ution control equipment to indus
tries a. nd munici palities. Prefe r de.gree in saniu tion engi· 
neering . Bacteriology , biolo.g), accepta ble. Sal:lry open. 
Excellen t frin .':e benefits . Reloca tion expenses p;t id. Send 
resume in confidence to A. M . Dawson, Ma . .:;netic Engineer. 
ing Associates, Inc. , 169 Bent Sueer, Cambrd .~e , Ma ssa~· hu · 
scrts 02141 . 

FREE RESUME KIT - For 
Chemists and Engineers. Scien
tific Placement, Inc., Employ
ment Service, 5051 Westheimer, 
Houston, Texas 77027. 
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you to get fast free data on whole 
groups of product types. Simply 
scan this list. Then. circle the ap
propriate numbers in the Quick
Search section of the adjacent 
reply card. 
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201 Air Pollution Instruments 
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Credentials 

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

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

<J 

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

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

*Field Evaluation of New Air Pollution Monitoring 
Systems, Final Reort, May 8, 1970 through 
May 8,1972. 

Call Phil ips today. Ask for the Product Manager, 
Environmental Quality Monitoring, 914-664-4500, 
he'll be glad to describe the PW9.700 and our 
monitoring systems. 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

A North American Philips Company 
750 South Fulton Avenue 
Mt. Vernon. NY 10550 

Circle HD. 22 In Readers' Service Card 
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