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Get water pollution control help 
in weeks instead of years. 

Try the Calgon Adsorption Service~ 
Here's a pollution control service 

that can be installed on your site 
within 90 days after confirming tests 
are completed. 

You have no capital investment 
in equipment, either. You pay a serv
ice fee out of your operating budget. 

Who can use the service? 

The Calgon Adsorption Service 
won't solve every 
wastewater prob
lem. But it is 
about the most 
effective way to 
handle the dis
solved organics 
which cause 
color, odor, and toxicity problems 
in waste streams. 

We already have systems at 
work in industry right now. The 
heart of the service-adsorption of 
dissolved organics with granular acti
vated carbon-is well established and 
accepted. Now we're making it easier 
and faster for you to use it. 

Try before you sign. 

To be sure our service will satisfy 
your discharge or water reuse needs, 
we start with a series of simple 
adsorption tests and analyses of your 
plant wastewater. This'work is gen
erally followed by on-site validation 
studies to provide a dynamic test of 
treatment effectiveness and costs. 
Following completion of the valida-

tion studies, we select the system 
needed to satisfy your needs. Upon 
mutual agreement of contract terms, 
we can install the system on your 
site. This normally takes less than 
90 days. 

We take complete responsibility 
for startup, operation (optional), and 
continuing maintenance. And we 
monitor effluent quality-all for a 

competitively 
priced monthly 
service fee. 

Let's start 
talking today. 

Call Basil 
Louros at (412) 

923-2345 in Pittsburgh, or Mike Stark 
at (213) 682-1301 in Houston. Or re
turn the coupon with your telephone 
number, and we'll call you to discuss 
your problem. 

*Calgon Adsorption Service, winne r of the 1974 J ohn C. Vaaler Top H onors 
Award for Wa Ler Pollu t ion Control, is a oorv ice ma rk of Calgon Corpora tion. 

r-------------------------I 
Calgon Corporation, 
Adsorption Service Dept. E, 
Calgon Center, Pittsburgh, PA 15230. 
D Call me at (A.C.) __ (No.) __ _ 
D Please send literature only. 
N ame, ________ ___ _ 

Title _ _ _ _______ __ _ 

Compa ny _ _ _ _ _ _ _ ___ _ 

Address _ _ _ _ ____ __ _ 

City _ ___ Sta te ___ Zip __ _ 

The Water Managers 

6,~~~ 
SU BSID IA RY O F M ERC K & co .. IN C 
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CURRENT RESEARCH 

Effects of ambient concentrations of peroxyacetal 
nitrate on navel orange trees 

C. R. Thompson' and Gerritt Kats 

Navel orange trees or branches were exposed to filtered air. or 

35 

air with ambient levels of PAN for two years. Significant growth 
reduction and increased leaf drop occurred with the PAN-exposed 
trees. Trends toward reduced yield of mature fruit were seen. 

Identification of petroleum products in natural water 
by gas chromatography 38 

Renato Dell'Acqua, * J. A. Egan, and Brian Bush 

Gas chromatography on high-efficiency packed columns is used 
for identification of trace amouQts of petroleum products. 
Concentrations down to 0.25,,1/1 may be extracted and 
identified. Sample chromatograms are reported for several 
products. 

Mercury levels in Lake Powell. Bioamplification of 
mercury in man-made desert reservoir 41 

Loren Potter, ' David Kidd, and Donald Standiford 

Mercury concentrations in samples from Lake Powell were 
determined by flameless atomic absorption analysis. Levels in 
fish increased with body weight, and bioamplification of 
mercury up the food chain is demonstrated. 

Methods for measuring N02 photodissociation rate. 
Application to smog chamber studies 46 

C. H. Wu' and H. Niki 

Kinetics and mechanisms of N02 photolysis in N2 and air were 
studied. Concentration-time profiles were continuously 
monitored by the NO-03 chemiluminescence method. A set of 
rate constants was derived which describes the photolysis of 
N02 in both nitrogen and air. 

Removal of pesticides by reverse osmosis 52 

E. S. K. Chian,* W. N. Bruce, and H. H. P. Fang 

Cellulose acetate and cross-linked polyethylenimine reverse 
osmosis membranes rejected a wide variety of pesticides by 
better than 99%. Rejection of pesticides was governed by the 
polarity of the solute molecules in aqueous solution. 

* To whom correspondence should be addressed. 

This issue contains no papers for which there is supplementary material in micro
form. 
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Evidence of atmospheric transport of ozone into 
urban areas 

P. E. Coffey' and W. N. Stasiuk 

High ozone concentrations in rural areas of New York State 
were found to coincide with high ozone levels in urban areas. 
The hypothesis is made that relates urban peak ozone 
concentrations to high background levels. and not to 
photochemical activity. 

Glc analysis of 2,4-0 concentrations in air samples 

59 

from central Saskatchewan in 1972 62 

S. S. Que Hee, R. G. Sutherland,' and Margaret Vetter 

Levels of the herbicide 2,4-D from the atmosphere of 
Saskatchewan were measured as the butyl and octyl esters. 
A two-column gas-liquid chromatography technique was used 
with confirmation by glc-ms. 

NOTES 

Comparison of instrumental methods to measure 
nitrogen dioxide 67 

R. E. Baumgardner,' T. A. Clark, and R. K. Stevens 

Three automated systems and the 24-hr manual reference 
method for monitoring NO-N02 concentrations were studied 
for calibration stability, response patterns, and maintenance 
requirements. All methods have the sensitivity to measure N02 
at 0.01 -ppm levels. 

Sulfur dioxide pressure leaching. New pollution-free 
method to process copper ore 70 

R. A. Meyers, 'J. W. Hamersma, and M. L. Kraft 

A pressure-hydrometallurgical procedure was developed to 
process copper ore. Both sulfur dioxide and copper sulfide are 
converted to elemental sulfur while recovering the copper 
metal. This method could be a basis for pollution-free refining 
of copper. 

Credits: 9, EPA; 10. Alyeska Pipeline Service Co.: 11 , Gittings; 13, 15. Robert A. 
Isaacs Photography; 22, Gerald M. Quinn; 28. Oak Ridge National Laboratory: 34, 
United Nations 

Cover: Gerald M. Quinn 



THE 
NEW 
1975 
LINDE 
SPECIALTY 
GASES 
CATALOG 

It's 137 pages long, and contains all the 
information you need concerning specialty 
gases and equipment. 

It has sections on pure and mixed gases. 
On hardware, including valves, regulators 
and flow-meters. Electronic material. A 
whole new section on molecular sieves. 
Plus a glossary and safety information. 

It's color-coded so you can find what 
you need quickly. 

And with more than 500 Linde dis
tribution locations we can supply what you 
need quickly too. You know you'll be getting 
the best, because we manufacture most of 
the gases we sell. 

The Linde Specialty Gases Catalog. 
It's yours free. 

Another reason we say: Union Carbide 
gives you something extra. 

r------------------------------• 

• 

GAS 
, .: I PRODUCTS 

Union Carbide Corporation, Linde Division, Dept. EST 
270 Park Avenue, New York, New York 10017 

Gentlemen: Please send my free copy of the 1975 linde Specialty Gases Catalog. 

NAME 

TITLE COMPANY 

ADDRESS 

CITY STATE ZIP 
L ______________________________ ~ 

CIRCLE liON READER SERVICE CARD 
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THE MEETS ALL E.P.A. SPECIFICATIONS 

1975GAS 
CATALOG • Chemiluminescence princip le 

• Compact, completely self contained 
Series 1110 
• Chemiluminescence princip le 

Matheson's 1975 Gas Catalog brings together all 
you need to know about specialty gases, equip
ment, mixtures, safety items and procedures, 
cylinders and markings, physical data and much, 
much more. Best of all , it's yours for the ask ing. 
Just fill in the coupon below and send it to us. 
You'll be glad you did . 

• Atmospheric pressure operation 
• Ana lysis by unattended operation 
• Rapid response 
Model 1200 A 
Ranges: 0-0.2.0.5. 1.0 & 2.0 p.p.m 
Model 1400 
Seven Ra nges: 0·100 p,p.m. 100-10,000 
p.p.m. 

1500 NO-N02 Calibration Gas Source 
provides sustained. calibrated stable 
gas source. May be set from 0.2 to 
1.000 p.p ,m 

• Ranges: 0-1.0 p.p.m. 10 1 % 
concent r al ions 

Series 1100 
Ranges' 0-.05 . 0.1 0.5. 1.0. 5.0. 10.0 
p.p m. 

1000 Ozone Generator provides sus
tained . highly repeatable stream of 
ozonized air from 10 p.p .b. 10 10 p.p.m 

Name ________________ _ 

NEW! 12 LB:" PORTABLE , . . . Title ________________ _ 

• Chemiluminescence princip le 
Company' _________________ __ • Full recorder output capability 

Model 2000 Ozone Meter 
Ranges 0-0.1. 0 ,2. 0.5 . 1.0 p,p.m. 

Model 2100 NO/N02/NOx Meter 

Ranges' 0-5 ,. 10 ,. 20 . 50 p .p .m 

Model 2200 NO /N02i NOx Meter 

Ranges' 0-0.5 , 1.0. 2 ,0. 5.0 p p.m 

.. Address _____________________________ _ 

City __________ _ State' ___ _ 

Zip Tel. ( __ ) ______ _ • 
Internal 10 lb . 

battery pack 

opt iona l 

1m. MATHESON GAS PRODUCTS 
P.O. Box 85, 932 Paterso n Plank Road , 

East Ruth erford , N J 07073 M E C 
McMillan Electronics Corporation 

7lD A,huofl Hou,lon, 1 (%3' 

Phone 711 . 774-hO,) 1 -------------------CIRCLE 6 ON READER SERVICE CARD CIRCLE 3 ON READER SERVICE CARD 

Solar energy 

Dear Sir: Your November article 
(ES&T, Nov. 1974, p 976) was very 
interesting but neglected to mention 
that, as usual with energy sources, in 
very special cases solar energy can 
be available at amazingly low cost 
and in fact at lower cost than atomic 
energy. 

In the St. Clair Solar Energy Sys
tem a large number of mirrors reflect 
sunlight on a pile of pebbles, or rath
er pebbles covered with a lattice 
brick work , which can be covered by 
an insulated door when the sun is not 
shining. When the sun is shining the 
large numbers of mirrors heat up the 
surfaces of the lattice brick work and 
the surface of the pile of pebbles to 
over 2000°F. 

My years of experience with peb
ble beds in heat exchange have 
shown me that if you rapidly suck air 
into the pile of pebbles the heat that 
hits the surface of the pile of peb· 
bles, can be drawn into the center of 
the pile of pebbles. Since in special 
cases the cost of the pebbles is less 
than 25<t per ton and you have a heat 
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stora~e cycle of from 1200

0 
F to over 

2000 F the cost of storing the heat of 
the sun for as much as a year is very 
low cost. You find the major cost of 
such a solar heat process in the mir
rors. In this way solar heat becomes 
very dependable and you do not have 
to put in the large excess of solar 
heat collectors, as necessary with 
other processes, in order to get a 
reasonable amount of solar heat dur
ing the winter months when the solar 
heat collectable is only a fraction of 
that collectable in the summer. 

And besides requiring such a lower 
area of collectors (mirrnrs) the solar 
collectors used are so much cheaper 
per square foot than the ones de
scribed in your article . I have gotten 
from RANN project workers the cost 
of mirrors made of metallized plastic 
film held like drum heads over 
hoops, and with their rotating mounts 
cost about $2 a square foot with a 
good chance of reducing the cost of 
the mirrors to $1 per square foot. 
This checks with my own estimates. 

John C. 51. Clair 
London, Ohio 43140 

Radioactivity from Pu 

Dear Sir: I n the Currents section 
(ES&T. July 1974, pp 597-8) the 
short article, "Ohio's Erie Canal . .. " 
is written in an extremely inflamma
tory manner. Certainly plutonium is 
poisonous but other metals, such as 
platinum , mercury, etc. , are al so. 
Why use the inflammatory adjective 
" man-made poisonous" when refer
ring to plutonium? Also the sentence 
" Plutonium can cause instant death 
only if inhaled," is certainly inflam
matory and probably not true. Pluto
nium has been inhaled on several 
occasions (Health Phys., 25 (5) , No· 
vember 1973, p 461) and "instant 
death" or even delayed death has 
not resulted. Objectivity is desperate
ly needed by all those reporting on 
technology today. Certainly an ACS 
journal should be foremost in objec
tive reporting. 

N. Dean Eckhoff 
Kansas State University 
Manhattan, Kan. 66502 
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ONLY 
THREE 
FEATURES??? 
Yes - For eight years we've stressed 
three features in our equipment -
accuracy, reliability and versatility. 
They are important though, and 
they've given us a reputation. Repeat 
orders are coming in so fast that we 
are now an industry leader. 

• Air Pollution 
Measurement 
Instruments and Systems 

• Process Stream 
Control Systems 

• Calibration Sources 

CIRCLE 15 ON READER SERVICE CARD 
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Problems can be 
opportunities in disguise. 

The twin dilemmas of energy and the 
environment may, in the long run, provide man with 
his best chance to reassess some old assumptions and 
reorder his priorities for a safer, more pleasant life. 

Even before these problems reached crisis 
proportions, Chiyoda-Japan's leading engineering 
firm-was developing technology that will help ensure 
both environmental integrity and efficient energy 
production. 

For example, to minimize air pollution and 
alleviate the shortage of low-sulfur fuels, Chiyoda has 
built about half the fuel oil desulfurizers in Japan. 
We've developed an indoor fume controller to collect 
the most harmful fume, consisting of particles of less 
than 3.0 microns. And we've introduced the Chiyoda 
THOROUGHBRED series of pollution control systems: 
new processes for flue gas desulfurization, the 
simultaneous removal of sulfur dioxide and nitrogen 
oxides, and waste water treatment. 

These days "technology assessment" has become 
a fashionable expression. In our fields, we've been 
practicing it for years. 

RESPONSIBLE, GLOBAL ENGINEERING 

~ CHIYODA CHEMICAL ENGINEERING 

Yokohama, Japan. T~I;x~NS~~~;~IONJ~~'};~. 

Oven ••• Office.: U.S.A.: Chlyoda International Corporation 1300 Park Place Building, 1200 6th Ave., Seattle, Wash. 98101 Enaland: Chlyoda Repre.entatlve 
Office 16th Floor, St. Alphase House. Fore Street, London E.C. 2 Sins_pore: Chlyoda Sln •• por. (Pte.) Ltd. a·E, Chia Ping Road. Jurong Town. Singapore 22 
Iran: Chlyodalran Co. (Private) No. 56 Takhte Jamshid Avenue, Teheran 

CIRCLE 5 ON READER SERVICE CARD 

6 Environmental Science & Technology 



Editor: James J. Morgan 

WASHINGTON EDITORIAL STAFF 
Managing Editor: Stanton S. Miller 
Assistant Editor: Julian Josephson 
Assistant Editor: lOis R. Ember 

MANUSCRIPT REVIEWING 
Manager: Katherine I. Biggs 
Assistant Editor: David Hanson 

MANUSCRIPT EDITING 
Associate Production Manager: 

Charlotte C. Sayre 

Assistant Editor: 
Gloria L. Dinote 

GRAPHICS AND PRODUCTION 
Head: Bacil Guiley 
Manager: leroy L. Corcoran 
Art Director : Norman Favin 
Artist: Gerald M. Quinn 

Advisory Board : P. L. Brezonik, John H. Seinfeld 

Published by Ihe 
AMERICAN CHEMICAL SOCIETY 
1155 161h Slreel. N.w. 
Washinglon. D.C. 20036 

Executive Director : Robert W. Cairns 

BOOKS AND JOURNALS DIVISION 

John K Crum . Director 

Ruth Reynard. Virginia E. Stewart, 
Assistants to the Director . 

Charles R. Bertsch, Head, Editorial 
Processing Department 

D. H. Michael Bowen, Head. Journals 
Department 

Bacil Guiley , Head , Graphics and 
Production Department 

Seldon W. Terrant. Head, Research and 
Development Department 

ADVERTISI NG MANAGEMENT 
Centcom , Ltd . 

For offices and advertisers, see page 80 

P1ease send research manuscripts to Manu
script Reviewing, feature manuscripts to 
Managing Editor . 

For author 's guide and editorial policy, see 
June 1974 issue, page 549, or write Katherine I. 
Biggs, Manuscript Reviewing Office, ES& T 

EDITORIAL 

Energy and cleanup 
This time last year , ES& T called for a rally round the 
cleanup flag. Judging from the response, we are not at all 
certain that anyone heard the call. Now with mid-term 
elections over, environmental goals appear to be holding 
the line against renewed drives for energy conservation. It 
simply does not appear that energy will break the 
proverbial environmental camel's back. But that is not to 
imply that the economics of controls will not destroy the 
cleanup struggle once and for all. 

In any case, this month's feature author, a Federal 
Energy Administration spokesman, details the impact that 
pollution control measures-mandated by the Clean Air, 
Clean Water, and Resource Recovery Acts-have on 
energy consumption . The impact is small : the sum of all 
the increased energy requirements amounts to about one 
y'ear 's normal growth in energy use. In other words , the 
incremental energy required for operating a clean air, 
water, and solid waste operation, as opposed to a dirty 
one, is slightly more than 3% overall, according to this 
FEA spokesman. 

In no case does this energy requirement for operating 
pollution controls approach a double digit number. So, 
present energy growth rates cannot be attributed solely to 
operation of cleanup systems. 

This spokesman places in perspective the energy 
implications for operating various environmental cleanup 
strategies. The energy required to operate such cleanup 
strategies is summarized, but, unfortunately the 
installation costs, which everyone keenly watches in these 
days of double digit inflation, are not considered. 

Conserving energy is obviously everyone's 
responsibility. But finding that energy will not break our 
camel's back should be somewhat reassuring. Less 
reassuring, of course, are the installed cost implications. 
These costs obviously cannot be ignored and await the 
test of another year of cleanup experiences. 
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What~ in the air for 1975? 
There'll be the same cast of characters interpretation. Because digital data gathering 

floating around up there: NO, N02, 03, S02, CO, pays its own way with the ML System 9400 Data 
and the rest of the gang. But we can bring a lot Logger. The 9400 is designed especially for air 
of your air quality surveillance problems down quality data gathering needs, with unique 
to earth, with new developments in analyzers, monitoring modes and data verification 
calibrators and data handling systems. features. We've also added computing 

For instance, the Dual Channel* Chemilumi- capability for calculating EPA averages. 
nescent NO, Analyzer we pioneered last year is If you have more than six remote monitoring 
now widely accepted, and widely imitated. But sites in 1975, you deserve, and can economically 
this year we've added ISOFLO for improved justify, a System 7000 Computer-Based Net-
span stability, plus MOL YCON converters for work. It automatically oversees system maintenan"ce, 
longer life and improved performance. We've calibrates with computer precision, and pre-
also applied the same technology to a brand edits data for reporting in the EPA SAROADS 
new 03 analyzer, Model 8410. format. Many System 7000 users are consistently 

Of course no analyzer is more accurate obtaining more than 95% valid data. And they're 
than its calibration. That's why we've improved saving money on data reduction, site operation 
our Model 8500 DynamiC Gas Calibrator, already and eqUipment maintenance. 
the industry leader with accuracy traceable to No matter what you have in the air for 1975, 
NBS. Now it has gas phase titration, an improved you'll want to see what's new in air quality 
zero air source, and new remote control capa- instrumentation. So write Monitor 
bility. And you can add our new Model 8530 Labs, Incorporated, 4202 Sorrento ~ 
Calibration Controller for automatic station Valley Blvd., San Diego, CA 92121 . 
calibration . Tel. (714) 453-6260, 

In 1975, many people will give up the costly, TWX 910-337-1278. I I' ' : 

time-wasting process of manual strip chart ·Patent Pending. 

CIRCLE 16 ON READER SERVICE CARD 
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INTERNATIONAL 

The first meeting at the ministerial 
level of the OECD's Environment 
Committee was held in Paris, No
vember 13-14. Discussed werefut
ure environmental policies under 
changing international economic and 
energy situations. The 19 ministers 
from member countries of the Orga
nization for Economic Cooperation 
and Development formulated a 10-
year plan to reduce pollution, use 
natural resources rationally, and im
prove land use planning. 

The National Swedish Board of Oc
cupational Safety and Health has 
published a new list of maximum al
lowable concentrations of chemicals 
in the working environment, effective 
January 1,1975 . Two types of values 
are included-maximum allowable 
concentrations, and threshold limit 
values. Substances whose values 
have decreased include acetone, tol
uene, formaldehyde, chromium salts, 
cadmium, nickel, benzene, vinyl 
chloride, and arsenic. 

Forty-three Japanese companies 
agreed to pay 2000 persons the 
equivalent of $11 million in compen
sation for deaths or illnesses result
ing from industrial pollution. The 
companies in the heavily industrial
ized city of Kawasaki will split the 
cost according to the volume of their 
discharged pollutants from 1970-
1973. For death , the payments will 
range from $20,000-$40,000; pa
tients suffering from diseases attrib
utable to pollution will receive from 
$3,300-$8,300. 

WASHINGTON 

EPA announced a national study of 
drinking water supplies to determine 
the amount and potential effects of 
the organic chemicals present. This 
follows in the footsteps of the New 
Orleans study which found that city 's 
water supply to contain minute quan
tities of 66 organic chemicals, some 
of which may be hazardous to 
human health. The nationwide study 
will monitor untreated and treated 
water to determine the scope of the 
problem, the sources of the chemi
cals and their health effects , and an 

CURRENTS 

EPA's Robeck & Berg 

assessment of corrective measures 
required, according to EPA's Gordon 
Robeck. In another study, an out
growth of the American Public Health 
Association's conference on viruses 
in water held last June, Dr. Gerald 
Berg and others released a list of 10 
recommendations on the detection 
and control of waterborne viruses. 

EPA's thermal discharge guidelines 
have been challenged in court by Con 
Edison. The utility claims the stan
dards could force the expenditure of 
$270 million to install cooling towers 
at four power plants. The towers 
would cost the utility about $120 mil
lion a year to operate, and would 
represent about 7% of the utility'S 
annual revenue. 

A study conducted by NOAA, EPA, 
and others showed that smog de
creases, by as much as 35%, the 
amount of ultraviolet radiation re
ceived by urban and rural popula
tions. The solar radiation measure
ments were made at six sites in the 
greater Los Angeles , Calif., area dur
ing autumn months; the data were 
added to those collected previously 
from two sites in the St. Louis, Mo., 
region during summer months. The 
decrease was most severe in urban 
areas, and was greater for Los An
geles than for St. Louis. This pro
gram, part of the photochemical pol
lution field experiments of the Los 
Angeles Reactive Pollution Project 
(LARPP), will result in the develop
ment of mathematical models of 
photochemical smog. 

The Dept. of the Interior's Office of 
Land Use and Water Planning is con
ducting research to assess federal , 
state, and local legislation and pro
grams concerned with the designa-

tion , preservation, and management 
of land resource areas. The study, 
scheduled for completion June 30, 
1975, will result in a guidebook for 
use by technical and policy develop
ment personnel. In a separate tally, 
the Interstate Commerce Commis
sion revealed that applications are 
pending for abandonment of more 
than 6000 miles of railroad rights-of
way in 45 states. When authorized, 
these could be converted to ribbons 
of wildlife habitat, recreational trails, 
or open space relief in heavily devel
oped areas. 

The Natural Resources Defense 
Council (NRDC) has filed a petition 
with the Consumer Product Safety 
Commission to ban the use of pres
surized products, such as aerosol 
sprays . These products release fluo
rocarbon propellants into the atmo
sphere that destroy the earth's pro
tective ozone layer. The NRDC has 
estimated that constant use of these 
sprays will deplete the ozone layer by 
16% within 25 yr, and allow more ul
traviolet rays to reach the earth's 
surface. The CounCil estimates that 
this will cause 100,000-300,000 ad
ditional skin cancer cases per year in 
the U.S .. and from 500,000-
1,500,000 additional cases per year 
worldwide. 

STATES 

Philadelphia Electric Co. voluntarily 
agreed to install scrubbers at three 
of its coal-fired power plants. The 
scrubbers will cost more than $68 
million , take more than three years 
to install, but will allow the utility to 
continue to burn low-cost coal and 
still comply with clean air standards. 
These scrubbers will create no waste 
sludge, and the end-product-sulfur 
or sulfuric acid - will be salable. The 
savings to its customers would be 
$35 million a year less than conver
sion of the system to low-sulfur oil . 
according to company estimates. 

The University of Texas' Center for 
Energy Studies received two grants 
from the electrical power industry to 
study the feasibility of geothermal 
energy for the state. The source of 
geothermal energy beneath the 
Texas coast and extending into the 
Gulf of Mexico is geopressured 
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sands. The interdisciplinary study, 
headed by Myron Dorfman of the 
University's Petroleum Engineering 
Department , will take three years 
and cost about $3 million . The Gulf 
geopressured sands may be able to 
produce 15,000-30,000 MW of elec
tricity over a 50-yr period. A prelimi
nary study was supported by the Uni
versity and the Atomic Energy Com
mission. 

The Minnesota Pollution Control 
Agency's (MPCA) Division of Solid 
Waste will study the state 's hazard
ous wastes. In 1974 the State legis
lature asked MPCA to adopt stan
dards for the handling and ultimate 
disposal of the identified wastes. The 
first phase of the study will be a 
statewide inventory of the sources of 
wastes. 

Alyeska Pipeline Service Co, has 
purchased an oil spill recovery vessel 
with containment equipment. The 
vessel, to be used in the event of a 
spill, is stationed at Valdez Port, Al
aska, during the construction and op-

Containing spilled oil 

eration phases of the Alaskan pipe
line. The equipment cost about 
$100,000, and includes a 24-ft oil 
spill recovery vessel and a "Vikoma" 
inflatable floating boom. 

The City of Tallahassee (Fla,) has 
contracted with Research-Cottrell, 
I nco to build a mechanical draft cool
ing tower for its Arvah B. Hopkins 
Generating Station, a fossil fuel unit. 
Scheduled for completion in 1977, 
the six-cell tower is designed for 
127,000 gal / min, and will be approxi
mately 382 ft long and 62 ft high. 
The cooling tower will cost the city 
approximately $2.4 million. The tower 
was designed by Research-Cottrell's 
Hamon Cooling Tower Division to the 
specifications of U.S. utilities. 
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New Orleans has begun construction 
of a resource recovery plant to dis
pose of its trash and garbage. The 
facility named Recovery I is sched
uled for operation in 1976. It will pro
cess 650 tpd of refuse and reclaim 
ferrous and non-ferrous metals in
cluding aluminum, color-sorted glass, 
and some paper. The residue will be 
landfilled. Waste Management, Inc. 
of Oak Brook, III., will build and op
erate the plant, and manage the con
struction of the sanitary landfill. The 
National Center for Resource Recov
ery based in Washington , D.C. , will 
act as technical advisors during con
struction and operation, and will con
duct a test and evaluation program of 
the system during the first three 
years of operation. Pennsylvania's 
Department of Environmental Re
sources has issued a permit for con
struction by Palmer Township, North
ampton County, of a 160 tpd re
source recovery facility. The system 
is also planned for operation in 1976. 

MONITORING 

Analysis of water for trace metal pol
lutants by X-ray fluorescence has 
been made possible by the U.S. 
Naval Research Laboratory (NRL), 
Washington , D.C, A modification of 
NRL's successful air pollutant mea
suring device based on the same 
principle, the present NRL system 
detects trace quantities of elements 
whose atomic weight equals or ex
ceeds that of calcium. Contaminants 
are excited by an X-ray tube; back
ground is minimized with a vacuum 
sample chamber; and intensity and 
energy of each contaminant's fluo
rescence radiation is measured with 
an energy dispersion, solid-state 
X-ray detector. 

TECHNOLOGY 

Decontamination of drinking water 
for human consumption, with iodine, 
will be a major topic in a campaign 
by the American Iodine Institute (All, 
Lancaster , Pa.) to educate the pub
lic, according to Richard Polley, 
president of the All whose consulting 
scientists point out that iodine does 
not have certain disadvantages that 
they say chlorine has. For example, 
chlorine has been named as a possi
ble cause of cancer, and, in polluted 

water, it can form chloroform and 
carbon tetrachloride, bolh considered 
carcinogenic. Moreover, iodine can 
neutralize certain dangerous forms of 
bacteria unaffected by chlorine, ac
cording to the All. 

Control of hydrogen sulfide (H2S) in 
waste treatment systems can be ef
fected by means of "Tysul" WW, a 
hydrogen peroxide-based chemical 
produced by Du Pont, Co. It has 
been known for many years that hy
drogen peroxide (H20 2 ) can oxidize 
sulfides in water. Thus, it was decid
ed to apply this principle to sewage, 
in which the H20 2 could destroy H2S, 
thereby neutralizing a source of bad 
odor and corrosion, and kill sulfate
reducing bacteria that produce H2S. 
Tests run at Hershey , Pa., on waste
water from commercial and industrial 
sources (75% generated by industry) 
as well as 8000 residents, resulted in 
very marked odor decreases. 

Simulation of ocean conditions will b" 
a function of the Oil and Hazardous 
Materials Simulated Environmental 
Test Tank (OHMSETT), a $3 million, 
one-of-a-kind testing facility the EPA 
recently dedicated at Leonardo, N.J. 
OHMSETT is a pool 667 ft long, 65 ft 
wide, and 10 ft deep, complete with 
its own wavemaking machinery. Able 
to produce regular, irregular, and 
"confused" waves up to 2 ft high to 
simulate "real life" situations, the 
"artificial ocean" will test equipment 
for containing and cleaning up spills 
of oil and other pollutants. ' 

Meeting strict auto emissions stan
dards of 1977 has been accom
plished by General Motors with a 
Chevrolet Impala V-8 engine convert
ed to stratified charge. While fuel 
economy was comparable to a cata
lyst-equipped conventional engine 
tuned to meet 1977 standards, en
gine and exhaust design were more 
complex. Meanwhile, a new engine, 
based on a combination of atomiz
ers, vaporizers, and centrifugal sepa
rators, invented by Edward and Rob
ert LaForce, both of Vermont, might 
increase nearly pollution-free gaso
line efficiency by up to 80%. The La
Force engine will have to undergo 
stiff EPA tests at Ann Arbor, Mich., 
however, before a breakthrough can 
be officially acknowledged, 



Recycling polyurethane loam 

Recycling polyurethane foam, thereby 
conserving this petrochemically
based polymer , shows promise, be
cause of a technique developed by 
General Motors Research Laborato
ries. The process breaks the foam 
into its original "chemical building 
blocks," which can be used again. 
The waste foam, normally sent to 
sanitary landfills, decomposes very 
slowly. It can be burned with a heat 
value similar to that of coal, but a 
petrochemical resource is then lost. 
The process recovers the polyol 
component of the foam by means of 
steam at 600 0 F and 1 atmosphere. 
Diamine is also produced; this leads 
to isocyanate, also needed in the 
process, which is explosion- and oxi
dation-proof because of its configura
tion. 

Do electric fields affect plants, ani
mals, and soils? Westinghouse Elec
tric Corp. will try to answer this ques
tion under a 3-yr , $375,000 contract 
from the Electric Power Research I n
stitute (EPRI), and learn what effects 
electric fields near and under high
voltage transmission lines may have 
on plants, animals, and soils. 

INDUSTRY 

Air Products and Chemicals, Inc. is 
working on the final design and sup
ply of the world's largest oxygen-acti
vated sludge environmental system 
(OASES) which will treat 600 mgd 
for the Detroit Metro Water Depart
ment. This system will remove over 
90% of Detroit's wastewater pollu
tants on a continuous basis, and will 
use about 400 tons/day of 98% oxy
gen. Start-up is scheduled for 1978. 
Cost of the Detroit facility is reported 
to be about $39 million . By the time 
the Detroit OASES system goes on 
stream, Air Products will have sup
plied OASES plants to seven U.S. 
municipalities to process a total of 
over 800 mgd (ES& T, December 
1974, p 1073). 

Reynolds Metals Co, dedicated its 
newest and most modern aluminum 
recycling plant at Williamsburg, Va. 
David Reynolds, the company's ex
ecutive vice president and general 
manager, reported that when the pro
gram is completed, the original 12 
recycling centers will be increased to 
a total of 83, and that over 100 mo
bile units will be on the road, literally 
"taking recycling to the people." 
There will be Reynolds plants in 30 
states, and recycling activity in about 
45. A full list of recycling centers is 
available from The Aluminum Associ
ation (New York, N.Y.). 

Ciba-Geigy Corp. has entered the en
vironmental field by forming EN-CAS 
Systems (Environmental Concerns 
And Safety), which is operating in 
Greensboro, N.C. EN-CAS will help 
firms in the textile, leather, paper, 
soap and detergent, dry cleaning, 
and cosmetics industries "cope with 
the bewildering complexity of federal, 
state, and local regulations relating 
to the environment and to occupa
tional safety and health ." George Do
minguez is the general manager of 
the new company. 

Southern Co. 's Vogt/e 

Alvin VogUe, Jr., president of The 
Southern Co., said that the issue is 
"Whether utilities will be permitted to 
select the most cost-efficient meth
ods for attaining safe levels of air 
quality while providing their custom
ers with enough electricity at reason
able prices," and "not how well 
scrubbers can be made to operate." 
Vogtle also r,ointed out that " any 
reasonable environmental regulation 
should be open to all available op
tions and be consistent with what is 
needed specifically to achieve and 
maintain clean air." He said that the 
EPA approach eliminates all options 
other than scrubbers, although "tall 
chimneys and constant monitoring 
can assure that standards will be 
maintained. " 

Georgia-Pacific (G-P) will use 15 
million 113 /yr of by-product hydrogen 
gas, derived from breaking down salt 
brine, to replace "scarce" natural 
gas as boiler fuel, at its chlorine and 
caustic soda manufacturing facility at 
Bellingham, Wash. This facility is to 
be expanded by 36,300 tons/yr of 
additional capacity, and is aimed at 
meeting the acute shortage of chem
icals for city water purification, mu
nicipal sewage treatment, and indus
trial uses. R. Pamplin, G-P chairman 
and president, described this project 
as "unique in the industry." 

The National Association of Metal 
Finishers (NAMF, Upper Montclair, 
N.J.) , together with the U.S. EPA, is 
running a nationwide survey to deter
mine the kinds of wastes that are 
destined for land disposal. Such 
wastes include spent chemicals, 
sludges, and other process wastes 
that normally go to lagoons, landfills, 
or open dumps. The study will cover 
numbers of plants, waste character
ization, treatment and disposal tech
nology, and detailed cost analyses. 

"Moving forward with municipal recy
cling systems as fast as possible," is 
the way that public policy in. America 
would best be served, according to 
Peter Stroh, president of The Stroh 
Brewery Co. (Detroit, Mich.) and 
chairman of the U.S. Brewers Asso
ciation. He pointed out, " only $5 bil 
lion spent for energy recovery from 
this country's waste streams will pro
duce 2.5% of the increase in energy 
available to meet future needs." 
Stroh alluded to a National Academy 
of Engineers and National Academy 
of Sciences study, which estimated 
that each 1 % increase in energy sup
ply would cost $5-6 billion. He char
acterized energy recovery from 
waste as "one of the best energy-re
lated investments this country can 
make. " 

The B.F. Goodrich Co. (Akron, Ohio) 
may make capital investments of 
over $42 million over the next 3-4 
years to reduce vinyl chloride (VC) 
exposure in its plants "to the lowest 
level attainable with currently feasi
ble technology." The company says 
that the OSHA standard is unachie
vable with present technology, unless 
employees in affected areas use res
pirators for VC levels up to 25 ppm 
(optional in 1975; mandatory in 
1976). 
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Introducing the 
RAe on-stack transmissometer 

RETROREFLECTOR 
ASSEMBLY 

This newly-developed system measures 
... and provides direct readouts . .. for 
o to 100% opacity in stack effluents, 
with accuracy to ± 3%. 

A precision electro-optical device with advanced design features 
(patents pending), the RAC transmissometer accurately meas
ures the opacity of stack gas streams by means of a modulated 
light beam. Thi s new system has simpler optic and electronic 
systems than competitive units. Its improved design assures 
optimum optical performance, minimizes operating problems, 
and reduces normal servic ing / maintenance requirements. 

The RAC transmissometer features a unique chopper design 
and a solid-state automatic control circui t. These components 
make the system insensitive to ambient light, provide continu
ous recalibration (every 0.1 second) , and automatically compen
sate for l ight and temperature changes as well as aging / drift 
in the electronics. This system also features greater sensitivity 
in the 0 to 50% opacity range (50% on sca le=30% opacity). 

The system's normal, span point, and zero opacity calibra
tion operating modes can be actuated manually with controls 
in the optical head, or remotely by an optional remote control 
panel. The automatic control circuit overrides the manual mode 
at hourly intervals (approx) and provides a sequential span and 
zero opacity recalibration signal to the instrument's meter and 
to the output connection for a remote recorder. 

The RAC transmissometer also has an adjustable set-poin t 
that will automatically activate relay contacts for an external 
alarm, or an accessory package, if stack stream opacity reaches 
a preset limit. The accessory package permits remote setting 
and sensing of the variable set-point. 

Once properly installed, this compact, lightweight system 
(47 Ibs) normally requires no further on-stack adjustments. The 

STACK SAMPLING SEMINARS (4th Year) 
RAC sponsors a series of 2-day technical how
to seminars on stack sampling parameters and 
procedures (EPA method). Write for descriplive 
folder. CIRCLE 13 ON READER SERVICE CARD 
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OPTICAL HEAD ASSEMBLY 

STACK WALL 

r-
I 
I 
I 

- ";EATHER 
(Optional) HOOD 

TYPICAL INSTALLATION 

optical head and retroreflector units, after fine alignment, are 
locked in position by external , threaded connections, assuring 
a vibration proof installation. 

The RAC system can be set to operate on either 115 or 230 
VAC. In addition, its normal 5-second elect rical response can 
be modified in the field to any response value between 1 and 
10 seconds. 

A variety of optional accessories- including blower units to 
protect the optics (when required) , computer interfacing , a 
remote strip-chart recorder, and a system response test kit
are available to enhance the RAC transmissometer 's capabili
ties for optimum performance with minimum attention. 

Send lor BULLETIN 2700 for details. 

CIRCLE 12 ON READER SERVICE CARD 

RESEARCH APPLIANCE COMPANY 
Route 8, Gibsonia, Pennsylvania 15044 

Environmental Instruments / Laboratory Products 



INTERVIEW 

EPRI's Chauncey Starr 
Is the Electric Power Research Insti
tute (EPRI) an offshoot of Edison 
Electric Institute (EEl)? Not directly. 
It is the follow-on to something 
called the Electric Research Council 
(ERC). The Electric Research Coun
cil included EEl which is a trade or
ganization for the investor-owned 
utilities, the American Public Power 
Association, the National Rural Elec
tric Cooperative Association, the 
Tennessee Valley Authority (TVA), 
and several other publicly-owned 
electric utility generating systems. 
The ERC coordinated the funds of 
these organizations in areas of com
mon research interest. When EPRI 
was formed in 1972 as a non-profit 
scientific research organization, it 
took over the activities of the ERC. 
We moved into our present site at 
Palo Alto in September 1973, and be
gan to assem ble staff. 

Since EPRI has assumed the R&D 
functions of EEl, what are the func
tions remaining to EEl? EEl is a 
trade organization. It represents the 
.national business interest of the in
vestor-owned utilities relative to fed
eral regulations, rate structures, tax 
matters, criteria and regulations of 
the Environmental Protection Agency 
(EPA) as they affect power plants, 
and the activities of the Federal 
Power Commission as they affect 
power' operation. These administra
tive and legislative matters are very 
important to the industry, but they do 
not involve technical development. 

Who are members 01 EPRI? We now 
have 88% of all the electrical gener
ating capacity of the country as 
members. Our Board of Directors 
consists of fifteen people, two-thirds 
of whom come from the investor
owned utilities, and one-third from 
the publicly-owned. This is roughly 
the ratio of power generation in the 
U.S. We have nearly 500 members, 
all voluntary. They include the bulk of 
the investor-owned utilities in the 
U.S., the American Public Power As
sociation which includes all munici
pal and other locally-owned utilities, 
the NRECA (National Rural Electrical 
Cooperative Association), the REA's 
which include the farmer coopera-

tives, and TVA which is a govern
ment-owned but independent utility 
reporting to Congress, and the De
partment of the Interior which oper
ates Bonneville and several other 
electrical power generating plants 
that have emerged from the Depart
ment's hydroelectric development 
program. 

What is the organizational structure 
01 the Institute? There are four major 
divisions that report directly to me: 
Nuclear Power; Fossil Fuels and Ad
vanced Systems; Transmission and 
Distribution; and Energy Systems, 
Environment and Conservation. Each 
division is further divided into depart
ments. For example, the Fossil Fuel 
Department studies include all the 
problems associated with using coal 
and oil as fuels; the Advanced Sys
tems group studies solar, M HD 
(magnetohydrodynamics), geother
mal, nuclear fusion-the exotic areas 
which are in the research or early 
developmental stage. 

JOINT PROGRAMS 

What is the Institute's working rela
tionship with government agencies? 
EPRI is funded to handle all prob
lems in the energy areas that are of 
concern to the electric utilities-from 
the raw fuels to delivery of electricity 
to customers. The problems are 
enormous, and EPRI can only 
choose areas of high priority. The 
federal government, because of its 
larger budget , especially now with 
the establishment of the Energy Re
search and Development Administra
tion (ERDA), is in a much better po
sition to assume a big share of the 
R&D activities. Federal agencies and 
EPRI have recognized this from the 
beginning, and have had cooperative 
program planning on a completely 
voluntary, professional, open-discus
sion basis to eliminate duplication of 
effort. The agencies involved include 
the Atomic Energy CommiSSion 
(AEC), the Office of Coal Research 
(OCR), and Bureau of Mines, the 

Chauncey Starr has been 
president of the Electric 
Power Research Institute 
since its formation in Janu
ary 1973, after resigning as 
Dean of the School of Engi
neering and Applied Sci
ences, UCLA. He tells 
ES&Ts Lois Ember of the 
Institute's sponsorship of re
search to develop environ
mental and economic tech
nology to meet future energy 
needs. Perennially bow-tied, 
knowledgeable and glib, Dr. 
Starr discusses EPRl's joint 
programs with federal agen
cies, exotic forms of energy, 
Project Independence, the 
tall stack controversy and 
nuclear safety. As a mem
ber of the Manhattan Project 
and the designer of the only 
nuclear power reactor to op
erate in space, he advo
cates open discussion of nu
clear energy as a power 
source. 
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National Science Foundation, NASA 
and, most recently, the EPA . 

We have just entered into a Mem
orandum of Understanding with the 
AEC that provides a framework for 
cooperative work over the entire field 
of electric energy R&D. It establishes 
!l mechanism for joint program plan
ning , for exchange of information, for 
joint funding and management of se
lected projects, and for carrying on 
parallel but complementary projects. 
lhat agreement will now apply to re
lationships with ERDA. 

There is a basic difference of ob
jective between the federal govern
ment and the electric utility industry 
which is very important when you 
look at the joint activities. The feder
al government has responsibilities for 
the nation's general welfare and for 
concerns that are beyond the control 
of anyone industry, such as fuel re
sources , the availabil i ty of energy on 
a national scale. the way energy sys
tems exchange. These are matters 
of federal policy because they 
involve foreign trade, survivabil ity 
of the nation, and economic growth . 
The federal government's con
centration has been on resource 
development and technology for new 
energy resource systems. The utility 
industry's primary function is the 
generation and delivery of electricity 
to consumers: the federal govern
ment, except for TVA & Bonneville, 
has no responsibility for the delivery 
of electricity to the consumer. So, 
our interest focuses heavily on the 
technology of generation , transmis
sion, distribution, and end-use. 

Can you cite an example of joint pro
gram planning? In the nuclear area , 
the AEC is primarily concerned with 
the performance of nuclear fuels in 
relations to nuclear plant safety. We 
also have that concern, but since 
they are funding that part of the work, 
we are funding the portion of the nu
clear fuel performance which has to 
do with the reliability of the fuel, and 
the economics of the fuel cycle 
which determines the cost of power 
to the consumer . But, as you make 
the fuel more reliable you inherently 
decrease the safety issues resulting 
from fuel failure. 

Will agreements be signed with other 
agencies? Yes , there is an agree
ment under way with the Department 
of the Interior , and we are discussing 
agreements with other federal agen
cies in the energy sector. With the 
establishment of ERDA all of these 
will automatically become part of this 
Agency. The establishment of ERDA 
is a great thing for the country be
cause it means that the energy pro
grams will have a broad overview 
that considers both the consumer's 
needs and the national welfare . 
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RESEARCH CONTRACTS 

Who is a typical recipient of an EPRI 
contract, and what is the average 
length of a contract? The bulk of the 
smaller contracts are distributed to 
non-profit research institutions like 
Battelle , Denver Research Institute, 
or Stanford Research I nstitute, and 
to universities. Increasingly large 
numbers are going to scientific and 
engineering departments in universi
ties for applied science areas. When 
the programs get involved in hard
ware development, the project is apt 
to go to a manufacturer skilled in the 
hardware area, but for whom the risk 
of development is high. Most pro
grams and the projects that are part 
of them, run 3-5 years. The contract 
may be written for the whole project, 
but the funding is year-to-year , just 
like federal funding. 

Can you give an example of a pro
gram? An example is our program in 
the field of superconductive rotating 
machinery. Now, superconductivity is 
a very interesting, somewhat exotic 
phenomenon, but its application to 
rotating machinery may be novel to 
your readers. Rotating machinery 
gets bigger as the power station gets 
bigger, and as the power plants get 
bigger the ability to expand this ma
chinery becomes limited by the phys
ical strength of the materials. If you 
build such a machine from a super
conductive assembly, you can shrink 
its size, at least on paper. EPRI has 
a program at MIT to explore the 
basic problems of building such ma
chines, and then manufacturers-GE 
and Westinghouse-work closely 
with M IT to build prototypes. I don't 
expect to see a large-scale super
conductive rotating machine for at 
least the next 10 years . 

How is the information derived from 
these contracts disseminated? 
Through all the traditional channels 
that any scientific research institute 
uses. The reports, including progress 
statements, written for EPRI are im
mediately disseminated to all mem
ber-companies. Copies of these re
ports are sent to anyone in the ener
gy business who is interested . The 
scientists performing the experimen
tal work are encouraged during the 
work, and at the completion of the 
work to write professional papers, 
and appear at professional meetings 
to present status reports. 

When you talk about the research 
programs, are you talking about ap
plications that will come about in the 
near-term future? Let me give you 
some arbitrary definitions . Anything 
that will actually be used by utility 
systems as part of their regular oper
ation prior to 1990, is considered 
near-term. What this means is that if 
it isn't in laboratory pilot operation 
now, it is not going to be in use by 
1990. Now, things that are still in the 
scientific conceptual stage will be 
on-line after 1990 . Our thinking goes 
40-50 yr ahead. Ro ughly half our 
money is devoted to near-term proj
ects and the other half to long-term 
projects. 

What are some of the environmental 
considerations integrated into EPRI 
projects? First, roughly half of our 
work is focused on helping the utility 
industry meet environmental criteria 
in the delivery of electricity-things 
like stack gas cleanup, coal gasifica
tion, coal liquefaction, reducing nu
clear plant effluents. The other half is 
devoted to developing advanced 
technologies for reducing the cost of 
electricity generation. The environ
mental considerations are the issues 
of public concern - nuclear safety, 
land use, aesthetiCS, environmental 
impact of chemical pollutants - all 
these problems are concerns of ecol
ogists, physiologists, and public 
health officials . We are not assuming 
that any of today 's standards are 
necessarily those for the next 30 yrs. 
Thirty years from now there may be 
more stringent or different environ
mental criteria, and we want to antic
ipate these, to develop the technical 
options to meet them. 

RISKS AND INDEPENDENCE 

The deadline for achieving national 
air quality standards is mid-1975. Are 
the electric utilities going to make 
this deadline? If you are asking me 
whether the technology is available 
for the utilities to do this in any sen
sible way, I don't see it. What the 
utilities need to justify installation on 



their systems is evidence that the 
capital investment that they're going 
to put into the system will result in 
useful functions , and that the capital 
investment can be amortized over 
the life of the power plant. " the life
time of the equipment is 3 or 5 yr, 
anything less than 10 yr, the cost to 
the consumer will be enormous, and 
I don't think any utility management 
could ju stify such an investment
except under legal duress. 

Now, if you ask me whether the 
technology is available for a long-term 
investment , it isn't now. The utilities 
are in a great dispute with the EPA on 
this issue and I am sure that it is going 
to be solved administratively and 
legally. Whatever happens the con
sumer is going to pay for it. 

clear-so that the U.S. doesn't have 
to rely on imported oil. The U.S. 
should be pushing conservation mea
sures in ' parallel with development of 
alternative energy sources so that 
ten years from now we won 't be de
pendent on Arab oil. The issue here 
is not just economics; it's an issue of 
world political pressure. 

According to an unpublished Federal 
Energy Administration report " Nucle
ar energy, while a clean energy 
source in terms of air quality pre
sents the greatest polential hazard to 
human health 01 all luels." What are 
your comments? I don't believe it, I 
would like to see the report. The 
statement is complelely assinine, 
and I don't know the basis for it. " 

"Every professional and analytic study that has 
been made on the hazard to the public from nu
clear power plant effluents . .. has indicated that 
the risk to the public from nuclear power and all 
of its possible effluents is much less, by big fac 
tors, tha n the risk of the alternative-fossil 
fuels. " 

Are tall stacks, without scrubbers or 
precipitators, sufficient to eliminate 
the discharge 01 harmful pollutants to 
the environment? The basic issue of 
the tall stack is an issue which is 
technologically and scientifica lly in 
dispute. The issue is whether contin
ued fall -out of slightly acidic sulfate 
compounds, over large reaches of 
the country, will result in long-term 
ecological damage. " the alternative 
to tall stacks is a very high-cost 
stack gas cleanup system , then you 
have to decide whether the uncer
tainties of the tall stack dispersa l 
system justify huge capital invest
ments for stack gas cleanup. I don 't 
think the answer to that question has 
been arrived at yet. 

Regarding Project Independence, 
when will the U ,S, become self-suffi
cient in energy? I don't think that 
there is any possibility within the next 
decade, even under a crisis Situation, 
of the U.S. being self-sufficient in en
ergy. It might be possible in the next 
30 yr to develop enough indigenous 
energy sources-coal , oil , and nu-

EPR I 's Starr 

there is such a report I would like to 
see it and I would like to see who 
wrote it. 

Why do you leel that this statement 
is incorrect? Every professional and 
analytic study that ha s been made on 
the hazard to the public from nuclear 
power plant effluents , and the poten
tial hazards from the nuclear fuel 
cycle systems 30-, 40-, 50-years in 
the future has indicated that the risk 
to the public from nuclear power and 
all of its possible effluents is much 
less, by big factors, than the risk of 
the alternative-fossil fuels . The 
risks have all been analyzed in great 
detail. The professional studies that 
have been made by people con
cerned with the biological issues 
have been very definitive on the fact 
that while there is much to be done 
to improve the safety to the public , 
nuclear power safety as it now 
stands presents fewer risks to the 
public than the risks associated with 
the alternative power sources . There 
is no risk-free power source available 
yet for public use. 

HVT AND AESTHETICS 

What have been the advances in 
high voltage transmission in the past 
lew years? The biggest advances in 
high voltage transmission have been 
the increasing reliability 01 350-750 
kV power lines, and the interconnec
tion of networks so that system per
formance prevents the failure of one 
network from shutting-down the 
whole system . The next biggest area 
has been the development of high 
voltage dc. Transmission lines in this 
country are traditionally ac lines. If 
you go to direct current and high 
voltage, the size of the right-of-way 
decreases, and your losses de
crease; you can carry more power al 
lower cost. 

Can they underground high voltage? 
High voltage undergrounding is ex
tremely expensive, and it is limited in 
voltage by the insulation material s. 
EPRI has a major R&D program 
studying methods to increase the 
carrying capacity of underground ca
bles. Incidentally, superconductivity 
is one of the long-range possibilities 
in this area, but improvement in insu
lation materials is another . 

Will they have to underground lor 
aesthetics? You have to underground 
in any case when you get in a city, 
especially like New York . The issue 
of aesthetics is going to be one of 
great public discussion, and one 
which has other than a technological 
input. The point is that to eliminate 
overhead tran smissio n lines is going 
to be extremely costly. The transmis
sion and distribution grid of the coun
try represents a bigger capital invest
ment than the power generation fa
cilities of the country. These are not 
trivial expenditures, and the public 
really has to be willing to pay for un
dergrounding. 
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PAT REPORT 
PRA CTICAL. AVAILABLE TECHNO lOGV 

Recovering chlorine from waste HCI 
Hoechst-Uhde Corp. has constructed electrolysis plants which produce 300,000 
short tons of chlorine annually; other plants under design will bring the aggregate 
chlorine output by its direct electrolysis process to 425, 000 short tons per year 

Essentially all chlorine is presently 
produced from alkaline chlorides 
such as common salt by the conven
tional electrolytic method . In 1970, 
some 22 million tons of this chemical 
were produced . At the same time, 
considerable quantities of aqueous 
hydrochloric acid or hydrogen chlo
ride gas result each year as by-prod
uct materials from chemical manu
facturing activities. 

These industrial wastes are also 
being converted to chlorine by an 
electrolytic process. In this way, a 
valuable chemical material is recov
ered from an otherwise discarded in
dustrial waste stream. Existing and 
proposed regulations prohibit the 

Mobay plant manager Elliott 
"first U. S. use will be expanded 50% 

by 1976" 

dumping of this hydrochloric acid 
into waterways, and underground in
jection of such acid has raised envi
ron mental objections. 

The most successful designer of 
hydrochloric acid electrolysis plants 
was Friedrich Uhde GmbH. The com
pany gained sufficient valuable expe
rience in the two plants it con
structed in Germany. Developed 
through the joint efforts of Farbwerke 
Hoechst AG and Friedrich Uhde 
GmbH, the first commercial unit was 
constructed in 1963. The first elec
trolysis unit in the U.S. was built in 
1971-1972 at the Mobay Chemical 
Corp. plant at Baytown, Texas. It is 
the largest one built to date, averag
ing 180 metric tons per day of chlo
rine production . 

Mobay plant manager Fred B. El
liott explains that hydrochloric acid is 
not easily disposed of. "The electrol
ysis process puts the waste by-prod-
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uct back into the manufacturing 
stream, " he says. "The unit also 
avoids the cost of neutralization. Pro
cess-wise, we are quite pleased with 
the unit . Of course, there were some 
mechanical and construction materi
al problems but these problems have 
now been overcome. In fact , Mobay 
is expanding by 50% the electrolytic 
process unit. Completion date is ex
pected by early 1976. " 

Sources of industrial Hel 

The major portion of gaseous HCI 
obtained in the chemical industries 
originates from organic chlorination 
processes, some 50% of the chlorine 
used in many chlorination processes. 
A number of other industrial HCI-pro
ducing operations include the chemi
cal manufacturing operations for the 
production of isocyanates-interme
diates in the production of polyure
thane polymeric materials-as well as 
other chemicals of commerce-or
ganic fluorine compounds used as 
refrigerants and aerosol propellents 
and silicones. 

In its manufacturing operation, 
Mobay has two or three sources of 
hydrogen chloride gas, all stemming 
from isocyanate manufacture. The 
majority of the Hoechst-Uhde elec
trolysis units have been installed and 
are used today with isocyanate man
ufacturing operations. In the early 
1970's Uhde secured contacts for 
four other plants with a daily aggre
gate capacity of 520 metric tons. 

It is worth noting that three of 
these plants, including the Mobay 

plant, are not combined with an alka
lin~ chloride electrolysis plant, which 
meant that special care had to be 
taken to ensure that the isocyante 
and hydrochloric acid electrolysis 
plants were tailored to each others 
needs. Two of these plants were 
equipped with so-called chlorine re
covery facilities, in which the chlo
rine is almost completely recovered 
from the bleaching liquor obtained 
when the plant is started up or shut 
down and in the hydrogen scrubbing 
unit (98% yield). In the production of 
isocyanates, the total amount of 
chlorine introduced into the reaction 
in the form of phosgene is recovered 
as gaseous HCI. 

Other disposaf techniques 

Electrolysis or alkaline chlorides is 
still the most common method used 
for the production of chlorine, and as 
a result considerable quantities of 
sodium hydroxide have risen also. 
However, the demand for sodium hy
droxide has not risen to the extent of 
chlorine. Consequently, there is a 
definite need to produce chlorine 
without obtaining caustic alkali as 
co-product. So, recovery of valuable 
raw materials is a must. 

Other processes have alleviated to 
a certain degree the disposal prob
lem of excess hydrochloric acid. 
These processes include the oxy
chlorination in the production of eth
ylene dichloride as starting material 
for vinyl chloride; the use of hydro
chloric acid in the metallurgical acid 
for pickling purposes as well as its 

Where Industrial hydrochloric acid Is generated 

f>roduc:tlon of chlorine bearing 
solyents 

Production of raw materials for 
detergents 

Production of chlorination products 
Produc:tlon of F'rlgens 
Produc:tion cit silicones 

Production of isocyanates 

Reactjons 

RH + CI,- RCI + HCI 

RCI + HF -RF + HCI 
4RCI + 251 - 2R,5ICI, 

R R " / 2R,SICI, + H,O- · 51..0 •• 51 + 2HCI 

R/ '\ 
COC!, + RNH,- RNCO + 2HCI 
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use for phosphate rock digestion. 
Nevertheless, these processes did 
not constitute a universal solution to 
the HCI disposal problem. 

At the same time, there are four 
known processes for the production 
of chlorine from hydrochloric acid. 
Three are based on indirect electroly
sis via metal salt solutions but only 
the direct electrolysis has been wide
ly adopted and used on a commercial 
scale since 1964, despite the fact 
that the decomposition potential is 
considerably higher than in the case 
of the indirect processes. 

One reason chemical producers 
have preferred the direct process is 
probably because the other pro
cesses each consist of two indepen
dent stages working at different rates 
and efficiencies and are more costly 
and require larger reactions vessels. 
Another aspect is the fact that the 
high current densities that.are possi
ble in the direct process cannot be 
achieved in the indirect one. 

How It works 

In the electrolytic decomposition 
of aqueous hydrochloric acid, effi
ciency must be realized at the mini
mum power requirements for the two 
reactions-2 CI = CI2 + 2 e at the 
anode and 2H + 2 e = H2 at the 
cathode, the theoretical minimum 
electrolysis voltage between the two 
electrodes is the potential of the 
chlorine-hydrogen cell of about 1.36 
volts . In practice, this voltage will in
crease in line with the polarization at 
the two electrodes at the commonly 
used current densities. To this volt
age at the electrodes must be added 
the voltage drop in the electrolyte 
that depends on the cell construction 
and the operating conditions select
ed . The voltage will further be in
fluenced by factors such as the dia
phragm permeability and the specific 
conductance of the hydrochloric . 
acid . 

The cell voltage depends on the 
hydrochloric acid concentration. It 
rises sharply for hydrochloric con
centrations under 20% because of 
the decrease in conductivity. Opti 
mum concentration of hydrochloric 

Open air. Electrolysis plants such as this one in France are not enclosed 

acid for best conductivity is between 
20-22% at a temperature of 80°C. At 
concentrations above 22% the con
ductivity again decreases. Hydro
chloric acid at any concentration 
above 20% can be used in the pro
cess. Usually, in consideration of the 
rising vapor tension of the acid, its 
concentration is kept below 26%. 

Temperature also affects the cell 
voltage. This effect is very marked at 
temperatures between 40-50°C, but 
less noticeable at higher tempera
tures. Although the voltage can be 
improved at temperatures higher 
than 80°C, this value should normally 
not be exceeded so as not to impair 
the durability of construction materi
als used in the cell . 

Development progress 

In 1938-42, the I.G. Farbenindus
trie, as it was then known, began to 
develop hydrochloric acid electrolysis 
in its central German works at Bitter
feld and to dispose of excess hydro
chloric acid in this manner. The com
pany used the process on a commer
cial scale at Wolfen from 1942-44 
when its operations were interrupted 
during World War II. In the 1950's 
Farbwerke Hoechst AG , one of the 
successor companies formed from I . 
G. Farbenindustrie, and Friederich 
GmbH continued to develop the Bit
terfeld cell. 

The first experimental cell had all 
the characteristics of today 's cells. It 
was, in fact, the first bipolar cell to 
be used in the chlorine industry. In 
the electrolysis, two gases are 
formed which must not mix, whereas 
the anolyte and catholyte may be 
mixed. 

Today 's Hoechst-Uhde electrolyz
ers consist of 30-36 single elements 

Status of Hel electrolysis units 

working at current densities from 4-5 
kA / m2. A typical electrolyzer with 30 
elements is about 3.5 m long , 2.2 m 
wide, and requires a floor space of 4 
X 4.8 m. The electrolyzers are of 
simple and rugged construction . The 
cell itself consists of a frame of phe
nol formaldehyde or cresol formal de

·hyde-based plastics, containing ducts 
for the products and for the feed and 
effluent hydrochloric acid. Fixed into 
the frame is the bipolar graphite 
plate with slots on both sides for the 
purpose of withdrawing the gaseous 
products obtained. Normaily, the en
tire unit is of the open-air type. 

The gases rise along the vertical 
electrodes and are distributed at the 
upper edge of the graphite plate 
through a system of ducts into the 
discharge openings. Together with 
the anolyte, the chlorine is directed 
toward one end and the hydrogen 
with the catholyte to the other end . 
The diaphragm is fixed to the side of 
the frame. The electrolyzer is closed 
at each end by a steel plate with rub
ber-lined inside surface. The end 
plates and. cell frames are held to
gether by eight spring-loaded tie-rods 
in a manner similar to a pressure fil
ter . Electric power is fed to the 
graphite plates mounted in the end 
plates through graphite nipples with 
stuffing boxes. The electrodes of the 
Hoechst-Uhde electrolyzer have an 
effective surface of 2.5 m2 and can 
withstand a current load of up to 
12,000 amps. The diaphgram con
sists of a PVC fabric specially devel
oped for this purpose and serves to 
separate the electrode chambers, 
and consequently to prevent the two 
products from mixing. The electrolyz
ers are supported by steel frames 
which, in turn, rest on ceramic insu
lators. 

Client location 
C8f't"8itY 
Chlorine" Status 

Bayer Leverkusen 
Farbwerke Hoechst 
Mitsui 

Bayer Dormagen 
Bayer iJerdingen 

Bayer Shell 
Mobay Chemical Corp. 

Eurane 
Asahi Glass . 
Sud Italia Resine S.p.A. 

Q Metric tons/day' 
Source: Hoechst·Udhe Corp. 

Germany ' 
Germany 
Japan 

Germany 
Germany 

Belgium 
USA 

France 
Japan 
Italy 

89 
120 

33 

89 
89 

146 
180 
90 

106 
106 
106 

Built 1962/63 
Built 1963/64 
Engineering completed; Plant 

not built 
Built 1968 
Engineering completed; 

Construction deferred 
Built 1971/72 
Built 1971/72 
50% expansion planned 
Built 1971/72 
Under construction 
Under construction 
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Coal can be a clean fuel 
Redevelopment and expansion of U.S. coal resources are economic necessities. 

Non-polluting use of coal is a health and social necessity. 

NCA's meeting at Louisville was a first big step toward reconciling these necessities 

" Thank God for coal," Secretary of 
tlie Interior Rogers Morton told a 
dinner session of the "Coal and the 
Environment" conference. organized 
by the National Coal Association 
(NCA, Washington , D.C.) , convened 
at Louisville , Ky., last October. Secre
tary Morton foresees that coal will 
play the key role in the U.S. " energy 
matrix" over the long haul. He looks 
to coal as the only near-term hope to 
reduce the U.S. financial drain of $3 
million / hour for the purchase of for
eign oil. 

Secretary Morton 
"Coa l will play key role " 

Bridging the oil gap with coal, 
however, poses some hefty environ
mental challenges-of mine drain
age, strip mining, reclamation , refuse 
handling, and air pollution problems. 
To start meeting these challenges , 
the NCA conference , the fir st of its 
kind, with about 2000 in attendance, 
and 112 firms exhibiting, was held . 

Among the environmental objec
tions to the use of those types of 
coal that are presently less expen
sive and more available in the U .S. is 
the introduction of large amounts of 
SOx and particulates into the air , and 
the primary and secondary effects of 
the SOx and particulates. In order to 
allay these objections, one has a few 
options: 

18 Environmental Science & Technology 

• remove the SOx and particulate 
sources from the coal before or dur
ing combustion 

• use tall stacks and intermittent 
controls , a technique the TVA and 
other interests advocate, at least as 
a temporary measure, but which 
does not have EPA approval 

• scrub particulates, SOx, and 
perhaps other contaminants from ef
fluent gases after the coal is burned , 
and before the exhaust goes out of 
tlie stack . 

Stack cleaning 

Perhaps rio subject of air pollution 
control (apc) technology has been 
the subject of such spirited debate in 
recent months as has stack sc~ub

bing . One side, which includes the 
EPA, states flatly that stack scrub
bing is a here-and-now technology 
ready for application (apparently the 
EPA did not overemphasize cost-ef
fectiveness). The other side states 
just as flatly that stack scrubbing is 
beyond the state-of-the-art, and not 
cost-effective, at least while this 
technology is under development. 
The latter view has been graphically 
presented in frequent advertisements 
by the American Electric Power Sys
tem (New York , N.Y. ) in many of the 
nation 's leading newspapers. 

The M.W. Kellogg Co. is participat
ing tangibly in the great scrubber de
bate by announcing an exclusive li
cense to offer a " proved" SOx and 
particulate removal scrubber devel
oped by Alexander Weir , Jr., of the 
Southern California Edison Co . 
(SCE) . Operated with a lime slurry, 
this scrubber has a design capacity 
of 450,000 scfm, (170 MW equiva
lent) bu t has treated up to 544,000 
scfm (206 MW equivalent) with no 
major operating difficulties. The Weir 
horizontal scrubber operates with an 
average concentration of 200 ppm of 
S02, but a 30,000 scfm unit has suc-

cessfully handled 400-3000 ppm of 
S02· Removal of 90% or better is 
achieved at a liqu'id-to-gas ratio of 20 
gal / 1000 scf per stage . 

Particulate removal has proved ef
ficient , with 0.007 g/ scf in exit gas 
achieved for inlet loadings up to 0.1 
g / scf . According to the company, 
with this achievement in particulate 
and SOx treatment, not only federal 
standards, but the much more strin
gent standards of Clark County, Nev. 
(0.15 Ibs of S02/million Btu) , where 
the units are being tested at SEC's 

seE's Alexander Weir, Jr. 
Developed horizontal scrubber 

Mohave plant (1580 MW) are con
stantly being met. 

According to M.W . Kellogg Co. , 
the Weir scrubber is small, con
sumes little power (about 1.5% of 
power generated), and has an unlim
ited turndown ratio . It also has an ef
fective demister and wash system 
that inhibits scale formation. It has 
required two operators per shift, and 
has been in virtually continuous oper
ation since January 16, 1974. If the 
scrubber is still working well by Jan
uary 16; 1975, as it has so far , it will 
be deemed to have passed its tests . 

Numerous other companies are 
working in the scrubber field . Cata
lytic, Inc., for example, scrubs with 
recyclable ammonia. Dravo Corp. 



Weir scrubber horizontal module 

lime storage silo 

Sludge thickener tanl! 

~~~~~~~~6ft 
lime preparation equipment Thickening ingredient tds 

Rue gas fan 

balances lime with magnesium oxide 
("Thiosorbic lime") to increase SOx 
removal efficiency. Stauffer Chemical 
Co. captures S02 in buffered aque
ous sodium phosphate, and reacts 
the S02 with hydrogen sulfide (H 2S) 
to obtain sulfur. Westvaco uses an 
activated carbon system. 

Coal cleaning 

Another approach to apc is to re
move pollutants from coal before it is 
burned. Sometimes called " coal 
preparation ," this approach is con
sidered by A. Deurbrouck and P. Ja
cobsen of the U.S. Bureau of Mines 
Pittsburgh (Pa .) Energy Research 
Center to be a " viable technology. " 

The main " pollutants" in coal are 
organic sulfur , pyritic sulfur, ash , and 
certain trace elements. Probably the 
least expensive and most highly de
veloped removal method, according 
to Deurbrouck and Jacobsen, is the 
physical removal of pyritic sulfur. The 
methods of removing pyritic sulfur in
clude the wet concentrating table, 
the Humphreys coal-cleaning spiral , 
electrokinetics (electrophoresis, 
deemed uneconomical because of 
power-input requirements to go even 
to pilot stage) , and froth flotation , the 
last developed and patented by the 
Bureau of Mines. Some coal-clean
ing equipment innovations include: 

• the fine-coal cleaning jig (600 
ton / hr capacity), .being reintroduced 
into the U.S. from West Germany 
and Japan 

• the Eis clarifier , a high-capacity 
sedimentation device built by the En
viro-Clear Co. , and presently in use 
at the Grapevine Oreparation plant of 
U.S. Steel (Thacker, W. Va.) 

• screen-bowl Bird centrifuges, to 
dewater the froth flotation coal prod
uct ; a screen-type unit was devel
oped by CMI , Inc. 

• water-only cyclones. 
Organic sulfur , an integral part of 

the coal matrix, generally not remov
able by direct physical separation, 

fan 

comprises 30-70% of the total sulfur 
of most coals. Usually, with higher 
total sulfur content of coal , the ratio 
of organic to pyritic sulfur is lower. 

Additional methods of obtaining 
clean fuel from coal include gasifica
tion, liquefaction, and solvent refining 
(ES&T, June 1974, p 510), among 
others. For example, substitute natu
ral gas (SNG) made from coal is 
now being used by housewives in 
one town in Scotland (ES&T, Decem
ber 1974, p 1070:) . Coal liquefaction 
and solvent refining are being active
ly pursued on a pilot scale with the 
COED liquefaction project and oth
ers, the 50 ton / day Fort Lewis, 
Wash ., solvent refining plant (which 
should be in operation this month), 
and additional efforts being conduct
ed by public and private interests. 

Material recovery 

In the Weir scrubber system, the 
addition of magnesium makes it pos
sible to oxidize all of the calcium sul
fite in the product stream to calcium 
sulfate. The resulting slurry contains 
essentially pure gypsum that settles 
rapidly and forms a by-product that is 
over 70% solid . This by-product is 
drier and more compact, and re
quires less pond area than do by
products of many other lime or lime
stone scrubbing systems. This by
product could alternatively be thick
ened and filtered to produce a high
solids cake suitable for use as dry 
landfill material, or convertible to a 
marketable item such as wallboard. 

Material recovery is being attempt
ed by other companies and by gov
ernment agencies, both at the stack 
and in the coal-clean ing process. For 
example, the Westvaco activated 
carbon process returns spent gas to 
the boiler and yields elemental sulfur 
as a by-product. Catalytic, Inc. uses 
an ammonium salt-scrubbing tech
nique with which the "blue plume" 
normally associated with ammonia 
scrubbing is eliminated; sulfur is pro-

duced ; and ammonia is recycled to 
the system. In some cases, the latter 
process can be adapted to convert 
spent "brine" into fertilizer-grade am
monium sulfate; or, in the case of 
sulfite pulp mills, the spent S02 ab
sorbent can be recycled to the di
gester without additional treatment, 
other than a filtration step. 

Davy Powergas I nco (Lakeland, 
Fla.), formerly known as Wellman
Lord Inc. , captures S02 with sodium 
sulfite, changing it to sodium bisUl
fite . The bisulfite is thermally decom
posed to regenerate sodium sulfite, 
and the S02 is then further pro
cessed . At Northern Indiana Public 
Service Co. (Gary, Ind.) , for exam
ple, sulfur will be produced from this 
S02. The basic system is now on 
stream at six commercial installa
tions in Japan (ES& T, December 
1974, p 1070), and at four in the U.S. 
By 1977, a Wellman-Lord system will 
treat 1.8 million scf of stack gas for 
Public Service Co. of New Mexico 
and Tucson Gas and Electric Co. , at 
a jointly owned coal-fired power 
plant at Fruitland, N.M. 

Interestingly enough, the Wellman
Lord system was originally developed 
to try to find a cheap , plentiful sulfur 
source during the sulfur shortage of 
1965-1967. Similar material recovery 
and by-products, derived by different 
techniques, can be expected from 
processes that clean coal prior to 
burning. 

Taking technical risks 

Every so often, the press carries 
assertions by various " authorities" 
that coal , shale oil , solar energy, nu
clear breeders, fusion-in short, any 
energy source except petroleum
will never really be able to meet eco
nomic or environment requirements, 
or some combination of these. 

As Secretary Morton reminded his 
audience , "If we had always viewed 
our technological prospects so nega
tively, we would never have seen the 
development of the Model T or the 
flight at Kitty Hawk." These develop
ments, as many others, entailed 
varying degrees of technical risk . 
Development of alternative, environ
mentally acceptable energy sources 
will also entail technical risk, and 
such risk is inherent in the evolution 
of improved fuels from coal. 

The economic and geopolitical ' 
risks involved in heavy dependence 
on the availability of foreign oil, how
ever, far outweigh the technical risks 
encountered in diversifying the do-

. mestic energy supply base in an en
vironmentally acceptable manner. To 
accomplish a first major step toward 
diversification, and once more to re
fute technological negativism, the 
material to which the nation will first 
turn will be coal. JJ 
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Changes are in store 
for pulping technology 
Economic considerations and air pollution regulations 
are causing the pulp and paper industry to weigh the 
risks and advantages involved in non-sulfur pulping 

In recent years, the paper indus
try, once considered to be a major 
air and water polluter , has been 
making significant progress in air 
and water cleanup and solid waste 
handling . While much remains to be 
done, cleanup progress is certain to 
continue at a very brisk pace. I n
deed , this industry is estimated to 
have made capital investments of 
about $2 billion in this direction 
during 1974. Often, it had to resort to 
untried technology, or develop 
technology where none had pre
viouslyexisted . 

Many pollution problems arise 
from the use of sulfur systems-kraft, 
or acid or neutral sulfite. About 85% 

TAPPI's vice president Harris Ware 

" New methods and improvements 
needed" 

of a total of 48 million tons of wood 
pulp, expected to be processed in 
1974, will have been produced in 
sulfur systems . Of thi s total about 34 
million tons would be kraft. To ap
proach problem s of environment and 
technological change, does one 
therefore stay with sulfur systems 
and fit or retrofit mills with appro
priate pollution control (pc) equip
ment, or does one seek methods of 
pulping that do not require sulfur? 

The Technical Association of the 
Pulp and Paper Industry (TAPPI , 
Atlanta, Ga.), together with the 
American Paper Institute and the 
U.S. Department of Agriculture 's 
Forest Products Laboratory convened 
the Non-Sulfur Pulping Symposium at 
Madison , Wis., last October to ad
dress the question of " getting away" 
from sulfur systems in pulp and 
paper mills. 
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Kraft pulping 

Nearly a century ago, the kraft 
process, the one most used for 
pulping, was conceived. By the 
1930's, this process had gained the 
most acceptance. 

However , lAPPI 's vice president , 
Harris Ware, said that the Kraft 
process may have passed its prime. 
For example, while the kraft process 
" is the best we have at the moment," 
it suffers from high hemi-cellulose 
losses from yield . Also , liquors and 
vapors have a high sulfur content , with 
all that this implies with respect to air 
and water pollution potential. High ' 
bleaching requirements and complex
ity of processing equipment lend 
further credibility to Ware 's feeling 
that " the kraft process is old and may 
be on the threshold of obsolescence 
in its present form ." 

In addition , rather sharp modifi 
cations must be made to the kraft 
process if it is to meet today 's en
vironmental standards. These mod
ifications could entail huge capital 
expenditures-more than $11 million 
for a 1000 ton / day mill , in January 
1972 dollars. If , as Ware points out, 
" the kraft process is obsolete for 
capital cost reasons ," and if " the 
industry's earning and financial 
strength cannot justify new kraft 
capacity to meet increasing pulp 
demand ," capital spending on kraft 
process pc systems would be equally 
unjustified . Indeed , Ware said , "The 
pressure is severe for either a new 
pulping process or a major modifi
cation of the old process. " 

Non-sulfur approaches 

Non-sulfur pulping itself is not 
new, for it was in use during the late 
1850's as the so-called soda pro
cess . Nevertheless, until about a 
decade ago, not much work was 
done on non-sulfur method updating. 
Increasingly str ingent environmental 
guidelines and standards, however, 
have caused research institutes, 
paper companies, and public agen
cies to take a long, hard second 
.look at non-sulfur techniques, and try 

Air pollution control costs for a 
typical mill 

Capi t al 
investm ent 
(tll0usands 
of dolla rs) 

Recovery boifer 1200 
Evaporation 920 
Pulping 780 
Auxifiary boiler 720 
Recausticizing 580 
Washing and screening 205 
Bleaching 195 
Annual ope ratin g costs a re est imated at 
S313,000 
Mill produces 1000 tons/day of Pll ip by kraft 
process 
Janua ry 1972 dollars 

to modernize them. With non-sulfur 
pulping methods, "there can be' 
eliminated most of the pollutive 
factors that are readily and most 
easily sensed , such as the volatile 
and malodorous sulfur compounds 
from kraft mills," as Matti Saukkonen 
and IIpo Palenius of the Finnish Pulp 
and Paper Research I nstitute ex
plained to the TAPPI symposium. 

What is relatively new in non-sulfur 
pulping is oxygen pulping-usually with 
alkalies, such as sodium bicarbon
ate, carbonate, or hydroxide-and 
oxygen bleaching. This method 
shows promise for achieving low 
odor from mills, as well as low 
wastewater color through counter-



current disposal of high-color 
bleaching wastes, according to 
William Major, technical director of 
Westvaco 's Bleached Board Division 
(Covington, Va.) . The Pulp and Paper 
School of North Carolina State Uni
versity and several Canadian con
cerns have been actively exploring 
this concept. Westvaco itself has 
been operating a non-sulfur process 
since September 1971. 

The Hammermill Paper Co. (Erie, 
Pa.) has also operated a non-sulfur 
pulp mill since 1971 . As of last Oc
tober , this mill included a 640 ton i 
day digester, two stages of diffusion 
washing, brown stock screening , and 
a bleach piant. Hammermill initially 
experienced major problems with 
black liquor evaporation , and with 
malodorous " kraft-like" emissions 
that caused citizen complaints. 

Process modifications helped to 
solve Hammermili's black liquor 
problem with only a small loss in 
steam economy, but , also with a 
means of reducing the total alkali 
used. As for odor control, the sym
posium learned that the "kraft-fike" 
odors did stem from sulfur. How
ever, the sulfur came from fuel oil , 
raw lake water, alum treatment of 
lake water, and impurities in pur
chased limestone, rather than from 
the non-sulfur process itself. 
Changeover to gas about May 1973, 
and installation , in mid-1974, of a 
scrubber system that scrubs with 
residual chlorine in mill effluent, have 
greatly alleviated the odor problem. 

Owens-Illinois Co. (0-1, Big Island, 
Va., and Tomahawk, Wis.) recently 
announced a non-sulfur process that 
the company believes will pulp all 
species of hardwood currently in use. 
This process also allows recovery of 
sodium compounds used, a 10-20% 
reduction in other chemical use, and 
production of corrugating mediums of 
quality at least equal to those made 
by the neutral sulfite semi-chemical 
process . Both 0-1 and Westvaco are 
licensing non-sulfur processes; the 
0-1 process has been licensed to 
about 5 paper companies. 

A Japanese view 

The view that Toyo Paper Com
pany, Ltd. (Tokyo, Japan) presented 
to the T APPI symposium was that 
environmental considerations were 
the principal stimulus for the search 
for "new and novel" pulping pro
cesses less polluting than those 
presently in use. Toyo is looking to 
its HOPES process to provide this 
new pulping technique, with air 
pollution control (apc) as the prin
cipal objective. 

The HOPES process is a two-stage 
process in which oxygen pulping with 
sodium carbonate as the alkali is 
being tried. Preliminary results 
suggest that pulp similar in quality to 
kraft pulp is obtainable. According to 
the firm, all preparation and testing 
of hand sheets produced by the 
method were performed according to 
TAPPI standards. 

No fast changes 

To be sure, sulfur pulping meth
ods, be they kraft or sulfite, will still 
be in use for a long time to come. 
The processes involved are largely 
known and proved. In a number of 
cases, it may be economically jus
tifiable to install technology that 
would control emissions of SOx, 
hydrogen sulfide, and mercaptans. 
Indeed, these measures might be 
taken in instances in which the en
vironmental , economic, and cost
benefit pictures look right to man
agement. 

A question that arises is, then, will 
the environmental, economic, and 
cost-benefit pictures look right? 
TAPPl's vice president Ware is not 
sure that they necessarily will. Not 
only could capital expenditures be 
large, but the modifications neces
sary to achieve environmental ac
ceptability, even for apc alone, CQuid 
entail the development of what could 
amount to a new technology. Per
haps the cost-benefit situation would 
justify the installation of such tech
nology in a new or nearly new mill, 
but retrofitting an old mill, and 

modifying that mill enough so that it 
can " interf~ce " with new, sophisti
cated pc equipment may be too 
heavy a financial burden. 

This burden could indeed be 
heavy. Ware told the symposium that 
between 1970 and 1973, for exam
ple, the paper industry's average 
after-tax net profit to net sales was 
3.78%, and after-tax net profit to net 
worth was 8.45%. These statistics 
showed a steady decline from the 
1950-1959 period , when these profit 
figures were 5.32% and 10.78%, 
respectively . Ware said that these 
figures are "in fact not good enough 
to support the capital requirements 
for the industry." Exacerbating these 
capital problems, for environmental 
control or anything else for that 
matter, are high rates for capital , as 
well as low availability, though this 
unhappy picture may change 
somewhat this year. 

Other problems 

The use of non-sulfur pulping 
methods, as well as the major 
modification of sulfur pulping meth
ods, to curb air pollution, does not 
directly attack the problem of water 
pollution or solid waste. Other 
technology must be installed if water 
cleanup requirements are to be met 
by even the newest non-sulfur pulping 
methods. Moreover, capital problems 
of retrofitting older mills for water 
pollution control technology are 
similar to those encountered where 
apc technology is required. 

Nonetheless, to meet environ
mental requirements, and to combat 
the erosion of profits from an aging 
technology, process modifications, 
including modernized non-sulfur 
pulping methods, will appear on the 
scene increasingly. TAPPl 's Ware 
has the greatest confidence that his 
association 's members could supply 
the " flash of genius" needed to de
vise these new methods, improve on 
old ones, and reduce the new 
methods and improvements to 
practice, "thereby accelerating 
progress. " JJ 
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An integration of water pollution 
service capabilities under one roof 

As a new independent subsidiary of The Dow Chemical Co. , 
Hydroscience Associates, Inc. aims to help its clients tackle 
these pollution problems " from one end to the other" 

" We are moving out of the timE! 
when the minimum legal require
ments for effluent treatment are all 
that need be met. We are moving 
into an era in which we ask our
selves. 'why just treat; why not re
cover materials? '" This is the assess
ment of the current water treatment 
situation by Edwin Barnhart. who is 
designated to be president of Hy
droscience Associates. Inc. (HA I) . 
when it opens its doors at Emerson. 
N.J .. as an independent subsidiary of 
The Dow Chemical Co .. this month . 

HAl president Edwin Barnhart 
. Wn y just treat: wh y not recover ?"" 

HAl will compri se three compo
nent divi sions. One such division will 
be Hydroscience . Inc . (H I. West
wood. N.J.) . incorporated in New 
Jersey in 1962 by Wesley Eckenfel 
der . Donald O·Connor. and Barnhart . 
and acquired by Dow in October 
1972. The second is the former Dow 
Environmental Control Services. now 
Environmental Systems . which will 
move from Dow headquarters. Mid
land . Mich .. to Knoxville. Tenn .. dur
ing the middle of thi s year. Finally. 
there is the Resources Planning Divi
sion . which will be located at Emer
son . N.J . Future acquisitions may 
occur. 

Mathematical modeling 

HI 's new president is John Manci
ni . Its principal efforts are directed 
toward mathematical modeling of 
natural water systems and process 
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design . This year . H I will do about 
$1 .5 million worth of modeling stud
ies . These include determination . for 
the State of California . of effects that 
may result from the southward diver
sion of northern California water; for 
example. what may happen to algal 
growth and turbidity in the brackish 
zone of the San Francisco area. An
other model . worked up for the U.S . 
Army Corps of Engineers. will predict 
what may happen to the Tidal Basin 
at Washington . D.C. if more water is 
impounded or diverted from the up
stream Potomac River water for mu
nicipal water supply purposes . 

H I is also engaged in biological ! 
chemical treatment and process de
sign studies . as well as studies for 
wastewater treatment (wwt) proj 
ects. Business is about 90% indus-' 
trial and 10% municipal. and in
c ludes process design for consul
tants . Some c lients are Du Pont 
(about $100.000). Shell Chemical 
Co. (about $120.000) . and the Amer 
ican Textile Manufacturers Institute 
($50 .000) . A municipal c lient is the 

The HAl organization 

City of Roxbury . N.J .• for which HI 
designed and operated a pilot facility 
so that the city engineer cou ld de
sign a finished plant. H I employs 
about 100 people at its facilities at 
Westwood. N.J .. Dallas. Tex .. and 
Walnut Creek. Calif. 

Recovery 

The Environmental Systems Divi
sion (ESD) expects to employ 80 
people. It s pres ident is Kenneth Hon
eycutt . One of ESD 's principal efforts 
is directed toward recovery of water. 
heat. and by -product chemicals for 
dischargers. For example. ESD is 
completing a system for a pulp and 
paper company . which would allow 
recovery of acetic acid . furfural. and 
methanol from effluent. HAI 's Barn
hart estimates that the system would 
have a 4- 5 year payback. and then 
generate a return. 

ESD also works in incineration and 
disposal of industrial by-products. In 
this effort . ESD did a $5 million proj
ect for 3M . and is complet ing one for 
Eastman Kodak . 

I J1Ie .. QntIaICt. ..... 1IIIt) ! I fIICIIIItII ............... 
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Presenting __ _ 
McGraw-Hill's 
ultra-timely 
commonsense 
environment 
sourcebook __ _ 

McGRAW-HILL 
ENCYCLOPEDIA OF 
ENVIRONMENTAL 
SCIENCE 8Vz x 11 , 754 pp. 573 iIIus . 

Staft of the McGraw-Hili Encyclopedia 
of Science and Technology 
DANIEL N. LAPEDES, Editor-In-Chlef 
With 300 practical, illustrated A-Z articles by 
top authori ties on what we know today about 
the environment and man's impact on it, this 
extremely important work presents vital infor· 
mation from such areas as meteorology and 
climatology, ecology. conservation, ocean· 
ography. soi l and civil engineering, agricul 
ture, geochemistry, and many more. Exten
sive cross-referencing shows how various 
parts of the environment are interrelated and 
how we affect and are affected by them, and 
thus helps the reader establish a base from 
which to devise strategies for solving our en
vironmental problems. The volume is, there
fore, a necessary part of the working equip
ment of everyone contributing in any way to 
environmental science and technology today. 

... Also Important in Your Field ... 
INDUSTRIAL POLLUTION 
CONTROL HANDBOOK 

Edited by Herbert F. Lund 
26 hard-nosed chapters by specialists give 
today's most effective 80lutlons to controlling 
and/or el iminating air, water, land, and 
thermal waste-industry by Industry. 

r-----MAIL TODAY-----, 
FOR FREE EXAMINATION 

McGraw-Hili Book Company 
1221 Ave. of Amerlcal, N.Y., N.Y. 10020 
Send book(s) checked below for 10 
days' examination. In that time I will 
remit price(s) shown, plus tax. postage, 
and handling costs. or return book(s) and 
owe nothing. See no-charge budget terms 
below. o ENCYCLOPEDIA OF ENVIRONMENTAL 

SCIENC E (045260·1) $24 .50 (Terms : 
$10.00 in 10 days; $14.50 one month 
later) o INDUSTR IAL POLLUTI ON CONTROL 
HANDBOOK (039095-9) $32.50 (Terms : 
$10.50 in 10 days; $11 .00 a month for 
2 months) 

Name ____________________ __ 

Address __________________ _ 

City ______________________ _ 

Slate Zip ______ _ 

PAY NOW AND SAVEl Remit In full with 
this coupon, plus tax , and we pay postage 
and handli ng costs; same refund privilege . 
Offer good only in the U.S. and subject to 
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Planning 

While Barnhart will be president of 
the Resources Planning Divi sion 
(RPD) for the time being , manage
ment will be by Rita Meyninger. RPD, 
which expects to employ 30 people 
- mostly biologists, geologists, icthy
ologists, and mathematical modeling 
experts- will focus on environmental 
assessments. Such assessments 
could assist federal regulatory agen
cies with preparation of environmen
tal impact statements. Other RPD 
work will involve land use and land 
disposal techniques. 

Among RPD 's cl ients are the U.S. 
Army Corps of Engineers, cities of 
northern New Jersey, and the Millik
en Chemicals Division of Deering
Milli ken Co ., a large privately owned 
textil e firm . 

Uniqueness 

Barnhart told ES& T that HAl 's uni· 
queness will be found in the firm 's 
capabilities to look at two important 
questions: 

• Why just treat wastewater; why 
not recover materials? 

• If recovery is not feasible , what 
is the environmental impact of treat
ed effluent discharge? 

HA l would then answer these 
questions completely " from one end 
to the other." Barnhart believes that 
HAl 's capabi liti es will help a dischar
ger to prove that hi s effluents are en
vironmentally compatible, and are 
not causi ng problems, according to a 
stiffer set of industria l discharge per
mit regulations Barnhart confidently 
expects. Another uniqueness of HAl , 
Barnhart said, is a staff of full -t ime 
professionals who have been in the 
field over the last 15 years . 

The " track record" of the HAl 
components , with many customers 
among the '·Fortune 500," is certain
ly impressive. HAl 's one-year bu si
ness backlog stands at $6 million, 
conservatively, and may prove to be 
as high as $10 million . HI and ESD 
are profitable now, and RPD is ex
pected to generate profit shortly. 
Moreover , there is international bu si
ness in England , Italy , and Switzer 
land . 

Barnhart said that HAl may also 
be in the enviable position of being 
able to benefit from the present eco
nomic ·'stagflation ." One reason is 
that with government spending cut
backs, additional planning was 
mandated , for example, under Sec
tion 208 of the Water Quality Act. 
Another equally com pellin g reason 
Barnhart gave is that industrial com
panies, faced with tighter regulations 
and higher chemical costs, cou ld 
tu rn to HAl for help in devising re
covery systems that offer opportuni 
ties for payback on investment, and, 
perhaps, eventual profit. JJ 
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Disposing of 
liquid wastes 
underground 

This half-century practice, used with 
reluctance, steadily increases as 
surface waters become overwhelmed by 
municipal and industrial wastes 

Deep wells as a liquid waste man
agement technique are used with 
great reluctance because of their po
tential for adverse impact on the en
vironment. Nevertheless, since ES&T 
has been following the developments 
in this area (ES& T, December 1973, 
p 1106), the permitted number of 
wells has steadily increased from 30 
in 1964 to 333 today. Of this total, 
278 are actually drilled, and only 178 
are being used. The average in
crease has been 23 new wells drilled 
each year with 19 placed in opera
tion, according to the Environmental 
Protection Agency's (EPA) report 
"Compilation of Industrial and Munic
ipal Injection Wells in the United 
States." 

Relevant data 

The disposal of wastes by injection 
into deep wells has been practiced 
for nearly 50 yr. But, only within the 
past 10 yr, as surface waters be
came less capable of receiving ef
fluents without violating standards, 
has this disposal technique become 
attractive. The variety of wastewaters 
injected include, in order of volume, 
chemicals, petrochemicals, pharma
ceuticals , hydrocarbon refining by
products, metal manufacturing 
wastes, and municipal sewage. 

Since the effects of subsurface 
pollution are not fully understood, all 
relevant data pertaining to this dis
posal method were collected. Includ
ed in EPA's survey were those deep
well injection systems that use saline 
aquifers-oil field brine injection 
wells, storage wells, and private do
mestic sewage wells were excluded. 
Of the inventoried wells, 90% are 
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drilled to a depth greater than 1000 ft, 
87% inject wastes at a rate less than 
400 gal/min, and 78% have a surface 
pressure head less than 600 psig. 
For 97% of the wells where sufficient 
data were available, the minimum 
distance the wastewaters will have 
travelled within 10 yr was calculated 
as less than 3000 It, and less than 
6000 It alter 50 yr. 

Twenty-four coterminous states 
and Hawaii have permitted wells; 
Texas, understandably, has nearly 
one-third of these wells. More wells 
were drilled in 1969 while more oper
ations were terminated in 1972 ac
cording to the report. The most rapid 
growth for operating injection wells 
occurred between 1964 and 1970. 

Aquifer characteristics 

Most rock types have, under the 
proper conditions, sufficient porosity 
and permeability to accept large 
quantities of fluids. However, an aq
uifer used for the injection of liquid 
wastes should possess: 

• a zone with sufficient perme
ability , porosity, thickness and area 
to act as a storage reservoir; and 

• a zone that is vertically below 
fresh water circulation and confined 
by rock stratum impermeable to 
waste liquids. 

Of the three major zones of injec
tion in the U.S., the Tertiary sands of 
the Gulf Coast possess the required 
characteristics for injection wells for 
the states of Texas, Louisiana, and 
Alabama; the Cambro-Ordovician Ar
buckle carbonates of the central 
plains serve the states of Kansas and 
Oklahoma; and the Cambrian Mt. 
Simon sandstones provide the pri-

mary injection zone for wells in 
Michigan, Ohio, Indiana, and Illinois. 
Tertiary sands and sandstones are 
the most commonly used aquifers 
followed by the carbonates, evapor
ites, shales, and metamorphics. 

For adequate protection of potable 
water, the aquifer should be so struc
tured that waste liquids are injected 
to a zone at least 1000 It (300 m) 
below the land sudace, and one or 
more strata impermeable to the verti
cal movement of wastes are present. 
The wastes should also be separated 
horizontally from the fresh water. 
Most permitted injections wells in the 
U.S. have been drilled to depths be
tween 1001 and 2000 It, but wells 
greater than 8000 ft exist. 

Difficult decision 

In a recent decision, the Atlanta 
(Ga.) regional office of the EPA ruled 
that the City of West Palm Beach 's 
water pollution control facility could 
include injection wells to dispose of 
sewage-treated effluent. Speaking at 
the ground breaking ceremonies, 
Deputy Regional Administrator John 
C. White termed the decision "trau
matic," although the alternative, re
jected by the EPA, was disposal of 
the effluent through an ocean outfall 
one mile out to sea. 

The Florida project, scheduled for 
completion in 1976, will hopefully 
meet existing and 1983 federal treat
ment requirements, and serve as a 
proving ground for the method used 
to treat the effluent and its disposal. 

-The initial 3500-ft deep well is being 
constructed to be used for test inj ec
tion purposes, and subsequently as a 
monitoring well. A potential aspect of 
the project is that the treated water 
pumped underground may represent 
a viable water supply at some future 
d~e. LRE 
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Energy implications of 
cleanup operations 

The environmental thieves of modern society-air, water, 
thermal and noise pollution, congestion, poor land use, and 
solid waste management-pilfer our already limited energy 
supplies 

Eric Hirst 

Federal Energy Administration, 
Washington , D.C. 20461 

National concern for environmental quality on the one 
hand , and energy supplies on the other, appear to con
flict in two distinct ways. Environmental quality consider
ations limit fuel supplies to those that can be extracted 
and burned in environmentally acceptable ways . Some 
limitations are strip mine regulations, sulfur content limi
tations for coal, and power plant siting restrictions. The 
second area of conflict is in the amounts of energy re
quired to operate pollution control systems . By outlin ing 
the energy implications of operating various environmen
tal protection systems, the second area of conflict is 
broadly reviewed. Since technology and . the law are 
changing rapidly, required levels of pollution abatement 
and optimal strategies for meeting these legal require
ments have, in many cases, not yet been determined . 

The limited problem areas examined were: 
• urban passenger traffic 
• wastewater treatment 
• solid waste management 
• air pollution abatement 
• waste heat dissipation. 

However, the energy implications of resolving other envi
ronmental problems might be significant. For each of the 
problem areas considered , the energy costs required to 
operate specified systems, but not costs associated with 
construction were considered. 

The hypothetical parameters used to evaluate energy 
implications are based on 1970 data. These energy costs 
are probably upper limits since the parameters were de
signed to meet stringent goals. Technological and legal 
changes could alter these figures . 

Urban passenger traffic 

Transportation causes several major urban environ
mental problems including air pollution , noise, conges
tion, inefficient land use, and accidents. Of the many 
possible solutions to these problems, the energy implica
tions of three: (a) shift from automobiles to mass transit , 
(b) use of air pollution control devices on automobiles to 
reduce emiSSions, and (c) redesign of automobiles to im
prove fuel economy are discussed. Item (c) is a method 
of counteracting the energy costs of item (b) . 

Mass transit is often suggested as an environmentally 
attractive substitute for automobiles because of its lower 
air pollution emissions, smaller land requirements , great-

er safety, and ' improved fuel economy. The automobile is 
particularly energy intensive because of its low seating 
capacity relative to weight ; existing mass transit systems 
are half as energy intensive as autos. The nearly com
pleted BART system in San Francisco, with its advanced 
lightweight design, is expected to be even less energy in
tensive than existing electric transit systems. Table 1 
compares energy requirements for several urban passen
ger systems. 

Energy requirements per passenger mile are strongly 
dependent on the load factor (percentage of seats occu
pied). The higher the load factor, the less energy inten
sive the system. Thus, a fully loaded bus operating only 
during rush hours will be much less energy intensive than 
a bus operating for a full day. 

Only a small and declining fraction of urban passenger 
traffic is carried by mass transit-down from 15% in 
1950 to 3% in 1970. Of the 20 billion passenger miles 
carried by mass transit in 1970, 35% was carried by 
electric systems and 65% by buses. 

It is difficult to predict how many new transit systems 
will be built in the future, how widely they will be used, 
and the extent to which existing systems will be revital
ized. Assuming a 10% shift from urban auto traffic to 
mass transit in 1970, at approximately 3500 Btu / passen
ger mile and 690 billion urban auto passenger miles, 
use of mass transit would have saved 320 trillion Btu. 
This savings is almost 6% of the 1970 urban passenger 

TABLE 1 

Energy use for urban passenger transport 
. in 1970 

Energy per passenger-ml,. 
. Load Seats 

Vehicle type Btua kWh,. 
factor, pe' 

% vehicle 

Electric mass 
transit (1970 

. system) 4100 0,353 26 58 
IJART . 2400 0.207 20< 72 
Motor bus 3700· 18 50 
Automobiie 8100 28 5 

(l Gasoline converted at 136,000 Btu/gal. b Power plant heat 
rate (including transm~sion and distribution losses) taken as 
11;600 Btu/kWhr. t: Load' factor is assumed equal to 1970 laaCf 
factor for aU urban mass transrt. 
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Fuel consumption as a function of vehicle 
weight for 1971 and 1972 model cars. 
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traffic energy budget, equivalent to 0.5% of total U.S. en
ergy consumption (67,400 trillion Btu) for 1970. 

The federal Clean Air Act of 1970 established air pollu
tion emission standards for automobiles designed to re
duce hydrocarbon, carbon monoxide, and nitrogen oxide 
emissions by about 90%. Meeting these standards will 
probably worsen fuel economy by 10-30%. According to 
recent tests conducted by the Environmental Protection 
Agency (EPA) , the fuel penalty caused by emission con
trols on 1973 model cars is 10%. Use of catalytic con
verters to meet 1975 standards improved fuel economy 
considerably. 

Applying an average fuel penalty of 20% to 1970 urban 
auto traffic shows an increase in fuel use of 1100 trillion 
Btu. This represents a 19% increase in urban passenger 
traffic energy use, a 1.6% increase in total energy use for 
that year. 

Because of concerns over domestic oil shortages and 
the need to import large quantities of petroleum, there is 
considerable interest in improving the energy efficiency 
of our transportation system. Since the automobile con
sumes a larger share of the transportation energy budget 
than all other modes combined, an examination of this 
mode for potential efficiency improvements is crucial. 

The single most important determinant of auto fuel 
economy is vehicle weight. Fuel economy in the Con
sumer Reports test trip (1971) ranged from 35 mi / gal for 
the 1600-lb Datsun to 11 mi / gal for the 4600-lb Mercury 
Marquis. The 1971 average auto fuel economy, as re
ported by the Federal Highway Administration, was 13.7 
mi / gal. 

Other methods to reduce fuel use include redesign of 
auto shapes to reduce aerodynamic drag, use of low-loss 
tires such as radials, use of cars with lower horsepower
to-weight ratios, redesign of the internal combustion en
gine, and use of alternative power sources. Table 2 
shows fuel economy for a number of engines tested by 
the EPA. The diesel engine (which met the 1975 stan
dards) and the prototype stratified charge engine (which 
met the 1976 standards) provided fuel savings of 44% 
and 15%, respectively, relative to the 1973 internal com
bustion engine. 

Combining all the energy-conserving options could cut 
auto fuel use by as much as one half, but this is unlikely. 
More likely, average auto fuel economy would be im-
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TABLE 2 

Energy intensiveness for several 
automobile engines , . " 

Btu 
, EI relative to 

Vehicle 1973 IC 
Engine ton-mile enE;inea 

1973 IC 5600 100% 
1976 prototype IC 6600 118 
1973 Wankel 8200 146 
1973 prototype stratified 

charge 4700 85 
1973 diesel 3100 56 

« EI = energy intensiveness; Ie = internal c.ombustion . 

proved sufficiently to offset the expected fuel penalty 
caused by emission control. Such an improvement could be 
achieved by a 25% shift to small cars weighing one half 
the average, plus a 25% shift to diesel engines. 

If no offsetting actions are taken, energy requirements 
for urban passenger travel could increase because of 
auto emission standards. Fuel savings owing to in
creased use of small cars and greater use of more energy
efficient auto engines were assumed to balance the incre
mental fuel costs for pollution control. Applying these as
sumptions to the 1970 situation would have yielded a net 
energy savings of 320 trillion Btu/yr, owing to the assumed 
10% shift from autos to mass transit. 

Wastewater treatment 

Wastewater treatment can take a variety of forms, de
pending on the use to be made of the treated water (and 
the strictness of water quality standards). Much waste
water in the U.S. is presently untreated or inadequately 
treated. One third of the total wastewater effluent comes 
directly from homes; the remaining comes from com
merce and industry, particularly chemical, food, pulp, 
and paper manufacturers. 

Domestic wastes require about 0.17 Ib of oxygen per 
person per day for biological oxidation. The load of a 
treatment plant is usually expressed in terms of popula
tion equivalents (PE), which is the total biochemical oxy
gen demand (BOD) divided by 0.17 lb. 

Figure 2 gives the annual electricity cost per PE as a 
function of plant size for conventional primary treatment, 
and for primary / secondary (activated sludge) treatment. 
Also shown is the kWhr requirement for the 7.5-million
gal / day Lake Tahoe Advanced Waste'Treatment (AWT) 
plant. Major economies of scale exist in the kWhr con
sumption for operation of treatment plants. Negating the 
use of large plants are the costs of piping and pumping 
water from long distances to a central plant. 

Electric energy requirements for .sewage 
treatment as a function of plant ~ize. 
Annual electricity use (kWhr/PE) 
150 ' 
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TABLE 3 

Energy use for solid waste disposal by 
landfilling 

City Energy, Btu/ton 

. Oak Ridge, Tenn. 
Los Angele., Calif. 
New York, N.Y." 

190,000 
300,000 
510,000 

II The estimate for New York includes energy used for street 
cleaning and is. therefore. too high. 

A rather small plant size of 30,000 PE yields an energy 
consumption of 41 kWhr / PE-yr , The ratio of PE to popu
lation in 1970 was 3; thus, electricity use for primary / 
secondary treatment of all wastewater in the U,S, would 
have been 25 billion kWhr / yr, 1,8 % of total 1970 electric
ity use, This is equivalent to 290 trillion Btu / year, 0,4% of 
total energy use , 

The incremental kWhr cost for tertiary treatment is 
about equal to that for the primary / secondary system , 
For the Lake Tahoe AWT plant , primary / secondary / terti
ary treatment requires 70 kWhr / PE-yr , In addition, 1,4 
million Btu / PE-yr of natural gas is consumed for a total 
AWT energy cost of 2,2 million Btu / PE-yr. 

Solid waste management 

Approx imately 250 million tons of residential , commer
cial , and institutional solid waste were produced in the 
U,S, during 1969, Of this , 25% was uncollected, 68% 
was disposed of in open dumps and landfills , and 6% 
was incinerated , Only a very small fraction was recyc led, 

Energy , primarily petroleum, is required to collect , 
transport , and landfill solid wastes, Table 3 gives esti
mates of the energy required for these processes for 
three very different cities . . 

A reasonable average value for solid waste collection , 
transportation, and disposal in landfills is 300 ,000 Btu / 
ton . If all solid waste had been properly landfilled in 
1970, the total energy cost would have been 75 trillion 
Btu , 0,1% of total energy use that year . 

Incineration of solid waste yields heat at a rate of 
about 10 million Btu / ton. This heat can be used to gener
ate electricity, For example, the Union Electric Co , in St. 
Louis burns 300 tons of municipal refuse a day to gener
ate 12.5 MW of electrical power. Similarly , the General 
Motors Truck & Coach Division recently installed two 
boilers specifically designed to burn processed plant rub
bish , About 55,000 tons of refu se will be burned annually , 
If 10% of the 1970 solid waste had been incinerated , 25 
billion kWhr / yr could have been generated, equivalent to 
1.8% of total electricity consumption (0,4% of total pri 
mary energy use for that year) , 

A partial alternative to solid waste disposal is recy
cling. When materials are recycled , various processes 
associated with virgin material cycles (e ,g" mining , 
crushing, grinding, milling , separation , transportation to 

TABLE 4 

Production data and' estimated energy use 
for basic materials 

Percent 
Energy 

coefficients. 
of pro· 
duction 

million Btulton 

Total 1970 from 100%. 
production,tI old ~~it~~n!s re-

10I tons scrap cyclea 

Steel 132 26 23 8 
Aluminum 4.0 4 218 9 
Paper 52 .5 18 28 21 

II. Recycie energy coefficients include 2 million 8tu/ton for 
solid waste separation , transportation , and miscellaneous uses. 

smelter , oxide reduction) are not needed, On the other 
hand , waste products must be collected, separated into 
components. shipped to refiners. remelted . and then (as 
with virgin materials) shipped to finishing plants for fabri 
cation, 

For steel . aluminum. and paper , primary energy con
sumption for production from recycled scrap is consider
ably less than energy required to make these materials 
from raw ores, For example , the energy required to pro
duce raw steel from scrap is about 25% of the energy re
quired to make steel from virgin o res. For aluminum, the 
figure is less than 5% . and for paper 60-70%, These en
ergy estimates do not include collection. separation, and 
transportation of solid wastes, Table 4 lists basic produc
tion statistics for steel. aluminum. and paper and esti
mates of the primgry energy required to produce eact 
material using existing methods and using 100% recyclec 
scrap. 

Approximately 50 kWhr / ton is required to separate 
solid wastes into useful components , Transportation o' 
recycled materials to processing plants is assumed to reo 
quire one million Btu / ton , and an additional 50 kWhr / tor 
is included for miscellaneous purposes, 

If one third of the U.S. production of these three mate· 
rials had been obtained from recycled scrap in 1970. the 
overall energy savings, considering all steps from mine 01 

solid waste to primary production. would have been aboul 
440 trillion Btu , almost 0,7% of total energy use, The 
electricity savings would have been 23 billion kWhr, 1,7% 
of total 1970 use, Although major institutional and eco
nomic problems that inhibit . greater recycling of en
ergy-intensive materials have been ignored, it can be 
seen that greater recycling would reduce energy con
sumption. conserve resources , and help alleviate solid 
waste problems, 

Air pollution abatement 

The major sources of air pollution . by weight . in 1970 
were: transportation 55%, stationary power sources 17%. 
industrial processes 14%, solid waste disposal 4%. and 
miscellaneous 10% , Emissions can be reduced with pol
lution control equipment which trap emissions before re
lease to the atmosphere . by fuel substitution . or by pro
cess changes, 

Legislated pollution control devices for automobiles will 
substantially reduce air pollution levels in both urban and 
rural areas. Substituting mass transit for autos in urban 
areas would reduce total energy consumption and , there
by. lower pollution levels further , 

Particulate emissions from stationary sources are com
monly removed with electrostatic precipitators, The elec
tricity required to operate 95% efficient precipitators at 
electric power plants is typically less than 0.1 % of power 
plant output. Limestone scrubbing to remove 80% of the 
sulfur from stack gases would consume 4 to 8% of power 
plant output. Other su lfur removal processes may require 
much less electricity-the molten carbonate process is 
expected to use less than 1 % of plant output for 90% ef
ficient sulfur removal. Energy costs for nitrogen removal 
are not yet known. 

The electricity requirement for 90% efficient particulate 
and 70% efficient sulfur removal at power plants, fur
naces. cement plants. incinerators . and fossil fuel clean
ing facilities was estimated at 26 billion kWhr / yr for 
1970, To account for increasingly strict air quality stan
dards and the fact that several industrial air pollution 
sources were not considered in the above list, the air pol
lution control electricity consumption was arb itrarily in
creased by 50% to 39 billion kWhr / yr. 

The primary energy requirement for 90% efficient par
ticulate and 70% efficient sulfur removal at the stationary 
sources I isted above was estimated at 560 tr illion Btu for 
1970. This includes the electricity noted above plus 260 
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trillion Btu for heat. I ncreasing the total Btu requirement 
by 50% yields a primary energy requirement for air pollu
tion control at stationary sources of 840 trillion Btu for 
1970, 1.2% of total 1970 energy use. 

Wasle heal dissipation 

For every kilowatt-hour of electricity generated in the 
U.S ., about 7100 Btu of waste heat are discharged at or 
near the power plant, a consequence of the 32.5% aver
age thermal efficiency with which electricity is now gen
erated. Much of this heat is discharged to natural water 
bodies adjacent to power plants that use once-through 
cooling, with the remainder lost in-plant and up the 
stack. 

In some cases the ecological impact of thermal dis
charges to natural water bodies may be sufficiently ad
verse to warrant the use of alternative condenser cooling 
systems, such as cooling ponds or cooling towers. In 
1970, about 20% of the installed steam-electric capacity 
was cooled with towers and ponds. By 1990, at least 
35% of all power capacity is expected to use cooling 
towers, and an additional 13% is expected to use cooling 
ponds. 

Energy is required for operation of cooling towers to 
pump cooling water to towers, in towers, and back to 
condensers. Mechanical draft towers require energy to op
erate fans that blow air through the towers. Increased 
turbine back pressure caused by use of closed-cycle 
towers results in a loss of electricity production. 

Use of mechanical draft, wet cooling towers results in 
a power penalty, relative to once-through cooling, of 
about 1% for fossil plants and 2% for nuclear plants. For 
natural draft wet towers, the comparable figures are 2% 
and 3%. Natural draft towers use more power, in spite of 
the fact that no fans are required, because of their higher 
turbine back pressures. Nuclear power plants require ad
ditional power because they operate at lower efficiencies 
and use more cooling water. 

For dry cooling towers, the power penalty is higher 
than for wet towers because of a greater increase in tur
bine back pressure. The power loss for dry towers is 
about 6%. Because of their higher capital costs, dry tow
ers are not likely to be extensively used during the next 
decade or so. 

The power penalty for cooling ponds is small relative to 
once-through cooling. 

If 50% of all power plant capacity had been equipped 
with wet cooling towers in 1970, the electricity consumed 
would have totaled 14 billion kWhr, 1% of total consump-

TABLE 5 

Energy use for .hypothetical1970 
environmental quality measures 

Urban passanger Iravel 
Mass transit 
Automobile pollution control 
Redesign of automobiles 

Secondary level sewage 
treatment 

Solid waste management 
Landfilling 
Incineration, electricity 

generation 
Increased recycle 

Air pollution control at 
stationary sources 

Waste heat dissipation with 
cooling towers at power 
plants 

TOTALS 

In· 
crease, 
trillion 

Btu 

1100 

290 

75 

840 

160 
2465 

320 

1100 

290 
440 

2150 

Percent 
of total 
energy 

use'" 

-0.47 
+1.63 
-1.63 

+0.43 

+0.11 

-0.43 
-0.65 

+1.25 

+0.24 
+3.66 
-3.19 

I I Total 1970 energy consumption was 67.400 trillion Btu . 
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tion assuming that the average power penalty is 2%. The 
primary energy equivalent of this electricity is 160 trillion 
Btu, 0.2% of total 1970 energy consumption. 

Conclusions 

The National Petroleum Council (NPC), as part of its 
work on the U.S. Energy Out/ook, examined energy re
quirements for environmental improvement. The NPC 
total and that given here are in close agreement-rough
ly 3.5- 4.0% of total energy use. 

In spite of the assumption and limitations used in de
veloping the present estimates, several interesting and 
useful conclusions can be drawn. First, the quantities of 
energy required to achieve various environmental quality 
goals are relatively small. For example, the 840 trillion 
Btu estimated for air pollution at stationary sources is 
only 1,2% of total 1970 energy use. At an annual energy 
growth rate of 3.5%, this represents four months' energy 
growth in 1970. The sum of aI/ the increased energy 
costs (Table 5) amounts to about one year's normal 
growth in energy use. This suggests that present energy 
growth rates cannot be attributed to operation of environ
mental protection systems. 

Second, energy needs for environmental protection 
can be more than offset by various conservation mea
sures. Increased recycling, generation of electricity with 
solid waste, shift from autos to mass transit, redesign of 
autos to improve fuel economy, and increased building 
insulation could significantly reduce energy growth. Such 
energy conservation measures would reduce pollution , 
conserve scarce energy resources, and generally save 
money for consumers. 

Third, the conclusions in regard to primary energy 
closely correspond to those for electric energy. An earlier 
study by the author found that "the quantities of electric
ity required to achieve various environmental quality 
goals are not large" relative to total 1970 electricity use. 
According to a survey conducted by the Edison Electric 
Institute, industrial use of electricity in 1971 for pollution 
control equaled 3% of total electricity use for that year. 
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Meteorology is able to look back on more than one 
hundred years of international cooperation and progress. 
The World Meteorological Organization (WMO) and its 
predecessor, the International Meteorological Organiza
tion created in 1873, have been the focal points of these 
international efforts. They have been remarkably suc
cessful in bringing together the national capabilities of 
member countries for monitoring atmospheric and related 
geophysical parameters, and in coordinating the ex
change of observed data. A continuous technical evolu
tion in methods of communication and observation has 
permitted a steady development, extension, and improve
ment of systems for monitoring the physical properties of 
the atmosphere on a global scale. 

With the development of new approaches to forecast
ing weather, particularly the use of satellites and comput
ers, it became obvious that the then present system 
(1960) was not sufficient to cover completely the atmo
sphere horizontally or vertically, and was not capable of 
data exchange with sufficient speed. It was realized that 
to make use of modern techniques to extend weather 
forecasting from 24 hours to several days, it would be 
necessary to expand the network of observation stations 
over many land areas in developing parts of the world not 
yet covered and, even more importantly, over large ocean 
areas, particularly those in the southern hemisphere . 
Improved observations from the upper atmosphere were 
also needed. 

This thinking induced the General Assembly of the 
United Nations in 1960 to adopt unanimously a Resolu
tion that called upon the WMO to develop a plan that 
would ensure " that these new devices are fully used in 
man 's constant endeavour to improve his basic knowl
edge of the atmosphere and that this knowledge will be 
applied in practical and peaceful ways for the benefit of 
all peoples of the world. " 

The World Weather Watch 
In response to this Resolution , WMO formulated plans 

for a new world weather system to which the name World 
Weather Watch (WWW) was given . The World Weather 
Watch program, which was launched by the World Mete
orological Congress in 1963, constitutes the basic part of 
the WMO monitoring enterprises and involves three ele
ments: 

• the Global Observing System (GOS) 
• the Global Telecommunication System (GTS) 
• the Global Data-Processing System (GDS). 
The first system ensures that meteorological observa

tions are made regularly at fixed international times at a 
networK of stations covering, as far as possible, the 
whole surface of the globe. Some 9,000 stations form the 
present network of synoptic land stations. I n addition to 
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these observations, the GOS provides data from about 
6,000 merchant ships at sea, from special ocean weather 
ships, and from a large number of aircraft. In recent 
years , an overwhelming amount of worldwide data from 
meteorological satellites are also being made available to 
all countries through the WWW. 

For monitoring the physical properties of the atmo
sphere, the GOS provides synoptic (usually 6 hourly) ob
servations of such common meteorological parameters 
as air pressure , temperature, wind , humidity, clouds and 
preCipitation, as well as many other types of geophysical 
observations. The GTS provides for these observations to 
be exchanged within a few hours on regional , hemisphe
ric , and even global scales between various centers. 
Many of these centers, in view of the vast quantity of 
data now available, are equipped with modern data-pro
cessing equipment, including high-speed electronic com
puters. The World Centers are located in Melbourne, 
Moscow, and Washington , D.C., with 21 Regional Cen
ters spread around the continents. 

Single-purpose systems 

In addition to the mUltipurpose basic monitoring system, 
designated by the name WWW, the WMO coordinates a 
series of specialized single-purpose systems, each spe
cifically tailored to the needs of the user. These systems, of 
three different types: 

• support research activities in atmospheric science 
• support studies and application of environmental 

problems 
• support special applications of meteorology. 
Monitoring systems in the first category include a limit

ed number of stations for solar radiation , atmospheric 
ozone, and atmospheric electricity. The solar radiation 
network conSisting of several hundred stations around 
the world measures incoming and outgoing radiation at 
the surface of the earth; data from this network are col
lected under the auspices of WMO, and published annu
ally by the Main Geophysical Observatory in Leningrad. 

The network for monitoring ozone in the atmosphere 
includes, at present, 32 stations. Data are collected 
under the auspices of WMO and published annually by 
the Atmospheric Environment Service of Canada. Nine
teen stations under joint coordination of the International 
Union of Geodesy and Geophysics (IUGG) and WMO are 
making regular measurements of the earth 's electrical 
field and its relation to atmospheric processes. 

Monitoring the world 's climate is very essential for 
many application purposes and , in particular, for studies 
of the human environment. An extensive network of 
climatological stations in all WMO member-countries pro
vides the basis for such studies and applications. The 
network, including the special networks established for 

recording precipitation , consists of more than 100,000 
stations that measure elements indicative of the physical 
properties of the atmosphere. This network is similar to 
the stations in the WWW system, but they generally re
port on a monthly basis. Some of the data in the climato
logical monitoring system are exchanged on WWW facili
ties. 

For application purposes, WMO coordinates and pro
vides guidelines for meteorological observations, and the 
processing of data from special national networks serving 
marine activities, air transport, agriculture, and water re
source development. In the latter case, WMO is respon
sible for the coordination and guidance of hydrological 
observations. 

The multipurpose basic WWW system acts in support 
of all the specialized systems; in any country, all or some 
of its constituent elements can simultaneously be part of 
a specialized system. For example, the Global Telecom
munication System of WWW is also used for the ex
change of data from specialized systems. 

Monitoring chemical properties 

I t is only recently that meteorologists, who for so long 
have monitored the physical properties of the atmo
sphere, have begun to follow and study its composition 
and chemical properties systematically. 

In the 1950's a scientific interest in atmospheric chem
istry developed in Scandinavia and spread to western Eu
rope and the U.S ., stimulated mainly by the famous me
teorologist , the late Professor C. G. Rossby, then at the 
University of Stockholm. Unofficial networks of research 
stations were established in these countries for observing 
the chemical content in precipitation . Data from these 
networks were collected in the Department of Meteorol
ogy of the University of Stockholm and published in the 
geophysical journal Tel/us ; data on the CO2 content of 
the atmosphere . over Scandinavia derived from aircraft 
observations were also published. Several important con
tributions to our knowledge about atmospheric chemistry 
were derived from these data and published in Tel/us. 

It is interesting to note that until the mid-1960's these 
research studies in atmospheric chemistry were little 
stimulated by environmental concerns . WMO's Technical 
Commission of Aerology in 1957 established a working 
group on atmospheric chemistry whose main responsibili
ty was to evaluate methods and standardize instrumenta
tion in atmospheric chemistry, with particular reference 
to the problem of ice and condensation nuclei. At the 
subsequent session of the Commission in 1961, the 
working group on atmospheric chemistry was re-estab
lished and charged with the collection, sampling, and 
analysis of atmospheric chemistry data with no reference 
to the problem of air pollution . 

In 1965 the Commission on Aerology recognized for 
the first time the continuous need for monitoring and re
search in atmospheric chemistry and, in particular, the 
problem of air pollution. A new working group was estab
lished to study implications of meteorology to both local 
and background atmospheric pollution. The working 
group was requested to consider, even at this early date, 
the possibility of establishing a worldwide network of sta
tions to monitor atmospheric pollution at a background 
level. 

The changes detected in the composition of the atmo
sphere over the last decade have had, from the point of 
view of the human environment, the effect of degrading 
the atmosphere. We are all well aware of the unpleasant 
health effects and other obvious problems related to 
highly polluted air in cities and industrialized areas, but 
few of us realize that some pollutants gradually accumu
late in the atmosphere and have environmental conse
quences not only locally but over large areas , and that 
ultimately the earth's climate may be affected. 
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Monitoring background pollution 

I n view of the possible detrimental consequences of a 
gradual increase of low concentration pollution, the at
mospheric chemistry working group in 1969 proposed the 
establishment by WMO of a global system for monitoring 
atmospheric pollution at a background level. In 1970, the 
Executive Committee of the Organization accepted the 
proposal to establish a network, and the project became 
operational following approval by the World Meteorologi
cal Congress in 1971. 

The observation stations within the global network are 
located sufficiently remote from industrialized areas so 
as not to be influenced by short-term fluctuations in pol
lution from local sources. The network consists of two 
types of stations with different objectives: 

• regional air pollution stations intended to reveal 
long-term changes in atmospheric composition that may 
be related to changes in regional land-use practices or 
other activities. Parameters measured at these stations 
are turbidity and chemical composition of precipitation. 
Samples are analyzed for S04 - -, CI -, NH4 +, N03 -, 
Ca++, Mg++, Na+, K+, heavy metals, alkalinity, con
ductivity, and pH. 

• baseline air pollution stations designed to document 
long-term changes in atmospheric, environmental param
eters of particular significance to weather or climate, 
with a minimum of influence from local or regional fac
tors . Parameters measured at these stations are turbidity, 
chemical composition of precipitation (as at regional sta
tions) , and carbon dioxide in air samples. 

As a result of a request to all member-countries to es
tablish at least one regional station per 500,000 m' of 
territory, the network of regional stations has expanded 
gradually and, at present, around 130 stations in 58 
countries are proposed or identified. Around 15 of these 
need further consideration regarding the suitability of 
their location. Of the remainder, around 50 are at least 
partially operating and more stations are gradually com
ing into operation as means become available. It is 
hoped that ultimately 150-200 regional stations will be
come operational around the world . 

Continued and increasing interest is being devoted to 
the baseline stations. So far, 10 members have proposed 
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SYNCHRONOUS 
METEOROLOGICAL 
SATELLITE (SMS) 

locations for 12 stations. About a third of these stations 
are either partially operating or being tested fOr opera
tion. The project calls for the ultimate establishment of 
10 to 15 baseline stations around the world but, in view 
of the considerable costs involved, it is anticipated that 
this goal may not be reached for 5-10 years. 

As far as the collection of data is concerned, it was 
agreed that the two World Centers of the WWW in Wash
ington, D.C., and Moscow would collect all data avail
able. It was further agreed that the U.S. would publish 
the data annually; special forms have been developed for 
entering data before their submission to permit publica
tion by computer. 

Baseline stations measure the following additional 
constituents in air samples on an optional basis: 
Sulphur dioxide } or total 
Hydrogen sulphide sulphur 
Oxides of nitrogen (NO and NO,) 
Ammonia 
Total ozone 
Total precipitable water 
Particle composition of dry fall-

out 
(CI-, SO, - - , NO,- , NH,+, 
Ca ++, Mg++, Na +, X+) 

Carbon monoxide 

Standardizing methods 

Methane 
Nitrous oxide (N,O) 
Ozone at ground level 
Condensation nuclei 

(Aitken nuclei) 
Particle size distribution 
Heavy metals (Pb, Hg, Cd) in 

air 
Total light hydrocarbon 

compounds 
(excluding methane) 

The standardization of observations at the stations is 
obviously an important although difficult problem. In this 
new field, methods have not yet been tested and agreed 
upon by specialists. In many cases, the low concentration 
of pollutants in air or precipitation may even prevent 
analysis by existing methods. Nevertheless, WMO has 
made attempts to obtain a consensus regarding the 
methods to be applied. The WMO panel of experts on 
meteorological aspects of air pollution has supervised the 
preparation of manuals on methods of observation and 
analysis to be used at regional and baseline stations. The 



first part dealing with regional stations was issued in 
1971, and the second part dealing with more complicated 
methods to be applied at baseline station is to be pub
lished later this year . Fairly final proposals for methods 
are presented in Part I of the manual but it has been 
agreed that it is still premature to demand the standard
ization of techniques to be used at baseline stations. Part 
II will, therefore, be published in the form of guidelines 
for methods to be applied at baseline or regional stations; 
this will permit the early initiation of observations, even in 
the absence of final recommendations . As accepted new 
methods become available, the manual will be supple
mented with new guidelines. 

An important problem now facing the Organization is 
the extension of the network into areas where govern
ments have not yet volunteered to establish stations. This 
is particularly the case in developing countries. Realizing 
the great importance of this monitoring network, the 
WMO Congress in 1971 decided that the network should 
become an integral part of the World Weather Watch . In 
this way, it will be possible to support the establishment 
of stations in developing countries through the WMO Vol
untary Assistance Programme (VAP) and, indeed , a 
number of developing countries have made requests for 
support to establish background pollution stations. The 
VAP provides for donor countries to voluntarily make 
available means for helping developing countries to im
prove their meteorological networks and facilities within 
the framework of the WWW. With the program's assis
tance, it is hoped that a number of countries will be able 
to join the background air pollution monitoring system. 

Relationship with UNEP 

WMO, through its regular program, will make provision 
for advice on general standardization of methods, for 
coordinating the activities relating to the system and for 
general administration . With the very limited funds avail
able, the Organization will not be able to provide means 
for advice to developing countries, for support to pur
chase equipment, and for the erection of stations. There 
is also need for the training of personnel and the granting 
of fellowships . 

In an attempt to get support for the latter types of ac
tivities, WMO has turned to the United Nations Environ
ment Program (UNEP). The UN Conference on the 
Human Environment held in Stockholm in 1972 requested 
the WMO to continue its efforts to establish a monitoring 
system for background air pollution. The Organization 
then indicated that financial assistance from the Environ
ment Fund for support of the extension of the network in 
developing countries was needed. UNEP has, in fact, 
taken a considerable step in support of the program by 
providing the means for expert advice and equipment to 
a number of stations in the developing countries during 
1974 and 1975. 

UNEP's interest in these kinds of activities was further 
manifested through the Intergovernmental Meeting on 
Monitoring, which was held in Nairobi on Feb. 11-20, 
1974. At this meeting for governmental experts, various 
aspects of how to organize a global monitoring system 
for the whole environment were discussed. Objectives 
and principles of such an overall system were agreed 
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upon. A list of priority pollutants to be monitored in all 
media of the environment was established , and indica
tions about other environmental factors to be monitored 
within the Global Environmental Monitoring System 
(GEMS) were given . 

The Governing Council of UNEP has agreed that UNEP 
should make the necessary administrative arrangements 
for the preparation and implementation of GEMS, while 
taking into consideration already existing systems for 
monitoring the environment. It is to be hoped that UNEP 
will consider the WMO system for monitoring background 
pollution as an important system contributing to GEMS, 
and that WMO will , therefore, obtain further support for 
its development. The Governing Council has allocated 
approximately $1 million to support the overall planning 
and organization of GEMS duing the forthcoming year. 

Monitoring high concentration pollution 

The concentration of air pollution in cities and in in
dustrialized areas is very much related to such meteoro
logical conditions as wind direction, wind velocity , and 
the vertical stability of the atmosphere. The study and 
forecasting of dispersion patterns, and the concentration 
of air pollution in cities and industrialized areas requires 
the careful and specialized monitoring of meteorological 
parameters in addition to the pollutants themselves. 
WMO has for some time, through the activities of a work
ing group, studied both the dispersion and forecasting 
problems in connection with air pollution in high concen
tration . Close cooperation with the World Health Organi
zation (WHO) , which is responsible for the monitoring of 
pollutants in view of their health effects, is continuously 
going on . A WMO contribution on air pollution meteorol
ogy to a manual on air pollution control is to be published 
shortly by the European office of WHO . A Technical Note 
on methods in the application of past weather and cli
mate data to the assessment of the climatological poten-
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tial for air pollution will be published later this year by 
WMO . 

A recent decision of the Executive Committee of the 
WMO calls for increased activities in the area of applica
tion of meteorology to problems of air pollution in cities 
and industrialized areas. In particular , meteorology 
should be applied to monitoring activities and to the de
velopment of air pollution control systems. 

The WMO coordinates its monitoring activities regard
ing the atmospheric environment not only with the UNEP 
and WHO. Close collaboration is maintained with OECD 
on long-range transport of air pollution and its impact on 
vegetation, soil , and water ; with the Economic Commis
sion for Europe of the UN on economic aspects of air 
pollution; and with the Council of Europe on the legal as
pects. 

Additional reading 

WMO Operations Manual for Sampling and Analysis Techniques 
for Chemical Constituents in Air and Precipitation. WMO-No. 
299 , 1971. 

Dispersion and Forecasting of Air Pollution. Technical Note No. 
121,1972. 

Carl C. Wallen is chiel 01 the Division 
01 Special Environmental Applica
tions 01 the World Meteorological Or
ganization. Dr. Wallen has edited the 
journals Tellus and Geografiska An
naler, and was regional editor lor the 
journal Agricultural Meteorology. He 
has published several papers on cli
matology, glaciology, agricultural 
meteorology and environmental met
eorology. 
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CURRENT RESEARCH 

Effects of Ambient Concentrations of Peroxyacetyl Nitrate on 
Navel Orange Trees 

c. Ray Thompson* and Gerritt Kats 

Statewide Air Pollution Research Center, University of California, Riverside, Calif. 92502 

• Young navel orange trees and branches of a mature 
tree were enclosed and exposed for two years at Riverside, 
Calif., to activated carbon-filtered air, carbon-filtered air 
plus ambient levels of peroxyacetyl nitrate (PAN), or am
bient air. The growth of the young trees was reduced by 
the addition of synthetic PAN at levels in ambient air. 
Leaf drop increased. With enclosed branches, significantly 
less growth occurred with PAN. Trends toward reduced 
yield of mature fruit were seen. Short-term apparent 
photosynthesis was not affected by fumigating a young 
tree with 20-80 ppb of PAN. 

Peroxyacyl nitrates, produced in sunlight from unsatu
rated hydrocarbons and oxides of nitrogen, are highly phy
totoxic to some species (1, 2). The effects of peroxyacetyl 
nitrate (PAN), the most abundant compound of the se
ries, has been studied in some detail. It produces a glaz
ing, silvering, or water-soaked condition on the lower sur
face of several leafy vegetables (3, 4) . Lettuce, chard, and 
spinach are especially sensitive. These lesions later dry up 
to give yellow or brown spots which may extend through 
the leaf. Taylor (2) reported that exposure to 14 parts per 
billion (ppb) of PAN for 4 hr produced acute injury on pe
tunia and tomato plants. 

Elevated levels of PAN have been reported in several 
areas of the U.S . Taylor (2) measured 58 ppb at Riverside, 
Calif., in 1967, while Tingey and Hill (5) reported 54 ppb 
at Salt Lake City, Utah_ Mayrsohn and Brooks (6) mea
sured 2lO ppb in downtown Los Angeles, which may be an 
all-time high. Ordin et al. (7, 8) reported that PAN, at 
high levels, inhibited polysaccharide synthesis in Avena 
coleoptiles and inhibited the carbohydrate-synthesizing 
enzyme phosphoglucomutase. Mudd and McManus (9) 
observed the oxidation of sensitive sulfhydryl groups in 
enzyme preparations. No evidence of PAN's causing re
duced apparent photosynthesis in the absence of visible 
leaf symptoms has been reported. The entire ambient 
photochemical oxidant complex has been shown to reduce 
apparent photosynthesis in isolated lemon branches and 
in whole trees (10) . Also, studies on both lemon and or
ange trees showed reduced yield and increased leaf drop 
(11). 

The purpose of the present study was to find out if, and if 
so, how much injury ambient levels of PAN were causing 
to navel orange trees in the Los Angeles Basin as repre
sented by the Riverside area. 

Experimental Methods and Results 

Two parallel studies were conducted to test the effects 
of ambient levels of PAN (occurring in Riverside) on navel 

orange trees_ In one study grafted young orange trees were 
tested to determine the effects on growth, leaf drop, and 
other vegetative responses. The second study utilized near 
equal sized branches from a mature tree. The fruiting 
branches were enclosed in ventilated, plastic-covered 
chambers and both leaf drop and fruiting responses were 
observed. PAN was monitored continuously with an auto
mated PANalyzer (12) at 15-min intervals. Representative 
weekly values of PAN were obtained by taking the sum 
of the means of the hourly averages and dividing by 168 
hr. Total oxidant levels were measured with a Mast ozone 
meter and were calculated likewise, but the hourly values 
were estimated by averaging the continuous strip chart 
record on an hourly basis (Figure 1). 

In the study on young trees, three separate experimen
tal chambers were constructed within an air-conditioned, 
glass-glazed greenhouse. The air in the greenhouse sur
rounding the chambers was filtered through activated 
charcoal to remove ozone, PAN, N02 , and other readily 
adsorbed ambient air pollutants. The chambers were 
wood-framed cubes, 2 x 2 x 2 meters, equipped with ven
tilating blowers and glazed with polyvinyl fluoride (Du
pont Tedlar) . Eight cubic meters of air per minute were 
provided to each chamber. 

One experimental chamber was ventilated with the car
bon-filtered air (clean) from within the greenhouse; the 
second, with carbon-filtered air plus levels of synthetic 
PAN that occurred in outside air (PAN), and a third re
ceived outside ambient air that included the photochemi
cal smog complex (e .g., ozone, PAN, N02) . The amount 
of PAN dispensed into Chamber 2 was essentially equal to 
the weekly average shown in Figure 1, but the hourly con
centration was adjusted to correspond with the hourly av
erage in ambient air at the same time on the previous 

Figure 1. Weekly average PAN and total oxidant levels 
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Table I. New Leaves and Shoot Growth on 90 Selected 
Branches Plus Total Growth Measurements 
and Leaf Retention of Nine Young 
Orange Trees" 

Carbon-
Carbon- filtered Am-
filtered aip:~US bient 

air air 

90 Selected New leaves added 755a 457a 87b 
branches Shoot growth, cm l,423c 947c,d 270d 

Total no. leaves on 
trees 11,508e 10,134e 8754f 

% of total leaves 
dropped 27 25 23 

Entire Av wt of prunings, 
246g 187h 182h trees g/tree 

Av. length cm/tree 
of prunings 1,387 1,161 1062 

No. leaves on 
prunings 5,220 4,527 4329 

No. leaves on 
pru ned trees 3,204i 3,033i 2439j 

a Letters a, b, c. d sign ificance, 99%; e, f, g, h, i. j significance, 95%. 

day. Concentrations were controlled by a diluting and dis
pensing system similar to one used previously (13) . 

Soil, one-half meter in depth, was placed underneath 
the structures and nine young Frost nucellar navel orange 
trees on Troyer citrange rootstocks were planted in each. 
At planting time, the trees were about 1.2 meters In 

height and had about 200 leaves per tree. An irrigation 
system plus soil-moisture sensing devices were installed. 
Cultural practice was such that the young trees grew vIg
orously. The treatments were begun May 10, 1971, and 
proceeded with only minor operational difficulties until 
November 29, 1971. 

Ten individual branches were selected on each of the 
nine trees (90 branches/ treatment) and a record of new 
leaves and increased growth was made. The results, Table 
I showed that numerically new leaves and shoot growth 
dn the 10 individual branches were greatest in clean air, 
less with PAN, and least in ambient. However, variation 
was large enough that, statistically, in the lea~es.-~dded 
data the difference of clean vs. PAN was not slgmflcant, 
but ~Iean vs. ambient and PAN vs. ambient were signifi 
cant at the 99% level of confidence. With growth, clean 
VS. PAN and ambient vs. PAN were not significant, but 
clean vs. ambient was significant at the 99% level. Analy
sis of variance was made by Duncan's multiple range test 
as modified by Harter (I4) and Snedecor and Cochran 
(I5). 

Total leaf drop from the nine trees in each of the three 
chambers was recorded by raking, drying, counting, and 
weighing at two week intervals (Table I) . The total num
ber of leaves and the percent dropped were greatest In 

clean air, less in PAN, and least in ambient. The differ
ences in total number of leaves in both clean and PAN 
were greater than ambient but the percent of total leaves 
dropped was not statistically significant. 

Because the greenhouse which housed this part of the 
study had to be moved to make room for a new building, 
the trees were pruned heavily on November 29, 1971, and 
transplanted to the relocated greenhouse. This is the most 
dormant season for navel oranges. An attempt was made 
to remove enough branches to give trees of comparable 
size and also to remove enough leaves so that the dis
turbed root system would be able to maintain leaf cell 
turgor until root function returned to normal. The amount 
of wood and leaves pruned from the trees and the remain
ing number of leaves were determined (Table I) . The 
wood and leaves were air dried to constant weight. 
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Table II. Average Number of Original Leaves Dropped 
and New Leaves Set per Tree on Transplanted 
Orange Trees· 

Clean 
PAN 
Ambient 

Original 
leaves, 

~ 

360 
345 
269 

Leaves 
retained, 
4/ 24/ 72 

169a 
100b 
82b 

a Letters a, b significance, 99%. 

Leaves 
dropped, 

I 
191 
245 
187 

Leaf 
drop, 

% 
53.5a 
69.6b 
68.9b 

New 
leaves, , 

507 
488 
390 

Differences in weights of prunings removed from the 
trees, clean vs. PAN and clean vs. ambient, were signifi
cant at the 95% level, but PAN vs. ambient was not sig
nificant . Length of prunings showed no significant differ
ences. The total number of leaves remaining on the 
pruned trees was significantly greater in clean air than 
ambient at the 95% level, but was not greater than PAN. 

The pruned trees when relocated were reduced random
ly in number to eight individuals per treatment so that a 
better fit could be made in the chambers. They grew well 
as before. Because high levels of PAN and low to moder
ate levels of oxidant occurred during January to April, 
1972 (Figure I), an evaluation was made on April 24, of 
the number of original leaves left on the trees that 
dropped during the period and the number of new leaves 
which were set. Data in Table IT show that leaves retained 
were greatest numerically in clean air, less with PAN, and 
least in ambient air. Statistically the clean vs. PAN and 
clean vs. ambient were significant at the 99% level. PAN 
vs. ambient values were not statistically different . The 
differences in percent of original leaves dropped, another 
expression of the same effect, showed the same levels of 
significance. 

Field Tree Study. For the fruit yield study, nine cubi
cal chambers 0.61 x 0.61 x 0.76 meters, glazed with poly
vinyl fluoride plastic and equipped with ventilating blow
ers were used. These were installed around nine similar 
sized fruit bearing branches of a mature navel orange tree, 
and 560 liters of air/min (two times the volume of each 
chamber) were provided. A PANalyzer and a PAN dis
pensing system, similar to the one used with the enclo
sures over the seedlings, were installed. 

The same air treatments used with the young trees were 
carried out. Three chambers received clean air, three 
PAN, and the three remaining ambient air. 

The treatments were begun April 28, 1971, and were 
continued on an around-the-clock, seven days per week 
basis . The first evaluation of the performance of the field 
tree was made January 27, 1972, on 10 marked, newly de
veloped lateral branches. The number of shoots from 
these branches and the growth were determined. Shoot 
growth and leaf drop were totaled for the period beginning 

Table III, Shoot Growth and Leaf Drop from 10 Marked 
Lateral Branches on Field Tree, 1971 Season" 

No. of leaves 
Total Shoot 
no. of length, May 10, Jan. 27, 

% lost shoots em 1971 1972 I lost 

Carbon· Filtered Air 
37 328a 270 205 65 21%b 

Carbon·Filtered Air + PAN 
47 347a 306 181 125 37%b 

Ambient Air 
68 446a 472 265 207 43%b 

,I Letters a, b significance, 95%. 



Table IV. Shoot Growth and Leaf Drop from 10 Marked Lateral Branches on Field Trees, 1972 Season" 
Shoots 

No. of Leaves 
Orig. 

Growth, 
Growth, 

Leaves Dropped length, 3'1.% 
Totol , em em of orig. Original produced Total Dropped av,% 

Carbon· Filtered Air 
80 349 636 186a 190 359 549 111 20c 

Carbon· Filtered Air + PAN 
48 308 212 70b 208 174 432 221 50c,d 

Ambient Air 
52 310 276 89b 

a Letters a, b significance,95%; c, d significance, 99%. 

May 10, 1971, and extending to January 27, 1972. The re
sults (Table III) showed that the differences in growth of 
shoots between the three treatments were not different 
statistically. The average percents of leaves on the 
marked lateral branches that dropped during the period 
were 21, 37, and 43% for clean, PAN, and ambient, re
spectively, but these differences were not statistically sig. 
nificant . 

A second evaluation of 10 other newly developed lateral 
branches was made from January 27, 1072, until conclu· 
sian of the study on April 25, 1973. The results (Table IV) 
showed that the growth of shoots was significantly greater 
at the 95% level in clean air than in the PAN or ambient 
air treatments . The PAN and ambient treatments were 
the same statistically . The leaf drop showed a trend with 
an average of 20% loss in clean air, 50% loss in PAN, and 
71% in ambient, but because of individual variation the 
only difference was between clean and ambient air which 
was at the 99% level of significance. 

The total number of immature fruit dropped, leaf drop, 
leaf weight and yield of mature fruit were measured in 
each chamber from May 10, 1971, until January 27, 1972 
(1971 season). There was no statistical difference between 
any of the treatments (Table V, 1971 data). A trend in 
number of leaves dropped appeared with clean air least, 
PAN intermediate, and ambient most. Fruit yield showed 
a trend with clean producing most, PAN intermediate, 
and ambient least . A second period of measurement of the 
same parameters was done from March 14, 1972, until 
April 30, 1973. The results, 1972 season data, showed the 
same trends as during the previous period, but none of the 
differences were statistically significant. Statistical analy· 
sis of all the basic leaf drop data taken at two week inter· 
vals, presented as summaries in Table V, showed that 
clean vs . PAN was not significantly different, but clean 
vs. ambient was significant at the 99% level and PAN vs. 
ambient significant at. 95%. The yield of mature fruit for 
harvest showed the same trends as leaf drop-i .e., clean 
greatest with PAN intermediate and ambient least, but 
variability and very small numbers of replicates overshad
owed any statistical significance. 

An attempt was made to find out what effect short·term 
fumigations with PAN would have on apparent photosyn
thesis of navel orange trees. The apparatus for measuring 
CO2 exchange by intact leaves, was an adaptation of a sys· 
tern designed by Taylor et aL UP). Hospital grade com
pressed air enriched with CO2 to a level of 390 ppm was 
passed into the plant chamber at the rate of 2 l-lmin. A 
Dyna pump was used to circulate air in the chamber and 
to pass air through a drier and into the sample cell of a 
non dispersive infrared CO2 analyzer at the rate of 450 
ml/ min. The reference cell was filled with dry nitrogen 
free of carbon dioxide. The excess air in the plant cham· 
ber was exhausted through a pressure release valve. The 
temperature inside the chamber was controlled automati· 

262 268 530 361 71d 

cally by circulating cold water through a stainless steel 
coiL Temperature was controlled at 26-27°C. Light was 
supplied by two 300·W cool-beam lamps placed over the 
chamber. A Plexiglas water bath was placed between the 
lamps and the chamber to absorb heat. The CO2 enriched 
compressed air at 390 ppm CO2 was supplied to the 
chamber at a flow rate of 2 l -lmin for approximately 1 hr 
with lights off before the start of the light period in order 
to establish an equilibrium with the plant and chamber. 
After the lights were turned on, reduction of CO2 could be 
noticed within 5 min and after 30 min a new equilibrium 
at a reduced level of 220 ppm CO2 (44%) was established. 
After 1 hr, PAN was introduced at 20 ppb. No change in 
the CO2 level was observed. Fumigation at this concentra
tion for Pb hr had no measurable effect on the ability of 
the plant to fix CO2 . A similar test was carried out on two 
consecutive days applying PAN concentrations of 40 and 
80 ppb. No change in apparent photosynthesis was ob
served. 

Discussion 

The replication in this study and size of enclosures for 
both young trees and branches on the mature trees were 

Table V. Field Tree: Immature Fruit Drop, Leaf Drop, 
Leaf Weight, and Yield a 

1971 
Immature fruit 
Mature fruit 
Av mature wt, 104 g 

1972 
Immature fruit 
Mature fruit 
Av mature wt, 196 g 

Fruit 
drop, 

I 

Carbon-Filtered Air 

28 
6 

88 
23 

leaf drop, !-

1318 

2213a,x 

Carbon· Filtered Air + PAN 
1971 

Immature fruit 28 
Mature fruit 2 1955 
Av mature fruit wt, 99 g 

1972 
Immature fruit 29 
Mature fruit 13 3570a,b,x 
Av mature wt, 233 g 

Ambient Air 
1971 

Immature fruit 29 
Mature fruit 0 3638 
Av mature wt, Og 

1972 
Immature 'fruit 98 
M atu re fru it 8 6409b,y 
Av mature wt, 213 g 
a Letters a, b significance. 99%; x, y significance, 95%. 

Total 
leaf wt, 

9 

213 

410 

376 

570 

584 

798 
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limited by the availability of the synthetic PAN required. 
However, the studies showed that PAN can cause in
creased leaf drop and reduced vegetative growth in navel 
oranges. The data in Table I showed that pollutants in 
ambient air reduced the number of new leaves added and 
the amount of shoot growth on selected branches of young 
trees. The effect of the addition of PAN in these data was 
equivocal. Another expression of the same effect and one 
that did show statistical significance was the greater 
weight of prunings in clean air than in either PAN or am
bient air (Table I) when the young trees were pruned back 
for transplanting. This effect occurred during summer and 
fall of 1971 when PAN was moderately high, but not 
heavy. The total leaf drop during this period with these 
young, vigorously growing trees was the same in a ll treat
ments indicating that the levels of photochemical oxidant 
complex that occurred didn't cause additional leaf drop. 

In early 1972, after the trees were relocated and high 
persistant levels of PAN occurred (Figure 1), this pollu
tant did cause increased, statistically significant leaf drop 
(Table II) , and the remaining pollutants in ambient air 
failed to show an effect over and above that of PAN prob
ably b.ecause ozone, and other principal plant toxicant 
was relatively low in winter and early spring as indicated 
in Figure 1. The effect of the total photochemical oxidant 
complex in causing increased leaf drop was observed pre
viously (J 1). 

The results with mature trees were somewhat similar. A 
trend toward greater leaf drop was seen with PAN during 
the first (1971) season when moderately high levels of 
PAN occurred, Table III . During 1972 and early 1973 
when high levels of PAN occurred from January- April, 
PAN or ambient air caused statistically significant reduc
tion in shoot growth (Table IV), and PAN caused a trend 
toward increased leaf drop. 

The effects of PAN on the drop of immature fruit, total 
leaf drop , and yield of mature fruit by year (Table V) was 
inconclusive. The same trends were present with PAN 
seeming to cause some deleterious effects and the total 

photochemical complex more injury, but with the limited 
number of replications no definitive conclusions could be 
proved . 

Fumigating young trees with high levels of PAN for a 
short time caused no effect on apparent photosynthesis. 
Why this pollutant has so little effect during the short 
period requires additional study. 
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Identification of Petroleum Products in Natural Water by 
Gas Chromatography 

Renato Dell'Acqua,* James A. Egan, and Brian Bush 

Division of Laboratories and Research , New York State Department of Health , Albany, N.Y. 12201 

• Gas chromatography on high-efficiency packed columns 
has been shown to be suitable for the rapid identification 
of trace quantities of common petroleum products. Con
centrations as low as 0.25 Ill/l of the contaminants may be 
extracted and identified. Chromatograms of kerosine, die
sel fuel , common fuel oils, transmission Ouid and lubri
cating oils are reported. Three exam pIes of use of the 
method are described. 

Gas chromatography with Oame ionization detection is 
ideally suited to the examination of hydrocarbons . It af
fords a large number of analytical parameters from a low 
level of material with relatively inexpensive instrumenta
tion. Other techniques such as urea adduction (1) infrared 
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absorbance (2) the determination of n-paraffins in crude 
oil by differential gas chromatography (3, 4), infrared in
ternal reOection spectrometry (5). and combinations of 
these (6, 7) have been used; but these methods are 
time-consuming, resolve compounds only partially, re 
quire special instrumentation, and are applicable only 
with relatively large samples. Mass spectrometry (8) and 
the recently developed microwave spectroscopy (9) give 
more information than gas chromatography on high-effi
ciency columns, but the instrumentation is costly and 
temperamental. 

In a previous paper (10) , we described a method for 
quantitation of gasoline. Here we report its application to 
the higher-boiling petroleum fractions. This method does 
not aim to characterize the vast number of components of 
petroleum products but rather to identify the type of 
product by a simple gas chromatographic procedure fol
lowing extraction of the sample by hexane. 



Figure 1. Chromatograms of fuel oils: A. No.6; B, No. 4; C, No. 
2; and D, kerosine 

Crude oil from various geological sources varies widely 
in composition, and these variations are reflected in the 
constituents of the various cuts, blends, and refined prod
ucts arriving on the market. Four main types of hydrocar
bon are present in petroleum: n-alkanes, naphthenes (cy
clic branched alkanes), naphthalenes (bicyclic aromatics), 
and aromatic compounds. The present note deals with 
kerosine; diesel oil; fuel oils No.2, 4, and 6; transmission 
fluids; and lubricating oils. Their characteristics are de
scribed in ASTM Designation, D288-61, and ASTM Des
ignation, D975-68. 

Experimental 

Reagents. Hexane, nanograde. Anhydrous sodium sul
fate, granular, AR grade. Sulfuric acid, AR grade. 

Gas Chromatographic Conditions and Equipment. In
strument: Tracor Model MT 220 (Tracor Inc., Austin, 
Tex . 78121). Column: glass. V-shaped, 2 m x 4 mm i.d., 
packed with Gas Chrom " Q" 80-100 coated with 4% sili
cone oil SE-30 or 4% OV-1. Attenuations: input, 10; out
put, 8. Carrier: Helium (high purity) , 40 psi, no cc/min. 
Detector gases: Air (high purity), 40 psi, 285 cc/min. Hy
drogen (high purity), 40 psi, 37 cc / min . 

The procedure was as previously reported for gasoline 
analysis (10), with the following modifications. Helium 
(high purity) was used as the carrier gas, at the same 
pressure and flow rate. The column was programmed at 
7.5° C/min to 300° C. The sample was acidified to pH 
1-2, and after extraction with hexane (10 ml), the solvent 
was dried over approximately 1.0 gram of granular anhy
drous sodium sulfate . When a grossly contaminated sam
ple yielded a sizable layer of hydrocarbon, it was sepa
rated from the water layer, diluted with hexane, and fi l
tered if necessary. 

Kerosine can be quantitated by interpolating the height 
of a chosen n-paraffin peak to a standard curve (10). 
When the presence 0f the lighter fraction, kerosine, had 
been shown, the extract was concentrated if necessary by 
passing nitrogen over its surface at room temperature to 
achieve the degree of sensitivity required to detect the 
higher fractions that give a lower response in the system . 
For the resolution of these higher fractions, the oven was 
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Figure 2. Chromatograms of transmission fluid . A. and diesel oil, 
B 

set at 50°C and programmed to rise 7 .5°C / min to 300°C 
and hold. The detector was set at 325°C. 

Results and Discussion 

Figure 1 gives chromatograms of kerosine and of fuel 
oils No.2, 4, and 6. Differentiation of kerosine from the 
fuel oils and of fuel oil No.6 from Nos. 4 and 2 is simple. 
Differentiation of fuel oil No. 2 from No.4 is more diffi
cult, particularly after the mixture has resided in natural 
waters. Careful account must be taken of the position of 
the hump, which represents (to a first approximation) the 
boiling range profile of the cut, and of the spread of the 
later peaks. Although No. 2 has as much higher-boiling 
material, No.4 contains a small proportion of components 
with very long retention times. 

Diesel oil (Figure 2) can be distinguished from kerosine 
and from fuel oils No. 2 and 4 because its boiling range 
spread, represented by the hump, is broader than fuel oil 
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Figure 3. Chromatograms of lubricating oils: A, No. 10; B, No. 
20; C, No. 30 
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Figure 4. Chromatograms of three samples of fuel oil No.2 from 
different manufacturers 
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Figure 5. Chromatogram of a water extract from Port of Albany, 
N.Y., showing pollution characteristics 

Figure 6. Chromatograms of water extract from the Voorhees
vil le village water supply, A; sample of fuel collected at mainte
nance site, B; standard fuel oil No.4, C; and sample of fuel col
lected at radio station, 0 
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No.2, though not so broad as in fuel oil No.4. The later 
fractions of fuel oil No.4 are completely absent. Trans
mission fluid (Figure 2) has a boiling range profile similar 
to that of fuel oil No.6 but without the fine structure rep
resented by the major alkanes in the fuel oil mixture. 

The lightest lubricating oil shown in Figure 3 can be 
distinguished from transmission fluid only with difficulty . 
The more viscous lubricating oils, however. are easily dis
tinguished. Viscous lubricating oils and asphaltic materi
als take a considerable time to clear from the column. It 
is very desirable to use the minimum concentration be
cause, even when there has been no apparent recorder re
sponse, fresh injections of hexane will wash materials from 
the column and produce quasichromatograms. 

The fine structure of the kerosine, diesel oil, and fuel 
oil chromatograms allows a high degree of certainty in 
source identification, if samples can be obtained from the 
suspected sources. The task of comparing chromatograms 
of, for example, two fuel oil No. 2 samples is probably 
best achieved with a computer. However, careful exami
nation of the chromatograms and comparison of the rela
tive peak heights of the most characteristic zones (for ex
ample, those with square tops or with points of inflection) 
make unambiguous identification possible, as the fol
lowing examples show: 

Example l. Chromatograms of three No.2 fuel oil sam
ples, collected from three different sources, are given in 
Figure 4. It is apparent that they are not alike, and unam
biguous differentiation would be quite possible, if samples 
from the suspected sources were available . 

Example 2. Figure 5 shows the chromatogram of an ex
tract from a water sample collected in the Port of Albany, 
N.Y. The water has clearly been contaminated by a spill 
of a mixture of kerosine and a heavier cut, such as fuel oil 
No. 6 or a lubricating oil. This indicates that the spill was 
from the bilges of one suspected ship, rather than from its 
fuel oil tank or from the fuel oil tank of the other suspect 
ship, whose bilges were clear. 

Example 3. The water supply of the village of Voor
heesville in Albany County, N.Y., is a spring located in 
the face of a limestone escarpment. One weekend in No
vember 1972, the spring started to emanate a strong oily 
odor. Figure 6 shows a chromatogram from an extract of 
the water supply, along with those of samples of oil taken 
from the maintenance area of a nearby park and a radio 
broadcasting station, where oil deliveries had been made 
the previous week. It is quite clear that the contamination 
came from the park maintenance area . Not only is fuel oil 
No. 2 involved, but the detailed pattern, taking concen
tration variables into account, shows that the two samples 
were derived from the same feedstock. The detailed com
position of products from one manufacturer varies consid
erably over time, and it is unlikely that the contamination 
had occurred from a supply delivered by the same manu
facturer earlier. Further inquiry yielded the information 
that the delivery truck driver had taken shelter from the 
cold and that the line had slipped from the tank during 
delivery, contaminating the spring one mile away, the 
water supply for more than a thousand people. 

These examples illustrate that identification is possible 
in spite of the known changes which occur because of dif
ferential evaporation and microbial action. Such changes 
have been fairly unimportant in our analyses because our 
samples are relatively uncontaminated with microbial 
matter, being for the most part drinking water . Also, most 
are underground water samples or very fresh spills on ex
posed water, and all samples are transported to the labo
ratory with the utmost haste. Over 200 samples are being 
examined annually by the method described. 
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Bioamplification of Mercury in Man-Made Desert Reservoir 

Loren Potter, * David Kidd, and Donald Standiford 

The University of New Mexico, Albuquerque, N.M. 87131 

• Flameless atomic absorption analyses of samples from 
Lake Powell yield mean mercury levels in ppb of 0.01 in 
water, 30 in bottom sediments, 10 in shoreline substrates, 
34 in plant leaves, 145 in plant debris, 28 in algae, 10 in 
crayfish, and 232 in fish muscle. Trout were unique in 
having lower concentrations in muscle than in highly vas
cularized blood tissues. Concentrations increased with in
creased body weight and higher levels on the food chain. 
Muscle of some large fish over 2 kg whole body weight ex
ceeded 500 ppb. Bioamplification of mercury up the food 
chain and association of mercury with organic matter are 
demonstrated. 

The vulnerability of freshwater habitats to mercury 
contamination was established by Swedish investigations 
(1). Mercury levels exceeding the U.S. Food and Drug Ad
ministration "interim guideline" of 500 ppb for flesh have 
been found in fish from many North American locations. 
This level is a maximum, allowing an intake of two fish 
meals per week if the serving averages 150- 200 grams. 
Levels above 500 ppb have been considered evidence for 
pollution, but these high levels have also been obtained 
for fish from habitats with no known pollution source (2-
4) . This illustrates the difficulty of determining sources of 
mercury pollution-a problem that becomes even more 
complex when we cons:der inputs from fossil fuel combus
tion. 

Lake Powell, a Colorado River impoundment near Page, 
Ariz. , is a new reservoir remote from major man-caused 
pollution sources and affords a unique opportunity to es
tablish baseline mercury levels in a reservoir with concen
trations resulting principally from the erosion of natural 
geologic deposits . The extent of bioamplification through 
the food chain in such a recent, relatively unpolluted lake 
is of interest. 

These baseline levels will be used to evaluate the im
pacts of rapid recreational development and future opera
tion of large-scale coal-fired power generation facilities 
near the impoundment. 

Lake Powell, a Bureau of Reclamation storage and hy
droelectric generation reservoir, was initially impounded 
in 1963 and reached a 1971 elevation of 1104.3 meters with 
a volume of 17,860.6 x 106 m3 (14 million acre ft). The 
lake has a potential storage capacity of 33,304.5 x 106 m3 

(27 million acre ft), with a length of 300 km. Annual run-

off into the lake is about 14,800 X 106 m3 (12 million acre 
ft). The deeply dissected sandstones and shales of the 
canyons of the Colorado River system in southeastern 
Utah and northern Arizona produce a shoreline character
ized by precipitous cliffs, sparse vegetation, and little soil 
development . 

Our purpose is to report baseline mercury ievels in 
water, terrestrial substrates, bottom sediments, and vari
ous trophic levels; to provide concentration factors of mer
cury from one trophic level to the next; and to suggest the 
need for a clearer understanding of the mercury budget. 

Analysis Procedure 

Water samples were preserved in glass or polyethylene 
containers with 3 mil l. of 50% nitric acid added at the 
time of collection, and all samples were analyzed in less 
than two weeks. Samples were not filtered, but were ana
lyzed after concentrating the mercury by the dithizone ex
traction method. Chau and Saitoh (5) reported losses of 
35, 82, and 65% after one week if samples were not acidi
fied. Since mercury species may be bound to suspended 
particulate matter, it is possible that our stated values for 
mercury are not valid for water alone, but reflect mercury 
concentration of the unfiltered water with the associated 
suspended materials. However, concentrations reported by 
us are low and do not indicate an undue bias. 

When sufficient material was available, sample sizes of 
1 gram for organic material and 5 grams for mineral mate
rial were used, 'with from two to five replicates . When 
practical, materials were ground or blended to prepare 
homogeneous samples. Terrestrial soils and bottom sedi
ment samples were analyzed in the form collected; biolog
ical materials, such as floating organic debris, aquatic or
ganisms, and terrestrial plants, were analyzed as recov
ered from the frozen or air-dried condition. Tissue separa
tion and homogenization were on fish still partially frozen. 
Portions of sediment and plant samples were weighed and 
saved for dry weight comparison. 

Concentrations of mercury for sediments, soils, and 
plant materials are expressed on an air-dry weight basis; 
crayfish and fish data are on a wet weight basis. In each 
case the material analyzed was in the condition or state in 
which it would be ingested or passed on through the food 
chain. 

Samples were analyzed using the flameless atomic ab
sorption procedures outlined by Hatch and Ott (6) and 
Uthe et al. (7) as modified for use with a Perkin-Elmer 
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Model 306 atomic absorption spectrophotometer equipped 
with a Perkin-Elmer mercury analyzer system. 

Mean percentage recoveries · and mean coefficients of 
variation (c.v .) for the types of materials analyzed were: 
water 92.2% (13.0); geological material 96.0% (7.1); plant 
material 99.8% (14.2); and fish 101.6% (9.81) . 

Mercury Levels of Water 

Mercury levels of unfiltered Lake Powell waters are low. 
We found mean levels of about 0.01 ppb (X = 0.009 ppb, 
std dev = 0.001). These low levels are expected . Wershaw 
(8) concludes that mercury levels are 0.1 ppb or less in 
unpolluted fresh waters and reports USGS results of levels 
at or below their 0.1 ppb detection limit for 34 of 73 sam
plings from the Colorado River. 

Our levels, averaging 0.01 ppb, are based on 12 water 
samples from nine widely scattered locations in Lake 
Powell. Samples were collected from the surface and at 4-
or 5-meter depths. Sample variation between locations 
and depths were expected on the basis of chance alone 
(0.95 probability level) . 

Apparently there is little mercury even in the unfiltered 
water which contains suspended material. It is this water 
medium through which mercury must pass to become in
corporated into mineral and organic matter sediments (9, 
10). 

Rocks, Soils, and Sediments 

Loose rock material collected from the Navajo Sand
stone yielded levels less than 30 ppb, dry weight . Analysis 
of collections from unconsolidated sedimentary rock de
bris, low in organic material, gave mercury levels less 
than 30 ppb. Sand was particularly low in mercury con
tent, with 76% of the 17 samples having levels below 5 
ppb and only one sample having a level above 10 ppb. 

The USGS reports a wide range of mercury levels « 10 
to >6',000 ppb) in sedimentary rocks of this region (11). 
While most strata near the lake gave median levels of 
100-260 ppb, the USGS found levels of <10-40 ppb with a 
mean of 21 ppb at sites near the lake in Navajo Sandstone 
(12). Our values reflect the lower range of USGS data. 
However, we did find higher levels where more organic 
material is associated with the rock debris . These loca
tions incl ude seeps, oak and cottonwood groves, and shal
low mudflats . Fifty-three percent of the samples contain
ing appreciable organic matter had levels greater than 10 
ppb, with the litter and A-I horizon from a cottonwood 
grove yielding 48 ppb, highest of any shoreline substrate 
analyzed . At Lake Powell, substrates containing apprecia
ble organic matter are probably not abundant enough to 
be of major importance. 

Rock material reworked and deposited at the bottom of 
the lake contained higher mercury levels. Bottom sedi
ments near the dam had a mean concentration of 49 ppb 
(95% confidence intervals were 45- 53). Since mercury is 
known to enter bottom sediments close to a point source of 
pollution we felt that a gradient of mercury concentration 
might exist in Lake Powell-higher at the headwaters of 
major tributaries and lower near the dam . This hypothesis 
was not confirmed by the data, a possible reason being 
that variable sedimentation occurs in the lake (13). In 
general , higher mercury levels occurred in midchannel 
locations where material was finer textured and higher in 
organic content. With the exception of one collection from 
the Wahweap Marina, sediments containing more than 20 
ppb were either fine -textured or relatively high in organic 
material. In the tributary Forbidden Canyon, some pro
cessed sewage has been released in front of Rainbow Mari
na (depth about 60 m). The mean level of mercury found 
in this material was 26 ppb, whereas sediments farther up 
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the bay, lower in organic material, had a mean mercury 
level of 14 ppb. 

Drake (I4) estimates that sedimentation is occurring at 
the rate of 2.3 x 106 metric tons per month, and that 
about %. of the 1971 maximum volume of Lake Powell 
was filled with sediment during the first eight years of im
poundment. As mercury concentrations of sediments are 
about 3000 times that of the unfiltered surface water, the 
major portion of the mercury in the lake system can be 
expected-to accumulate in the sediment, from which mer
cury may be released to the biota and water by both bio
logical and abiotic processes (15). 

Plant Materials 

Terrestrial vascular plants were within the suggested 
range of mercury levels for land plants (I 6). The values 
were also within the range previously mentioned for rock 
strata. Leaves gave significantly higher values (15-65 ppb, 
dry weight) than the stems or roots of the majority of the 
19 vascular taxa analyzed . Principal exceptions were the 
evergreens, Mormon ·tea (Ephedra), and juniper (Junip
erus) . 

Mercury levels in water-associated plants and nonvas
cular plants did not differ markedly from those of the typ
ical desert vegetation. However, submerged decomposing 
snakeweed (Gutierrezia microcephala) from Reflection 
Canyon had a mean mercury content of 90 ppb compared 
to 32 ppb for adjacent unflooded snakeweed growing on 
the same substrate. Mercury levels (43-283 ppb, dry 
weight) in lake-transported plant debris were significantly 
higher than those of terrestrial plant materials, further 
suggesting that mercury is concentrated in some flooded 
plant material. While biological uptake as previously dem
onstrated (17, 18) could be occurring in this material, 
Hannerz (19) and others (9, 20- 21) suggest that abiotic 
sorption is an important uptake mechanism in organic 
materials. 

Even with sparse vegetation, debris impoundment from 
an extensive drainage and the growth of tamarisk (Tam
arix pentandra) and other plants in the drawdown zone 
provide an additional route for mercury movement into 
the aquatic system. Through enrichment, plant debris 
with mercury levels 10< times that of the surface water 
may enter the food chain of the lake. Jernelov (15) em
phasizes the importance of organic matter as an energy 
source for the biotransformation and biological uptake of 
mercury. Thus, as a nutrient source, plant material con
tributes to mercury movement in the lake system. 

Invertebrates 

Seventeen crayfish collected at the Wahweap Marina 
had a mean whole body mercury content of 10.0 ppb, wet 
weight (range 2-23 ppb). On a dry weight basis the mer
cury content of these crayfish would indicate some accu
mulation of mercury above the concentrations of the shal
low water sediments of Wahweap Bay (x = 10.0 ppb) . 
Mercury levels in crayfish are 102 times that of the surface 
waters. Although a low-level source to predatory fish , 
there was an increase of mercury from 2- 23 ppb as whole 
body weights increased from 1-10 grams. Thus, larger 
crayfish provide a higher dietary mercury source per unit 
weight to larger predatory fish than do small crayfish. 

Fish 

The mercury content of fish tissue ranged from <5 to 
>700 ppb, wet weight (Table I). As suggested by Johnels 
et al. (22) patterns of concentration occur between tissues. 
Axial muscle had the highest mercury content of all 
tissues analyzed in five of seven taxa . Only in the rainbow 
and the brown trout (Salmo gairdneri and Salmo trutta) 



Table I. Sample Size, Weight, and Mercury Content of Fish (PPB), Wet Weight 

Walleye Largemouth bass Trout 

No. 8 7 3 
Mean wt, g 1597 1098 1125 
Wt range (300-3350) (350-2225) (140-2015) 
Muscle 427 314 84.5 

(209-763) (192-688) (73-101) 
liver 149 163 186 

(42-362) (53-587) (27-384) 
Heart 135 102 228 

(63-320) (19-421) (137-404) 
Kidney 86.2 144 253 

(40-136) (44-498) (93-326) 
Spleen 77 .7 168 257 

(28-160) (26-673) (192-346) 
Stomach 87.3 79 .2 89.3 

(30-158) (26-280) (78-107) 
Brain 17 .2 41.0 98.2 

(4-31) (4-74) (67-152) 
Gonads 42.2 34.0 68.7 

(16-91) (11-107) 
Sk1n and scales 22.5 17.4 13.1 

(12-37) (4-27) (12-15) 
Gills 51.1 42.7 94 .4 

(29-78) (14-100) (55-128) 
Bone 15.7 18.8 16 .4 

(7-29) (3-37) (2-33) 

were the highly vascularized blood tissues higher in mer· 
cury levels than in muscle (Figure 1) . Hasselrot (23) re
ported similar relative levels for Salma spp., as did Ruck
er and Amend (24) for tank experiments with rainbow 
trout . The mercury content of skin and bone was relative
ly low in all species, as it was for gills for species other 
than trout . Gonad, brain, and stomach levels were low to 
intermediate. Higher levels occurred in spleen, kidney, 
heart, and liver tissue. The ratio of mean mercury content 
of all nonmuscle tissue to muscle content (Figure 1) 
seemed characteristic of a species, and suggests that pat
terns of uptake, accumulation, and elimination differ be
tween species, with that of trout being particularly dis
tinctive. 

For those species for which fish of widely differing 
weights were analyzed, larger fish had higher mercury lev
els (Figure 2). This relationship is evident for the muscle 
and liver tissue of walleye (Stizastedian vitrium), large
mouth bass (Micrapterus salmaides), and rainbow trout, 
and for t he whole fish analysis of threadfin shad (Darosa
ma petenense). For the several fish taxa, the mean mercu
ry levels of muscle are positively related to mean body 
weights. No fish weighing less than 2 kg had mercury lev
els above the currently accepted guideline of 500 ppb in 
fish for two meals per week. Of six fish weighing more 
than 2 kg, four (one largemouth bass and three walleye) 
had muscle levels exceeding 500 ppb. The mean muscle 
content of the three la rge walleye (i wt = 2615 grams) 
was 680 ppb and that of the largest bass (2225 grams) was 
688 ppb . A slightly smaller bass (2050 grams) had a mus
cle content of 394 ppb, while the marked difference of 
trout was again apparent as a rainbow trout of similar size 
(2015 grams) had only 101 ppb mercury in axial muscle 
tissue. A significant finding of this report is that levels ex
ceeding 500 ppb may be common in the larger predatory 
fish of Lake Powell-a recently impounded reservoir with 
only very slight and very local pollution. 

There was a positive relationship between food hab it 
and mercury levels in stomach and axial muscle (Table I 
and Figure 3). In Figure 3, representative samples or 

Flanna.mouth 
Black crappie Bluegill Carp sucker 

7 8 5 3 
441 193 574 653 

(300-600) (151-230) (513-638) (650-660) 
204 91.0 252 98.8 

(157-294) (57-127) (181-339) (48-186) 
62 .2 86.6 152 36 .2 

(38-88) (62~96) (55-217) (9-33) 
22.4 129 66.7 14 .6 

(11-37) (87-158) (51-84) (11-25) 
26 .9 28.6 180 33.9 

(10-43) (95-251) (19-56) 
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species are arranged in progressive levels: original nutrient 
sources of water, terrestrial soils, and bottom sediments; 
primary producers (both terrestrial and aquatic) and de
composing, floating plant debris; herbivores and small 
predators; and large predators. Principal directions of flow 
of nutrient and food supply are indicated. Concentrations 
of mercury in ppb represent means for the samples of that 
type analyzed. For fish, the concentrations are of muscle 
tissue unless indicated by an asterisk indicating whole body 
samples. Data are not available for phytoplankton or 
young fish. Mercury concentration of unfiltered water av
eraged 0.01 ppb and that of the terrestrial substrate or 
soils 10 ppb. The latter was used as the base of one for the 
bioamplification or magnification factor. To interpret the 
increase based on water, all underlined magnification fac
tors should be increased by 103 . 

Walleye, bass, and trout (the species with the highest 
tissue mercury levels) are the highest trophic level fish . 
Flannelmouth sucker (Catostomus iatipinnus). a low tro
phic level fish feeding on plant material and small ' inver
tebrates, had the lowest species mercury levels for five of 
the 11 tissues analyzed. Carp (Cyprinus carpio ). a low tro
phic level omnivore, seems to have higher mercury levels 
than would be expected based on its low position in the 
food chain. However, plant debris, which we found to 
have high mercury levels, is a major carp food. Also, its 
habit of bottom feeding may associate it with a higher 
mercury environment than that of fish of different forag
ing habits. The indication of a positive weight- mercury 
content relationship in threadfin shad, the principal for
age fish, and in other fish and crayfish, as well, suggests 
that fish which take large prey have higher dietary mercu
ry levels- a major reason for the direct relationship of size 
with mercury levels. However, other factors such as age, 
surface area, metabolism, habitat, and activity patterns 
are also important variables affecting the mercury levels 
in fish of different weight and species (19). 

A Mercury Budget 

Due to bioamplification (Figure 3). mercury concentra
tions of nonacceptable amounts by FDA standards are 
being approached in the higher trophic levels. If a mercu
ry content above 500 ppb is confirmed as common to the 
muscle of large game fish, mercury levels could become a 
significant factor in the management of the Lake Powell 
fishery. Imposing cons1,lmption limits on large game fish 
or managing the fishery for a low mercury catch might 
become advisable, if there is an increase in mercury in the 
system. As critical levels are being approached, the for
mulation of a quantitative mercury budget would be de
sirable in order to evaluate the probability of increased 
mercury levels due to man's activities in the region. 

Using Drake's (14) estimate of the natural sediment 
load of the Colorado River, the net annual degradation of 
the Upper Colorado Basin is 27.2 million metric tons. 
Based on U.S. Geological Survey data (11), a reasonable 
estimate of the mercury in the geological material degrad
ed from the Basin would be in the range of 50- 200 ppb. If 
this range were used, the annual weathering of mercury in 
the Lake Powell drainage would be from 1360-5440 kg of 
mercury. 

If the water of the Colorado River contained from 0.01-
0.1 ppb mercury in its 15.3 X 109 m" of annual flow (25), 
the unimpounded flow from the upper basin would carry 
from 153- 1530 kg of mercury. At 30 ppb (the mean for our 
analyses of Lake Powell sediments) , the sediment load of 
the unimpounded river would have carried 816 kg of mer
cury. Thus, the total estimated annual mercury load for 
the free-flowing river would be from 969-2346 kg. Any dif
ference between the total mercury transported by the 



river and that weathered would represent either net atmo
spheric transport or accumulation within the system. 

In the present impounded system, water flow has been 
slightly reduced, and the sediment load of the river below 
the dam has been reduced to <1% of the original load. As 
weathering and other terrestrial components of the system 
are basically unchanged, impoundment would logically 
lead to the accumulation in the lake of most of the origi
nal sediment load of the river, suggesting that about 800 
kg of mercury may now be accumulating annually. That 
this accumulation occurs in an aquatic system containing 
the organisms and energy sources necessary for the uptake 
and biotransformation of mercury is likely to be the fun
damental reason that such impoundments may be vulner
able to environmental mercury problems. As well as giv
ing an estimate of the quantities of mercury involved, 
these computations suggest that a natural equilibrium sit
uation has been converted into a storage system. Both t he 
Lake Powell data and those from other aquatic systems 
(26) indicate that biological components become the 
points of maximum concentration of mercury in such stor
age systems. 

If we use data compiled by the U.S. Department of the 
Interior (27), it should be possible to estimate whether 
mercury produced by coal-fired power generation facilities 
will be sufficient to add significantly to the natural mer
cury budget of the Lake Powell drainage system. In the 
Upper Colorado Basin (essentially the Lake Powell drain
age) three major power plants are contemplated. The 
Four Corners plant near Shiprock, N.M., approximately 
125 miles from Lake Powell and in limited production 
since 1964, reached a fuel consumption level of 6.5 million 
metric tons in 1971. The Navajo plant at Page, Ariz., cur
rently being constructed 4 miles south of Lake Powell will 
consume 5.4 million metric tons annually by 1976. A 
planned Kaiparowits plant 11 miles north of Lake Powell 
would burn about 10.8 million metric tons of coal at full 
capacity. Thus the total annual coal consumption by 
these major facilities is estimated to be about 23 million 
metric tons. At this consumption level , an annual mercu
ry output of 23 kg for each ppb mercury in the coal would 
occur. Based on studies of the Four Corners plant, 96% of 
the mercury in the coal is released as vapor. As·a signifi
cant portion of the remaining mercury enters the environ
ment as fly ash or other wastes, essentially all of the mer
cury in the coal is released into the environment. 

Preliminary tests of coal for the Navajo plant indicate 
coal mercury levels may average 30 ppb. At this level the 
Navajo plant would produce 162 kg of mercury per year . If 
we use a current estimate that 40% of this mercury would 
enter the lake drainage (28), 65 kg of mercury would be 
added to the system annually, which is 8% of the estimat
ed present annual accumulation of mercury in the lake 
system and only 1-5% of the estimated natural annual 
weathering of mercury in the Upper Colorado Basin. 
Thus, due to the magnitude of the lake system and the 
movement of natural mercury within it, it is likely that 
this large power facility can operate adjacent to Lake 
Powell without significantly affecting lake mercury levels,. 
if mercury levels of coal are in fact near the range that 
current analyses indicate and assuming a 40% input of 
mercury into the drainage basin. Later refinements may 
provide more exacting data. 

No data on the mercury content of the coal for the Ka
iparowits plant are available. However, if the combined 
effect of the Navajo and Kaiparowits plants is computed 
on the basis used for the Navajo plant, enough mercury 
could enter the system to raise sediment mercury levels 
by about 24%. While this would represent the addition of 
only 7 ppb mercury to the sediments, if biological concen-

tration factors remain similar to those found in this study 
(Figure 3), detectable and environmentally significant ele
vation of mercury concentrations in the higher trophic 
levels would occur. 

These estimates suggest that both the impoundment of 
the Colorado River and the projected development of 
power generation facilities are events of sufficient magni
tude to affect the mercury budget of the Upper Colorado 
River Basin. The definition of the mercury budget of this 
system, the actual quantities an'd movement of mercury 
released by human activity, and the movement of mercu
ry into the biota of the reservoir both currently and as the 
system ages, should provide the basis for a constructive 
regional mercury research program. As numerous institu
tions are already involved in environmental research in 
the Colorado Basin, a cooperative regional mercury pro
gram could appropriately be directed toward the develop
ment of a more accurate model of mercury movement that 
would increase the efficiency of the currently diverse ef
forts to predict or monitor mercury levels in this major 
drainage basin. 

Summary 

Lake Powell is a major storage and hydroelectric reser
voir on the Upper Colorado River in northern Arizona and 
southern Utah. Impoundment began in 1963 with a vol
ume of 17,860.6 X 106 m3 (14 million acre ft) being 
reached in 1971. Samples of organic and inorganic compo
nents of the Lake Powell ecosystem were collected during 
1971 and 1972 and analyzed for mercury content by flame
less atomic absorption. 

Surface terrestrial substrates, consisting mostly of 
sandstones and shales and low -organic unconsolidated 
materials derived from the sedimentary strata, had a 
mean mercury content of 10 ppb, dry weight. Where sig
nificant quantities of soil organic matter occurred, mercu
ry levels as high as 48 ppb were found. 

Leaves of terrestrial plants had a mean mercury content 
of 34 ppb, air- dry weight, significantly higher than levels 
in plant stems and roots. Nonvascular plants and water
associated plants had levels in the same range as that of 
the typical terrestrial vascular plants. Lake transported 
plant debris had a mean mercury level of 145 ppb, air-dry 
weight, significantly higher than that of terrestrial plants. 

Twelve unfiltered water samples from the upper 5 me
ters of the lake yielded a mean mercury level of 0.01 ppb, 
indicating that the lake water with suspended material 
contains relatively small quantities of mercury. 

Mercury in bottom sediments averaged 30 ppb, air-dry 
weight, with no clear gradient of mercury concentrations 
relative to distance from the dam . Fine-textured sedi
ments and sediments of relatively high organic content 
had higher mercury levels than did coarser, low-organic 
sediments. 

Crayfish, the only invertebrate analyzed, had a mean 
whole body mercury content of 10 ppb, wet weight, and 
had a positive relationship between mercury content and 
body weight. 

Threadfin shad, the major forage fish of the lake, and 
three major large predatory fish (walleye, largemouth 
bass, and rainbow trout) also had a positive mercury con
tent-wet weight relationship. Fish axial muscle levels 
were generally higher than those of other tissues. Muscle 
levels on a wet weight basis ranged from 84 ppb in trout 
to 427 ppb in walleye, with a mean of 232 ppb for all 
species analyzed . In largemouth bass and walleye, fish 
heavier than 2 kg had mean muscle levels exceeding 500 
ppb (x = 626 ppb), which is the accepted upper limit safe 
for human consumption for two meals per week. In rain
bow and brown trout, unlike other fish taxa, highly vascu-
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larized blood tissues had the highest mercury levels and 
muscle had relatively low concentrations. In the six other 
species of fish analyzed, relatiye mercury levels compared 
to muscle as 1.00 were: liver 0.51, heart 0.43, kidney 0.36, 
spleen 0.28, stomach 0.20, brain 0.16, gonads 0.14, skin 
0.13, gills 0.12, and bone 0.07. 

The results of mercury analyses from water and mineral 
deposits through the levels of the aquatic food chain pro
vide an excellent example of bioamplification. The terres
trial substrate, mainly sandstone, had mercury concentra
tions of 10 ppb, diluted to 0.01 ppb in the unfiltered lake 
water. Increased concentration occurred in the bottom 
sediments, correlated to fineness of texture and organic 
matter content, by a factor of three times· that of the sand
stone and 3000 times that of the water . Bioamplification 
of mercury, as contrasted to concentration in sandstone as 
one, increased up the food chain as exemplified by three 
times in periphyton, nine times in bluegills, and 31 times 
and 43 times in bass and walleye. Mercury concentrations 
in some larger predatory fish approached or exceeded the 
current safe consumption standards. 

To evaluate the effects of future human activity on 
Lake Powell, an estimated mercury budget for the Upper 
Colorado River Basin is needed. Estimates are that from 
1360-5440 kg of mercury may be released by natural 
weathering in the basin annually, and that impoundment 
of the river may lead to the accumulation of about 800 kg 
of mercury in the lake system each year. Currently 
planned regional coal-fired power generation develop
ments may produce 621 kg of mercury annually, based on 
conservative analyses of 30 ppb of mercury in the coal , 
and thus may significantly augment the mercury released 
by natural weathering in the basin. 

Due to the magnitude of the system and the movement 
of natural mercury within it, the operation of the Navajo 
power plant currently being constructed adjacent to Lake 
Powell is not likely to significantly elevate lake mercury 
levels if the mercury levels of coal are near the current es
timate of 30 ppb. However, the combined effects of the 
two major power plant developments planned near the 
lake could significantly raise lake sediment levels, and 
through bioamplification increase mercury levels in large 
game fish. 

The actual impact of power generation facilities will de
pend upon coal mercury levels and the degree to which 
mercury output moves into the lake system and through 
the aquatic food chain. It is concluded that the clearer 
definition of these major factors of mercury flow can serve 
as a . constructive framework for future regional mercury 
studies of the Upper Colorado River Basin. 
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Methods for Measuring N02 Photodissociation Rate 
Application to Smog Chamber Studies 

C. H. Wu* and H. Nlkl 

Fuel Sciences Department, Ford Motor Co .. Scientific Research Laboratories, P.O. Box 2053, Dearborn. Mich. 48121 

The photodissociation of nitrogen dioxide by absorption 
of solar radiation in 3000-4000 A region plays a key role in 
atmospheric chemistry (1, 2), particularly in the forma
tion of photochemical smog (3, 4). 

'1 
N02 + hv -+- NO + O(3p) 

The primary photodissociation rate constant, k" serves 
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as a convenient measure of the intensity of uv radiation in 
laboratory studies as well as in the atmosphere (5, 6). 
Several methods have been used previously for the deter
mination of this constant. In this paper these methods 
will be evaluated on the basis of convenience and feasibil
ity for use in the smog studies. 

In principle, kI can be determined from the knowledge 
of the spectral distribution of light intensity, 10; the quan-



• Methods for determination of the photodissociation 
rate of N02 have been evaluated critically for application 
in smog studies. The kinetics and mechanism of N02 pho
tolysis at ppm levels in 760 torr N2 or air were studied in 
detail using a 45-liter bell jar reactor. Concentration-time 
profiles of the reactant N02 and the products NO and Oa 
were monitored continuously by the NO- Oa chemilumi
nescence method. The decay of N02 in N2 deviated from 
first-order behavior, this being most noticeable in the 
early stages of photolysis when the yield of NO is less 
than a few percent. Thus the commonly used kd method, 
based on the assumption of first-order decay, is not appli-

tum yield, </J; and the absorption coefficient of N02, (]. 
However, an accurate spectroradiometric measurement of 
the light intensity is not readily feasible. Therefore, the 
actinometric determination of kI from the photolysis of 
N02 is generally used. Three types of photochemical con
ditions are often used for this purpose-i.e., A, pure N02 
at a pressure below a few torr; B, N02 at ppm levels in 
N2; and C, N02 at ppm levels in air. Under these condi
tions, the primary reaction 1 is followed by numerous sec
ondary reactions (5, 7, 8), as shown in Table I, which 
should be taken into account in the determination of k l . 

Under condition A, Reaction 3 is the dominant secon
dary reaction and kI can be determined directly from the 
first-order decay of NO$i2 using equation A (9, 10). 

dIn [N02] _ -2k 
dt - I 

(A) 

Unfortunately, this method is often incompatible with ex
isting smog chamber facilities, as it requires an evacuable 
reactor and low-pressure gas-handling techniques . Name
ly, the reactor must be free from leaks under vacuum, and 
the analytical instruments must be able to analyze gases 
under low pressure. Furthermore, the change in the total 
pressure of the system during the course of photolysis ac
cording to the stoichiometry, 2N02 ~ 2NO + O2, will add 
the complication to the calibration procedure for most in
struments. Thus, this method is considered less practical 
and will not be discussed here. The more promising meth
ods, involving conditions Band C, are examined in some 
detail in the present work. 

Under condition B, reactions 3-5 and 8-10 are known to 
occur, and the determination of kI is fairly complex. It 
has been commonly assumed that the photolytic decay of 
N02 at initial time is a simple exponential process and 
can be described by Equation B (J 1): 

1" (d In [N02]) _ -2kl - -k (B) 
t:~ dt - 1 + k4[Ml/ka - d 

The first-order rate constant, kd' can be thought of as an 
index of light intensity and has been widely used in smog 
chamber studies (11 - 13) despite certain criticisms (6, 14). 
In the present study, the initial decay of N O2 deviated 
from the first-order kinetics given by Equation B. De
tailed analysis of this new observation suggests that Equa
tion B is not applicable due to the nonsteady state behav
ior of the product N20 5 in the initial stages, and the re
sults obtained by this method may be subject to some 
uncertainties. An alternative rate expression for the initial 
decay of N02 and a method for determining kI using this 
system will be discussed. 

Under condition C, all 10 secondary reactions, 2 to 11, 
occur to varying degrees of importance. Due to the regen
eration of N02 by Reaction 6, its decay is not appreciable; 

cable. Alternative kinetic expressions have been derived 
and validated, and values of the relevant rate constant ra
tios are obtained. In the photolysis of N02 in air, the at
tainment of a photostationary state for N02, NO, and Oa 
was observed, and the photodissociation rate can be deter
mined from this relationship. Data obtained under various 
conditions have been analyzed in terms of an 11-step 
mechanism using numerical integration techniques. A set 
of rate constants has been derived which can adequately 
describe the photolysis of N02 at ppm level either in N2 
or in the air. 

and the concentrations of NO and Oa remain corre
spondingly low. Previous work in this laboratory (15) has 
demonstrated the feasibility of determining kI directly 
from the production rate of NO or Oa in the early stage of 
the photolysis- i.e ., 

( 
d[NO]) _ ( d[Oa]) _ kl (C) 

[N02 ]odt toO - [N0210dt t-O-

This method has certain advantages over the previous 
one in that air rather than pure N2 is used as the diluent 
gas and kI can be derived without the use of other rate 
constants . This system was examined in the present 
study, and the "initial rate method" was shown to be too 
demanding on the response time of the analytical instru
ments to be of general use. An alternative method to de
termine kI using this system is based on the photostation
ary state defined by Equation D (3, 4, 15) 

(D) 

The validity of this equation is examined in some detail, 
and a more exact expression is used. Values for k6 and 
several rate constant ratios are determined in this study. 
A set of 11 rate constants is obtained for the photolysis of 
N02 at low concentrations. The computed concentration
time profiles using this set of constants are consistent 
with all experimental observations both in N2 and in air. 

Experimental 

The photolysis of N02 was carried out in a 45-liter 
Pyrex bell jar with initial N02 concentration ranging from 
1-20 ppm in N2 and in air. The reactor was mounted on a 
Teflon-coated stainless steel base with a Viton gasket, and 

Table I. Ki'netics and Mechanism of Photolysis of NO, 
No. Reactions Rate constants References 

1 NO, + hv ..... NO + O('P) 5.4 X 10-" This work 
2 o + 0, + Air ..... 0, + air 5.6 X lO- 34b (26) 
3 0+ NO, ..... NO + 0, 9.5 X 10- 12 " This work 
4 0+ NO, + N, ..... NO, + N, 1.24 X 10-316 This work 
5 o + NO + N, ..... NO, + N, 1.24 X 10- 31 b (26,27) 
6 0, + NO ..... NO, + 0, 1. 85 X 10- '" This work 
7 0 , + NO, ..... NO, + 0, 4.6 X 10- 17 , (19) 
8 NO, + NO, ..... N,O, 3.06 X 10-'20 (32) 
9 N,O, ..... NO, + NO, 0.23 • (32) 

10 NO, + NO ..... 2NO, 1.0 X lO- n , (32) 
11 2NO + 0, ..... 2NO, 2.1 X 10-38 b,d (5, IS) 
a Sec - I. 
b Cm6 molecule - 2 sec - I . 
e Cm3 molecule-I sec - I. 
d k = ('/,)d[NO)/d<[NO)'[O, ). 
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Figure 1. Some recorder traces of [NO.] and [NO] in the pho
tolysis of N02 in 760 torr N2 

Initial [NOz] are 18.5 and 8.7 ppm for data sets A and e, respectively 

could be evacuated to below 1 mtorr with a mechanical 
pump and a liquid N2 trap. Its leak rate was approxi
mately 1 mtorr min- 1 upon isolation from the pumping 
system. The photolytic light source consisted of 24 black 
light fluorescence lamps (G.E., F40BLB) surrounding the 
reactor. This arrangement was designed to optimize ho
mogeneity of illumination in the reactor. To ensure a sta
ble light intensity output, the lamps were cooled with 
forced air and were operated with a voltage-regulated 
power supply. The light output was monitored by six sele
nium photocells (International Research, B2M) mounted 
in circular form at the center of the reactor. A warm-up 
period of 20-30 min was observed after the lamps were 
turned on . The stabilized light intensity was reproducible 
within ± 2.5% for a period of over six months. To control 
the irradiation time accurately, the reactor was equipped 
with a lighttight cover which could be lifted in about 'h. 
sec. 

Nitrogen dioxide (>99% purity) was prepared by adding 
excess oxygen to prepurified NO, with subsequent O2 re
moval via pumping through a liquid N2 trap. The i'w2 
was stored as a white solid at dry ice temperature. Nitro
gen (American Cryogenic, ultrahigh purity, stated O2 pu
rity ~10 ppm) and air (Air Products & Chemicals, ultraz
ero grade) were used as received for diluent gases. 

The reactant mixtures containing N02 at ppm levels 
were prepared by first filling calibrated volumes with the 
required pressure and then flushing the contents into the 
evacuated bell jar with diluent gas until a total pressure 
reached 760 torr. Reactant pressures up to 5 torr were 
measured with a pressure transducer (Pace Wiancko, 
CD25) and total pressures up to 760 torr, by a Wallace & 
Tiernan gauge. The reactant mixtures of desired concen
trations thus prepared could be reproduced within ±2'70. 
The temperature of the gas mixture during the photolysis 
was determined to be 27 ± 2'C. 

Total nitrogen oxides, NO., and the products NO and 
0 3 were monitored continuously with three NO-03 chem
iluminescence detectors (16, 17) with sample flow rate of 
30 cm3 min-I The response time of the instruments was 
less than 1 sec and detectability is 1 ppb. The NOx detec
tor was equipped with a molybdenum-impregnated carbon 
convertor (18) to reduce N02 to NO quantitatively (greater 
than 99%), and the sum [NO.] = [N02 ] + [NO] was mea
sured. There is some evidence that this convertor may be 
sensitive to other oxides of nitrogen such as N20 5 and 
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N03 . However, under the present eperimental conditions 
other nitrogen-containing species were less than 1.5% of 
the NO. concentration. Thus, the concentration of N02 
obtained by subtracting the NO value from the NO. value 
has very little error. The NO detector was calibrated 
using a standard mixture of NO in nitrogen. The NO. and 
0 3 detectors were calibrated relative to the NO detector 
using the NO titration method based on Reaction 6. All of 
these calibrations were cross-checked against the known 
concentrations prepared in the bell jar by the standard 
pressure-volume method described above. The results 
agreed within ±2'70. The linearity of the signal vs. concen
tration was checked from 1O-L102 ppm range using the 
exponential dilution method (17). 

Results 

Photolysis of N02 in N2 • Nitrogen dioxide, with initial 
concentration ranging from 1-20 ppm, was photolyzed in 
the presence of 760 torr N2 ; and the concentrations of the 
total oxides of nitrogen, NOx , and the NO were monitored 
continuously. Typical recorder traces of such concentra
tion-time profiles obtained for the initial N02 concentra
tions at 18.5 and 8.7 ppm are shown in Figure 1. The rate 
of NO increase is seen to be very rapid in the early stages 
of the photolysis and then level off gradually, while [NO x ] 

remains nearly constant. The noise level is approximately 
2% throughout the concentration scale under these experi
mental conditions. The concentration- time behavior of 
N02 determined by the subtraction method is plotted as 
circles in Figure 2 for three [N02]o levels. For each initial 
concentration the photolysis was performed at least three 
times to check the reproducibility, found to be ±2'70. The 
figure shows only the pair of runs with maximum devia
tion from each other. The solid curves drawn in this figure 
and in Figures 3-5 are the computed results to be de
scribed later. It is noted that the decay of N02 is not a 
first-order process since the data indicate deviation from 
the exponential decay with time. This nonlinear behavior 
is most noticeable in the early' stages of photolysis (0-15 
sec), where formation of NO is only a few percent. The 

o 
Irradiation Time (sec) 

Figure 2. Logarithmic concentration of N02 vs. time profiles at 
three initial N02 concentrations, A = 18.5. B = 8.7, and C 
4.5 ppm 

Points are experimental data and solid curves, computed results 
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Figure 3. Concentration-time profile of NO and 03 in the photol
ysis of N02 in 760 torr air 
Initial concentrations of N02. A = 19.0. B = 9.2. and C = 4.2 ppm. 
Points are experimental data. and curves are computed results using rate 
constants in Table I 

decay rate is a maximum at zero time and decreases grad
ually as the photolysis proceeds. This initial rate is esti
mated to be 0.73 (±200/0) min - 1 as indicated by the dot
ted lines, and is roughly twice that at later reaction time . 
The deviation from first-order behavior for the N02 
decay, particularly in the early stages of the photolysis, 
was the case for all runs at various initial concentrations 
of N02 • These data cannot be described with the simple 
kd relationship as defined by Equation B. This observa
tion has not previously been reported. 

Photolysis of N02 in Air. The major products in the 
photolysis of N02 in 760 torr of air are NO and 0 3 . These 
products together with NO .• · were monitored continuously. 
The concentration-time profiles of NO and 0 3 are shown 
as points in Figure 3 for three [N02 ]o levels. Each data set 
shown here was taken from the average reading of three 
runs. The reproducibility of the data was approximately 
± 30/0 . In this figure, [NO] increases rapidly initially (0-10 
sec) and then continues to increase at a slower rate after 
the ozone concentration has reached its maximum value. 
The [03 ] shows a similar fast growth in the early stages 
but then begins to decay after the maximum. In addition, 
the profiles of [NO] and [03 ] are nearly parallel from 0- 20 
sec when [N02 ] is 4.2 ppm or lower; but the deviation of 
these profi les from each other becomes larger when [N02 ]o 
is higher. 

When the light is suddenly blocked or turned off during 
the photolysis, both NO and 0 3 are observed to decay 
until 0 3 is completely removed; and [NO] levels off. Fig
ure 4 shows three sets of such " dark" profiles after ap
proximately 80 sec of irradiation. The points are experi
mental data taken from the average of three runs. The 
decrements of NO and 0 3 are nearly equal under all con
ditions. 

Discussion 

Determination of kl from the Photodissociation of 
N02 in Air. The initial slope method using Equation C 
was applied. This equation is valid only when both NO 
and 0 3 are low enough to minimize Reaction 6, and the 

0.7 
NO 6 O. Do r k Reaction 

0.6 

E 
0.5 

0-

.e 0.4 

0 
z 0.3 

0.2 

0.1 

0 

E 0.2 
0-.e 
0' 0.1 

5 10 
Time (sec) 

Figure 4. Decays of NO and 0 3 in dark after the photolysis of 
N02 in air for ~80 sec 
Initial concentrations of N02 • A ;:: 9.2. B = 4.2. and C = 1.95 ppm. The 
profile of 03 in set C was shifted up by 0.1 ppm for clarity of presenta
tion. Points are experimental data, and curves are computed resu lts 

initial slopes have to be measured within a few seconds 
after the irradiation is begun. During this period, the data 
are subject to uncertainties associated with instrumental 
response time, noise in the concentration measurement, 
and determination of zero irradiation time. Therefore, the 
values of kl determined from this method suffer from a 
large degree of scatter. They vary between 0.25 and 0.4 
min- 1 with an average value of 0.31 min-I To improve 
the precision of the kl value using these experimental 
conditions, an alternative method was sought. When the 
product, [NO] x [03 ], from the same sets of data in Fig
ure 3 are plotted against time, Figure 5 is obtained. In 
this figure all [NO) x [03 ] values are seen to reach 
steady-state conditions after the initial buildup. This in
dicates that the photostationary state is attained within 
10-20 sec of irradiation. The higher the value of [N02 ]o is, 
the earlier the system reaches this state. According to 
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Figure 5. [NO] X [03] vs. time profiles during the photolysis of 
N02 in air 
Initial concentration s of N02 • A ::; 19.0. B ::; 9.2. and C ::; 4.2 ppm. 
Points are experimental data, and curves are computed results 
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Equation D, the ratio of [NOJ[03] / [N02] is equal to k,/kG, 
which should be constant during the photostationary state 
regardless of the intial N02 concentration. However, the 
values of [NOJ[03]/ [N02] vary slightly depending on 
[N02]o. Therefore, a more exact photostationary state ex
pression is needed. This can be derived from the kinetic 
relation of 0 3. 

Since the O-atom lifetime in air is very short (~15 
jlsec) compared with the experimental time scale, a 
steady state assumption for this species is valid. The rate 
equation for ozone formation in the photolysis of N02 in 
air is 

In the vicinity of the ozone maximum-i.e., d[03]/dt = 
0, Equation E can be simplified: 

(F) 

T his equation is also a good approximation after the ozone 
maximum since the rate of ozone decay under the experi
mental conditions is less than 2% of k, [N02]. If both k6 
and k7 are known, the rate constant h, can be determined 
from the concentrations of N02, NO, and 0 3 measured 
during the photostationary state. The rate constant, k7, 
has been obtained recently in this laboratory (I9). and a 
value of7.0 x 10- 2 ppm - l min- l (4 .6 X 10- 17 cm3 mol- l 

sec-I) is assigned at T = 3000 K. The rate constant k6 can 
be determined from the data in Figure 4. Because the 
stoichiometry ll.[NO] / ll.[03] is observed to be near unity, 
the major removal process for NO and 0 3 under these 
conditions is Reaction 6. However, for completeness, 
Reactions 7-10 are also considered. The rate constants k8, 
k9, and h,O were taken from the literature values as listed 
in Table I; but k6 was treated as a variable. These data, 
together with initial concentrations of N02, NO, and O~, 
were used as input to a chemical kinetics computer pro
gram (20) . The computed concentration-time profiles for 
NO and 0 3 were compared with the observed data. The 
final value of k6 was chosen from the best fit to all the 
data. The value thus derived is 27.5 ppm- l min- l (1.85 X 

10- 14 cm3 molecule- l sec- I). The curves in Figure 4 are the 
computed results using this value. The error range of k6 
was estimated as ±1O%. Values beyond this error limit 
give results deviating from the experimental uncertainty . 
The kG value determined here agrees well with the values 
obtained by the previous investigators (IS, 21-23). 

The difference between Equation D and Equation F is 
the k7 [03] term, which can be significant, depending on 
the initial N02 concentration. For example, at [N02]o = 
19 ppm, it is 7% of the (k6!!NOJ(03]/(N02)J) term. For 
better precision, Equation F was used to evaluate k, . 
Values of k, obtained by this method using the data 
shown in Figures 3 and 5 are given in Table II. 

The average value of k, is 0.325 min- l with a standard 
deviation of 0.005 min - 1. The major uncertainty in using 
this method is the accuracy of k6 determination and the 
concentration measurements. When these factors a re con· 
sidered, the probable error in k, is estimated to be ± 15%. 

Photolysis of N02 in N2 : Determination of Rate Con
stant Ratios k. / k 3 and ko / k3. The nonfirst-order behav
ior of N02 decay in the photolysis of N02 in N2 (Figure 2) 
was analyzed using a numerical method. In this case, the 
reactions to be considered are 1, 3- 5, and 8-10. The values 
of all rate constants are known previously except those of 
k3, k., and ko. As we varied these ,three constants sys· 
tematically, the concentration- time profiles of the species 
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Table II . Rate Constant k, Determined from Equation F 
Using Data in Figures 3 and 5 

Data set 

Time,spc A II c 
10 kJ = 0,315 min- J 

15 0.323 0 ,325 
20 0,322 0.331 0 ,321 
25 0 ,321 0 ,331 0,327 
30 0,321 0. 330 0,329 
35 0.320 U.330 0 ,330 

in the system were computed and compared with the ex
perimental data, During the process of curve fitting, all 
computed N02 decay curves, however different from the 
data, showed deviation from the first-order kinetics, with 
a rapid decay rate in the initial stages similar to that ob
served experimentally. In addition, the data could be 
matched well with the computed results using the rate 
constant ratios k.[M] / k3 and k.[M] / k3 both equal to 0,32. 
The uncertainties of these ratios are estimated to be 
± 10% and ±25%, respectively. The absolute values of 
these rate constants can be determined from these ratios 
with a knowledge of anyone of three constants. Among 
them, k. has been studied most extensively, and all the 
literature values are within ±25% (24, 25). If we take the 
value of h. obtained in this laboratory, 6.65 x 10- 32 cm6 

molecule - 2 sec l for M = He (26) and the relative third 
body efficiencies for He and N2- i.e ., 0.75and 1.4 (24, 27), k. 
is calculated to be 1.24 x 10- 31 cmG molecule- 2 sec 1 for 
M = N2 at 300o K, On this basis, the values for k3 and k. 
are determined as 9.5 X 10- 12 cm3 molecule - l sec - l and . 
1.24 X 10- 31 cm6 molecule- 2 sec - I, respectively, 

The computed results using these rate constants at 
three [N02]o levels are shown as curves in Figure 2, The 
initial decay rate of N O2 was determined from this analy
sis to be 0,73 min- I, which agrees very well with the ex
peri mental observations. 

Experimental data of N02 photolysis in air were also 
analyzed numerically using all 11 reactions and the rate 
constants listed in Table 1. The computed profiles of 
[NO], [0 3]. and [NO] x [03] are shown by curves in Fig· 
ures 3 and 5. The results are in good agreement with the 
experimental data at various initial concentrations of 
N02 , 

Kinetic Expressions for N02 Decay and Determina
tion of k, in Photolysis of N02 in N2. Since a fast decay 
rate and nonfirst-order behavior of N02 are observed both 
in the experimental data and in the numerical results, the 
mechanism on which the computational scheme is based 
appears adequate to explain these observations, Although 
Equation B was also form ulated from the same mecha· 
nism, its inapplicability to the system seems to suggest 
that its derivation should be re-examined. The approxima
tions made in the following derivation are all justified by 
the detailed analysis of numerical results . 

When we combine the rate equations of N02, 0, N03, 
and N20 0 from the mechanism, Equation G is obtained: 

d[N02 ) + 3d[N20,) + 
dt dt 

d[O) + 2d[N03) = 
dt dt 

-2k3[O) [N02) (G) 

The last two terms on the left side of the equation-i.e., 
d[O] / dt and 2d [N03 ]/dt, can be neglcted, because they 
are three to four orders of magnitude smaller than the 
first two terms. Also, as the lifetime of 0 atoms in this 



system is less than 1 msec, a steady state approximation 
can be used: 

Substituting Equation H into Equation G, one obtains 

(I) 

In the conventional derivation of kd, the 3d[N20 5)/dt 
term was neglected on the assumption that [N20 5 ) is in a 
steady state; Equation I would then become Equation B 
by neglecting [NO) in the initial stage. In fact, this steady 
state assumption of N20 is not valid at the initial time. The 
kinetic expression for [N20 5 ) can be derived similarly from 
the overall mechanism by neglecting d[NOa)/dt term and 
expressed as Equation J. 

d[N20 5] _ 

dt - 1 + k + k [NOj-
k4[A.1) k4~(N02] 

In this equation, [N20 5 ) is governed by two major 
terms, both being strongly dependent on the concentra
tion of NO. At the initial time, where [NO) is low, Equa
tion J becomes 

(K) 

and N20 5 is generated at its highest rate. This rate can be 
as much as 15% of d[N02]/dt term and should not be ne
glected. Multiplying this rate expression by 3 and substi
tuting this into Equation I, one obtains the rate expres
sion for N02 decay at zero time 

(L) 

A value of 0.74 min- I was obtained for the initial N02 
decay rate from this equation using the values of ki and 
kalk4[M] determined above. This agrees quite well with 
the rate of 0.73 min - 1 determined both by experimental 
observations and numerical results and is much greater 
than 0.51 min- I, which would be obtained from Equation 
B. Therefore, it becomes clear that an assumption of an 
[N20 5] steady state does not hold during the initial stages 
of photolysis, and that this nonsteady state behavior of 
[N20 5] is responsible for the faster N02 decay early in the 
reaction. 

As the reaction proceeds, the NO concentration in
creases and the rate of N20 5 formation slows down as pre
dicted from Equation J. The concentration of N20 5 reach
es a maximum (in about 10-20 sec) and then decays grad
ually . Under these conditions, the steady state approxi
mation of N20 5 holds rigorously and Equation I can be 
written as 

1 + k4[Ml!k 3 + k5[M] [NOllk3[No2] 

(M) 

This equation shows that the N02 decay is not a simple 

first-order process, and the logarithmic decay rate will de
crease with time due to the increase in [NO]/[N02] term. 
To validate this equation quantitatively, the decay rate of 
N02 was calculated from Equation M for [NOl/[N02] = 
0.8. A value of 0.415 min- I was obtained, which agrees 
well with the experimental values of 0.41 ± 0.01, 0.405 ± 
0.01, and 0.405 ± 0.01 (Figure 2). Such agreement was 
found when the [NO)/[N02 ) ratio is equal to or greater 
than 0.5. 

Equation M can be integrated to give 

where [N02h and [N02)2 are concentrations of N02 at 
times ti and t2, and [NOx)o = [N02) + [NO). This equa
tion allows the determination of ki by measurements of 
[N02) at any two reaction times during photolysis, provid
ed [NO)/[N02) ~ 0.5. Again, the applicability of this 
equation was checked by substituting the data at h = 40 
and tz = 100 sec and the rate constant ratios into Equa
tion N. The values for ki thus obtained are 0.32 ± 0.015, 
0.32 ± 0.015, and 0.31 ± 0.015 min- 1 for data sets A, B, 
and C in Figure 2, respectively. 

Conclusion 

This work shows that for N02 photolysis in N2 the 
decay of N02 does not follow a simple first-order process, 
particularly in the early stages of reaction when the NO 
formation is only a few percent. Equation B is inadequate 
to describe the system due to the nonsteady state behav
ior of N20 5 . Derivation of the rate constant ratio, k41ka, 
from Equation B can lead, therefore, to an erroneous re
sult. For example, a 10% overestimation in kd can lead to 
more than a 30% lower value in the ratio of k.lka. Be
cause the variation in N02 decay rate in this initial period 
(0-20 sec) is large (~30%), the derived values of k41ka 
can vary by more than a factor of two. This may partly 
explain the large discrepancy among the reported values 
for this ratio (6, 7, 9, 10, 28). If the rate constant ratios 
k41ka and k51ka are to be determined using this system, 
the curve-fitting method by numerical integration used 
here seems to be more appropriate, since it takes into ac
count all the data over the entire reaction time, rather 
than the decay slope of N02 at the beginning of the pho
tolysis . The absolute values for k3 and k4 determined here 
agree well with the recent direct measurement of ka = 9.1 
X 10- 12 cma molecule- 1 sec, -1 (29, 30) and reasonably well 
with the critical evaluation of k4 = 1.0 X 10- 31 cm6 

molecule - 2 sec- 1 (31). 
Although the initial decay rate for N02 in photolysis of 

N02- N2 system and the initial formation rates for NO 
and Oa in N02-air system can be expressed by Equation 
L and Equation C, the determination of kl from the ini
tial slope is not readily feasible . It requires very fast in
strumental response time and more exact control of the 
starting time of irradiation. Since these requirements are 
too stringent for existing smog chamber facilities, the 
method does not seem to be of general use . 

The two kl determination methods both in air and in 
N2 demonstrated in the present study do not suffer from 
such experimental difficulty . Once the photostationary 
state is attained, Equation F holds for the entire course of 
the photolysis. Therefore, the measurement of N02, NO, 
and Oa concentrations can be made essentially at any 
time during this period. The application of Equ.ation N 
needs only the relative values of [NOx)o, [N02h, and 
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[N02b. The last two values can be measured at any two 
reaction times of convenience. This method is similar to 
that proposed by Holmes et al.(6), except that the present 
initial [N02h measurement should be made at a slightly 
later time, after [N20~1 reaches a steady state. However, 
if there is sufficient NO present in the reactant mixture 
initially, [N02h can be determined at t = 0; and only one 
measurement of N02 concentration-i.e. , [N02b, is need
ed after the photolysis . 

A set of 11 rate constants, of which seven are taken 
from the literature and four were derived from this study, 
is listed in Table 1. When these rate constants were used 
in the mechanism (1- 11), the concentration-time profiles 
of all species in the system were computed by a numerical 
integration scheme. The computed results are in good 
agreement with all observed data (Figures 2-5). Thus, the 
kinetics and mechanism derived here adequately describe 
the photolysis of N02 at ppm level either in N2 or in air. 
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Pesticides have been widely used to increase not only 
the production of food and fiber but also the freedom from 
epidemic diseases and obnoxious plant and animal life. In 
1971, a total of 1.34 billion pounds of pesticides were 
manufactured (1) in the United States. The estimated an
nual growth rate of poundage manufactured now ap
proaches 16% (2) . It is obvious that the use of pesticides 
has become indispensable to many in the struggle to im
prove man's life. 
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Nevertheless, the side effects resulting from the use of 
pesticides, on the other hand, have become increasingly 
severe (3) . Pesticide residues have been reported to im
part an unpleasant odor and taste to water (4). Pesticide 
residues not only kill noxious pests and weeds but also kill 
various microorganisms, fish , birds, and wildlife . More
over, because of their resistance to decomposition, the 
pesticide residues have appeared in man's immediate food 
supply through natural food chains . Since 1945, pesticide 



• Two types of reverse osmosis membranes- i.e. , cellu
lose acetate (CA) and cross-linked polyethylenimine, des
ignated as NS-lOO by OSW, were evaluated for their re
moval of a wide variety of pesticides, including chlorinat
ed hydrocarbons, organophosphorus, and miscellaneous 
pesticides . With each membrane the rejection of pesti
cides was better than 99%. A considerable amount of pes-

residues have been reported in milk, tissues of fish and 
wildlife, and all types of waters, such as municipal, drink
ing, irrigational, and recreational waters. The amount of 
residues in the wastewater of pesticide manufacturers is 
stunning. In spite of extensive treatment of pesticide 
wastewater generated by pesticide manufacturers, a re
cent investigation (1) showed that a large amount of pes
ticide ranging from a few pounds per day to over 1000 lb 
per day was found in their effluents . All of these facts 
clearly show the need for an in-depth study of the removal 
of pesticide residues from water. 

Numerous studies have been conducted on processes for 
removal of all types of pesticides from aqueous solution 
(2). Several treatment processes, such as activated sludge 
treatment, chemical oxidation, coagulation and filtration, 
adsorption (activated carbon, ion exchange, saturated clay 
systems, hydrous aluminum silicate), liquid-liquid extrac
tion, and photochemical degradation, have been developed 
as a result of these studies. Hindin and his coworkers (5) 
have studied the removal of a few chlorinated pesticides, 
including DDT, TOE, BHC, and lindane, by reverse os
mosis using cellulose acetate (CA) membrane. The initial 
results of their findings have shown that reverse osmosis 
seems to be a promising treatment process for removing 
pesticides from water. 

Reverse osmosis has become a versatile separationj 
purification process since the discovery of the asymmetric 
cellulose acetate membrane in late 1950's (6). This pro
cess physically separates contaminants from the water by 
circulating the solution at high pressure over the surface 
of a semipermeable membrane. The performance of the 
membrane process is determined by two parameters-i.e. 
the degree of contaminllnt removal, and the flux of puri
fied water permeating through the membrane. These pa
rameters, however, were highly dependent upon the physi
cal and chemical properties of the contaminants as well as 
the membrane materials (7). 

In their recent study, Chian and Fang (7) reported that 
a number of noncellulosic base membranes, such as aro
matic polyamide and cross-linked polyethylenimine (NS-
1(0) membranes, exhibited far better properties of remov
al of organic compounds and resistance to pH than con
ventional CA membrane. Because of this advancement in 
membrane technology, reverse osmosis has been gradually 
finding application in the treatment of a variety of domes
tic, industrial, and hospital wastewaters. This work gives 
an in-depth study of pesticide removal with reverse osmo
sis, a study needed for fully assessing the potential of this 
process. 

Experimental Procedures 

Thirteen major pesticides and two metabolites of pesti
cides were selected for this study. The selections of pesti
cides were based upon their chemical compositions, appli 
catioRs, and occurrences in water. The trade and chemical 
names, molecular weights, classifications, solubilities, 
toxicities as well as annual productions of pesticides are 

ticide was adsorbed onto the membrane materials. The 
extent of adsorption is governed by the van der Waals
London forces and hydrophobic bonding between pesticide 
molecules and the polymeric membrane materials. Mem
brane rejection of the .pesticides is in tum governed by the 
polarity of the solute molecules in aqueous solution, which 
is in accord with the theory advanced hy Sourirajan. 

summarized in Table L Samples of pesticides were pro
vided by the Pesticides and Toxic Substances Effects 
Laboratory of the Environmental Protection Agency, 
North Carolina. The metabolite samples were provided by 
Illinois State Natural History Survey. All pesticides stud
ied here were of analytical grade. 

N anograde solvents, such as acetone, hexane, ether, 
ethanol, dichloromethane, and benzene, were used for dis
solution and extraction of pesticides in this study. Demin
eralized water was used to prepare the aqueous solution of 
pesticides . 

Conventional CA membrane and a newly developed 
cross-linked polyethylenimine membrane were employed 
in this work. The CA membrane, designated as KP-98, 
was a product of Eastman Kodak Co. (Kingsport, Tenn.) . 
It possesses an asymmetric structure composed of a dense 
active layer of approximately 2000 A supported by a po
rous layer about 0.25-0.5 mm in thickness. It is the dense 
active layer which dominates the permeate flux and the 
solute separation. 

The cross-linked polyethylenimine membrane, designat
ed as NS-lOO by the Office of Saline Water (OSW), was 
provided by North Star Research and Development Insti
tute (Minneapolis, Minn.). This membrane has a domi
nant active layer of polyethylenimine cross-linked with 
m-tolylene 2,4-diisocyanate and is coated on a porous 
polysulfone s~pport. Figure 1 depicts the possible chemi
cal structure of the active layer of this membrane. Previ
ous study (7) has shown that the NS-l00 membrane is the 
most promising membrane ever developed with respect to 
pH stability, permeate flux, and the removal of solutes, 
especially small polar organic compounds. 

While testing an aqueous solution containing 5000 ppm 
of sodium chloride at room temperature and under a pres
sure of 40.8 atmospheres (600 psig) , a flux of 32 mljcm2 j 
day (8 gal j ft2 j day, gfd) with 96.5% rejection of sodium 

CHzCH2 GROUPS REPRESENTED BY -

Figure 1. Idealized structure af crass-linked palyethylenimine 
and talylene-2,4-diisacyanate 
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chloride was obtained with the CA membrane. Under the 
same testing conditions, the NS-l00 membrane yielded a 
flux of 49 ml/cm2/day (12 gfd) and a rejection of 99.5% of 
sodium chloride. 

The pesticides investigated in this study can be divided 
into three groups: (1) chlorinated hydrocarbons, including 
aldrin, lindane, dieldrin, heptachlor, heptachlor epoxide, 
DDT, and DDE; (2) organophosphorus, including diaz
inon, parathion, methylparathion and malathion; and (3) 
miscellaneous pesticides, including randox, trifluralin, 
atrazine, and captan. Because of their low solubility in 
water, each group of the pesticides was first dissolved in 
acetone as stock solutions. Three different aqueous solu
tions, each containing a specific group of the pesticides, 
were prepared by dissolving in water a given amount of 
the acetone stock solution of pesticide mixtures. The final 
concentrations were adjusted to a level within the solubil
ity limitS for each of the pesticides in the groups given 
above. 

The removal of each of the above pesticide solutions 
with CA and NS-l00 membranes was tested using a stain
lees steel static test cell. Figure 2 depicts the static test 
cell manufactured by Abcor, Inc. (Cambridge, Mass.). 
Each of these tests was conducted at room temperature 
and at a pressure of 40.8 atm (600 psig) . The latter was 
controlled by the pressure regulator on the nitrogen tank. 
The membrane, with its active surface facing the solution, 
was supported on a sintered stainless steel plate. During 
the run, the pesticide solution was agitated by a magnetic 
stirring bar suspended close to the surface of the mem
brane. Such circulation is necessary to minimize the ef
fect of concentration polarization on the membrane sur
face which, in tum, governs the performance of the mem
brane process. Due to the limitation of the test cell em
ployed in this study, only a narrow range of agitation rate 
is allowed to be varied. This makes it difficult to evaluate 
the adequacy of agitation in avoiding concentration polar
ization. However, the normal agitation rate was main
tained throughout the experiment so that results can be 
related meaningfully to the characteristics of the mem
branes tested under the identical conditions with 5000 
ppm of aqueous solution of sodium chloride . 

A fresh membrane was used for each test. The test cell 
was filled with 150 ml of pesticide solution. After nitrogen 
pressure and stirring speed were adjusted, the permeate 
was collected from the low-pressure side of the cell. At the 
amount when 40% of the original solution was collected, 
the pressure of the cell was reduced to atmospheric. Both 
the retentate and the permeate were weighed. The test 
cell was then filled with 50 ml of extracting solvent. A 
50/ 50 by volume of acetone and water was used for ex
tracting the NS-l00 membrane while ethanol was used for 
extracting the CA membrane. The extraction process was 
carried out under a pressure of 13.6 atm. The pesticides 
extracted from the membrane were collected in the per
meate. Between experiments the test cell was cleaned and 
rinsed thoroughly with acetone and demineralized water. 

Analysis 

Pesticides in feed, retentate, permeate, and the mem
brane extract were quantitatively and qualitatively ana
lyzed by a Tracor Gas Chromatography Model 550 (Tracor 
Lane, Austin, Tex.). For all the pesticides studied here, a 
N;63 high-temperature electron capture detector (ECD) 
using nitrogen as carrier gas was used. Two 4-mm i.d. 
Pyrex glass columns were used for the analysis . A 183-cm 
(6-ft) column packed with 100- 120 mesh Supe\coport 
(Bellefonte, Pa.) containing 1% OV-17 and 3% QF-l was 
employed for nonpolar pesticides such as chlorinated hy-

54 Environmental Science & Technology 

Pr,,,urIZld 
Nitrogen 

I 
Feed 
Solution 

RO Membrane 2 
(active oraa c 31.67 em) 

Sinfered Stainless 
51.,1 Disc 

Permeote 

Figure 2. Static test cell for reverse osmosis membrane (Abcor. 
Inc.) 

drocarbons. For organophosphorus and other pesticides, a 
61-cm (2-ft) column packed with 100-120 mesh Supe\co
port containing 2% OV-17 and 4% QF-l was used. 

Chlorinated hydrocarbons in each sample were extract
ed with a mixture of ether and hexane in a proportion of 1 
to 9. Other pesticides were extracted with dichlorometh
ane. After two consecutive extractions for each sample, 
the extracted solution was transferred to a 250-ml Erlen
meyer flask equipped with a Snyder condenser; 25 ml of 
benzene was added to the extracted solution. The mixture 
was evaporated on a steam bath until 5 ml of benzene so
lution remained. The content of the flask was then trans
ferred and made up to a 10-, l00-ml, or other volumes to a 
concentration suitable for injection into the gc column for 
analysis of pesticides. 

Results and Discussion 

The average permeate fluxes were 32 and 49 ml/cm2 / 

day (8 and 12 gfd) for CA and NS-lOO membranes, respec
tively. Because of the low concentration of the pesticides 
(ranged from 0.28 ppm of DDT to 10.53 ppm of trifluralin 
in the original feed solution), the flux of permeated water 
was independent of the pesticides tested and remained 
constant throughout the run. In actual cases, membrane 
fluxes will depend more upon the concentration of the 
total dissolved solids (TDS) rather than the concentration 
pesticides in the water . 

The efficiency of the membranes for removing certain 
pesticides was determined as follows: 

R = [ 1 - ~;~; J X 100'/0 (1) 

where R represents the percentage of pesticide being re
moved; C and V represent the concentration of pesticide 
and volume of aqueous solution, respectively; subscripts p 
and f represent permeate and feed solution, respectively. 
Tables II, III, and IV show the percentage removal of each 
group of pesticides with both CA and NS-lOO membranes 
as determined by Equation 1. Percentages of pesticide re
moval were calculated when 40% of the volume of the 
original feed solution was removed in the form of per
meate. 

From a simple material balance made among pesticides 
present in the original feed, the membrane retentate and 
permeate as shown in Tables II, III, and IV, it was deter
mined that an appreciable amount of pesticides was lost 
after the tests. The possibility of decomposition and hy-



drolysis of pesticides that might occur within a period of a 
few days between sample collection and analysis was not 
eliminated but seems unlikely in view of the relatively 
short time involved. This is especially true with the more 
persistent chlorinated pesticides. The only other possibili
ty which might account for the loss of pesticides would be 
adsorption of pesticides onto either the wall of the stain
less steel (Type 316) test cell or the polymeric membrane 

materials . While results of analysis of the acetone rinse 
from the compartment of the test cell wetted by the feed 
solution showed trace to nondetectable amounts of pesti
cides, an appreciable amount of pesticides was, however, 
detected in the membrane extract. 

Quantitative recovery of pesticides was not attained 
from membrane extracts owing either to lack of adequate 
solvent for extraction (i.e. , solvent having a favorable dis-

Table I. Classification and Properties of Pesticides Tested 
EstI-

mated 
annual 

Oral sales 
Solubility toxicity in 1971 

Trade Mol Chemical (2:23). (2. 24). (I). mil-
name Chemical name wt classification Type ppm LDso, mg/kg lion Ib 

Diazinon O,O·diethyl O·(2·isopropyl·6· 304 Organophosphorus Insecticide 40 76-108 10 
methyl·4-pyrimidinyl)· 
phosphorothioate 

Malathion O.O·dimethyl phosphorodi- 330 Organophosphorus Insecticide 145 2.800 35 
thioate of diethyl mer-
captosuccinate 

Parathion O.O-diethyl O-p-nitrophenyl 291 Organophosphorus Insecticide 20-25 6-15 15 
phosphorothioate 

Methylpara· O,O·dimethyIO-p-nitro- 263 Organophosphorus Insecticide 50 9.4 45 
thion phenyl phosphorothioate 

Aldrin l,2,3.4,10.1O-Hexachloro· 365 Halogeneous cyclo- Insecticide 0.20 55 10 
l,4.4a.5. 8, 8a-h exa hyd ro- diene 
1.4·endo·exo·5,8-dimeth-
anonaphthalene 

Dieldrin 1,2,3.4,10,10-H exach loro·6, 7- 381 Halogeneous cyclo- Insecticide 0.25 60 < 1 
epoxy·1,4,4a,5,6, 7,8.8a- diene 
octa hyd ro·1,4·endo·exo-
5,8·dimethanonaphtha-
lene 

Heptachlor l,4,5,6,7,8,8a-Heptachloro· 373 Halogeneous cyclo- Insecticide 0.056 130-135 
3a.4, 7.7a-tetrahydro·4, 7· diene 
methano .. ldene 

Heptachlor 1.4,5,6,7,8, 8a· H e ptach loro- 389 Halogeneous cyclo- Metabolite of 
epoxide 3a ,2,3·epoxy·3a.4. 7, 7a- diene heptachor 

tetrahydro·4,7·methano-
indene 

Lindane 1,2,3.4.5,6· H exach lorocyclo· 291 Halogeneous ali- Insecticide 7.3-10 90 < 1 
hexane phatics 

DDE l,l-Dichloro·2,2·bis(p-chloro· 318 Halogeneous aro- Metabolite of 
phenyl)ethylene matics DDT 

DDT l,l,l-Trichloro·2,2-bis(p- 354.5 Halogeneous aro· Insecticide 0.0012-1 113 45 
chlorophenyl)ethane matics 

Trifluralin a,a,a' T rifluoro·2.6·di nitro· 335 . 3 Salt of quaternary Herbicide 24 > 10,000 25 
N,N-dipropyl-p-toluidine ammonium bases 

Randox Diallylchloroacetamide 174 Derivative of ali· Herbicide 19,000 700 10 
phatic carboxylic 
acids 

Atrazine 2·ChloroA-ethylamino-6-iso· 216 s-Triazines Herbicide 70 1.750-3,080 90 
propyl amino-s·triazine 

Captan N·trichloromethyl thiotetra- 301 Mercaptanes Fungicide Insoluble 9,000 18 
hydrophthalimide 

Table II. Removal of Chlorinated Pesticides by Reverse Osmosis 
Amount of pesticides (~g) in solutions 

adso;;tion Original Adsorbed % 
Membrane feed Retentate Permeate caled a removal calcd b 

Aldrin NS·100 142.3 6.9 N.D.' 135.4 100 95.15 
CA 29.1 N.D. 113.2 100 79.55 

Lindane NS-100 506 .4 440.2 5.3 60.9 98, 95 12.03 
CA 157.5 2.5 346 .4 99.51 68.40 

Heptachlor NS-100 145.1 5.4 N.D. 139.7 100 96.28 
CA 28.1 N.D. 117.0 100 80.63 

Heptachlor NS-100 306.9 25.6 0.5 280.8 99 .84 91.50 
epoxide CA 71. 5 0.7 234.7 99.77 76.47 

DDE NS-100 69.0 4.2 N.D. 64.9 100 94.06 
CA 13.6 N.D. 55.4 100 80.29 

DDT NS·100 42.0 2.4 N.D. 39.6 100 94.29 
CA N.D. N.D. 42 .0 100 100 

Dieldrin NS-100 321.3 14.9 N.D. 306 .4 100 95.36 
CA 75 .7 0.4 245.2 99.88 76.31 

(l Adsorbed calcd = pesticides ~resent in the orig inal feed less that determined in the retentate and permeate. 
(pesticides in original feed) X 10 %. C N.D. = nondetectable . 

b (Pesticides adsorbed caled)/ 
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Table III. Removal of Organophosphorous Pesticides by Reverse Osmosis 
Amount of pesticides (~g) in solutions 

Adsorbed 
% 

Pesticide Membrane 
Original 

feed Retentate Permeate cared 
% 

remoyal 
adsorption 

caleda 

Diazinon NS·lOO 473 . 7 273.5 56.6 143.6 98 . 05 30.31 
CA 334.7 8.3 130.7 98.25 27.59 

Methylpara· NS-lOO 913.1 542.1 4.0 370.6 99.56 40.59 
thion CA 496.9 4.1 412.1 99. 55 45.13 

Malathion NS-lOO 1057.8 647.0 3.7 407 .1 99.65 38.49 
CA 739.9 8.9 309.1 99.16 29.22 

Parathion NS·100 747 . 3 363. 2 1.3 382.8 99.83 51.22 
CA 412.5 0.9 333.9 99.88 44.68 

Cl (Pesticides adsorbed calcd)j(pesticides in original feed) X 100%. 

Table IV. Removal of Miscellaneous Pesticides by Reverse Osmosis 
Amount of pesticides (~g) in solutions 

% 
Original Adsorbed % adsorption 

Pesticide Membrane feed Retentate Permeate caled remoyal caled a 

Randox NS·100 326.8 286.0 4. 7 36.1 98.56 11.05 
CA 253 .7 91.4 18.3 72.03 5.60 

Trifluralin NS-100 1578.9 530.0 0.1 1048.8 99.99 66 .43 
CA 560.1 4.1 1014.7 99. 74 64.27 

Atrazine NS·100 1101.7 956.5 24.0 121.2 97.82 11.00 
CA 851.4 176.0 74.3 84 .02 6.74 

Captan NS·100 688. 9 437 .0 N.D.' 252 . 4 100 36.64 
CA 314.7 8.4 440.1 97 . 78 63.88 

a (Pesticides adsorbed calcd)/(pesticides in origina l feed) X 100%. b N. D. = nondetectable. 

tribution coefficient for extraction) or not enough time to 
reach equilibrium. Partial recovery of pesticides from the 
adsorbates, such as soils and clays, is frequently reported 
(8). However, in some cases, recovery was larger than 
100% apparently due to experimental error. In spite of 
this inability to determine quantitatively the amount of 
pesticides adsorbed by the membrane material, detection 
of pesticides in appreciable amounts from the membrane 
extract strongly supports the notion that the loss of pesti
cides is mainly due to adsorption onto the membrane ma
terial. 

Attempt was made to calculate the percentage of pesti
cides adsorbed by the membrane materials in order to 
give an insight into the basic mechanism involved in the 
adsorption and rejection of pesticides by the mem branes. 
It was believed that understanding of these mec.hanisms 
would provide a basis for predicting the performance of 
these membranes tested toward the removal of pesticides 
other than those tested. In addition, knowledge of the re
lationship between the chemical nature of the membrane 
and the individual pesticide will lead to establishing use
ful criteria for the choice of membrane best suited for the 
removal of pesticides by reverse osmosis. 

Tables II, III, and IV show the percentage of each group 
of pesticides adsorbed by both CA and NS-100 mem
branes. The percentage of pesticide adsorbed was calcu
lated based upon a material balance: 

A = [1 - C" Vc,;~'V'J X 100% (2) 

where A represents the percentage of pesticide being ad
sorbed; C and V represent, respectively, the concentration 
of pesticides and the volume of the aqueous solution; and 
subscripts r, p, and f represent the retentate, permeate 
and feed , respectively. 

It is seen from these tables that, with the exception of 
lindane, the percentage adsorption is the highest for the 
chlorinated hydrocarbons (Table II). This is followed by 
trifluralin and captan in the miscellaneous group (Table 
III) , and all of the organophosphorus pesticides tested 
(Table IV). The poorest adsorption is observed with ran-
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dox and atrazine as shown in Table III . The adsorption 
data reported here are not indicative of the equilibrium 
data as would normally be required for establishing the 
empirical Freundlich isotherms . The average contact time 
of the pesticide solutions with NS-100 was only 40 min 
and with CA 55 min. In view of this relatively short equi
librium time involved, the adsorption process was by no 
means in true equilibrium. However, the relative degree of 
adsorption of various pesticides by the membranes does 
give an indication of the relative magnitudes of the distri
bution adsorption coefficient of pesticides between the 
two phases of membrane materials tested and the aqueous 
solution. The distribution coefficient is defined by the ex
pression of (x / m) / C"Q obtained from the Freundlich iso
therms in which x / m represents the weight of material 
being adsorbed per unit weight of adsorbent and CPQ rep
resents the equilibrium concentration of adsorbate in the 
solution. 

The distribution adsorption coefficient is naturally re
lated to the intermolecular interactions of the adsorbate 
between the solid phase of adsorbent and the liquid phase 
of aqueous solution. In view of this, the chemical nature of 
pesticides and membrane materials should be discussed to 
further explain the degree of adsorption of pesticides by 
membranes. On the basis of the preferential sorption-cap
illary flow mechanism (6) , solute separation in reverse os
mosis is thought to depend upon the chemical nature of 
solute and membrane. To obtain optimal performance of 
the membrane, proper balance between the hydrophobic 
and hydrophilic groups on the backbone of the membrane 
polymeric structure is essential. For example, the hydro
phobic acetyl groups on the cellulose molecular are neces
sary for reverse osmosis separation of salts. On the other 
hand, however, the hydrophilic hydroxyl groups are need
ed for greater passage of solvent water. The widely used 
cellulose membrane, such as the one employed in this 
study, contains 2.5 acetyl groups on the average out of the 
maximum of 3.0 per repeating i1 -glucoside unit of the 
polymer. The polar hydroxyl group is responsible for the 
poor rejection of the highly polar organic compounds (7). 
Figure 1 shows that the ethylene backbone and the cross-



linked benzene groups are the nonpolar regions, and the 
urea peptide bond and amines are the polar region of the 
NS-100 membrane. Chian and Fang (7) have concluded 
that the NS-lOO is more apolar than the CA membrane 
due to its better rejection of the highly polar organic so
lutes than the CA membrane. 

By the same token, pesticide molecules also comprise 
polar and nonpolar regions. With the exception of the 
highly substituted lindane, most of the chlorinated pesti
cides have nonpolar regions of significant size in propor
tion to polar regions. They are likely to adsorb onto the 
hydrophobic region of membrane materials (e.g. , acetyl, 
ethylene, and benzene groups) by means of the van der 
Waals-London forces. The interaction between the hydro
carbon (nonpolar) regions of pesticides and membranes is 
amplified further by the tendency of water to form a par
tial cage of icelike hydrogen-bonded clusters of water mol
ecules around nonpolar regions of both adsorbate and ad
sorbent (9). This type of interaction derived from the 
structure changes of water molecules around nonpolar 
molecules is called hydrophobic bonding, and the interac
tion force involved is related to entropy generation. In 
other words, hydrocarbon groups tend to associate with 
one another and with hydrophobic surfaces in order not to 
cause additional structuring in the water which involves a 
decrease in the entropy of the total system, and is ther
modynamically rather unfavorable (10, 11). 

Table II also shows that the NS-100 membrane has a 
higher percentage adsorption of the nonpolar chlorinated 
pesticides than the CA membrane. This indicates that the 
former membrane is somewhat more nonpolar as com
pared with CA. It agrees with the conclusion drawn by 
Chian and Fang (7) that better separation of the polar or
ganic compounds with the NS-100 membrane is attribut
able to the apolarity of the ml'mbrane material relative to 
CA. Therefore, poor adsorption of lindane, along with 
somewhat poor separation of this highly chlorinated hy
drocarbon with these membranes, suggests that the lin
dane molecule is relatively polar as compared with the rest 
of the chloropesticides tested . This is indeed the case. The 
lindane molecule has a polar region of larger size than the 
hydrocarbon nonpolar region as shown in Table I. By the 
same token, poor adsorption of atrazine and randox, along 
with poor separation of these pesticides by membranes as 
shown in Table IV, also suggests the polar nature of these 
pesticides. Hydrogen bonding has actually been indicated 
for adsorption of s-triazine herbicides to clay surfaces 
from the study of infrared spectra of adsorbed material 
(12). The electron-rich 1f-cloud donor of s-triazine and 
alkenes and the lone-pair electron donor of secondary 
amines (Table I) are responsible for the polar nature of 
atrazine and randox which, in turn, leads to formation of 
hydrogen bonding. 

All of the organophosphorus pesticides tested (Table 
III), along with trifluralin and captan (Table IV), show in
termediate adsorption of pesticides as compared with the 
nonpolar chloropesticides and the relative polar atrazine, 
randox, and lindane. The percentage adsorption of orga
nophosphorous pesticides averaged about 40%. This corre
sponded to the amount of permeate removed from the test 
cell-i.e., 40% of the feed removed. Therefore, adsorption 
of organophosphorus appears to result from the direct flow 
of solution through the microporous structure of the mem
brane material rather than from adsorption onto the skin 
layer of the membranes. Strong adsorption of chloropesti
cides onto the skin layer of the mem branes is evidenced 
by the greater percentage of adsorption- e.g., 75- 100%, 
relative to the amount of solution passing through the 
membranes (i.e. , 40%). 

As postulated by Matsuura and Sourirajan (13), one of 

the most important of the physicochemical criteria gov
erning reverse osmosis separation of organic solute in 
aqueous solution is the "Polar Effect" of the solute mole
cule. A measure of the hydrogen bonding ability and the 
dissociation constants gives relevant expression of polarity 
of the organic solutes. In general, poor removal of solutes 
by the CA membrane corresponded to solutes having 
greater tendency to form hydrogen bonding. Results of 
this study on solute separation by membranes agree well 
with the separation mechanism proposed by Matsuura 
and Sourirajan (13)-i.e., poor removal of pesticides was 
observed with the relatively polar ones (e.g., atrazine, 
randox and lindane), which are also adsorbed poorly by 
the membranes tested . Within this group of somewhat 
more polar pesticides, the differences in rejection by 
membranes may be attributable to the size of the mole
cules which, in tum, governs the rate of diffusion of so
lutes across the membranes. This explains high rejection 
of lindane over atrazine and randox (Tables I, II, and IV) . 

From these findings is provided a general criterion in 
selecting membrane material for efficient separation of 
pesticides-i.e., the more apolarity the membrane materi
al is, the better the pesticide removal will be, mainly 
through the mechanism of adsorption according to this 
study. Therefore, the relatively nonpolar aromatic poly
amide (e.g., Du Pont's B-9 permeator, Wilmington, Del.) 
and furfural alcohol (NS-200, North Star R&D Inst .) mem
branes should all be comparable in performance, as com
pared with the NS-100, according to results of their re
moval of the model compounds reported by Chian and 
Fang (7). This, however, would be at the expense of de
creasing water flux, an important engineering parameter 
of the reverse osmosis process, according to Sourirajan's 
model of preferential sorption of water . Remedies for over
coming the low water flux due to the use of more nonpolar 
membrane material would be either to employ a reverse 
osmosis module configuration that would provide a large 
specific surface area to compensate for the low flux (such 
as the use of hollow-fiber module) or to control the thick
ness of the effective skin layer to enhance water flux ac
cording to Darcy's law (such as the use of ultrathin mem
branes). 

The effects of pressure, temperature, and concentration 
of solutes on the performance of the reverse osmosis pro
cess have been discussed in great detail by numerous au
thors (6, 14-17) and will not be the subject of this study. 
However, attempts have been made to discuss effects of 
the above operating variables on membrane performance 
toward aqueous solutions of pesticides. 

Pressure Effect 

In general , solute separation has usually been observed 
to increase with feed pressure to either an asymptotic 
maximum (18) or to approach 100% rejection, as in the 
case of cellulose acetate (15), although observation of an 
inverse relationship between separation and pressure with 
porous glass membranes (14) and polyvinyl alcohol films 
(17) is not unknown. 

The membranes employed in the present study have 
been tested regarding solute separation vs. applied pres
sure with a 0.5% sodium chloride aqueous solution. In
crease in solute separation with pressure was more pro
nounced with the partial salt rejection membrane, such as 
CA. With the high salt rejection membrane, such as NS-
100 having a rejection of 99.5% sodium chloride, the effect 
of pressure on solute separation becomes negligible, prob
ably due to approaching the asymptotic maximum of 
100% rejection. In view of the excellent removal of the 
chloropesticides, organophoSphorous pesticides, and triaf
uralin and captan with both CA and NS-lOO membranes, 
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increase in pressure within a practical range would have 
little or no effect on improving removal of these pesti
cides. However, it is anticipated that rejection of the more 
polar atrazine and randox would increase somewhat with 
increasing pressure. This will be especially true with the 
CA membrane due to poorer rejection toward these pesti
cides. Removal of 72 and 84% of randox and atrazine, re
spectively, was obtained with the CA membrane, as com
pared with 98.6 and 97.8% removal of these pesticides 
with NS-l00 membrane. 

Temperature Effect 

Increase in temperature within an allowable range for 
the reverse osmosis process normally would result in flux 
increases in direct proportion to the decrease in solution 
viscosity according to Darcey's Law for viscous flow in 
pores. Again, with membranes having poor rejection of so
lutes, the increase in permeate flux with increasing tem
perature tends to improve membrane rejection of solutes. 
Solute transport through the membrane will increase with 
temperature to a lesser extent when compared to increase 
in permeate flow. On this basis, rejection of the more 
polar pesticides, such as atrazine and randox, will in
crease with temperature, especially with the CA mem
brane due to its poorer rejection of these pesticides . How
ever, no apparent increase in rejection of the nonpolar and 
lesser polar pesticides, such as chlorinated hydrocarbons 
and organophosphorus, would be expected because of their 
efficient removal of these pesticides in the first place
e.g., an average of better than 99.5% removal. With the 
strongly adsorbed pesticides, such as most of the chlori
nated hydrocarbons, some increase in rejection may be 
anticipated since the hydrophobic interactions partially 
responsible for the adsorption of nonpolar pesticides be
come stronger with increasing temperature (10). 

Concentration Effect 

Higher feed concentrations generally result in lower 
flux , since the solvent flow follows the relationship: 

(3) 

where J, is the flux of solvent; !!.P is the applied driving 
force; K, is the membrane permeability; and !!. ... is the 
osmotic pressure of solutions across the membrane . Since 
the solubility of pesticides is so low and the molecular 
weight is so high, the effect of increase in concentration of 
pesticides on solvent flux is almost negligible because of 
extremely small changes of osmotic pressure, !!. ... , in
volved. However, high feed concentration results in higher 
flux for solute transport across the membrane due to in
creased concentration driving force for solute diffusion as 
given by the following equation 

K, 
J , = D,Mo~C (4) 

where J 2 is the diffusional flux of solute across the memo 
brane; K2 is the distribution coefficient of solutes between 
the membrane and the solution; D2M is the diffusivity of 
solute in membrane; Ii is the thickness of the active skin 
layer; and!!.C is the concentration driving force. 

Therefore, high solute flux, associated with the increase 
in pesticide concentration, would result in poorer rejec· 
tion. 

Effect of Organic Matter Present in Water 

In natural water, persistent pesticides, such as chlori
nated hydrocarbons, are normally complexed with humic 
and fulvic acids (19, 20). These humic substances are ef-
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fectively rejected with reverse osmosis membrane mainly 
because of their high molecular weight (21) on the order of 
a few thousands to tens of thousands. The removal of pes
ticides from natural water is thus expected to be even 
higher than those data shown in Tables II, III, and IV. 
This is especially important with the poorly rejected polar 
pesticides, such as atrazine and randox, which tend to 
form hydrogen bonding and complex with the humic sub
stances. 

In view of the strong sorptive characteristics of the 
membrane materials with most of the pesticides tested, 
one would expect a leakage of pesticides when the adsorp
tion capacity of membranes is exhausted. The fact that no 
experimental results show actual exhaustion of the ad
sorption capacity of membranes is, however, a matter of 
real concern when long-term tests are conducted. Tardiff 
and Deinzer (22) have employed reverse osmosis to con
centrate river water for organic analysis. With the evi
dence found in this study regarding strong sorptive char
acteristics of the persistent chloropesticides onto reverse 
osmosis membrane materials, effort should be directed 
toward development of procedures for extracting either 
pesticides or other trace organics that might adsorb onto 
the membranes without deleterious effects on membrane. 

Conclusions 

Excellent performance of CA and NS-l00 membranes in 
removing a wide variety of pesticides, including chlorinat· 
ed hydrocarbons, organophosphorus, and miscellaneous 
pesticides, was observed. A considerable amount of pesti
cides, however, adsorbed onto the membrane materials. 
The extent of adsorption was shown to be governed by the 
van der Waals-London forces and hydrophobic bonding 
between pesticide molecules and the polymeric membrane 
materials. 

Several conclusions can be drawn concerning mecha
nisms of pesticide removal by the reverse osmosis mem
branes. Whereas better than 99.5% removal of the nonpo
lar pesticides, such as chlorinated hydrocarbons and orga
nophosphorus, was observed with both membranes tested, 
the removal of the more polar pesti9ides, such as randox 
and atrazine, was, however, less satisfactory. This is espe
cially true with the more polar CA membrane . The mech
anism of pesticide removal from aqueous solution can be 
explained partially by the polar effect of the solute and 
partially by the extent of adsorption of the pesticide onto 
the membrane materials. The former mechanism of pesti
cide rejection is in accord with the theory advanced by 
Sourirajan. 

The effect of pressure, temperature, concentration of so
lutes and organic matter commonly found in water-e.g., 
humic substances- on the performance of the reverse os
mosis process has been discussed . It is concluded that the 
above operating variables has little or no effect on mem
brane performance with pesticides that are rejected effi
ciently by the membrane. However, with the membrane 
rejecting pesticides partially, higher pressure, tempera
ture, and organic content are expected to improve the 
performance of the membrane on pesticides removal , 
whereas higher concentrations of pesticides in the feed is 
expected to have adverse effects. 
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Evidence of Atmospheric Transport of Ozone into Urban Areas 

Peter E. Coffey* and William N. Stasiuk 

Division of Air Resources, New York State Department of Environmental Conservation, Albany , N.Y. 12201 

• In late spring and continuing throughout the summer, 
concentrations of ozone in excess of 0.08 ppm are com
monly found in rural areas of New York State. Widely 
separated rural sites measure similar ozone concentrations 
with very slight diurnal fluctuations. During episodes of 
high rural ozone concentrations, urban areas also experi· 
ence high ozone peak concentrations, typically in the early 
afternoon . A transport and mixing hypothesis is made 
which interprets these urban ozone peak concentrations as 
primarily the result of the high background level of ozone 
and not local photochemical generation. 

Recently several investigators have measured high con
centrations of ozone in rural areas, often in excess of the 
national ambient air quality standard (O _OS ppm ozone, 
hourly average not to be exceeded more than once a year) . 
Johnston et aJ. (1) monitored ozone and several other pol
lutants in rural Garrett County, Maryland, from August 
29 to September 25, 1972. The ozone concentration of 
Garrett County exceeded the air quality standard 11.26% 
of the time, the average for the period being 0.057 ppm. A 
previous study by Richter (2) found similar high ozone 
concentrations in the rural Mount Storm area of West 
Virginia. 

During a 1973 investigation, we, too, found high spring 
and summer levels of ozone (in excess of 0.08 ppm) at a 
remote rural site operated by the Atmospheric Science 
Research Center of the State University of New York at 
Albany (SUNY) in the Adirondack Mountains of New 
York. Additionally, in this same period, we noted the high 
ozone concentrations being recorded in the urban areas of 
New York. As for the rural site , these episodes of ozone 
concentrations in excess of O.OS ppm generally first oc
curred in late spring and continued sporadically through
out the summer. Characteristically, the urban ozone con-

centration peaked in the mid afternoon period. Such ozone 
peaks have generally been interpreted as the result of a 
local photochemical situation which could be alleviated 
by a local emission abatement program. The purpose of 
this paper, however, is to present an alternative mecha
nism to the local photochemical process as the cause of 
most urban ozone in the New York State area, a mecha
nism which could produce high urban ozone levels in ex
cess of the federal standard regardless of local antipollu
tion efforts . 

Discussion 

In an earlier paper (3) we described high ozone concen
trations from two rural ozone monitoring sites 160 miles 
apart (Mt. Utsayantha, elevation 1060 meters, and White
face Mountain, elevation 1636 meters) and several urban 
sites. Figure 1 locates these stations, plus the cities of 
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Figure 1. locations of various sites in New York State 
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Figure 2. Figure 2A compares the ozone concentration at the 
two rural sites for the first 17 days of August 1973. Figures 
2B-E compare the ozone concentrations at Whiteface with that 
for the cities of Kingston, Syracuse, New York City, and Buffalo 

New York, Syracuse, Buffalo, Kingston, and Glens Falls 
in New York State. As seen in Figure 2A, the continuous
ly recorded ozone concentrations observed at the rural 
sites for the first 17 days of August 1973 (the only period 
when both rural sites were in operation) were quite simi
lar and often exceeded 0.08 ppm of ozone. Chemilumines
cent devices were used at all sites. Analysis of the data re
veals a very small diurnal fluctuation in ozone concentra
tion peaking shortly after midnight with the maximum 
average hourly concentration being only 0.01 ppm higher 
than the minimum average hourly concentration. For this 
period Ripperton and Worth (4) have also reported high 
rural ozone concentrations at sites in the Appalachian 
Mountains. Figures 2B-E illustrate the daily urban maxi· 
mum ozone concentrations in Kingston, Syracuse, New 
York, and Buffalo and show a rather strong correlation 
with the synchronous ozone concentrations recorded at the 
rural sites as represented by Whiteface. 

This correlation, plus some additional data we have ac· 
quired, suggests that for those cities studied, local urban 
photochemical generation of ozone is not the dominant 
mechanism for ozone production; that, in fact, the high 
urban ozone concentrations are principally the result of 
transport and mixing of ozone rich air into the city from 
the surrounding air mass. 

Analysis 

Consider the air mass above an urban area and how its 
characteristics change through the course of a day. This 
air mass might be expected to exhibit various degrees of 
turbulence dependent on existing conditions. 

That part of the air mass from the ground up, in which 
relatively vigorous vertical mixing occurs, is characterized 
by its mixing depth, The maximum mixing depth is usu
ally determined where the dry adiabat drawn through the 
maximum temperature for the day intersects the sounding 
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on an adiabatic diagram. In the upstate New York region 
characterized by Albany, the summer mixing heights av
erage 474 meters in the morning and 1896 meters in the 
afternoon (EPA Publication No. AP10l). 

In addition to the mixing process, wind speed increases 
with height. Momentum is transferred downward toward 
the surface by eddies of air. The coefficient of eddy viscos
ity varies with the lapse rate (5) . During the day, as the 
surface temperature increases, the lapse rate and coeffi
cient of eddy viscosity increases so that the high momen
tum aloft is transported downward by the eddies. The 
wind at the ground tends to reach its maximum value in 
the afternoon when the lapse rates are usually the great
est. At night the lapse rate becomes stable, the coefficient 
of eddy viscosity decreases and there is little exchange of 
momentum. Thus, surface winds die down. 

Therefore, in general, the greatest horizontal movement 
into and vertical mixing of the air above an urban area 
will occur in the afternoon when the surface temperature 
reaches its maximum. 

It is well established because of the presence of nitric 
oxide that urban areas, especially after sunset, are strong 
sinks for ozone (6) . The nighttime destruction coupled 
with a supposed daytime photochemical generation of 
ozone yields the classical urban diurnal ozone concentra
tion curve. 

On the other hand, if the ozone being measured in 
urban areas has as its primary source the bulk air mass 
over the State of New York, the urban ozone will general
ly reach its peak concentration when the surface winds and 
temperature reach their maximum, because at this time the 
urban air mass is undergoing its most rapid interchange 
with the air above and outside of the city. Of itself, this 
interpretation is not conclusive since the time of the sur
face wind and surface temperature maxima is usually in 
the midafternoon period, a time which coincides with the 
expected time of the maximum photochemical ozone con
centration. However, rural ozone concentrations have 
similar values across wide areas of the state, and the peak 
urban concentrations show a correlation to the rural con
centrations being measured at the same time, a fact diffi
cult to explain solely through photochemical g~neration. A 
transfer and mixing mechanism would suitably explain 
these correlations. 

Results 

During the period of this study, the afternoon mixing 
depth was generally close to 2000 meters. The highest 
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Figure 4. Close correlations between the Whiteface ozone conce'ntrations for the first 17 days of August 1973 and the smooth curve 
drawn between the Glens Falls and the New York City daily ozone maximums 

ozone concentrations were recorded when the winds were 
light and from the southwest. Cold fronts moved across 
the area on the 2nd and 12th of August with accompa
nying wind shifts to the northwest and decreasing ozone 
concentrations. 

To investigate the transport and mixing hypothesis, 
ozone and wind data were obtained from a monitoring site 
in downtown Glens Falls, N.Y. This city is in the Hudson 
Valley, approximately 80 miles south of Whiteface Moun
tain and has an elevation of 110 meters above sea level. 
Figure 3 shows the time of occurrence of the daily wind 
and ozone maxima for the period. A linear regression 
analysis of these times of occurrences yielded a correlation 
coefficient of 0.87. Unfortunately, temperature data were 
not available from this site. Assuming, as we stated ear
lier, that these ozone maxima would most closely corre
spond to the rural ozone levels, a smooth curve for the 
sake of representation was drawn connecting these daily 
maximum readings. This curve was then compared direct
ly to the continuous Whiteface ozone data covering the 
same time period. Figure 4A shows the rather close corre
lation between both curves. Not only are the concentra
tion trends similar, but the actual concentration values 
are almost identical for the two sites. 

Figure 5 indicates the correlation between wind temper-
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Figure 5. Local time of occurrence for Kingston of the daily 
houry average wind, ozone, and temperature maxima for the 
first 17 days of August 1973 

ature and ozone maximum at Kingston, N.Y. , for the pe
riod. The correlation coefficients were 0.83 for wind and 
temperature, 0.81 for wind and ozone, and 0.87 for ozone 
and temperature. Similar data were taken from a moni
toring site on Welfare Island in New York City. Figure 6 
shows the time of occurrence of the daily wind, tempera
ture, and ozone maxima for the period. The correlation 
coefficients calculated from the hourly maxim urn averages 
were 0.79 for wind and temperature maxima, 0.76 for 
ozone and temperature maxima, and 0.59 for ozone and 
wind maxima. 

Connecting the daily maximum hourly ozone values for 
Welfare Island by a smooth curve yields a curve which ex
hibits a remarkable similarity to the continuous White
face ozone data covering the same time period as seen in 
Figure 4B. It should be noted that Welfare Island is 250 
miles from Whiteface Mountain. 

When a weather front passes through an area, the maxi
mum advection of air might be expected to occur with the 
passage of such a front . As an example of nighttime ad
vection due to a weak front, consider the sharp ozone 
maximum (0.84 ppm) recorded in Syracuse, N.Y., at 4 
a.m. on August 1, 1973. At this same hour the maximum 
daily wind was also recorded (3.6 meters/ sec) . As seen in 
Figure 2A, the rural ozone concentration was close to 0.10 
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Figure 6. Local time of occurrence for Welfare I sland in New 
York City of the daily hourly average wind, ozone, and tempera
ture maxima for the first 17 days of August 1973 
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ppm at Whiteface Mountain and 0.12 ppm at Mt. Utsay
antha and falling. This same effect is also seen in New 
York City on the morning of the 2nd of August. The high
est average hourly ozone concentration was recorded at 1 
a.m. on August 2, 1973 (0.056 ppm) . The wind maximum 
was recorded at 4 a.m. on August 2nd at 6.7 meters/sec as 
opposed to 4 meters/sec at 1 a.m. However, as seen from 
the Whiteface data, the background level was falling rap
idly after the frontal passage. 

Summary 

In general, it is safe to say that a correlation between 
data from several sites does not necessarily imply a com
mon source. For example, if uv radiation is causing gener
ation of photochemical ozone in one area, the same condi
tions may exist elsewhere; hence, the trends at the several 
sites would be similar, but not indicative of a transport 
phenomena. However, since our rural data at elevated sites 
have only a slight diurnal fluctuation (and opposite to the 
urban diurnal fluctuation), it appears that no significant 
ozone production is occurring at these sites. Furthermore, 
the actual synchronous ozone concentrations at widely sepa
rated sites are almost identical, especially for the Glens 
Falls maxima and Whiteface continuous data . Therefore, 
we believe the correlations do imply a common ozone 
source. We do not intend to suggest that local photochemi
cal production of ozone does not contribute to the total 
urban ozone burden . The data from New York City show 
some exceptionally high afternoon ozone concentrations 
which might be the result of significant contributions from 
both background ozone and locally produced ozone. How-

ever, what the data do indicate is that ozone concentrations 
in excess of the 0.08 ppm federal maximum hourly stan
dard do exist in rural areas and can be transported into 
urban areas through advection and vertical mixing. 
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Glc Analysis of 2,4-0 Concentrations in Air Samples from 
Central Saskatchewan in 1972 

Shane S. Que Hee, Ronald G. Sutherland, * and Margaret Vetter 

Department of Chemistry and Chemical Engineering , University of Saskatchewan. 
Saskatoon, Sask ., Canada S7N OWO 

• Levels of 2,4-D [(2,4-dichlorophenoxy)acetic acid] in 
the atmosphere of central Saskatchewan were estimated 
as butyl and octyl esters using a two-column gas liquid 
chromatography technique, and then further character
ized by chemical derivatization. Gic mass spectrometry 
confirmed the presence of 2,4-D. Mean total daily levels of 
2,4-D (as n-butyl ester) found for Saskatoon for 33 days 
were 600 ng/ m3 of a ir, and for Naicam for 47 days, 142 
ng/ m3 of air. Very little 2,4-D was detected at Rosetown. 

Recent work (1) suggests that vapor and droplet drift of 
the butyl esters of 2,4-D may be as high as 30% after 
boom spraying in the field. The presence of 2,4-D in the 
atmosphere has been detected using bioassay techniques 
(2-5). However, few of these methods are quantitative and 
are subject to interference by many compounds. For these 
reasons, it is necessary to measure herbicide levels in the 
atmosphere directly by physical means. Very little work 
(6) has been published on the estimation of 2,4-D levels in 
the atmosphere during the spraying season using direct 
means. Saskatchewan provides a unique opportunity for 
the quantitation of 2,4-D derivatives in this way since 
large quantities (up to 2000 tons) of this herbicide are 
sprayed in spring and early summer. 
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Experimental 

Air Sampling Procedures. Commercial activated silica 
gel (60/ 70 mesh) was treated by Soxhlet extraction for two 
days using boiling methanol. The gel was then dried in an 
oven at 2oo'C for two days. Five grams of the gel was then 
packed into polyethylene air samplers similar to samplers 
described previously (I) and shielded from moisture. 
Sampling stations were established in Saskatoon and at 
weather stations on farms in the Rosetown and Naicam 
districts (Figure 1) . The samplers were placed on the ver
tical inlet of a vacuum line, 7 ft above ground level. The 
samplers were encased in a cage of mesh and the air flow 
was maintained at 10 l-/min. The samplers were changed 
daily, wrapped to exclude moisture, and stored in a refrig
erator until analysis. Weather information was recorded 
daily, but comprehensive data were available only for Sas
katoon. 

Analytical Procedures. The silica gel was removed, 
mixed well , and divided into two equal portions. All sol
vents used in the following procedures were doubly dis
tilled reagent grade chemicals. All glassware was pre
washed in chromic acid, distilled water, and acetone in 
that order . 

Analysis for Butyl and Octyl Esters. One half of the 
sample was placed on fluted Whatman filter paper (No. 



Figure 1. Location of atmospheric monitoring stations in relation 
to cropland (shaded areas) in Saskatchewan 

40) contained in a Pyrex filter funnel. Methanol (20 ml) 
was then poured through the gel which was then allowed 
to drain dry. The efficiency of desorption was (66 ± 8)% 
for the gel loading range of 20-80 ng of radioactive HC_ 
labeled n-butyl ester vaporized by heat, then desorbed. 
The efficiency increased to (75 ± 3)% when the loading 
range was 1-loo/lg. 

The methanol was then concentrated to about 5 ml , a 
saturated brine solution (10 ml) was added, and the solu
tion was shaken with hexane (10 ml) . The hexane extract 
was concentrated prior to electron capture gas liquid 
chromatographic (glc) analysis. The efficiency of this one
step extraction process was (50 ± 5)% in the con centra -
tion range 2G-80 ng of radioactive HC-Iabeled n-butyl 
ester in the original methanolic solution, and (97 ± 2)% in 
the concentration range 1-100 /lg, using glc-electron cap
ture for quantitation. 

The samples were analyzed using two glc columns. The 
first, Column A, was Ii 5% ethyl acetate extract of Dow 
Coming high-vacuum grease impregnated on 80-100 mesh 
Chromosorb W(AW-OMCS) contained in a 6-ft, 3h.6-in. 
i.d. Pyrex U-tube column. The effluent from Column A 
was monitored by a 63Ni detector, with 19:1 argon-meth
ane as carrier at a flow rate of (40 ± 2) ml j min. The tem
peratures of the column, injector, and detector were 192, 
232, and 222°C, respectively. The detector was operated at 
a pulse interval of 15; maximum sensitivity, about 20 pg. 

Column B was 2% SE-30 impregnated 5G-loo mesh 
Chromosorb W (AW-OMCS), contained in a 6-ft, %-i.d. 
diameter Pyrex spiral column. The detector used with 
Column B was tritium foil. The carrier gas was nitrogen 
at a flow rate of 20 mljmin. The temperatures of the col
umn, injector, and detector were 192, 232, and 222°C, re
spectively. The maximum sensitivity was about 40 pg. 

Pure iso- and n-butyl , and iso-octyl and n-octyl esters 
were used as external standards. Coinjection also was used 
to confirm retention times. Peak areas were evaluated 
using a planimeter. The error in the measurement of peak 
areas was about 7%. 

Analysis for Total 2,4-0 by Conversion to n-Butyl Ester. 
The unextracted half of the silica gel sample was placed 
on a Buchner filter and washed with boiling methanol (7 
x 15 ml) under suction. The solution was concentrated to 
about 1 ml on a rotary evaporator. The efficiency of de
sorption was (96 ± 1.2)%, by using radioactive HC-Iabeled 
n-butyl ester vaporized by heat, and then desorbed from 
the gel in the loading range of 20-80 ng of ester. 

Sodium hydroxide solution (10 ml, 2M) was added to 
the residue, and the mixture was refluxed for 15 min. The 
basic solution was extracted once with benzene (10 ml) to 
remove any nonacidic or nonphenolic matter. It was then 
acidified with concentrated hydroc;hloric acid (pH2, Uni
versal Indicator Paper), and extracted with benzene (3 x 
10 ml) to extract all free 2,4-0. 

The combined extracts were concentrated to about 1 ml 
on a rotary evaporator. The residue was butylated by re
fluxing with BF3jn-butanol solution (2 ml of 36% BF3 in 
n-butanol, plus 10-12 ml ofn-butanol) for 15 min. 

After the solution was refluxed, water (10 ml) and ben
zene (10 ml) were added, and the resulting layers sepa
rated. The aqueous layer was extracted with benzene (3 x 
10 mI) . The combined organic extract was concentrated to 
a volume of 1-2 ml. The efficiency of the entire hydroly
sis, extraction, and butylation procedure was (91 ± 1.2)% 
as indicated by use of radioactive n-butyl ester, and by glc 
techniques (20 replicates) in the range of 20 ng to 100 /lg 
of starting ester. 

One microliter of concentrate was injected into Column 
C (Pyrex U-tube, 6 ft long and %6 in. i.d., packed with 
10% SE-30 impregnated on Chromosorb W (AW-DMCS) . 
The temperatures of the column, injector, and detector 
were 190, 222, and 232°C, respectively. The flow rate of 
19:1 argon-methane carrier gas was (45 ± 5) ml per min. 
The 63Ni electron capture detector was operated at a 
pulse interval of 15. The maximum sensitivity was about 
0.1 ng. 

The retention times were compared with those shown 
by external standards of n-butyl ester, and by coinjection. 
The esters were also quantified by the external standard 
method, and, taking into account the known initial vol
ume of concentrate, the total ester thus was calculated for 
each sample. The error in the ester levels was calculated 
to be about 8- 12%. The presence of the ester was further 
confirmed by mass spectroscopy. Some samples had to be 
amalgamated and concentrated. 

Control blanks were also run. Laboratory air containing 
no 2,4-0 was sucked through silica gel samplers for a day. 
The silica gel from each sampler was halved and treated 
by the two analytical procedures given above. A negligible 
background was observed at the retention time of the 
butyl- and octyl-ester peaks. 

Each glc attenuation setting used was individually cali
brated for both analytical procedures . 

Results and Discussion 
Criteria for Presence of Esters. In the analysis of 

butyl and octyl esters using the two-column technique, 
the following two criteria had to be met before the pres
ence of 2,4-D esters was deemed likely. 

The retention time of the suspected peak had to be 
within ±0.25 min of the retention time of the standards 
run under the same conditions. This range was chosen on 
the basis of the possible 5- 10% error in flow rate of carrier 
gas through the column and on the temperature stability 
of the column oven. 

Both glc columns had to show a peak, fulfilling the first 
condition. 

A third condition should be that the concentrations es
timated on both columns be approximately the same. Pe
rusal of Tables I-III and Figures 2-4 show that the levels 
obtained on Column A are generally lower than those on 
Column B from the same samples. These levels have been 
corrected for efficiency of desorption (75%) and extraction 
(97%). The question of which coI'umn will give the most 
realistic levels must be considered. The retention time for 
the isobutyl ester on Column A was approximately 5.2 
min, whereas the retention time on Column B was 1.5 
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Table I. Ester Levels· for Saskatoon 
In ng per rn' per day 

Column Column Column C Column Column Column C 
Date A B (butyl.tion) Date A B (butylation) 

May 27 June 21 391± 53 
28 22 Nb 147 300± 33 
29 2,850 ± 290 23 377± 89 
30 24 199± 21 
31 25 196± 20 

June 1 20 43 488± 46 26 260± 30 
63' 52' 27 193± 20 

2 1,730± 150 28 438± 44 
3 NO 42 1,650± 175 29 
4 105 31 21,400± 3,500 30 
5 40 311 31,800± 9,500 July 1 
6 455,000 ± 42,000 2 
7 208,000 ± 24,000 3 
8 355,OOO± 39,300 4 
9 322 105 32,900± 3,600 5 53 84 

10 2,900± 425 6 
11 2,890± 321 7 
12 1,560± 170 8 
13 97 168 1,120± 265 9 
14 56 217 764± 197 10 
15 38 242 332± 66 11 
16 38 223 347± 69 12 
17 Nb 147 202± 21 13 Nb 24 
18 363± 21 14 
19 208± 13 15 
20 

a i-Butyl ester levels unless specified otherwise. b N = negligibly small amount. c Iso-oetyl ester levels. 

Table II. Ester" Levels for Rosetown 
In ng per rn' per day 
Column Column Column C 

Date A B (butyl.tion) 

May 27 Nb 40 
28 80± 7 
30 44 53 

15' 39' 
31 43 22 

June 7 36 d 63d 

21 65 42 
22 110 136 

July 1 56 d 51 d 

10 100 331 
a i-Butyl ester levels unless specified otherwise. b N = negligibly small 

amount. c i-Oetyl ester levels. d n·Qctyl ester levels. 

min. Since many peaks are observed on each chromato
gram and more are observed on Column A than on Col
umn B, there is a greater possibility that overlapping 
peaks may increase the peak size of an apparent isobutyl 
ester peak on Column B. In spite of these limitations, ap
proximately half of the ester levels obtained on the two 
columns agreed very well. 

As is well known, glc retention times do not positively 
identify specific compounds. Even a multicolumn ap
proach does not conclusively prove the identity of a sus
pected compound, although the probabilities for correct 
identification are greatly increased . Thus, spectroscopic 
techniques or chemical derivitization have to be used to 
confirm the presence of suspected compounds. Use of the 
former is limited because of sensitivity problems, and this 
was borne out in the present study by the fact that no 

Table III. Ester Levels· for Naicam 
In ng per rn' per day 

Date 

May 29 
30 
31 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Column 
A 

19 
18 
15 

25 
58 

45 

17 

Column 
B 

28 
21 
44 

29 
57 

170 

Nb 
a i-Butyl ester levels. b N = negligibly small amount. 
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Column C 
(butylation) 

99± 10 

235± 26 
688± 70 
197± 20 
209± 18 

201± 15 

207± 22 
126± 15 
81± 7 

124± 10 
100± 12 
126± 14 
124± 13 
134± 15 
116± 10 
164± 18 
89± 9 

Column 
Date A 

June 21 22 
22 18 
23 18 
24 
25 25 
26 22 
27 21 
28 
29 26 
30 

July 1 
2 42 
3 
4 39 
5 35 
6 
7 45 
8 26 
9 75 

10 47 
11 37 
12 50 
13 39 

Column 
B 

121 
90 
90 

153 
90 

197 

133 

386 

369 
487 

294 
240 
78 

238 
60 
36 
96 

Column C 
(butylation) 

103± 13 
83± 10 

117± 9 
454± 45 
128± 25 
284± 30 
340± 30 
212± 25 
291± 25 
129± 10 
280± 25 
232± 20 
232± 22 
108± 9 

163± 15 
378± 40 
105± 12 
83± 9 



samples in the analysis for the individual esters were con
centrated enough to give mass spectral confirmation. 
However, chemical derivitization via the butylation proce
dure reported here not only is a cleanup step limiting the 
final analysis to esters of acids and to individual phenols, 
but it also retains the advantages of the specificity and 
sensitivity of the electron capture (Ee) detector. Thus, 
any 2,4-0 compound will be converted to free acid, and 
detected as the n-butyl ester. 

It follows that samples suspected of containing butyl or 
octyl esters should also produce positive results by the 
butylation technique . A negative result for the butylation 
procedure was taken to mean no confirmation of 2,4-0, 
even if the two-column technique produced positive re
sults. When the butyl at ion method indicated the presence 
of 2,4-0 but the two-column technique did not, spectro
scopic confirmation was again attempted. Only three 
samples, Saskatoon June 6-8 were confirmed by mass 
spectroscopy, the 70-eV mass spectra being superimposa
ble on n-butyl ester standard. In addition, at 7 eV, onlyl 
the two peaks associated with two chlorine atoms at m/ e 
276 and 278 were observed, implying the butyl ester only 
was present. The butylation results could have been fur
ther confirmed by a further transesterification step, but 
this was impossible for 1972. This procedure should be 
adopted in any future monitoring program. 

Samples containing 2,4-0 as indicated by both tech
niques were amalgamated (except for Saskatoon June 6-8 
in the butylation technique) and confirmed quantitatively 
by glc mass spectroscopy. High eV mass spectra were ob
tained but not low eV spectra, so that the "purity" of 
each glc peak could not be ascertained . 

General Analysis of Results. Tables I- III and Figures 2 
to 4 show that the total 2,4-0 levels are generally higher 
than those of the individual esters. Other esters, free acid, 
or amine salt forms of 2,4-0 may also be present. These 
would not be quantitated by the two-column technique. 

The levels quoted here may be only a fraction of the 
total amount of 2,4-0 originally volatilized into the air, or 
in aerosol form, as some 2,4-0 may be degraded by sun
light, air, heat, or water and because only a small portion 
of the atmosphere was sampled. It is imperative to try to 
obtain a mass balance relating all 2,4-0 sprayed to the re
sidual 2,4-0 left in the environment, and including all 
products which had 2,4-0 as their precursor. Work is still 
in progress to detect any possible degradation products of 
2,4-0 in the atmosphere. 

Of the 480 samples analyzed, 45 showed the likely pres
ence of butyl or octyl esters, and 28 of these (63%) were 
confirmed by the butylation technique. This shows that 
confirmation of glc multicolumn results is definitely nec
essary. 

2,4-0 was detected in 65 samples by the butylation pro
cedure. Of these, 28 (43%) contained butyl or octyl ester. 
Thus, a substantial portion of individual 2,4-0 compounds 
is unaccounted for by the two-column glc technique. 

It must be emphasized that the levels quoted in this 
paper are only those collected at the air flow rate of 101./ 
min through the sampler, and that both vapor and aerosol 
forms of 2,4-0 will be sampled . Thus, extrapolation to 
total levels in the atmosphere was not attempted as it 
cannot be assumed that the collected sample was repre
sentative of the whole atmosphere. The concentration pro
file of the herbicide with respect to height has to be 
known . 

However, it is instructive to calculate the total amount 
of 2,4-0 as the n-butyl ester in the vapor phase which 
could be collected by our sampling system at the flow rate 
quoted above. 

The saturated vapor pressure of the n-butyl ester of 
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2,4-0 at 27°C is about 4 x 10- 3 mm Hg (7). If the Ideal Gas 
~awholds, 

pV 

where 

mRT 
M 

p = the saturated vapor pressure in atmospheres 
V = the volume in liters 
m = the mass of gas in grams 
M = the molecular weight in grams 
R = the gas constant in liters atmos- 1 mol- 1 

T = the absolute temperature 

then 

m 
V 

Pv = vapor density 

= PM 
RT 

4 x 10-3 277 
760 0.082 x 300 

5.93 X 10-5 gil. 

(1 ) 

(2) 

that is, one liter of air saturated with n-butyl ester con
tains 5.93 x 10- ~ grams. 

As the air flow through the sampler is 10 l.jmin, 5.93 x 
10-· grams are collected every minute. 

As there are (60 x 24) = 1440 min in a day, then in one 
day it is possible that a maximum mass of 853 mg can be 
accumulated from the vapor component. It would be high
ly unlikely that the wind would remain saturated all day 
unless extensive areas were sprayed. However, if more 
than this amount is collected assuming collector flow 
rates and temperatures are fairly constant, then aerosol 
collection must also be important. 

Let us consider the results at each station. 
Saskatoon . Of the 13 samples containing butyl or octyl 

esters (Table I, Figure 2), 11 were confirmed by butylation 
(about 90%). In addition, when these 13 samples were 
concentrated, glc mass spectroscopy confirmed the pres
ence of the butyl esters. However, the octyl esters could 
not be confirmed because of inadequate sensitivity. 

Of the 29 samples containing 2,4-0 as found by butyla
tion, 40% contained butyl or octyl esters. 

The most interesting features of the Saskatoon results 
are the huge levels (a mean of 175 I'g per m3 per day) of 
total 2,4-0 as the n-butyl ester found between June 3 to 
June 10, and the low levels of butyl and octyl esters in the 
same time period. The maximum levels occurred on June 
'6 to June 8, for which no butyl esters were detected. The 
observed levels of about 3 mgjday are well below the the
oretical maximum as calculated above at 27°C for n-butyl 
ester in the vapor phase. Shorter chain esters than butyl 

66 Environmental Science & Technology 

could easily account for the high values, as these have 
higher vapor pressures. Further possible explanations 
could involve localized spraying, or domestic spraying in 
urban gardens and streets. Apart from this period of time, 
levels observed for the butyl or octyl esters correlated fair
ly well with those confirmed by butylation. The mean 
daily total 2,4-0 level to June 28, in terms of butyl ester, 
except from June 4 to June 9, inclusive, was about 600 
ngjm3 . Little octyl or butyl ester was used in the period 
July 18 to July 28. 

Rosetown. Of the eight samples containing octyl or 
butyl esters (Table II, Figure 3), none were confirmed by 
the butylation procedure. This illustrates again that very 
little credence can be given to data "confirmed" on the 
basis of glc retention times alone for one or two glc col
umns. Only one sample (about 80 ng per m3 per day) 
yielded 2,4-0 on butylation (May 28). This sample did not 
contain butyl or octyl esters. 

Naicam. Of the 24 samples containing butyl or octyl es
ters (Table III, Figure 4), 17 (700/0) were confirmed by 
butylation. Generally, the butyl and octyl ester levels 
were slightly lower than those found by butylation. The 24 
samples on concentration and subsequent glc mass spec
troscopy showed the presence of butyl esters. 

Of the 35 samples containing 2,4-0 as found by butyla
tion, only 50% contained butyl or octyl esters. An inter
esting feature is that from June 7 to 16, no octyl or butyl 
esters were detected. The mean daily total 2,4-D level 
during the period of analysis up to July 14 was about 
142 ngjm3 . This level is substantially lower than that 
found at the Saskatoon station, and together with the low 
levels at Rosetown, implies that spraying in urban areas 
sometimes causes more pollution than spraying in rural 
areas. 
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NOTES 

Comparison of Instrumental Methods to Measure Nitrogen Dioxide 

Ralph E. Baumgardner, * Thomas A. Clark, and Robert K. Stevens 
Environmental Protection Agency, National Environmental Research Center, Chemistry and Physics Laboratory, 
Research Triangle Park, N.C. 27711 

• A comparison study was performed between the newly 
developed chemiluminescent NO-N02 monitor and exist
ing automated N02 monitors based on coulometry and 
colorimetry and the 24-hr manual reference method for 
the measurement of N02 • Correlations were obtained 
among the various techniques by sampling ambient air in 
a nonurban atmosphere. In addition, a detailed study of 
maintenance requirements, calibration stability, and typi
cal response patterns of the instrumental methods was ob· 
tained. The chemiluminescent monitors successfully mea· 
sured ambient concentrations of N02 under conditions of 
this study. The coulometric monitor gave lower mean 
values and the Federal Reference method gave higher 
mean values than the other measurement methods at this 
nonurban site. Performance tests show that the chemilu· 
minescent monitors have a faster response time than the 
coulometric or colorimetric methods and that each meth· 
od has the sensitivity to measure N02 concentrations of 
0.01 ppm. Analysis of the calibration data for each instru
mental method showed little variation . 

Over the past several years a number of new automatic 
instruments have been developed which are capable of 
measuring ambient concentrations of nitrogen dioxide 
(N02 ) and nitric oxide (NO). The most notable is the 
chemiluminescent monitor for the measurement of NO. 
When coupled with a N02 converter, the same instrument 
can be used to measure N02 + NOx ' Fontijn et al. (1) de· 
scribed the detector based on the chemiluminescent reac
tion of NO with ozone (03) at pressures of 1-3 torr. Mar· 
tin et al. (2) described the application of the same reac
tion at or near atmospheric pressure . Sigsby (3) first de
scribed the use of N02 converters for application with the 
chemiluminescent monitor. Since then, considerable effort 
has taken place within the Environmental Protection 
Agency on development and application of N02 convert
ers. A number of successful designs have been developed . 
Most converters use either low-temperature (225°C) sur
face reactions to convert the N02 to NO or high-tempera
ture (600°C) thermal decomposition of N02 to NO. 
Using the procedures described above, a number of instru
ment manufacturers have constructed prototype and com
mercial chemiluminescent monitors for the analysis of 
NO, N02 , and NO x • 

Existing methods for the measurement of nitrogen diox
ide include automated wet chemical analyzers based on 
coulometry, colorimetry, and the 24-hr manual method, 
which is the current reference method specified for deter
mining compliance with National Primary and Secondary 
Ambient Air Quality Standards for N02 (4). A need exists 
for the comparison of the newly developed chemilumines
cent monitors and associated converter techniques with 
other available continuous monitors, and with the pub
lished manual reference method cited above. This paper 
describes a three-month study in which chemiluminescent 

monitors were compared with the colorimetric and coulo
metric monitors and with the 24-hr manual method. Cor
relations have been obtained among various techniques on 
ambient air data from the Research Triangle Park area of 
North Carolina. In addition, a detailed study of mainte
nance requirements, calibration stability, and typical re
sponse patterns of the instrumental methods was made. 

Experimental 

The site of the study was the National Environmental 
Research Center in the Research Triangle Park, N.C . The 
area is nonurban in nature and typical ambient N02 con
centrations are near 37 /lg/m3 (0.02 ppm) . The monitors 
and associated hardware were placed in a laboratory. All 
instruments and the manual sampler obtained their sam
ples from the same manifold . Sample air was drawn 
through the laboratory manifold from the roof by a blower 
at a rate of 20 I. Imin. 

The Beckman 910 was selected as a representative 
model of a coulometric analyzer and the Technicon IVA 
was selected as an example of a colorimetric monitor. Two 
chemiluminescent monitors were used in the study. The 
Tbermo Electron 12A Monitor which operates at a pres
sure of 3 torr, and the Bendix Monitor 8101B which oper
ates at a pressure of 300 torr. A modification was made on 
the Thermo Electron so an external converter of our own 
design could be utilized. This converter reduces N02 to 
NO . A manual 24-hr bubbler box sampler (5) was run in 
conjunction with the continuous monitors. 

Two dynamic calibration systems were used for the in
strumental methods. The first system used a permeation 
tube housed in a constant temperature bath to generate 
known concentrations of N02 . The tube was weighed on a 
weekly basis during the study to determine if the weight 
loss was constant. The second system used in the study 
was a gas phase titration system as described by Rehme et 
al. (6). Excess concentrations of NO were mixed with 
known concentrations of ozone from a calibrated ozone 
generator to produce corresponding known concentrations 
of N02 • Calibrations performed by both systems on the 
chemiluminescent monitors showed an agreement within 
5%. Two independent N02 generation systems were used 
because of possible interference of excess NO in the gas 
phase system with the Beckman and the Technicon moni
tor. 

Continuous sampling was begun after the initial cali
bration of the instruments. Data was taken from each in
strument at 5-min intervals by a data acquisition system. 
Strip chart recorders were also used to provide a perma
nent trace of instrument output. The instruments were 
checked dynamically by a span and zero input every 
week, and a complete calibration curve of 4 points plus a 
zero point was determined every two weeks. 

Results and Discussion 

Response Characteristics. Response characteristics 
were determined for each instrument prior to the sam-
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Table I 
Lower Rise 

dtectable Lag time~ 
limit, Range, time, t95, 

Analyzer ppm ppm min min 

Bendix 8101·B (NO" NO,) 0.010 0-0.50 0.30 0.80 
Thermo electron 12A 

(NO, NO" NO,) 0.005 0-0.25 0.25 0.50 
Beckman 910 (NO,) 0.010 0-0.50 3.0 15 
Technicon IV·A (NO,) 0.010 0-0.25 4.5 8.2 

Table II. Regression Analysis of Calibration Data 

Instrument 

Bendix 
Technicon 
Thermo Electron 
Beckman 

Equation, r = mx + b 

Y = 184 (X) + 0.204 
y = 387.9 (x) + 0.41 
y = 377.5 (X) - 0.40 
y = 204.3 (x) + 0.137 

Confidence 
interval of 

mean 

±10.1 
±4.3 
±7.4 
±5.2 

plin~ phase of the study. Lower detectable limit, range, 
lag time, and rise time are given in Table I. The lower de· 
tectable limit for three of the monitors was 19 Jlg/m3 (0.01 
ppm) N02 • The Thermo Electron was slightly more sensi· 
tive than the other monitors with a detectable sensitivity 
of 9 Jlg/m3 (0.005 ppm) of N02 . Chemiluminescent moni· 
tors such as the Thermo Electron operating at 1- 3 torr 
pressure have more sensitivity than conventional monitors 
or other chemiluminescent monitors that operate at high· 
er pressures. 

.Two of the monitors were operated on a full·scale range 
of 0-0.50 ppm full scale and two of the monitors were op· 
erated on a full·scale range of 0-0.25 ppm full scale. Other 
ranges are available on each instrument and the range se· 
lected reflected the most effective operating range for the 
study. 

Response time (lag time plus rise time) for the two 
chemiluminescent monitors was much less than for the 
c?ulometric or the colorimetric monitors . Total response 
time for the chemiluminescent monitors was less than one 
minute. The Beckman coulometric monitor had the long· 
e~t response time with a rise time of 15 min and a lag 
time of 3 min. The Technicon IVA colorimetric monitor 
had a total response time of 12 min. 

Calibration Stability. The calibration data for each in· 
strument were fit by least squares to the line, 

.\' = niX + IJ 

..... ,--,------r---,.----.---,r---

"00 
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Figure 1. Average hourly concentrations. NO,. April 25 to May 
25, 1972 
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Figure 2. Typical response data for NO, monitors, April 25 and 
26, 1972 

where y is the instrument response in % of chart, m is the 
~lope , x IS the gas concentration in ppm, and b is the y. 
mtercept. Table II summarizes the calibration data ob· 
tained for each instrument for weekly calibrations over 
the 3·month period. The y.intercept for each instrument 
is within 1% of full scale of the origin. The 95% (2(J) confi· 
dence interval on the mean is shown for each instrument. 
The Technicon showed less deviation from the least 
square ·line than the other instruments. From the values 
shown in the table, the variation in the calibration of all 
instruments is small. 

Comparison of Measurements. From the data gath· 
ered during the study, a diurnal plot was constructed and 
correlation coefficients and mean values were obtained. 
Correlation coefficients and absolute mean ratios were 
also determined between the instruments and the refer· 
ence method. Data for each instrument between April 25 
and May 25, 1972, was averaged on an hourly basis. Fig· 
ure 1 contains the hourly averages plotted to show the 
diurnal variations for the entire sampling period. The reo 
sponse of the two chemiluminescent monitors was similar 
during peak N02 periods which occurred twice a day and 
at hours when the N02 concentration was less than 0.025 
ppm. The response of the Technicon IVA followed the two 
chemiluminescent monitors during peak N02 periods but 
fell to lower values during minimum concentrations. The 
Beckman coulometric monitor gave consistently lower 
values during the entire sampling period. 

Figure 2 shows a typical daily response pattern (time 
vs. concentration) of the instruments and gives corre· 
spondmg peak concentrations of N02 . Peak concentra· 
tions of N02 in this nonurban area can be related to ·traf· 
fic patterns occurring in the morning and late afternoon . 

Table III gives the correlation coefficients determined 
for each pair of instruments . The number of pairs repre· 
sents the number of available simultaneous hourly aver· 

Table III. Comparison of Methods 

Analyzer 
Correlation Mean value, Pairs of 

Coeff ppm numbers 

Thermo Electron vs. 0.72 0.035 576 
Technicon 0.032 

Thermo Electron vs. 0. 75 0.035 1009 
Bendix 0.033 

Thermo Electron vs. 0.71 0.035 456 
Beckman 0.028 

Bendix vs. 0.62 0.028 408 
Beckman 0.025 

Bendix vs. 0.80 0.030 756 
Technicon 0.028 

Technicon vs. 0.79 0.028 696 
Beckman 0.021 



Table IV. Comparison of Methods 
Correlation Mean value, 

Analyzer eoeff ppm 

Thermo Electron vs. 0.72 0.036 
Federal Reference 

Method 0.044 
Bendix vs. 0.76 0 .030 
Federal Reference 

Method 0.047 
Beckman vs. 0.54 0 .026 
Federal Reference 

Method 0.040 
Tech nicon vs. 0.40 0.028 
Federal Reference 

Method 0 .040 
Federal Reference 

Method vs. 0.86 0.044 
Federal Reference 

Method 0 .042 

Table V. Instrument Failures and Maintenance 
Requirements 

Instrument failures Maintenance 

Pairs of 
numbers 

14 

14 

12 

12 

18 

% 01 
time in 

for 3-month period required, operational 

3-:'':,~~h Elee- Mechan-
hrj week 

for 3-month 
Instrument tronic ieal period period 

Beckman 3 0.5 94 
Bendix 1 1 0.5 94 
Technicon 2 2 1.5 93 
Thermo 0 2 0.5 96 

Electron 

ages from which the coefficients were determined. The 
absolute values given were determined only over these 
hours . The correlation coefficients for each pair of instru· 
ments ranged from 0.62-0.80. The correlation values were 
lower than expected among the four monitors. The low 
correlations obtained among the analyzers may be related 
to the low ambient N02 concentrations which would have 
increased errors in readability and measurability of some 
of the analyzers. In terms of mean values, the four moni
tors agreed closely. The two chemiluminescent monitors 
agreed within 4% for a thousand pairs of numbers . The 
Beckman N02 monitor gave lower absolute values than 
the other monitors. Stevens et al. (7) observed the same 
trend from a field evaluation study in St. Louis. 

The comparison of data obtained from the continuous 
monitors and t he reference method is shown in Table IV. 
The correlation coefficients varied considerably. The cor
relation with the reference method is higher with the two 
chemiluminescent monitors than with the Technicon and 
the Beckman monitors. The absolute values for the manu
al method were consistently higher than those obtained 
with continuous monitors. Recent investigations of the 
manual method have determined that the collection effi
ciency of the method varies with the N02 concentration 
(8). The values used in this study were calculated using 
the standard collection efficiency of 35%. At the low con
centrations encountered during this study, the true collec
tion efficiency is higher than 35%. If correction is made 
reflecting the latest research (8), the absolute numbers for 
the manual method are more closely in line with the in
strument values. Variability of the manual method can 
also be seen in the correlation of only 0.86 from sample to 
sample within the same bubbler box. This study was per· 
formed under carefully controlled conditions and the re
sults cannot necessarily be taken as representative of all 
sampling done with these analyzers. 

Instrument Failures and Maintenance Requirements. 
During the sampling period, a log was kept of instrument 

failures, maintenance requirements, and downtime. Table 
V shows the data obtained on the above parameters for 
each instrument. That instrument failures were at a mini
mum for all instruments may be due to the daily atten
tion given to each instrument by the operator. The two 
chemiluminescent monitors had the least number of fail
ures . The Beckman instrument encountered the greatest 
number of problems. The majority of these were related to 
the water addition part of the system . Failures were easier 
to correct with the Beckman whereas problems encoun
tered with the other monitors required service personnel. 
All of the monitors sampled greater than 90% of the time 
during the three-month period. This did not take into ac
count calibration time. If calibration time were consid· 
ered, then the longer responding instruments such as the 
Beckman and the Technicon would show less operating 
time in relationship to the quick responding chemilumi
nescent instruments. 

Conclusions 

From the observations, evaluations, and comparisons 
made during the study, the following conclusions can be 
drawn: 

The chemiluminescent NO monitor, with appropriate 
converter, can be used to measure ambient concentrations 
of N02 on a continuous basis under the conditions of this 
comparison. 

In terms of response time and required maintenance, 
the chemiluminescent monitors have advantages. 

The Beckman coulometric monitor while "tracking" 
with the other monitors gives lower mean values at all 
concentrations. 

The Federal reference method gives higher mean values 
than the continuous monitors at the generally low concen
trations observed at this non urban site. 
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Sulfur Dioxide Pressure Leaching 
New Pollution-Free Method to Process Copper Ore 

R. A. Meyers, * J. W. Hamersma, and M. L. Kraft 

TRW Systems Group, Redondo Beach , Calif. 90278 

• Copper smelters in the United States emit 3.0 x 106 

tons of sulfur dioxide into the atmosphere yearly, causing a 
major air pollution problem in some western states. The 
current industrial technology which gives rise to sulfur 
oxide air pollution involves pyrometallurgical treatment of 
copper sulfide ores. We have discovered a pressure-hy
drometallurgical reaction which utilizes sulfur dioxide and 
hydrochloric acid to recover copper from copper ore while 
converting both the sulfur dioxide and the ore's sulfide 
content to elemental sulfur. This embryonic discovery 
could provide a basis, after full engineering testing and 
development, for pollution-free refining of copper. 

Copper smelters in the United States presently emit 
more than 75% of the total sulfur oxides generated by the 
nonferrous smelting industry. An average capacity copper 
smelter discbarges sulfur dioxide into the atmosphere at 
higher rates than some of the largest United States power 
plants. 

United States copper sulfide ores consist mainly of 
chalcopyrite (CuFeS2) with smaller amounts of chalcocite 
(CU2S), bornite (CU5FeS.l. and lesser copper minerals. 
Pyrite (FeS2) is frequently found in the ore matrix. These 
ores are currently processed by pyrometallurgical tech
niques involving air oxidation. 

Approximately one half of the U.S. smelters roast the 
ores prior to reverberatory furnace smelting, resulting in 
sulfur dioxide emissions. After the metal-bearing charge is 
placed in the reverberatory furnace, it is melted to form 
copper matte and slug. The matte is then transferred to 
the converters where air is blown through the matte to 
eliminate the remaining sulfur as sulfur dioxide, while sil
ica flux is added to remove the iron as a silicate slag. 

Because of the multiplicity of flue gas exit locations and 
the variable sulur dioxide content of the emission streams, 
stack gas cleaning technology has met with only moderate 
success. In addition, many of the stack gas cleaning pro
cesses which have been tested for the control of sulfur ox
ides from copper smelters produce one or more products 
such as sulfuric acid, ammonium sulfate, or calcium sul 
fate which would be sources of secondary pollution if pro
duced in the large amounts required for industry-wide 
pollution control. 

Consequently, a good deal of activity has been centered 
on the development of nonpolluting hydrometallurgical 
techniques which could be substituted for the older py
rometallurgical technology as new copper production ca
pacity comes on stream. We believe that a hydrometallur
gical process which could rapidly dissolve the ore copper 
content while converting the sulfide content directly to 
elemental sulfur would be most desirable, as elemen
tal sulfur storage would create no secondary pollution 
problem. The key step in the development of this type of 
hydrometallurgical process is in finding an oxidizing me
dium which will rapidly dissolve the ore but will not oxi
dize sulfur to sulfate. 
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A number of oxidizing agents have been evaluated for 
hydrometallurgical processing of copper sulfide ores . 
These include sulfuric acid, oxygen, ferric chloride, and 
ferric sulfate (1). Processes based on these agents have 
been under investigation for more than 40 years. Of these, 
only the ferric salt leaching systems produce elemental 
sulfur as nearly the only sulfur product. Although pro
cesses based on ferric salt leaching were first described in 
the 1930s (2) , none have as yet reached commercial pro
duction. A drawback of this latter system lies in the elec
trowinning of the copper metal from ferric salt solutions, 
wherein the ferric ion impedes the plating step. 

An unconventional approach for the pressure hydrome
tallurgical refining of copper ore is presented below. The 
process is based on a novel reaction, reported for the first 
time herein, in which solutions of hydrochloric acid and 
sulfur dioxide convert copper sulfide ores to elemental 
sulfur and soluble copper and iron chlorides as shown in 
Equation 1: 

4CuFeS2 + 3S02 + 12HCl = 

4CuCl + 4FeC12 + lIS + 6H20 (1) 

This reaction mode has advantages over other leaching 
methods as both copper and iron ions are produced in the 
reduced form , thus less reductant is required for, and fer
ric ion is not present to interfere with, subsequent copper 
metal production. In addition, sulfur dioxide removed by 
flue gas scrubbing from the exit gases of existing pyrome
tallurgical smelters can be reduced to elemental sulfur by 
this reaction, thus providing the dual benefit of reducing 
sulfur dioxide to a storable form while producing copper. 

A sample of flotation concentrate from a large open pit 
mine in the state of Arizona was selected for demonstra
tion of the concept. This concentrate is nearly pure chal
copyrite. The results (Table 1) show that 99-I(lO% of the 
copper and 96-97% of the iron content of the concentrate 
is dissolved by action of aqueous sulfur dioxide and hydro
chloric acid in a maximum residence time of 30 min at 
180°C and 180 psig. Initial studies at lower temperatures 

Table I. Extraction of Metal Sulfideso 

Residence 
Meta I extracted,b % by wt 

Metal sulfide time, min Copper Iron 

Chalcopyrite (CuFeS,)' 30 99.7 ± 0.05 96.6 ± 0.1 
concentrate 

Chalcopyrite (CuFeS,)' 60 98.8± 0.05 97.3±0.1 
concentrate 

Chalcopyrite (CuFeS,)' 120 99.8 ± 0.05 96 .8 ± 0.1 
concentrate 

I ron pyrite (FeS,)d 60 16.3 ± 0.1 

chaarcx~~~~f~~~ oCnO~~~i?~rs~:rji~) ~~r~c~~~ ~y~~i~~5(~~~~~~~e~~8.~3~/~ 
sulfur dioxide and 3.6M in hydrochloric acid at 180°C and 180 psig , in a 
fisc her and Porter glass pressure reaction vessel with Teflon-coated 

m~~~~~~cn~t~~~:1 ~~~r~c~~edm;" (1.000- metal extracted from residue with 
n itric acid)/ (total metal in starting concentration) X 100. Metals deter
mined by atomic absorption spectrophotometry. 

c Greenlee County, Arizona: molar ratio CU I.ooFeo.8iSt.lIO; 85.2% -200 
mesh. X-ray powder fraction pattern shows greater than 95% of the 
metal content in the form of cha lcopyrite with a small amount of pyrite. 

d E. H. Sargent Co., 95% - 200 mesh. 
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Figure 1. Process flow diagram 
(i) Copper concentrate is leached with an aqueous solution of hydrochloric acid and sulfur dioxide; (ii) unreacted sulfur dioxide is vented from the slurry 
mixture and recycled; (iii) elemental sulfur and copper ore tailings are filtered from the slurry mixture; (iv) makeup sulfur dioxide is obtained by oxidiza· 
tion of a part of the product sulfur; (v) elemental copper product and ferric chloride are obtained by electrolysis of an acid solution of cuprous and fer
rous chloride; and (vi) hydrochloric acid is regenerated by hydrolysis of ferric chloride giving iron oxide as a product 

showed very little reaction below 150°C (100 psig) . It is 
apparent that the iron content of the concentrate dissolves 
at a slower rate than the copper content. This is probably 
due to the small iron pyrite component of the concentrate 
which reacts more slowly under these conditions, as shown 
in Table I. 

Elemental sulfur and ferrous and cuprous ions were iso
lated from each experimental extraction in an amount, 
which corresponds within a relative 5%, to that predicted 
from the reaction shown in Equation 1. Excess sulfur over 
stoichiometric (Equation 1) was found for the 2·hr extrac
tion while no excess was noted for the shorter duration 
runs. Catalyzed disproportionation of sulfur dioxide to 
sulfur and sulfur trioxide (3S02 = S + 2S03 ) is possibly 
responsible for the excess sulfur. Reaction blanks were run 
under the same conditions as shown in Table I (180°C, 
180 psig), where the copper ore was omitted but trace 
amounts of cuprous ion were added, and in which sulfur 
was produced in amounts corresponding to the small ex-

cesses noted for the 2-hr extraction. Copper (>99% purity) 
was plated directly from the above solutions by reduction 
of the cuprous ion content, after flashing off residual sul
fur dioxide. 

We believe that a pollution-free process could be devel· 
oped utilizing the discovery presented herein (in combina· 
tion with suitable state·of-the·art sulfur dioxide and hy· 
drochloric acid regeneration steps) which could extract 
copper from copper ore with production of elemental sul
fur as the sole sulfur-containing product. 

A block process flow diagram of one preliminary process 
design utilizing the technical approach described above, is 
shown in Figure 1. 
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You'll find out when you get 
your FREE copy of the new 
Hach Water Analysis Catalog. 

It's packed with the newest 
in laboratory instruments and 
portable test kits for water 
and wastewater analysis. Over 
70 pages of application infor
mation and specifications. 

Send for your No. 11 cata
log today-and see what's 
what. 

~c~ 
HACH CHEMICAL COMPANY 
P.O. Box 907 • Ames, Iowa 50010 

Phone: 515-232-2533 
lWX: 910-520-1158 

And: Hach Europe-Namur Belgium 

CIRCLE 1 ON READER SERVICE CARD 
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INDUSTRY TRENDS 

Zimpro Inc. has acquired Adrian 
Manufacturing and Research Div . of 
Adrian Construction Corp., in order to 
enter the incinerator business, and 
made a marketing agreement with D. 
R. Sperry and Co. to market filter 
presses for dewatering municipal 
sludge. 

Roy F. Weston, Inc. has established 
a branch office at Silver Spring, Md ., 
to provide environmental consulting 
services throughout Maryland . Robert 
P. Relyea will manage the branch of
fice . 

VTN Corp. , Irvine, Calif., will com
plete an environmental impact report 
relative to NRG NuFuel Co .'s landfill 
gas processing system on the Palos 
Verdes Peninsula, Calif. This will be 
southern California's first landfill gas 
processing plant. 

The Electric Power Research Insti
tute (EPRI) , Palo Alto , Calif. , 
awarded a $455,000, two-year con
tract to Power Technologies, Inc ., 
Schenectady, N.Y., to extend a re
search program on the deSign of very 
compact overhead transmission 
lines. 

ECOKEL, Santa Rosa, Calif. , a joint 
venture of Ecodyne and The M.W. 
Kellogg Co. , received a contract , 
worth about $20 million , including 
options, to design, supply, and build 
two natural draft cooling towers for 
Commonwealth Edison Co. 

Gray Pollution Control Systems, Inc., 
Englewood Cliffs, N.J ., has signed a 
$3 ,646,000 contract with New York 
City's Environmental Protection Ad
ministration to rehabilitate and mod 
ernize the city's Southwest Brooklyn 
incinerator. 

Robintech, Inc., Fort Worth , Tex., 
made a joint venture with Nicara
guan investors in Tubos de Centro
america, S.A., Nicaragua. The Nica
raguan firm will produce PVC pipe 
and fittings for electrical conduits 
and pressure and irrigation pipes. 

Tracor, Inc., has received a $3.9 mil
lion contract from the U.S. Naval Sea 
Systems Command to continue its 
current program of assisting the 
Navy in procurement of sonar sys
tems for missile-carrying submarines. 

Combustion Engineering, Inc. will 
defer major expansion of its Chatta
nooga, Tenn ., nuclear manufacturing 
facility because of deferred delivery 
dates requested by a number of utili

. ties. A moderate expansion is sti ll in 
the works , however. 

Continental Oil Co. (Conoco, Stam
ford , Conn .) received the Department 
of Commerce 's " savEnergy" award 
from Commerce Secretary Frederick 
Dent. 

Hoyt Manufacturing Corp. (Westport, 
Mass.) supplied Western Electric 
Corp. (Weco) with a trichloroethyl
ene so lvent recovery system that 
helped Weco win the environmental 
improvement award from the Associ
ated Indu stries of Massachusetts. 

Hesston Corp. (Hesston, Kan.) sold 
a custom-made " Incinerotor " rotary 
incinerator to the U.S. Department of 
Agriculture for the department's 
screw worm eradication pro ject at 
Mission, Tex. Cost was $1 19,471 . 

Emission Abatement, Inc. (Houston, 
Tex.) has announced that six new 
vapor recovery processes the firm 
developed are now available for li
censing in the U.S. and abroad . 

The American Petroleum Institute 
(API , Washington , D.C.) voted to al
locate $2.31 million toward API 's 
1975 research program for improve
ment and protection of the environ
ment. 

Benham-Blair & Affiliates, Inc. (Okla
homa City, Okla.), a large design 
and engineering firm, has acquired 
the firm of Wildman & Morris (San 
Franci sco , Calif.). Wildman & Morris 
designed the $l-mi llion control house 
" nerve center " for the Standard Oil 
(California) $200 million low-su lfur 
fuel oil refinery. 

Chemfix, Inc. (Pittsburgh, Pa.) has li
censed Browning-Ferris Indu stries 
(BFI) to employ the Chemfix liquid 
waste disposal process under special 
circumstances at BF I sites. 

The Orville Simpson Co. (Cincinn ati , 
Ohio) , which manufactures screeni ng 
machines and liquids/ solids separa
tors, has changed its corporate name 
to ROTEX , Inc. 

Georgia-Pacific (Portland, Ore.) , de
fendant in a mercury pollution case 
involving Bellingham Bay, WaSh., 
si nce 1970, has recently had this 
case against the company dismissed. 
The case was never brought to trial. 

Ingersoll-Rand's IMPCO Division 
(Nashua, N.H.) is licensed to use the 
Scott Paper Company 's data and ex
perience concerning bleaching of 
wood pulp and other cellulosic mate
rial with ozone, alkali , and chlorine 
dioxide, for lowest efll uent potential. 



Vertical baler 
The unit is designed to handle car
tons, boxboard , chipboard, waste 
paper, and waxed or coated material. 
The baler compresses reusable 
waste in bales measuring 60 in . X 
48 in. X 32 in . and weighing 600-
900 lb. The unit is complete as deliv
ered , requires no special foundation 
and only a few electrical connections 
to start-up operation. Enviro Waste
away, Inc. 101 

Dewatering centrifuge 
Low-speed waste sludge dewatering 
centrifuge requires less connected 
horsepower and operating power, 
and is quieter to operate. The com
pany claims lower speed reduces 
maintenance and electrical hardware 
costs . The concurrent flow design re
sults in turbulence-free operation, 
and improved solids settling and 
cake compaction. Performance is 
said to equal high-speed machines. 
Bird Machine Company, Inc. 102 

Data printer 
Model is designed to record up to 15 
analog environmental parameters, 
and the time of day on digital mag
netic tape and a digital printer. In
puts can be scanned continuously or 
at pre-programmed intermittant 
rates . In addition, the time of day, 
channel 1.0. number and the mea
sured parameter are individually indi
cated on LED digital displays. Martex 
Instruments Inc. 103 

NEW PRODUCTS 

Ion meter 
Concentrations of 16 different ions 
including arsenic, cyanide, chromi
um, and others may be determined 
by using the specific ion electrodes. 
Portability results from the solid-state 
circuitry, while high accuracy results 
from four scale selections. Fields of 
application include industrial waste 
control, biological studies , soil analy
ses, and metal smelting. Devon 
Products, Inc. 104 

Asbestos detector 
The unit , a multiple 47-mm diameter 
membrane holder, is designed for se
rial filtration of liquids or gases; it is 
particularly useful for detecting as
bestos aerosols in ambient air. The 
holder is made of polycarbonate 
plastic , and is virtually unbreakable, 
chemically inert in most fluids, and 
can be repeatedly autoclaved . Nucle
pore Corp. 105 

Delumper 
The pipeline delumper , included in 
any waste pipeline system, perrl)its 
the economic incineration of com
mercial or human solid wastes at 
uniform, controlled rates . The strain
less steel delumper operates vertical
ly or horizontally, requires no open 
pit in sewage work, and is sanitary. It 
will pulverize large blocks of wood, 
polyethylene sheeting, stringy materi
als, and hard-caked slurries carried 
in water , air acids, and chlorinated 
hydrocarbons. Franklin Miller , Inc. 

106 

Fecal test 
The set con sists of sterilized EC me
dium and fermentation vial assem
blies, an incubator , and in stru ctions 

for fecal coliform determinations. It 
can be used to test stream pollution , 
sewage treatment systems, and 
water quality checks. This test differ
entiates between coliforms of fecal 
origin and those from other environ
mental sources. Hach Chemical Co. 

107 

Data converter 
Device converts analog voltages to a 
format accepted by teletypes, calcu
lators, printers or computers. Outputs 
are serial ASCII or parallel BCD. The 
unit can be inserted between existi ng 
communications components. The 
standard model is equipped with a 
3'/2 -digit LED display; its self-con
tained power supply permits stand
alone usability. Elographics Inc. 109 

Water monitoring probe 
Probe is an oceanographic instru
ment which senses and transmits 
conductivity , salinity, temperature, 
depth, dissolved oxygen, pH , turbidi
ty, and redox. The probe will operate 
in depths of 0- 1000 meters, and may 
be configured to sense any or all of 
the above ocean parameters. InterO
cean Systems, Inc. 111 

Need more information about any 
items? /I so , just circ le 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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Today for tODlorrow. 
1. AIR POLLUTION: PHYSICAL AND CHEMICAL FUNDAMENTALS 
John H. Seinfeld, California Institute of Technology. 1975,400 pages, $22.50. 
The need for a quantitative approach to the basic science and engineering underlying the a ir pollution problem has been fulfilled 
in this timely text. The most comprehensive single book available on the subject, it provides an in-depth treatment of ai r pollution 
chemistry, atmospheric transport processes, combustion sources and control methods. 

2. HYDROLOGY FOR ENGINEERS, Second Edition 
Ray K. Linsley, Stanford University, Max A. Kohler and Joseph L. H. Paulhus, formerly with the U. S. National Weather Service. 
McGraw-Hill Series ill Water Resources alld Ellvirollmelltal Ellgilleerillg. 1975, 416 pages (tent.), $18.50 (tent.). 
Updated throughout , here is the only general hydrology book available to present a detailed description of computer-based hydro
logic· tools as well as classica l techniques. Assuming.a limited background in hydrologic science, it offers basic concepts in the 
techniques of hydrologic analysis relevant to the design, planning and operation of engineering works for the management and 
control of water resources. 

3. INTRODUCTION TO OCEAN ENGINEERING 
Edited by Hilbert Schenck, Jr. , University of Rhode Island. 1975,5 12 pages (tent.), $18.50 (tent.). 
Consisting of eleven chapters written by nine experts in their fields , this is the first basic text ever written in ocean engineering. It 
provides integration of oceanographic theory, especially in the chapters on waves, soil mechanics, underwater acoustics and water 
quality. 

4. SYSTEMS ANALYSIS AND WATER QUALITY MANAGEMENT 
Robert V. Thomann, Manhattan College. 1972,286 pages, $18.50. 
Using both mathematical models of environmental responses and management and control schemes, the text I) provides a series 0 
analytical tools for describing and forecasting the effects of the surrounding environment on the water quality of a stream or 
estuary; 2) presents information on water quality criteria and wastewater inputs, and 3) establishes a point of departure for evalu
ating the worth of water quality improvement projects and discusses the benefits of applying cost/ benefit analysis to engineer
ing. 

5. SOURCE TESTING FOR AIR POLLUTION CONTROL 
Hal B. H. Cooper, Jr. , University of Texas at Austin, and August T. Rossano, Jr. , University of Washington . 1971 , 278 pages, 
$14.50. 
A discussion of principles and methods used for testing of gaseous and particulate materials being emitted from industrial, com
bustion and other sources is presented in this informative text. Organized to give the reader a logical presentation of the steps taken 
in source testing, the book includes an extensive examination of the equipment, methodology, sampling, and analytical techniques 
in use for gaseous and particulate particles. 

6. AIR POLLUTION CONTROL: GUIDEBOOK FOR MANAGEMENT 
August T. Rossano, Jr. , University of Washington, and Hal B. H. Cooper, Jr., University of Texas at Austin. 1969,214 pages, 
$19.50. 
The book provides a comprehensive and balanced treatment of the complex technical and administrative nature of air pollution 
problems. All major elements of the field are included to provide both a text and background reference of the subject in one volume. 

7. ENVIRONMENTAL PROTECTION 
Emil T. Cha nlett, University of North Carolina at Chapel Hill. McGraw-Hill Series ill Water Resources alld Ellvirollmelltal Ellgi
lIeerillg. 1973, 560 pages, $17.50. Solutions Manual. 
A rationale for the management and protection of OUf land , air, water and energy resources. this book exam ines the consequences 
o f mismanagement at three levels : I) effects on health, 2) effects on comfort , convenience, eRkiency and esthetics and 3) effects on 
the balance of ecosystems and of renewable resources. 

8. ENVIRONMENTAL SYSTEMS ENGINEERING 
Linvil G. Rich, Clemson University. McGraw-Hd! Series ill Wafer Resources and Environmental Engi1leerillg. 1973, 405 pages, 
$17.50. Instructor's Manual. 
Covering a broad spectrum of environmental topics, this quantitative introduction uses a systems approach in the analysis of en
vironmental phenomena and in the selection and design of engineering facilities used for controlling the environment. 

9. AIR POLLUTION 
H. C. Perkins, University of Arizona. 1974,407 pages, $15.50. Solutions Manual. 
This engineering-oriented treatment of air pollution is sufficiently detailed to enable chemical, mechanical and san itary engineering 
students to solve a variety of problems. A discussion of global effects of air pollution is included a long with numerous applications
type problems. 

r--------------------- FOR 10 DAY FREE EXAMtNATtON ------------------___ ., 
McGraw-Hili Book Company 
1221 Avenue of the Americas 
New York, New York 10020 
Attn: W. K. Spiegel 

Please send me book(s) circled below for 10 days examination. At th e end of that time, I will remit for the book(s) 
I keep,"plus local tax and delivery costs, or return the book(s) and owe nothing. 

I. 56042·0 
2. 37967-X 

3. 52240-1 
4. 64214·1 

5. 12760-3 
6. 53879·4 

7. 10520·0 9. 49302-2 
8. 52250-2 

Name __________________________________________________________________________________________ _ 

Firm __________________________________________________________________________________________ __ 

Street Address __________________________________________________________________________________ _ 

City State ZiP---:: ________ _ 
EXTRA SAV INGS OPPORTUNITY: If you remit full price with this ord er, we pay delivery charges . Same refund privilege applies. 

liZ EST 175 
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Cooling towers. Bulletin S220/ 1-0 
presents design, construction, and 
engineering data on the t'!ew " Ejector 
II " cooling tower . No electric motors, 
fans, shafts, bearings, or similar 
parts. Baltimore Aircoil Co. 161 

Energy-saving lighting. Case history 
booklet describes energy-saving 
lighting. Wattage reduction and im
proved seeing conditions are de
scribed. Title is, "Better Lighting with 
Fewer Watts." Johns-Manville 162 

Conductivity instruments. Summary 
catalog lists conductivity instruments 
and accessories for water system, 
reverse osmosis, environmental pro
tection, and other analysis applica
tions. Myron L Co. 163 

Water management. Capabilities bro
chure describes the company's water 
management and pollution control 
programs in industrial , commercial , 
and institutional water faCilities. Vul
can Laboratories, Inc . 164 

Pesticide surfactant. Techn ical data 
describe SURFYNOL TG-E , an ac
Eltylenic liquid nonionic surfactant for 
use with agricultural pesticides. Tox
icity data, water solubility, and physi 
ca l properties are covered. Air Prod
uctsand Chemicals Inc. 165 

Crusher. Catalog sheet describes 
model T150 " Tubar Can & Glass 
Crusher" that reduces container 
waste volume 80% for more eco
nomical refuse handling . Specifica
tions are included. Uhrden, Inc. 166 

Flaring. New 20-page booklet, "Flare 
Tips," describes aspects of flaring. It 
explains steam, gas, air, and water
assist flare s, pilots, igniters, seals, 
and controls. National Airoil Burner 
Co ., Inc. 177 

Chemical feed systems. Bulletin 
FDP-1050 details line of " dia PUMP " 
systems. Uses are in chemical treat
ment of water. ET -P and ET -S Tank 
Systems are also described . Neptune 
Chemical Pump Co. 178 

Flow measurements. Form FR 8-74 
is a practical guide to fluorometry for 
flow and time -of -travel measurement 
for stream s, weirs, flumes, sewers, 
and other channels . Tu rner Designs 

179 

Canning system. Bulletin describes 
new approach for the cleanup of fruit 
and vegetable canning effluent, using 
the company's centrifugal wastewa
ter concentrator and centrifu gal 
thickener . SWECO, Inc . 180 

NEW LITERATURE 

Optical fitters. Catalog describes 
Grubb Parsons (England) line of opti
cal filters (0.4-1000 Il), beam split
ters, laser components, and related 
items. Ask for Catalog C-14 . Baird
Atomic 181 

Paint spray problems. Bulletin 68 
tackles problems of sludge accumula

'lions on paint spray booth wall s, ex
hau st fans and ductwork, and waste 
treatment systems. The bulletin also 
describes an organic chemical addi
tive that solves the problems. Nalco 
Chemical Co. 182 

Sotid waste management. Publication 
674FE describes system than can re
cover glass, aluminum, and ferrous 
metals from refuse. The system also 
can give about 6.7 million Btu / ton of 
refuse. Garrett Research and Devel
opmentCo., Inc. 183 

Solvent recovery. Brochure 1259 fea
tures systems than can capture and 
return 85- 95% of solvents usually 
lost through evaporation, thus remov
ing hazardous air pollutants. Hoyt 
Manufacturing Co. 184 

Centrifuges. Bulletin 1230A covers 
centrifuges which can treat many 
sludges without addition of polyelec
trolytes. System uses an exclusive 
design, and is self-cleaning and anti
plugging . Sharples-Stokes Division, 
Pennwalt Corp. 185 

Hopper feeders. Bulletin 3006 de
scribes tube hopper feeders, pack
aged pneumatic conveying systems 
for efficient transfer and rapid dis
charge of nonfree flowing material. 
Vac-U-Max 186 

Chemicals. Company's 1975 catalog 
lists more than 10,000 different 
chemicals for the laboratory, pilot 
plant, or factory. Laboratory equip
ment is included. Gallard-Schlesinger 
Chemical Manufacturing Corp. 187 

Measuring electrodes. Catalog gives 
complete line of chemical measuring 
electrodes, 100 different types, made 
by Radiometer A/ S of Denmark . Full 
range of applications. The London 
Co. 188 

Clarifiers. Standard and custom-engi
neered traveling bridge clarifiers are 
features in the company's new clari
fier brochure. New features eliminate 
unnecessary downtime. Aqua-Aero
bic Syste ms 189 

Energy publication list. Bulletin 122 
fully lists significant publications on 
energy produced from wood , coal, 
gas, oil, water, wind, steam, sun, 

geothermal heat, hydrogen and heli
um, and thermonuclear and laser fu
sion. High Energy Technology Corp. 

190 

Reverse osmosis. Bulletin FS-1 , enti
tled "Reverse Osmosis and Ultrafil
tration-An Emerging Technology for 
Liquid Separations," gives an in
depth description of this field. Uni
versal Oil Products Co. 191. 

Oil and solids removal. Corrugated 
Plate Separator Engineering Guide 
describes means of removing oils 
and solids from wastewater and pro
cess fluids. Heil Process Equipment 
Co. 192 

Cryogenic grinding. Brochure de
scribing " Cryo-Grind" systems, for 
liquid nitrogen embrittling and grind
ing of thermoplastic , elastic, heat 
sensitive, and scrap materials, is 
available. Technical services are also 
described. Air Products and Chemi
cals , Inc. 193 

Marine pollutant study. Environmen
tal data to assess potential effects of 
man-generated substances on the 
marine environment is available from 
Environmental Science Information 
Center , Marine and Earth Sciences 
Library (Fisheries Branch). 3300 
Whitehaven St., N.W., Washington, 
D.C. 20235 . (Write direc!.) 

Waste heat utilization. Bulletin 334 
makes recommendations for future 
work in this area, and lists present 
uses of waste heat. David C. Flaher
ty, Ed., College of Engineering, Tech
nical Extension Service, Washington 
State University, Pullman , Wash . 
99163. (Write direct.) 

Re-refined oil use. Publication, " Lu
bricating Oil Never Wears Out; It Just 
Gets Dirty!" focuses on ways that re
refined oil can contribute to solving 
the energy crisis . Association of Pe
troleum Re-Refiners , 1730 Pennsyl
vania Ave., N.W., WaShington, D.C. 
20006. (Write direc!.) 

Air pollution research. Article sets 
forth a list of work done in air pollu
tion research, funded by state grants. 
Air Resources Board, 1709 11th S!. , 
Sacramento , Calif . 95814. (Write di
rec!.) 

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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BOOKS 

Proceedings, International Confer
ence on Land for Waste Manage
ment. 450 pages. Executive Secre
tary, I nternational Conference on 
Land for Waste Management, c / o. 
National Research Council of Cana
da, Ottawa, Canada K1A OR6. 1974. 
$15, hard cover. 

Book covers six themes. These in
clude climate, vegetation, and soils 
in waste disposal; soil properties and 
processes; hydrogeology and geo
morphology; nature of waste in re
lation to land disposal; socioeco
nomic, health, and legal aspects; 
and present and future designs for 
disposal. Special problems in the 
North are discussed. 

Automotive Scrap Recycling. James 
W. Sawyer, Jr. 157 pages. The Johns 
Hopkins University Press, Baltimore, 
Md . 21218 . 1974. $7.qO, hard cover. 

The author presents an in.{jepth 
analysis of the processes employed 
by the part of the scrap industry that 
uses obsolete automobiles as raw 
materials. He concludes that steel 
scrap derived from "obsolete" steel 
represents a very small portion of 
raw material input to the ferrous ma
terials industry-about 3-4%. Formal 
mathematical models shed new light 
on elasticity of this ferrous scrap 
supply. 

Water Pollution. Stanton S. Miller, 
Ed. ix + 317 pages. American 
Chemical Society, 1155 16th St., 
N.W., Washington, D.C. 20036. 
1974. $7.50, paper; $12, hard cover. 

Contains articles from Volumes 
4-7, Environmental Science & Tech
nology, 4-7, published as Outlook or 
Feature items, between 1970 and 
1973. The book covers many aspects 
of government, business, industry, 
technology, monitoring, and specific 
pollutants; and also presents over
views and issues in the field of water 
pollution . Contributed and staff-writ
ten articles are included. 

Environmental Law for Non-Lawyers. 
J. Gordon Arbuckle, Stanley Schroe
der, and Thomas Sullivan. xi + 296 
pages. Government Institutes, 4733 
Bethesda Ave. , Bethesda, Md. 
20014.1974. $29 .50, paper. 

Readers of this book will avoid one 
of the prime causes of environmental 
prOblems-ignorance of environmen
tal laws. They will gain an under
standing of environmental law funda
mentals, the National Environmental 
Policy Act, and legal aspects of air, 
water, solid waste, and noise pollu -
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tion control. Land use is also cov
ered . Language is such that the non
lawyer can readily understand the 
male rial. 

Proceedings of the 1974 National 
Conference on Control of Hazardous 
Material Spills. 388 pages. American 
Institute of Chemical Engineers, 345 
E. 47th St., New York, N.Y. 10017. 
1974. $25. 

This book presents the papers 
given at the conference. It covers 
legal and legislative implications, 
contingency and response, preven
tion , SOCial and economic impacts, 
cleanup, removal , containment. sur
veillance and detection, safe disposal 
practice, and many other very timely 
topics. Environmental damage is 
thoroughly assessed. 

United Nations Environment Pro
gram. Directory of National and In
ternational Pollution Monitoring Pro
grams. 3 Volumes. xv + 1179 pages, 
with additional pages for forms and 
index. Smithsonian Institution Center 
for Short-Lived Phenomena, 60 Gar
den Court, Cambridge, Mass. 02138. 
1974. Three-volume set, $30, paper. 

The set of books covers national 
monitoring programs, listed on an al
phabetical basis, from Argentina to 
Zaire. It stems from Ii survey under
taken by the Smithsonian Institution 
to provide the United Nations Envi
ronment Program with information to 
plan the first phase of the Global En
vironmental Monitoring System 
(GEMS) . 

The Chemistry of PCB's. Otto Hut
zinger, S. Safe, and V. Zitko. 269 
pages. CRC Press, 18901 Cranwood 
Parkway, Cleveland, Ohio 44128. 
1974. $35, hard cover. 

The book 's main aim is to present 
a comprehensive summary of what is 
known about the chemistry of poly
chlorinated biphenyls and chloro
phenyls. It fulfills this aim. Workers 
involved in research and analysis are 
provided with an up-to-date survey of 
PCB chemistry . The book includes 
nomenclature, composition of techni
cal mixtures, synthesis of individual 
chlorobiphenyls , chemical reactions, 
photochemical and metabolic alter
ations, and spectroscopic properties. 

Air Pollution, Part B: Prevention and 
Control. Joe Ledbetter. xiii + 286 
pages. Marcel Dekker, Inc ., 270 
Madison Ave., New York, N.Y. 
10016. 1974. $11.75, paper. 

This timely volume is the sequel to 
Part A which covered analYSis. It 
deals with the abatement of air pollu-

tlon, and is directed to senior under
graduate and graduate students in 
enginering who have no prior instruc
tion in the area of air pollution. For 
civil engineers, this book is of partic
ular benefit as a reference. Included 
are topics such as management of 
air pollution, tall stacks, process 
change, specific pollutant or pollution 
source abatement, and related 
subjects. 

Waterfowl and Wetlands: Toward 
Bioeconomic Analysis. Judd Ham
mack and Gardner Brown, Jr. 95 
pages. The Johns Hopkins University 
Press, Baltimore, Md. 21218. 1974. 
$7.00, hard cover. 

Migratory waterfowl and their 
value to mankind, and value as an 
outdoor recreational resource, are 
discussed. Hunter demand, biometric 
relationships, and rough cost-benefit 
analyses on existing prairie wetlands, 
are presented . There are also recom
mendations for future study of this 
significant wildlife resource. 

Handbook of Common Methods in 
Limnology. Owen Lind. vii + 154 
pages. The C. V. Mosby Co. , 3301 
Washington Blvd ., St. Louis, Mo. 
63103.1974. $5.95, paper. 

A very practical, concise "how-to
do-it" manual for workers carrying 
out field assignments in limnology. 
Physical and chemical limnology, as 
well as methods of collecting and 
studying plankton and benthos, are 
covered, with easy-to-understand in
structions. A . comprehensive unit 
conversion table is included . 

Water and Landscape. R. Burton lit
ton , Jr., et al. xviii + 314 pages. 
Water Information Center, 44 Sint
sink Dr. East, Port Washington, N. Y. 
11050.1974. $11 .50, paper. 

Presents the first concrete set of 
principles by which environmental 
enhancement by water can be evalu
ated, protected, and developed. This 
is done with a visual classification 
system for freshwater streams and 
bodies, creation of criteria for 
aesthetic quality of landscape, and 
suggestions as to how deSign and 
development of man-made additions 
to the water scene may be judged 
for aesthetic merit. 

Air Pollution Abatement and Regional 
Economic Development. William Mi
ernyk and John Sears. xvi + 194 
pages. D. C. Heath and Co., 125 
Spring St., Lexington , Mass. 02173. 
1974. $13.50, hard cover. 

Presents not only an economic 
study, but an amalgam of economic 
and engineering analysis. Focus is 
on regional economic development, 
not on environmental management 
exclusively. There are detailed esti
mates of new and replacement .in
vestments required to meet stan
dards established by the Clean Air 
Act of 1970. 



profess i 0 na I eo n sui ti n g se rvi ces dire eto ry 
Laboratory and Process Development 

Industr ial Waste Water Control 

liqu id and Solid Incineration 

Air Pollution Control 

In-plant Con trol and Process Modi fications 

Desalination 

CATALYTIC 
INC. 

Consu ltan ts . Engineers _ Constructors 
Environmental Systems DiviSion 

Centre Square West, 1500 Market St reet 
Ph iladelphia, Pa. 19102.215-864·8000 

COMPLETE ENVIRONM ENTAL ENG INE ER ING 
ANO LABOR ATORY SERV ICES 

Industrial - Domestic Wastewaters 
Water Resources - Treatment 

AnalysM. Research , Impacts , Permits , Grants 
Definition - Treatabi lities - Design - Operations 

Turner, Collie & Braden, Inc. 

P. O. BOX 130119 - HOUSTON. TEXAS 11019 - 17131 528 ·6361 

r;JifAR INC. 
Specialists in Industrial Pollution 

Problems 
· Air, Water and Solid Waste 

Engineering 
· Pollution Control Economics 
· Mobile Laboratories 
· Field Engineering Teams 

Versar Inc. 
6621 E lectron ic Drive 
S pringf ield , Va. 22 15 1 

(7031 354·3350 

BURGESS ANALYTICAL 
LABORATORY 

Chemical Analyses 
For Environmental Studies 

And Pollution Control 

525Ashlond 51., North Adams, MP 0 1247 
Tel. 413/ 663-6769 

We perform over 750 different 
chemical and biological tests. 

Write for complete list and prices. 

WARF INSTITUTE, INC. 
Box 2599 Dept. J 
Madison, Wisconsin 53701 
Phone: 608 /257-4851 A Full Serv ice Independent Laboratory 

~ 
CQNSULTATION AND LABORATORY SERVICES 

• Radionuclide Analysis • Bioassay 
• Envirollmental Studies • Health Physics Services 
• Low Level Tritium Counting • Whole Body Counting 
• Licensing Assistance (Mobile) 

• Emergency Medical Planning 

RADIATION MANAGEMENT CORPORATION 
UNIVERSITY CITY SCIENCE CENTER 

3508 MARKET STREET, PHILADelPHIA, PA. 19104 
Phone (215) 243-2950 

environmental consultants 
to management 

The Research Corporation 
of New England 

125 Silos Deane Highway 
Wethersfield, Conn. 06109 

tel ; (203) 563-1431 

• environmental 
impact reports 

• applied research 
• engineering 
• consulting 
• diffusion meteorology 
• marine technology 

BLACK & VEATCH / CONSULTING ENGINEERS 
COMPLETE ENGINEERING SERVICES FOR POLLUTION CONTROL 

AIR • WATER • WASTEWATER • INDUSTRIAL WASTES 
SOLID WASTES • ENVIRONMENTAL PLANNING 

1500 MEADOW LAKE PARKWAY, KANSAS CI TY, MISSOURI 64114 
DALLAS . DENVER. ORLANDO · NEW YORK . SAN FRANCISCO' WAS HINGTON D.C. 

11LSON 
COMPANY 
ENGINEERS 

ARCHITE.CTS t 
COMPLETE LABORATORY SERVICES 

AIR, WATER AND NOISE POLLUTION 
SAMPLING AND ANALYSIS 

POLLUTION CONTROL PROCESS STUDIES AND SYSTEMS DESIGN 
BOX 28 BOX 1526 BOX 3305 

SALINA, KS 67401 ARLINGTON, TX 67010 ALBUQUERQUE, NM 87110 

~.""o COMPLETE ENVIRONMENTAL SERVICES: 

SI 
' ..... · .. R-~" I . Environmenta l impact statements ... Pollutant emis-

earns- sion, air quality & water qu ality monitoring ... Dis
persi on estimates . . . Ecol og ical consulting . . , 

Meteorological fie ld stud ies & c onsulting services. Contact 

ENVIRONMENTAL SCIENCES DIVISION 
(303) 758-1122 

P. O. Box 5BBB 
Denver, Colorado B0217 
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professional consulting services directory 

PARSONS 
BRINCKERHOFF 

QUADE 
DOUGLAS 

Engineers 
Designers & Plann ers 

Air Quality . Water Quality 
• Wata Reso urces . Municlpa.l 
& I ndustri~1 W.ncr & Wa~IC

Wate r • River Basin Studies 
• Drainaltc & F lood Contro l 
• Solid \V;lSfC • Regional PI ~n' 
oin,!!; • Impact AssesSmentS 
.\I.If1:t,L(c1llcnt . 

One Penn Plaza, New York, NY 10101 

A lIartfo , U oslon. LJerwrr. 1/0110111111. 
S II " Fmncil)co. T reTl/olI, WI/ sit illy /on, /J.e. 

STRUCTURE PROBE, INC. 
Spee,ahsls In Materials Research 

Small Particle Analysis 
• Scanning Electron Microscopy 

• Transm ission Electron Microscopy 

• Electron Probe Micro Analysis 

• Optical Microscopy 

• Ouantilall'.Je Image Ana lYSIS 
Ouanl ,mel1mage Ana 1y l tng Compute, 

New York Area 
no f O!t~t Stitt! Mel\IChen NJ 08840 . lOI ~4 9 'n~ 

Philadelphia Area 
535 £ Ga~ Street. West Chester , PA 19380 • ~ IS 436 5400 

Calspan 
Environmental 

Services 
Complete Wa ter Au Sol id Pollution 
Control Services 
• Research E ngmee nng and Consulting 
• Product. EQuipmen t and Process 

Evaluations 
Field and La boratory Investiga tions 
and Simu lation 
E nVlfonmentai I mpact Assessments 

Cal span Corporation 
POBox 235 . Buffalo. N Y 14221 

( 716) 632-7500 . Ext 538 

EMP" OXM 
SERVICE ANbi" ~, 

CHEMICAL "
SYSTEMS ........... 

industrial water treatment 
pollution control • 
ENVIRONMENTAL PRODUCTS DIVISION OF I' 
wOIl\,ng ..... '1 ... Indu~I"ill wal",r 62 y",a rs 

OAKITE PRODUCTS, INC.-'; 
BERKELEY HEIGHTS. N.J . 07922 • TLX 138661 

Environmental Engineering 
Industrial-Municipal- Water-Sewage 

Solid Wastes Management 
Air Pollution Control· Power Engineering 

Gibbs B Hill. Inc. 
ENGINEERS. DESIGNERS. CONSTRUCTORS 

393 Selleorh Avenue. New YOrk. N Y 10001 
A SubSidiary 01 Drayo Coroorarlon 
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• WATER TREATMENT/ DISTRIBUTION/ 
LEAK ANO FLOW STUOIES 

• SEWERAGE/COLLECTION AND TREATMENT 
• SOLID WASTE PLANNING AND MANAGEMENT 
• AIR POLLUTION / INVESTIGATION / 

EVALUATION / CONTROL 
• COMMUNITY PLANNING 
• INDUSTRIAL WASTE/STUDY/ TREATMENT 
• SUPERVISION OF CONSTRUCTION 

AND OPERATION 

'- Ilbert . SS()( lates I nc 
ENGINEERS / PLANNING CONSUL TANTS 
Readong. Pa • Spr,ngfleld. Mass · PMadelpn,a. POI 

YORK RESEARCH CORP. 

• Ambient Air Studies 
• Air & Water Pollution Control 
• Complete Analytical Laboratory 
• Source Testing & Stock Sampling 
• Industrial Hygiene & Safety 
• Combustion Studies 

ONE RESEARCH DRIVE 
ST AMFORD, CONNECTICUT 06906 

(203) 325-1371 

WESTERN DIV.-DENVER. CO 
(303) 758·4100 

ENVIRONMENTAL POLLUTION 
CONTROL SERVICES 

Galson 
T.chnk:aI Servic •• , Inc. 
... " ...... ft • • , . .. . .... D ....... . 

6601 K"ltv'U~ RO:Od. £" 5' Sv,;rCIJ!o(! . N .V 13057 
Tel 13 15 14377181 

KAISER ENGINEERS 
Environmental Control Engineering 

Ai r Pollution Control 
Wat er & Wastewater Treatment 
Solid Waste M anagement 

300 lakeside Drive, Oakland. CA 94666 
35 East Wacker Drive, Chicago, IL 60601 
355 fifth Avenue, Pittsburgh, PA 15222 

GREELEY AND HANSEN 
ENGINEERS 

S TUDIES. DESIGNS AND 
CONSTRUCTION SERVICES FOR WATER:. 

WASTEWATER: AND SOLID WASTES 

222 S. RI .... erside Plaza. Chicago. IL 60606 . (312)-648-1155 
New York 10()()7 Philadelphia 19103 
Richmond 23230 Tampa 33607 

CRYSTALLINITY 
TOPOGRAPHY 

ERNEST F. FULLAM, INC. 
P. O. BOX 444 • SCHENECTADY, N. Y. 12301 
TELEPHONE 518·785·5533 

• W,lIer Qu.alily and Mari~c In llcsligatioos . Chemi.cal 
and BiologICa l Labor illoru~s. Enyironmenu.l StudIes 
1849 Old Bayshorc Hwy 15050. Arroyo Pkwy 
Burlingame, CA 94010 Pawdena, CA 9 1109 
943 NewhallS trf!f! t 4]8/essie 5treet 
Costa Mew, CA 9]6]i San Francisco, CA 94103 

~f'r,1.f'~m 
LABORATORIES INC 

545 Commerce St Fr"nklm L"kl"s N J 07417 
20133/4774 2018918787 

- Atomic Absorpllon - Optlcel EmiSSion 
- Chemical - X-reY Spectrometry 

Complete An"lyt lc,,1 Sl'"rv'cl'"$ for 
Envlronment,,1 Studies & Po i lu! on Contro l 

I ... MIN ERAlOGICAL i BIOLOGIIA L MIIRO/IO PY ~ 
... POPULA TION i EWJYlTEM lTUDIEI ~ 

... (OAIIA L ZONE HUDIEI ,... 
...... ROCK mU(jURE ANA LYlIS -

.... GEOMAPPING ----CHIASMA CONSULTANTS, INC. 
'0 .)/10111..; .H~Hr 803 722- 47" 

CHARLES R VELZY 
ASSOCIATES, INC. 

CONSULTING ENGINEERS 
WATER POLLUTION CONTROL. SOLID 
WASTE DISPOSAL. AIR POLLUTION 
CONTROL. INDUSTRIAL WASTES. 

DRAINAGE. WATER SUPPLY 
350 Executive Boulevard 

Elmsford , New York 10523 
M i neola, New York Babylon, New York 

• Po llution Analys ,s and Monitoring 
• Treatability arld Impact S:.ud ies P.O. Box 203 

• Product liability lUln,ton. M.ss. 02173 

• Safety and Hygiene (611) 646·0220 
• Complete laboratory SerYlces 

DUNN LABORATORIES, INC. 
Chemists and Chemical Engineers 

Chemical Analysis and Consultation 
717 Edgehill Ave. N. W. 

Atlanta, Ga. 30318 
Tel. 404·873·6159 

USE THE CONSULTANTS' 
DIRECTORY 

Six Twelve 
UNIT Issues Issses 

1" x 1 col. $28 $27 
1" x 2 col. 56 52 
1" x 3 col. 81 73 
2" x 1 col. 56 52 
2" x 2 col. 104 94 
4" x 1 col. 104 94 

Your card may appea r in every issue for 
o ne year, every issue for six months (con
secut ive issues). o r ever y othe r issue for one 
yea r (a l ternate issues) . Send yOUI' ·copy to: 

Joseph P. Stenza 

ENVIRONMENTAL SCIENCE 
& TECHNOLOGY 
50 West State St. 

Westport, CT. 06880 

or call him at 203-226-713 1 



MEETING 
GUIDE 

January 26-30 Atlantic City, N.J. 
1975 Semiannual Meeting. American 
Society of Heating. Refrigerating and 
Air-Conditioning Engineers (ASH
RAE) 

Theme is "The International Year of 
Progress and Cooperation." Write: ASH
RAE. United Engineering Center, 345 E. 
47th St.. New York. N.Y. 10017 

February 1-6 New Orleans, La. 
Annual Convention. National Asphalt 
Pavement Association 

Includes environmental topics. Wrife: 
G. C. Goggin, NAPA, 6811 Kenilworth 
Ave., Riverdale, Md. 20840 

February 3-5 Washington, D.C. 
National Conference on Management 
and Disposal of Industrial Wastewa
ter Treatment Residues . . Information 
Transfer, Inc. and the EPA 

Write: National Conference on Man
agement and Disposal of Industrial 
Wastewater Treatment Residues, c / o En
vironmental Quality Systems, Inc., 6110 
Executive Blvd. , Suite 750, Rockville, Md. 
20852 

February 3- 6 Los Angeles , Calif. 
Topical Conference on Nuclear 
Power and the Public . Atomic Indus
trial Forum , Inc. 

Focus will be on current nuclear issues 
of concern to the public, and communi 
cations tools being devised to deal with 
them. Write: Conference Registrar, Atom
ic Industrial Forum , Inc., 475 Park Ave . 
South, New York , N.Y. 10016 

February 10-12 Houston, Tex. 
Annual Meeting. Cooling Tower Insti 
tute 

Discussion on all phases of cooling 
tower specifications, testing, mainte
nance, operation, and water treating 
problems will highlight the Operating 
Seminar. Write: Dorothy Garrison , Execu
tive Secretary, Cooling Tower Institute, 
3003 Yale St ., Houston, Tex. 77018 

February 23-28 Pacific Grove, Calif . 
Coping with Environmental and Safe
ty Regulations in the Food Industry. 
Engineering Foundation 

Attendance is limited to 100. Contact: 
Engineering Foundation, 345 E. 47th St ., 
New York, N.Y. 10017 

February 24-26 New York , N .Y . 
Annual Meeting. TAPPI 

Theme is "60 Years of Service to 
TAPPI Members Around the World ." 
Write : S. J. Hayes, TAPPI , 1 Dunwoody 
Park, Atlanta, Ga. 30341 

(continued on page 80) 

CLASSIFIED SECTION • POSITIONS OPEN 

ENVIRONMENTAL ENGINEER 
MAJOR OIL COMPANY offers growth opportunities for Chemi
ca1 Engineer in N.Y. Headquarters to handle studies on re
fineries process facilities for environmental conservation con
trol at the Company's overseas refineries. 
Desire 2-5 years experience in petroleum or other process 
industries with emphasis on Environmental Control. Send 
resume and salary history to: 

ACS, Box EST 175, 1155 16th St., Washington, D. C. 20036 
An Equal Employment Opportunity 

ENVIRONMENTAL 
IMPACT STATEMENTS 

WAPORA, Inc., a leading environ· 
mental impact consulting firm, is 
looking for person s with extensive 
experience in environmental impact 
state ments relative to the following 
areas: Air quality measurements; 
noise quality measurements; high. 
ways; and terrestrial biology. 

We are also seeking highly qualified 
individual to manage EIS group. 

Contact or forward resume to 
Dr. J. J. Bergman, President (301/ 
652-9520), WAPORA, Inc., 6900 Wis
consin Avenue, N.W., Washington, 
D. C. 20015 

CLASSIFIED 
ADVERTISING 

RATES 
Rate based on number of insertions 
used within 12 months from date of 
first insertion and not on the num
ber of inches used. Space in classi
fied advertising cannot be com
bined for frequency with ROP ad
vertising. Classified advertising ac
cepted in inch multiples only. 

Unit l-T 3-T 6-T l2-T 24-T 
linch $50 $48 $46 $45 $44 

(Check Classified Advertising De
partment for rates if advertisement 
is larger than 10". ) 

. SHIPPING INSTRUCTIONS : 

Send ail material to 

Environmental Science 
& Technology 

Classifled Advertising 
Department 

50 West State St. 
Westport, CT. 06880 

CHIEF UTILITY ENGINEER 
The City of Baltimore's Bureau of 
Operations has a unique and challen g
ing career opportu n ity for a qualified 
engineer who will have full responsi
bility. for the water distribution and 
sanitary seYler systems servicing over a 
million people in the Baltimore Metro
politan Area. Successful candidate 
will be a strong administrator with the 
ability to motivate and direct a large 
maintenance and construction division 
in the Department of Public Works. 

Salary up to $25.000 with excellent 
fringe benefit package. Qualifications 
include a B.S. in engineering and nine 
years of experience in design , con
struction and/or maintenance of mu
nicipal water distribution and waste 
water collection systems. 

Send resume , listing full particulars, 
or call: 

Mr. Gene Neff, Head 
Bureau of Operations 

Bal:IC:::~~~!r';~aa,.I:'i202 
(301) 396·3500 

EO E 

ENVIRONMENTAL ENGINEERS 
10 to 35 K 

Our clients are interested in ex· 
perienced. environmental engi· 
neers with strong backgrounds in 
licensing, PSAR preparation, air/ 
water quality control for mgt. posi· 
tions in power generation field . 

Send resume in confidence to: 
Nancy Root 

SPARKS ASSOCIATES 
1335 Rockville Pike 
Rockville, Md. 20852 

(agcy) 

GROWTH POSITIONS 
ENVIRONMENTAL SYSTEMS 

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

MARKETING- MANUFACTURING APPLICATION 
Fees company paid . Include prescnt sa lary, minimum sa l
ary requirement and location flexibililY wilh resume. 
Environmental Systems Dj-v. , Lon,gbcrry Employment S!'rv
icc, Inc. , 6SO Niles Bank Bldg., Niles, Ohio 44446 . 

IMPORTANT NOTICE 
VariOUs sla le laws against dlscflmmatlon and the 
Federal CIVil Rlghls Act of 1964 prOhib it dlsCrlmma
tion In employment because 0 1 race . COlor . re lig ion . 
nal lona l or igin . age. and sex !un less based on a bona 
IIde occupational quallf lcal lon) Help wan ted and 
Situations wanted adver llsemen ts on Ihese pages 
are for readers' conven ience and are nOI to be con
st rued as mstruments lead ing to unlawful discnm lna
tion 
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Courses 

January 20-22 Los Angeles , Calif. 
Modern Solar Cell Technology. Uni
versity Extension-UCLA 

Write : P.O. Box 24902. Dept. of Con
tinuing Education in Engineering and 
Mathematics. University Extension, 
UCLA, Los Angeles. Calif. 90024 

January 20-23 New York , N.Y. 
Control of Particulate Emissions, 
#413. Air Pollution Training Institute 

Designed for engineers and others re
sponsible for evaluating particulate col
lection devices. Write : Registrar 's Office, 
Air Pollution Train ing Insti tute. Research 
Triangle Park, N.C. 27709 

January 20-31 Research Triangle 
Park, N .C . 
Gas Chromatographic Analysis of Air 
Pollutants, ;;429. Air Pollution Train
ing Institute 

Prerequisite: satisfactory completion of 
pre-course instructional material relating 
to gas chromatography fundamentals. 
Write : Registrar 's Office, Air POllution 
Training Institute, Research Triangle 
Park, N.C. 27709 

January 21-23 
N,J, 

New Brunswick, 

Community Noise Exposure and Its 
Control. Rutgers University-The 
Siate University of New Jersey 

Contact: Prof. J. J. Soporowski. Jr .• 
Dept. of Environmental SCience, Cook 
College, Rutgers University, P.O. Box 
23 1, New Brunswick, N.J . 08093 

January 22- 24 Madison , Wi s. 
Noise Control in Internal Combustion 
Engines. University of Wisconsin
Extension 

Fee: $100 (2 days). Write: J. M. Lea
man , Program Director, Eng ineering 
Dept. , University of Wisconsin- Exten
sion, 929 N. 6th St. , Milwaukee, Wis . 
53203 

January 23- 24 San Francisco, Calif. 
Environmental Health and Safety in 
Heallh Care Institutions, University of 
California 

Fee: $50. Write: Extended Programs in 
Medical Education, Room 575-U , Univer
sity of California , San Francisco , Calif. 
94143 

January 27 - 31 Los Angeles, Calif. 
Solidification of Materials for Energy 
Applications. Universi ty of. California 

Write: P.O. Box 24902, Dept. of Con
tinuing Education in Engineering and 
Mathematics, University Extension , 
UCLA, Los Angeles, Calif. 90024 

January 28-29 Madison, Wis . 
Nuclear Reactor Safety. University of 
Wisconsi n-Extension 

Fee: $100. Write: R. C. Lutton. P.E., 
Universi ty of Wisconsin-Extension, Engi
neering Dept ., 432 N. Lake St .• Madison, 
Wis, 53706 

January 29- 31 Washington , D .C. 
Writing Technical Communications, 
George Washington University 

Designed for SCientists . engineers. 
techniCians, executives, physicians, law
yers, editors. Fee: $240. Write : Director, 
Continuing Engineering Education, 
George Washington University, Washing
ton, D.C. 20052 

February 3-5 Washington, D .C. 
Energy Conservation for New and Ex
isting Medical and Mulli-family Build
ings, George Washington University 

Fee: $280. Write: Director , Continuing 
Engineering Education , George Washing
ton University, Washington , D.C. 20052 

Call for papers 

February 15 deadline 
Second International 
Ozone Technology, 
Ozone Institute 

Symposium on 
International 

Symposium will be held May 11-14, 
1975. in Montreat , Canada. Write : Pierre 
Pichet , Universite du Quebec a Montreal . 
P.O. Box 888, Montreal, Canada 
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co hasp'\ changed, but monitoring 
has.\.. Here's why more and more 
companies and government agen
cies are using Ecolyzers®. 

The portable Ecolyzer gives you the reliability 
and the accuracy (± 1 % 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 0·4000 ppm, and there are 
' dual scale combi nations. It's powered by AC 
or internal rechargeable batteries, and uses the 
ac1vanced , electro-chemical oxidation principle 
- npt the troublesome, high maintenance meth
ods 'Common to older analyzers. 

F:~' r full , continuous, plant-wide or field sta
tion monitoring, the Ecolyzer 3100 Alarm lets you 
see nd hear CO the minute it reaches a pre
dete~ined danger level. In addition to the scale 
there ~ both a visual and an audible alarm-both 
with t~e same adjustable CO settings. The mon
itors 4re 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 I . 
why OSHA, EPA, National Bureau 
of Standards, U.S. Bureau of Mines, 

_---c:::=o._N_ASA Research Cente r, NIOSH, 

__ .h~~~~~~~==~;N.Y. State Dept. of Air Resources, and other 
envi r on mental 
agencies use 
Ecolyzers. 

Let us send you 
a list of users, a 
brochure, and a 
price list. Bette r 
yet, discuss your 
needs with Jim 
Burkhardt. Call him 
at (914) 592-3010 
collect. 

CARBON MONOXIDE MONITOR 

ENERGETICS SCIENCE, INC. 
S5 Executive Boulevard , Elmsford , N.Y. t 0523 

CIRCLE l OON READER SERVICE CARD 
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ElectrodeS. 
How do they stack up against 
other analytical methods? 

First of all, ORION electrodes are the one 
measuring technology that gets you both cations and 
anions- the common ones like SOdium, chloride, 
potassium, nitrate, calcium, sulfide and many more. 
Electrodes measure dissolved gases such as ammonia, 
sulfur dioxide, and nitrogen dioxide. 

Next, electrode measurements are intrinsically 
simpler than other analytical techniques. Time·consuming 
steps such as filtrations, weighings, distillations, and 
titrations are not required in most cases. Because 
electrode methods are easy, fewer analyses are botched 
and standard deviations are tighter. 

Electrodes don't require Ii lot of read-out 
paraphernalia such as curve linearizers, integraters, and 
strip-chart recorders- you can read concentration 
directly on an ORION specific ion meter. 

Electrode methods save time- one minute 
per sample is typical. Frequently, multiple samples can 
be analyzed faster by electrode than by autoanalyzer. 

Since electrodes are portable, you aren't 
confined to making analyses in your laboratory- use 
them on the production floor, take them to the lake, 
or down to the sea! 

Electrodes are sensitive- they measure down 
to parts per billion. They'll easily measure samples differin£ 
in concentration by as much as 6 decades of concentration. 

Electrodes aren't pigs when it comes to 
sample volume- a fraction of an ml will do. 

Most electrode interferences are easily masked 
or eliminated, and electrodes are not bothered one whit 
by sample color, turbidity, suspended matter, or viscosity. 

; Compared to other methods of instrumental 
analysis, electrodes are quite inexpensive. A complete 
set-up for one parameter costs about $800 with additional 
parameters costing $200- 300 each. 

Analytical methods using electrodes have been 
worked out for most commonly encountered samples: 
foods, soils, waste waters, drinking waters, biological fluids 
and plating baths. 

As an ORION electrode user, you're never on 
your own; the applications chemists in our Technical 
Service Group are ready to help you with your analytical 
problems- and they're as close as your telephone. 

Want to know more about analysis by ORION 
electrode? Write us for a free copy of our Analytical 

Methods Guide. 

ORION RESEARCH 
380 Putnam Ave., Cambridge, MA. 02139 
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