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FOCREWORD

The Second Conference on Environmental Quality Sensors
provided an interchange of information between the Environ-
mental Protection Agency's (EPA) research scientists who are
developing and testing improved ways of monitoring the gquality
of the environment and the Agency's ten Regional Offices. 1In
order to achieve the desired communications and response from
the participants, the attendance was limited to those in EPA
who are utilizing, or are planning to employ remote sensing
technology in their planning and regulatory function.
Participating with EPA in the conference were other Federal
and State agencies, universities and several industrial
research organizations. Complete texts of the technical
papers are included and constitute the major portion of
this document. Presentations by regional and program offices
focused on how remote sensing could be effectively utilized
in their respective geographical areas. Numerous applications

and program requirements were presented and are being reviewed
with the Regions.

The program and agenda were prepared by the Steering
Committee consisting of sensor experts within the agency.
They are as follows:

Murray Felsher - Office of Enforcement and
General Counsel
Robert F. Holmes - Office of Monitoring Systems
Donald R. Jones - Office of Hazardous Materials
Office of Air and Water Programs
John D. Koutsandreas - Office of Monitoring Systems
Anthony F. Mentink - NERC, Cincinnati
John W. Scotton - Office of Monitoring Systems
Donald T. Wruble - NERC, Las Vegas

The technical presentations are arranged in the order
that they appear in the Conference Program Agenda.
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John D. Koutsandreas
Conference Chairman

December 10, 1973
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Mpaoﬁp& WASHINGTON, D.C. 20460
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OFFICE OF
RESEARCH AND DEVELOPMENT

SUBJECT: Preliminary Report of the Second Environmental
Quality Sensor Conference

FROM: Chairman, Second Environmental Quality
Sensor Conference

TO: Assistant Administrator for
Research and Development

THRU: Acting Director /% F¢

Equipment and Technigques Division ‘

Deputy Assistant Administrator fﬁé%ﬁ/ ,
Monitoring Systems

The Second Environmental Quality Sensor Conference was
convened in Las Vegas on October 10-11, 1973. The purpose of
the conference, as stated by Mr. Willis B. Foster, was to
provide a forum for discussing the role of remote sensing in
the Agency's program to those who have a responsibility for
monitoring. He invited all of those present to work cooper-
atively towards applying those methods and techniques which
could be effectively utilized by the Environmental Protection
Agency (EPA), and hold the potential of becoming standard
methods in monitoring the environment. Participation of
approximately 130 individuals included representatives from
each EPA Region, National Environmental Research Center (NERC),
and from several program offices. Key representatives from
other Federal agencies, universities and industry were also
present.

The conference was organized into ten sessions which in-
cluded 25 papers. A summary of the technical sessions is
included in the attached. The conference proceedings
are to be published and disseminated to all participants.

Copies of the proceedings will be available to the general
public through the Government Printing Office about January 1974.

Prior to the conclusion of the two day conference, regional
and program office presentations focused on how remote sensing
could be effectively utilized in their respective geographical
areas. Numerous applications and program requirements were



suggested by the speakers, some of which are currently
underway and being coordinated by the Office of Monitoring
Systems and NERC-Las Vegas. A few of the more urgent
regional applications for monitoring by remote sensors

are listed:

Salinity control in agriculture
Water reuse in the West

Brown cloud over Denver
Agricultural runoff
Eutrophication

Strip mining

Pest infestation

Industrial outfalls

. Everglades protection

10. Power plant thermal plumes

11. 0Oil spills

12. Acid mine drainage

13. Ocean dumping

14, Solid waste management

15. 8O0, from copper smelters

l6. Seaimentation and algae productivity

WO ULdwhHE

From the above, it appears that the Regions and the
program offices are prepared to utilize remote and automated
in-situ technology in numerous applications.

In response to the Conference Committee invitation,
Dr. Virginia Lee Prentice, National Academy of Sciences (NAS),
Committee on Remote Sensing Programs for Earth Resource
Surveys (CORSPERS) stated that the NAS-CORSPERS Environ-
mental Measurements Panel would prepare a formal response
to EPA on the Academy's recommendations for future research
and development for environmental quality sensors.
Dr. Prentice suggested increased use of data from the
National Aeronautics and Space Administration's Earth
Resources Survey Program. She specifically encouraged
the utilization of high resolution absorption spectroscopy
for measuring atmospheric constituents to a few parts per
billion and the use of the micrometer band for water
temperature measurements.

It is felt that the conference achieved the objective
in communicating new monitoring technology to the Regions,
NERC's and program offices. Through the participation of
the other Federal agencies we have stimulated some technology
exchange which can be applied directly to EPA monitoring
problems. Some large gaps existing between present technology
capabilities and needs of the Agency are being identified.

ii



During the conference the submission of the Environmental
Research Need statements pertaining to remote and automated
in-situ requirements was emphasized. A more personal relation-
ship was encouraged in the preparation of the statements to
assure that the resultant plans are responsive to the program
requirements.

Because of the EPA involvement with other Federal agencies,
more formal recognition of interagency activities and communi-
cations relevant to remote sensing should be established. It
is recognized that there are many informal contacts and exchanges
between EPA NERC's and Regions that are not recognized at EPA
Headquarters. This could lead to uncoordinated activities
which are inconsistent with strategies designed to meet the
requirements of program offices. Formal recognition and
guidance by the appropriate organizations within the Office
of Research and Development will lead to a more useful sensor
and/or data product and the timely exchange of research data
as required by the Agency.

The lack of interdisciplinary coordination among remote
sensor specialists in the Agency prompts the need for an intra-
agency remote sensing coordinating and advisory committee in
order to more fully utilize remote sensor technology. Such a
committee was suggested by many of the Agency participants.

The committee should consist of members from all Regions, NERC's
and program offices working with remote sensors, to form a
working advisory group within EPA. Some of the functions
suggested for the committee are listed.

1. Intra-agency coordination of remote sensing
efforts and liaison responsibilities within EPA and at
interagency levels.

2. Identification, development and prioritization
of both short-term and long-term support requirements/
objectives which are amendable to a remote sensing approach.

3. Definition, planning and recommendation of a
realistic environmental remote sensing program to meet program
office reguirements.

4. Review of existing and planned EPA remote sensing
programs assessing their adequacy toward meeting program office
reguirements and objectives.

Additional functions and scope of this committee will be

formulated and forwarded to the appropriate offices for review,
comment and approval.
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In closing, it is felt that notable advances were made
at this conference in implementing the remote.and automated
sensor technology toward the Agency's monitoring requirements.
It was the general concensus that remote sensing will not
replace many present methods of manual sampling but will be
used to point out specific locations where environmental _
problems exist, so that in-situ methods may be more effectively
and efficiently employed. 1In this regard, I believe Fhe
conference was a success and more than paid for the time,

effort and funds involved.
{remj ‘VQ v a,mci\fuw

ohn D. Koutsandreas

Attachment
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SUMMARY OF TECHNICAL SESSIONS
SECOND ENVIRONMENTAL QUALITY SENSOR CONFERENCE

I. National Environmental Research Center-Las Vegas Programs

The aerial remote sensing system being developed was
described, including aircraft imagery and data acquisition
systems, as well as ground data processing systems. A LIDAR
sensor being developed for aerial monitoring of aerosol
characteristics and mixing layer measurements was demonstrated.
The Zeeman effect atomic absorption spectrometer is being
evaluated for direct analysis for mercury in the parts-per-
billion range. This instrument was designed and built for
the National Science Foundation and the Atomic Energy
Commission by the Lawrence Berkeley Laboratory. The
application of helicopter-borne instrumentation for data
gathering in the Los Angeles Reactive Pollutant Program,
is providing valuable information.

IT. National Aeronautics and Space Administration-Langley
Research Center Sensor Programs

Work performed under the Environmental Protection Agency
(EPA) /National Aeronautics and Space Administration interagency
agreements for the evaluation of remote sensors for water
pollution detection and monitoring was presented. The results
of laboratory tests, fixed height platform field tests, and
helicopter flight tests of a four frequency laser system
induces fluorescence in algae for remote monitoring. Measure-
ment results are repeatable and comparison with "ground truth"
data raise questions about which is a more accurate measure of
algae quantity. An imaging multispectral scanner was flight
tested and the data analyzed for the identification of wvarious
pollutants. A technique based on film and filters for
guantitatively measuring the amount of chlorophyll in a water
body was discussed. Understanding what physical processes
are involved in sensing a pollutant, both from the sensor and
pollutant viewpoint, are paramount in this research. The status
of work underway on investigations dealing with passive microwave
radiometers, multispectral scanners and sewage outfall detection
was presented.



ITI. Air Quality Sensor Developments

The siting of sensor installations responsive to
programmatic needs was discussed for the St. Louls
Regional Air Pollution Study. Utilization of ?he
latest accepted air monitoring equipment was discussed.
The use of laser technology for long path measgrgment
of atmospheric pollutants is considered a promilsing
candidate for monitoring carbon monoxide and gthylene.
Optical techniques are being effectively utilized for
monitoring stationary sources. Instrument research
specifications for air emission controls were presented.

IV. Water Quality Sensor Development

The basic theory and applications of recent water
guality contact sensors were presented. The measurement
of total cyanides by selective ilon electrodes appears
practical with some pretreatment. Automated in-situ
sensors are being utilized over 200 river miles by the
Minneapolis-St. Paul Metropolitan Sewer Board. Extended
measurements (beyond the basic property parameters) are
unique, requiring selectivity in sample preparation to
optimize sensor performance. The phase-out of systems
designed for continuous monitoring was due to improper
maintenance, poor selection of sensors, or unavailability
of preferred sensors.

V. Environmental Thematic Mapping

Land use is a key factor in determining environmental
guality in most parts of the Nation. Regular monitoring
of change in guality and use of land and water resources
is required. Thermal mapping data can provide information
on the location of sources of potential pollution from
landfills, from chemical and petroleum storage facilities,
and from sewage lagoons and feedlot operations. Techniques
of acquiring remote quantitative measurements of surface
water temperature with an infrared scanner in an aircraft
are proven. Computer produced images having gray levels
corresponding to absolute temperature (within 1/2°) and
numerical grids giving absolute temperatures at uniform
levels are shown. Remote sensor imaging can assist in
the location and characterization of pollution sources,
assessment of impact, projection of trends, location of
potential problem areas, and the assessment of preventive
measures. Recommendations were presented for an operational
system which provides data during suboptimum aerial
photographic conditions.
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VIi. 0il and Hazardous Materials Sensors

A detection and identification of specific petroleum
products on water surfaces and volumetric determination
of oil spills through remote sensing were shown to be
not only practical but also adaptable operationally for
surveillance, oil spill cleanup support, and enforcement
purposes. The use of environmental photo interpretation
keys for identification and evaluation of oil and hazardous
materials production, storage, and processing facilities
has significant potential as a spill prevention surveillance
function.

VII. Satellite Environmental Monitoring Applications

A methodical approach, using aircraft and satellite
data, was presented for locating and monitoring polluted
mine drainage. Such factors as texture, shape, and spectral
response are analyzed and compared to previously obtained
data. Computer processing techniques have been developed
for identifying low, medium, and highly reflective types
of water which are associated with various concentrations
of suspended matter. Turbidity patterns, acid disposal
plumes and convergent water boundaries along with high
concentrations of pollutants have been detected from
satellite imagery. Space data relay systems provide for
automatic collection of data from in-situ environmental
sensors. These networks are supplying data to regulatory
agencies on a daily basis.

VIII. Environmental Monitoring Applications

Through careful preflight planning, in-depth analysis
and coordination with limited ground truth parties it is
possible to utilize aerial photography, both vertical and
oblique to monitor water quality and prepare evidence for
court trials. Quantitative data on water quality can be
obtained from remote sensor data. Some ground truth data
are preferred in order to quantify the density levels of
the imagery. From this point it is a simple matter to
establish correlation between gray-level and selected
water quality parameters. The present state-of-the-art
in remote sensing can produce useful data for monitoring
and enforcement actions for EPA. The use of the data in
operational programs can also bring about advancement of
the state-of-the-art by recognizing gaps in current
procedures.
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ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RESEARCH & DEVELOPMENT
OFFICE OF MONITORING SYSTEMS
SECOND CONFERENCE ON ENVIRONMENTAL QUALITY SENSORS
NATIONAL ENVIRONMENTAIL RESEARCH CENTER
LAS VEGAS

OCTOBER 10 AND 11, 1973
—-- CONFERENCE AGENDA -

Tuesday - October 9

4:00 p.m. - 8:30 p.m. - Registration: Royal Las Vegas
Hotel Lobby

Wednesday - October 10

8:00 a.m. - 8:30 a.m. - Late Registration - NERC-Las Vegas
Administration Building

8:30 a.m. - 9:00 a.m. - Conference Convenes
Mr. John D. Koutsandreas - Chairman

Dr. Delbert S. Barth - Welcome
Mr. Willis B. Foster - Keynote Address

Mr. John D. Koutsandreas - Conference Program Overview

I. 9:00 a.m. - 10:10 a.m. ~ NERC-Las Vegas Programs
Mr. Donald T. Wruble, NERC-Las Vegas

. Imagery Acquisition System - Messrs. Leslie M. Dunn and
Albert E. Pressman, NERC-Las Vegas

. Aerial Air Pollution Sensing Techniques -~ Mr. Roy B. Evans,
NERC-Las Vegas

. LIDAR for Remote Monitoring - Dr. S. Harvey Melfi,
NERC-Las Vegas

. Evaluation of the Zeeman Atomic Absorption Spectrometer -
Mr. Erich Bretthauer, NERC-Las Vegas

10:10 a.m. - 10:30 a.m. - Coffee Break
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IT. 10:30 a.m. - 11:40 a.m. - NASA-Langley Sensor Programs

Mr. James L. Raper, NASA-Langley

In

Multi-Wavelength Laser Induced Fluorescence of Algae
Mumola,

Vivo: - A New Remote Sensing Technigque - Mr. P. B.
Mr. Olin Jarrett, Jr. and Mr. C. A. Brown, Jr.

Remote Detection of Water Pollution With.Multichannel
Ocean Color Scanner: - An Imaging Multispectral Scanner =
Mr. Gary W. Grew

Summary of NASA-Langley Remote Sensing Activities Under
The EPA Interagency Agreements: - Potential For
Regional Applications - Mr. James L. Raper, NASA-Langley

The Use Of Near-Infrared Photography For Biodegradable
Pollution Monitoring Of Tidal Rivers - Mr. Walter E.
Bressett, NASA-Langley and Dr. Donald E. LlLear, Jr.,
EPA Annapolis Field Office

11:40 a.m. - 1:15 p.m. - Lunch

IIT. 1:15 p.m. - 2:10 p.m. - Air Quality Sensor Developments

Mr. Charles E. Brunot, Office of Monitoring Systems, OR&D

The St. Louis Regional Air Pollution Monitoring System -
Mr. James Reagan, NERC-RTP

Long Path Optical Measurement of Atmospheric Pollutants =
Mr. A. E. O'Keeffe, NERC-RTP

Performance Specifications for Stack Monitoring Systems -
Mr. James B. Homolya, NERC-RTP

Iv. 2:10 p.m. = 3:20 p.m. - Water Quality Sensor Development
Mr. A. F. Mentink, NERC-Cincinnati

In-Situ Sensor Systems for Water Quality Measurement -
Dr. K. H. Mancy, University of Michigan

Description of Selected Available Sensors -
Dr. Julian Andelman, University of Pittsburgh

Metropolitan Sewer Board Water Quality Monitoring Program
for the Minneapolis-St. Paul Metropolitan Area -
Dr. Russell Susag, St. Paul Metropolitan Sewer Board

Water Quality Sensing in Some Eastern European Countries -
Dr. Peter Krenkel, Vanderbilt University and
Dr. Vladimir Novotny, Marquette University

An Alrborne Laser Fluorosensor for the Detection of
0il on Water - Dr. H. H. Kim, NASA-Wallops Station

3:20 p.m. - 3:40 p.m. - Coffee Break



3:40 pem. = 5:05 p.m. - Environmental Thematic Mapping

Mr. John D. Koutsandreas, Office of Monitoring Systems, OR&D

. Remote Sensing and Identification of Critical Area of
Environmental Concern - Dr. James R. Anderson, USGS

- Remote Sensing Data, A Basis for Monitoring System
Design -~ Mr. James U. Taranik, Iowa Geological Survey

« Recent Development in Remote Thermal Mapping of Water
Surfaces - Mr. E. L. Tilton III, Mississippi Test Facility

. Remote Sensor Imagery Analysis For Environmental Impact
Assessment - Messrs. C. P. Weatherspoon, J. N. Rinker,
R. E. Frost and T. E. Eastler, U.S. Army Engineers,
Topographic Laboratories

« Aerial Spill Prevention Surveillance During Sub-Optimum
Weather - Messrs. Robin I. Welch, Allan D. Marmelstein
and Paul M. Maughan, ERTSAT

5:05 pem.s - 5:35 p.m. - NERC Las Vegas Tours

Laser Demonstration - Dr. S. Harvey Melfi

Imagery Processing and Interpretation Lab Tour -
Mr. Albert E. Pressman and Mr. Leslie M. Dunn

Thursday -~ October 11

VI.

8:30 a.me = 9:55 a.m. - 0il and Hazardous Materials Sensors

Mr. Donald R. Jones, Division of 0il & Hazardous Materials, OAWP

. Single Wave Length Fluorescence Excitation for On-Site
O0il Spill Detection - Mr. J. Jadamec, U.S. Coast Guard

. The Remote Detection and Identification of Surface 0il
Spills - Mr. Herbert R. Gram, Spectrogram Corporation

. Environmental Keys for 0il and Hazardous Materials
Detection - Messrs. Charles L. Rudder and Charles J.
Reinheimer, McDonnell Aircraft Company

. Video Detection of 0il Spills - Mr. John P. Millard,
NASA~Ames and Lieutenant Commander Gerald F. Woolever,
U.S. Coast Guard

. Measurements of the Distribution and Volume of Sea-~Surface
0il Spills Using Multifrequency Microwave Radiometry -
Dr. James P. Hollinger and Mr. R. A. Mennella,
Naval Research Laboratory

. The National Environmental Monitoring System -
Mr. Theodore Major, The Magnavox Company

9:55 a.,m. - 10:15 a.m. - Coffee Break
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VII. 10:15 a.m. - 12:00 Noon - Satellite Environmental Monitoring
Applications

Mr. John D. Koutsandreas, Office of Monitoring Systems, OR&D

. Skylab Application to Environmental Monitoring -
Dr. Victor S. Whitehead, NASA Johnson Space Center

. Environmental Applications of the Earth Resources .
Technology Satellite, D. T. Schultz, General Electric
Co., Space Division, Charles C. Schnetzler;
Goddard Space Flight Center

. ERTS-1 Detection of Acid Mine Drainage Sources -
Messrs. Elliott D. DeGraff and Edward Berard,
Ambionics, Inc.

. Water Quality Analysis Using ERTS-A Data - .
Dr. Harry Kritikos, University of Pennsylvania and
Mr. Hubert Smith, EPA, Region III

. Application of ERTS-1 to Coastal Environmental Problems -
Dr. V. Klemas, University of Delaware

. Data Collection Platforms for Environmental Monitoring -
Mr. J. Earle Painter, NASA-Goddard

12:00 Noon - 1:30 p.m. Lunch

VIII. 1:30 p.m. - 2:40 p.m. - Environmental Monitoring Applications

Mr. Robert F. Holmes, Office of Monitoring Systems, OR&D

. Aircraft Monitoring of Lake Superior Pollution Sources =
Dr. J. P. Sherz and Mr. J. F. Van Domelen,
University of Wisconsin

. LIDAR Polarimeter Measurements of Water Pollution -
Dr. J. W. Rouse, Jr., Texas A&M University

. Detection of Dissolved Oxygen in Water Through
Remote Sensing Techniques -
Mr. Arthur W. Dybdahl, OEGC, National Field
Investigation Center-Denver

. A Search for Environmental Problems of the Future -
Messrs. James E. Flynn, Arthur A. Levin, Battelle
Memorial Institute and Dr. James R. Hibbs, EPA, OR&D

2:40 p.m. ~ 3:00 p.m. Coffee Break
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IX.

3:00 p.m.
Mr. C. E.

4:45 p.m. - 5:15

Plans,
Region
Region
Region
Region
Region
Region
Region
Region
Region
Region

NFIC-

-~ 4:45 p.m. - Environmental Monitoring Reguirements

James, Office of Monitoring Systems, OR&D

p.

Programs and
I - Dr.
II - Mr.
IIT - Mr.
Iv - Mr.
Y - Mr.
VI - Mr.
VII - Mr.
VIII - Mr,
IX - Dr.
X - Mr,
Denver - Mr.

m.

Requirements
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It has been about two years since I last addressed many of you
in this same auditorium. At that time, we endeavored to gain a better
understanding of how sensing technology, both remote and in-situ,
could be directed toward meeting the needs of the EPA Regional Offices,
the State environmental agencies, and the environmental agencies'
municipalities. Although the resources have been insufficient to allow
us to realize many of our objectives, through the efforts of many here in
this auditorium, we have been able to a degree to demonstrate the
potential of this valuable technology. It is anticipated that through
demonstration and operational application, remote sensors will continue
to play an increasingly significant role in the monitoring program of our
agency -- as well as at the State and local level,

It is encouraging to learn that recently the program offices
within EPA are increasing the application of remote sensor data for
their requirements. One specific example, worthy of mention, is the
Reserve Mining case where remote sensor data were successfully
introduced by both sides and accepted by the court as evidence. Here
the Office of Enforcement and General Counsel acquired imagery from
high altitude aircraft and the ERTS satellite. These data were
effectively utilized in a court exhibit to show the sediment outfall from
Reserve Mining operation, and its transport across the west end of
Lake Superior. I understand you will hear more of this effort during

the conference.
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Other Federal agencies have also been helpful in promoting
remote sensor technology in the Environmental Protection Agency, as
is evidenced by the scientists and engineers from other agencies on the
agenda and in the audience today. However, an all-government team
is not enough. The universities and industry must also play an important
part in research and development. It will be refreshing and a privilege
to hear some of their viewpoints during this conference.

Although research and development is essential and is being

promoted by this Agency, we are often under the gun to show immediate
results and operational applications. This stems from the regulatory
nature of the Agency where the primary emphasis is on enforcement of
environmental quality standards. We often take action using techniques
that are neither thoroughly proven nor standardized. Here again we
look to the universities, industry, and other Federal agencies for
sensor techniques under development which might be applied to our
needs. Thus, the primary theme for our conference this year is one
of '"applications.' I understand that in the next two days the speakers
will share with us those methods and techniques which could be
effectively utilized right now, and which are potential standard
methods.

The promulgation of standards and regulations is an important
aspect of the EPA program. It has been identified as a specific

management objective for FY 1974 and, therefore, a major focus
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of the Administrator's personal attention. The magnitude of our task

in monitoring the nation's environmental quality is tremendous -- it's
going to require something more than the proven techniques. To meet
our requirements to enforce standards and regulations, we must use
new remote monitoring instrumentation. There are a total of 135 known
standards, regulations and regional reports to Congress which the
Agency is currently developing. We are pursuing automated in-situ or
remote sensing techniques to supplement the older, accepted, time-
consuming laboratory techniques,

Over 32,000 major air pollution point sources must be brought
into compliance with final emission limitations as prescribed in approved
state implementation plans. Achievement of this objective will require
a vigorous program of air quality monitoring and enforcement to insure
performance by uncooperative polluters. Here again, remote sensing
is expected to play a prominent role.

Under authority of the new environmental laws, EPA has a
mandate to encourage the modification of certain kinds of land use which
aggravate air and water pollution. The nation needs a comprehensive
land use act that will embrace the land aspects of all environmental
problems -- air and water pollution, noise abatement, waste disposal,
management of toxic substances, outdoor recreation, urban planning,
population dispersal and control of population growth itself. Unlike
air and water pollution, the results of land misuse are often irreversible;

we must live with it for generations and in some cases forever. Overhead
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monitoring can provide the regions and states with an accurate inventory
of their land assets so that they are in a better position to assure that
growth does not destroy cultural, historical and aesthetic values or
unique ecological systems.

Through permits, we are responsible for controlling the discharge
of pollutants from point sources into the nation's waterways, under the
Federal Water Pollution Control Act of 1972, This requires regulating
40, 000 of the nation's 300,000 industrial water users and nearly 13,000
municipal sewage treatment plants. The periodic monitoring and
reporting of discharges calls for efficient, accurate and timely moni-
toring -- automated in-situ and remote monitoring technology may offer
a practicable sollution. But that's enough for pollution as such.

With less than six percent of the world's population, the United
States consumed one-third of the globe's energy production in 1972,

Our energy demand is projected to more than double by the year 2, 000.
In the meantime, the United States is approaching the end of its supply
of cheap fossil fuel reserves, with little prospect of new power sources
for the next fifteen years. As you are aware, the crisis was caused by
several complex and interacting factors, including increased environ-
mental consciousness, which forced cutbacks in the use of certain

high pollution fuels and stymied efforts to construct a number of nuclear

power plants. You are all well aware of the delays resulting from fear
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of damage to the environment resulting from construction of a pipeline
carrying 170° oil across tundra and permafrost regions. Energy is a
vital component of environmental rehabilitation as well as America's
prosperity. The problem is whether reasonable energy demands can

be met without harming the environment. Among the EPA energy
objectives are included the promotion of efficiency and conservation;

and in the production of energy -- we're responsible for environmental
assessments of the entire energy chain -- extraction, processing, trans-
portation and utilization, Remote sensing can and should play an
instrumental role in monitoring this entire energy chain.

Successful nations are those that are able to respond to challenge
and to change when circumstances and opportunities require change.

The demands on our natural resources have grown commensurate with
our growth in population, industrial capacity and increased prosperity.
All these indices reflect the constant upward thrust in the American
standard of living. But, in order to maintain our standard of living

and maintain a pleasant, clean environment, a high degree of technolog-
ical sophistication will be required.

We look to you scientists and engineers gathered at this Second
Environmental Quality Sensor Conference to help provide some of the
advanced technology for monitoring the quality of the environment and to
provide the capability for assuring its protection and enhancement -~ I

wish you success in this meeting.
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INTEGRATED REMOTE SENSING SYSTEM

Leslie M. Dunn
and
Albert E, Pressman
Monitoring Operations Laboratory
National Environmental Research Center
U. S. Environmental Protection Agency
P.0. Box 15027
Las Vegas, Nevada 891l4

ABSTRACT

An aerial remote sensing system is being implemented to help meet
the research, surveillance and enforcement requirements of the various
offices of the U.S. Environmental Protection Agency (EPA). An integral
part of the system is a computerized data acquisition system which
allows for partial automatic data processing of aerial thermal mapping
and multispectral measurements. Simultaneous photographic coverage is
time-related to radiometric measurement for detailed analysis. A video
system which records analog data on magnetic tape provides the near

real-time interpretation necessary to respond to emergency situations.

This integrated remote sensing system is an attempt to meet specific
monitoring requirements and provide the EPA with a fully operational
capability. Anticipated use of this data collection system to meet
specific EPA objectives in oil and hazardous material spill emergencies,
outfall detection and inventory, runoff models development for agricul-
tural pesticides, and other airborne monitoring investigations 1is
discussed. Types of data collected and final results of typical projects

are shown.
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SECTION I

INTRODUCTION

The Environmental Protection Agency (EPA) was established by the
President as a regulatory agency to safeguard our nation's air, water,
and land resources for present and future generations. In order for
the EPA to accomplish this task, it must establish a comprehensive
and effective program for monitoring the environment. EPA has the
dual responsibility for developing techniques for collecting envi-
ronmental quality data and the utilization of that data for planning
and regulatory purposes, In accomplishing these objectives, EPA

utilizes new developments from other agencies such as NASA.

The National Environmental Research Center in Las Vegas, Nevada,
(NERC-Las Vegas) has been charged with the responsibility for develop-
ing applicable monitoring techniques and programs and providing demon-
stration studies to assess their effectiveness. To meet this
responsibility the Monitoring Operations Laboratory, Imagery
Acquisition and Interpretation Branch, is developing an integrated
system for the collection, processing, interpretation and reporting
of remote sensing data, While remote sensing techniques have limita-
tions, the synoptic nature of these measurements and the ability to
provide needed information rapidly over large areas with a minimum
number of ground monitoring stations can have great value in augment-

ing Regional monitoring programs.
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Aircraft, sensors, processing and reduction equipment, and data
analysis methods have been selected to best serve a wide range of
environmental problem solving tasks. The appendices provide detailed
information on major equipment and instrumentation which comprise the
integrated remote sensing systems. Listed below are five areas we are
pursuing that address the needs submitted by the EPA regional offices,
Office of Enforcement and General Counsel, and the Division of 0il and

Hazardous Materials.

1. Outfall Detection, Location, and Analysis

This program will develop a catalogue of water outfall character-
istics (relative to aerial monitoring) for the more significant
categories of outfalls recommended by all EPA Regions. Based on
this first phase, optimum aerial remote sensing techniques

from existing state-of-the-art capabilities at NERC-Las Vegas
will be field tested at selected sites throughout the country.
Data will be analyzed and a manual prepared showing ground and
airborne coverage of the outfalls. Emphasis will be placed on
identification of unique characteristics of outfalls with ex-
isting techniques and defining future research and developmental
needs in this area. Table 1 is a list of outfalls which were

submitted for detailed study by the EPA regional offices.

2. 0il Spill Damage Assessment and Documentation

This program involves the management of aerial surveillance
responses to major incidents of oil or hazardous materials

spills. Six contractors have entered into basic ordering
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Table 1. Outfall Categories for Investigation by Remote Sensing

STANDARD INDUSTRIAL CLASSIFICATION (SIC) SIC #

1. Feed Lots 0211
2. Metal Mining 1011
3. Bituminous Coal and Lignite Mining 1211
4, Crude Petroleum and Natural Gas (Extraction) 1311
5. Beet Sugar 2063
6. Pulp Mills 2421
7. Paper Mills 2600
8. Chemical and Allied Products 2800
9. Industrial Inorganic Chemicals 2810
10. Plastics Materials, Synthetic Resins and Nonvulcanizable

Elastomers 2821
11, Petroleum Refining 2911
12, Blast Furnaces (incl. coke ovens) Steel Works and

Rolling Mills 3312
13. Primary Metal Industries and Fabricated Metal Products 3352
14, Telephone and Telegraph Apparatus 3661
15. Electric Services 4910
16. Municipal OQutfalls 4952
17. Ocean Dumping 4953

NERC-LAS VEGAS



agreements (BOA) with NERC-Las Vegas to provide remote sensing
services for emergency spills too distant for a timely response
from NERC-Las Vegas. TFigure 1 describes the organization

interactions and information channels for a BOA activation.

Subsequent efforts will include the investigation of systems de-
signed for increased resolution and accuracy and the implemen-
tation of better methods of aerial surveillance reaction to

emergency spills.
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Agricultural Chemical Run-Off Model

Efforts in the remote sensing portion of this program will be to
provide certain quantitative terrain parameters which can be
inserted into mathematical models of river basins., The parametfers
of immediate study will be identification of crop type, delineation
of land cover, drainage patterns, surface radiometric temperature,
topographic slope, soil type, and conservation practices. Follow-
ing initial flights over small instrumented test plots, a large

scale survey of an entire river basin may be undertaken.

Non-Point Source Water Pollution Monitoring Approaches and Techniques

Identification and description of the most effective approaches

for characterization of each category of non-point source pollution
will be accomplished through intensive literature review and
contact with Agency personnel engaged in assessing such sources.

A report describing applicable non-point source water pollution
monitoring approaches and techniques, (both contact and remote)
based on the current state-of-the-art, will be generated. Anti-
cipated coordination with the Pollutant Fate Research Program at
the Southeast Environmental Research Laboratory will aid in the
selection of procedures to calibrate and validate mathematical

models for estimating pollution loads from non-point sources.

Technical Assistance Program

This program consists of relatively short response projects to

meet immediate Regional needs. In practice, NERC-Las Vegas is

I-9 NERC-LAS VEGAS



requested to collect and analyze aerial remote sensor data to be
used by the Region in support of an operational objective,
Examples of these include outfall inventories and documentation

of spillage from waste pits. Results are delivered to the Regions
in the form of annotated data displays, raw data with location

indexes, isothermal contour maps, or final interpretation reports.

The goal of NERC-Las Vegas under this program is to provide Regions
with useful information within 45 days of notification; 15 days to
collect the data and 30 days for analysis and reporting. We are
getting closer to accomplishing this goal as the program obtains the

necessary manpower and other resources,

Figures 2 through 5 illustrate a typical set of display boards;
these were prepared for Region IX. Figure 2 is a photomosaic
showing a sediment plume offshore at Santa Monica, California.
Figure 3 was made in an attempt to track the sediment inland

to its source. Figure 4 spotlights the construction activity

which was believed to be the cause of this sediment entering the
Bay. Figure 5 is an oblique view facing south along the California
coastline at Moss Landing approximately 25 miles south of Santa Cruz.
Shown are two facilities of interest to EPA in our routine surveil-
lance activities under the national discharge permit program. Two
power plants are located at 'B' and a facility engaged in the ex-
traction of magnesium from the sea is shown at 'A'. In connection
with this program stack emissions such as that evident at (B), and

outfalls into streams seen at (3) and into bays (2) are monitored and
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documented. Number (1) is believed to be the surface manifesta-
tion of a newly buried outfall extending offshore. It will be

investigated further.
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SECTION II

ATIRBORNE DATA ACQUISITION

The basic design for our data acquisition system is oriented
toward operational remote sensing techniques development. Sensors
selected for incorporation into our data acquisition system consist
primarily of off-the-shelf instrumentation that requires only inter-
facing to produce an operationally integrated system. This system,
shown in Figure 6, is designed to minimize the manual data processing
required to produce final results. This has been accomplished by
cross correlating all data with a common time base; even the non-
digital instrumentation such as the camera systems are annotated with
a digital time code so that the photographs can easily be cross

referenced with information collected by other sensors.

An integral part of the airborne data acquisition system is a
computer which formats all flight parameters for automatic data
processing. Time, position, heading, ground speed, drift, roll,
pitch, airspeed, and altitude are digitally recorded and multi-
plexed on 7-track computer-compatible tape. Camera exposure pulses
and spectrometer and IR radiometer (PRT-5) signals are also recorded
on the 7-track tape, The IR scanner data are recorded on an analog
l4-track wide-band tape recorder. All analog information collected
is displayed in the aircraft in real time on a strip chart recorder
to insure that all sensors are functioning properly. The strip
chart also serves as an aid in the screening of data for initial

processing.
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Figure 6
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SECTION III

DATA PROCESSING

After the information is collected and recorded, the system is
designed for preprocessing at a ground data interpretation station
which consists of a l4-track wide-band tape playback recorder, a high
speed analog-to-digital converter, a computer, a 5-inch film recorder,
an image enhancement system, a scan converter, and a 9-track computer-
compatible tape recorder. Figure 7 is a schematic diagram of the

ground interpretation station.

The IR scanner output recorded on the l4-track tape is digitized
and stored in the buffer memory of the computer. A computer program
then thins the data by predetermined programming into elementary data
points, The information is then transferred to a 9-track computer-

compatible tape.

For applications requiring high spatial resolution, such as
detection of small outfalls, the thermal infrared imagery is recorded
on 5-inch black and white film from the original l4-track tape re-
cording. No data thinning is undertaken. The scan conversion system
allows the operator to view the tape on a TV monitor and select those
portions which contain anomalies of interest. An additional analysis
option is to display thermal levels on the infrared imagery as discrete
colors for quantification of temperature zones in thermal plumes. The
7- and 9-track tapes then go to the central computer facility where the
data are processed in the CDC 6400. From the information on the 9-track

tape an atmospheric effects table is generated which corrects all data
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points to ground datum., The IR scanner has been d.c. restored and
equipped with detectors having increased sensitivities and black
body reference sources (so that quantitative temperature measurements
can be made). We hope to achieve an overall system accuracy of about
1/2° ¢ after atmospheric effects are considered. Because of the scan
angle geometry, it is also necessary to make a rectilinear correction
of each scan line. The geometrically and radiometrically corrected
data are then plotted as an isothermal contour map on a 25-inch drum
plotter. A schematic of the data collecting, processing, and contour

plotting system is illustrated in Figure 8.
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Figure 8
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SECTION IV
ATRCRAFT

A Monarch B-26 is used by NERC-Las Vegas to fly the missions
previously described. This aircraft, in our estimation, represents
one of the best trade-offs of financial and operational factors
that was commercially available. This aircraft satisfied the require-
ment for access to all ecuipment in flight to make equipment adjust-
ments, change film and filters, and monitor acquisition of all data
at a central console. The aircraft also has the speed and altitude
capabilities which are dictated by our need to respond to emergency
0oil spills for the Division of 0il and Hazardous Material. Additional

characteristics and specifications of the B-26 are found in Appendix A.
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APPENDIX A

AIRCRAFT

B-26 SPECIFICATIONS

Wing Span 70 feet
Length 54 feet
Height 18 feet

Maximum Gross Weight
Empty Weight

Landing Weight

34,000 pounds
21,139 pounds

31,000 pounds

Engines - two R-2800-71 Z000 HP
Fuel 800 gallons
Cruise Speed 240 knots

Landing Speed 100 knots

Altitude Up to 25,000 feet
VFR Range (with reserve) 1200 nm

Flight Crew 2

Sensor Operators 2

Navigation Equipment
Communications Equipment

Control Equipment

Includes DOPPLER, VOR, ADF, DME
Includes VHF, UHF, and ADF

Includes Flight Director System
and Autopilot

I
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APPENDIX B

DATA COLLECTION SYSTEM

Infrared Scanner (RS-310)

Field of View (Degrees) 90

Resolution (milliradians) 1.5

V/H Range (Radians/Second) .03 to 0.3

Scanner RPM 3000 (200 Scans/Sec)

Noise Equivalent Temperature, 0.20 (InSb)

Large Targeto(Degrees C Refer- 0.12 (GeHg)

enced to 300 K Background)

Wavelength Region (Microns) .3 - 14 (Optics Capability)
Collecting Aperture (inchesz) 6.35

Number of Units in System 5

Size and Weights of Units

Scanner/Recorder (Unit 1) 16.50" L x 14.,50" W x 15.00" §
55 Lbs. (without magazine

Control Panel (Unit 2) 5.75" L x 5.32" W x 3.00" H
2.7 1bs.

Power Supply (Unit 3) 13.00" L x 8.,50" W x 3.75" H
11.4 1bs.

Film Magazine (Unit &) 6.40" L x 5.925" W x 8.45'" H

9.0 1bs (without film)

Compressor (Unit 5) 10.50" L x 8.25" W x 10.50" H
(when closed cycle cooling) 19.0 1bs.
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APPENDIX B (Cont.)

Characteristic

Ambient Temperature Limitations
Altitude Limitations
Input Power Requirements:

AC Voltage
AC Power
DC Voltage
DC Power

Noise Equivalent Temperature (NET)

8 = 14 pm

1.0 mrad
3.0 mrad
10.0 mrad

3 -5 pm
1.5 mrad

3.0 mrad
Number of Dectectors
Types of Dectectors
8 - 14 pm
3-5 pm

Detector Cooling

Stabilization

Recording Format

Specification

(o}

0° - 100° F

0 - 10,000 feet

117 Vac, 400 Hz, 3 Phase
45 VA
28 Vdc

135 Watts Run
160 Watts Start

0.15° ¢
0.07° ¢
0.02° ¢

0.20° ¢
0.10° ¢

Mercury-Cadmium Telluride (HgCdTe)
Indium Antimonide (InSb)

Open-cycle system (Dewar) operating
)
at 77 K

Roll 410

2.30 in.

I -
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Aerial Camera (KA-T76)

Primary Use
Film Information

Format (in.)
Width (in.)
Length (ft.)

Frames (per roll)

Magazine

FMC Rate (ips)

Optics

Focal Length (in.)

Max Apt

Angular Coverage (

Resolution (L/mm) (TC 1000:1)

Shutter Speed
Shutter Type

Remarks

Scanning Spectrometer

Component

Rotating Filter Wheel

Filters

Visible Region (4000-7000)A°
Nominal Half-band width

Center Wavelengths (3400-7000)A°
Center Wavelengths (7000-9800)AO

APPENDIX B (Cont.)

Day/Night Reconnaissance

4.5 x 4.5
5

250/100
600/250
Cassette

0.15 - 10.8

1.75 3 6 6 12

5.6 4.5 2.8 1.5 3.5

105° 74° 41° 41° 21°

35 pan-X

40 plus-X

25 IR

40 pan-X

1/60 - 1/3000

Focal Plane

Automatic Exposure Control
Function

Selectable Discrete Bandpass Analysis

3400 -

9800 A°

Circular variable

250 A°
@ 300 A°
400 A°

intervals

intervals

28
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APPENDIX B (Cont.)

Comgonent

Detector, Silicor Photodiode,
Extended UV Coverage

Telescope, 3-inch, f-3 Newtonian

Control Electronics

TV System
Component
RCA SIC Camera PK 501
Shibaden Vidicon Camera HV-155
Video Monitor RCA PM 9C

Video Monitor Shibaden 9 inch

Video Tape Recorder Shibaden SV-510U

Special Effects Gen SE-101S
SYNC Generator SG 105-L

TV Zoom Lens V5 x 20

Function

Photovoltaic

Reflective, 2° f.o.v.

SYNC and Qutput Selection

Flight Path Surveillance
Display Monitor Camera
Equipment Operator Monitor
Pilot Monitor

IR Video Recording

Mix 2 Camera Video

Video SYNGC

Zoom Capability

I
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APPENDIX C

DATA PROCESSING

Major Equipment

Data General Nova 840
Computer, 16K Memory

Phoenix 8BIT A to D Converter

Sangam 14 Channel Analog
Record/Reproduce and Audio

Shibaden Video Tape Record/

Playback

IS Model VP-8 Image Analyzer

Function

Processing and Control

Digitize IR Scanner Video Signal

IRIG Intermediate and Wide Band
Group II Record and Reproduce
and Annotation.

Quick Look Viewing and Data
Screening and Selection

Assigned Color Imaging System
and Level Slicing to Represent
IR Imagery Thermal Levels

30

NERC-LAS VEGAS



<k

APPENDIX D

PHOTOGRAPHIC PROCESSING

Log-Etronics MK II R5B

Pako Processor 33

KRodak Versamat 1411 RT

Log-Etronic SP 10/70 B

EN 6A2

Log-Etronic Enlarger E-10

Robinson Copy Camera

Miller Holzworth EN 46A Enlarger

Step and repeat contact printer
with two times enlarging capability,
equipped with automatic exposure
and even tone printing.

Modified to 3 step chemistry for
processing color prints up to 16"
wide at 72" per minute.

Quick change kit was installed for
processing both color positive and
color negatives.

Continous contact strip printing with
automatic exposure and even tone print
ing. Has capability of printing 60
f.p.m.

Prints color and black/white f£ilm
in rolls from 700 mm to 9%" width
(mostly used for color film trans-
parency).

Enlarger with automatic exposure
control and even tone printing.

Scaled reproduction of 10,000"
accuracy, for interpretation,
photomosaic, and reports.

Fixed ratio enlarger for enlarging
70 mm film four times,
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AERIAL AIR POLLUTION SENSING TECHNIQUES

R. B. Evans
Monitoring Operations Laboratory
National Environmental Research Center
U.S. Environmental Protection Agency
P. 0. Box 15027
Las Vegas, Nevada 89114

ABSTRACT

A capability for aerial monitoring of air pollutants has been
developed at the National Environmental Research Center at Las Vegas
(NERC-LV). A comprehensive monitoring system incorporating measurement
instrumentation for NO, NOy, O3, CO, non-methane hydrocarbons, sulfur
gases, particle size, light scattering, temperature, dewpoint, and
fluorescent particle tracer concentration has been developed and installed
in a twin-engine helicopter for measurement of ambient levels over
metropolitan Los Angeles. The system records its data on magnetic tape.

Available instrumentation suitable for aerial monitoring was surveyed,
and components of the system were selected on the basis of seven criteria:
resistance to vibration and stress, stability under variations of temperature
and altitude, sensitivity, fast response time, low power consumption, size
and weight, in order of decreasing importance. Commercially available
analyzers have evolved sufficiently that satisfactory instruments for most
of the listed parameters are now available. System components were tested
for stability under varying altitude and temperature in an environmental
chamber. Various navigational aids were evaluated as possible components
of the systenm.

Mathematical techniques to compensate for instrument response time
are available. The convolution integral technique appears to be the
simplest in application.



AERTAT, AIR POLLUTION SENSING TECHNIQUES

By Roy B. Evans

The Los Angeles Reactive Pollutant Program (LARPP), currently in
progress, and the Regional Air Pollution Program (RAPS) both
include important roles for airborne contact‘senéing of air
pollutants. The LARPP is designed to compile a data base suitable
for developing and validating mathematical models of air pollution
photochemistry. The RAPS has the more ambitious goal of developing
regional models which will deal with both photochemistry and dis-
persion of pollutants.

The LARPP is concerned with photochemical reactions within a parcel
of air as it moves downwind. Air parcels are isolated and followed
to measure pollutant concentrations within the parcels (NO, NO7,
CO, 03, non-methane hydrocarbons, and particulates) from both air-
borne and ground-based sampling platforms. The LARPP aircraft are
also measuring temperature, dewpoint and fluorescent particle con-
centrations. Ultra-violet radiation is being measured by ground-
based stations throughout the Los Angeles basin. The product of
this effort is a time history of vertical profiles of each of the
pollutants being measured within the parcel.

The aerial monitoring requirements for the RAPS have not yet been
defined in detail, but vertical profiles and horizontal cross-
sections at relatively low altitudes above the RAPS St. Louis
ground station network will be necessary. Sulfur gases will be of
interest in St. Louis, in addition to those parameters presently
being measured by the LARPP aircraft.

MONITORING PLATFORMS

The type of aircraft selected for monitoring platforms depends on
several factors: the geographical area over which monitoring is to
be performed, the required payload, electrical power required for
monitoring instrumentation, the necessity for a crew to operate
instrumentation, aircraft range and the desired monitoring airspeed.

The limiting consideration for both the LARPP and RAPS programs is

the requirement to operate at low altitudes over urban areas. 1In

the case of the LARPP, the air parcels to be sampled are identified
with clusters of three tetroons, ballasted to attain a nominal
altitude of about half of the inversion height (typically, a nominal
ballast altitude of 500 feet). The sampling vehicle then executes
square patterns about the centroid of the tetroon cluster at altitudes
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ranging from 200 feet up to the base of th? inversio?. The RAfS
program is also expected to require operation at alt%tudes as low
as 200 feet over urban St. Louis. Safety considerations and
Federal Aviation Administration (FAA) restrictions essentia%ly
dictate the use of either twin-engine helicopters or some kind of

lighter~than-air vehicle,

The instrument payload in the LARPP and RAPS aircraft amounts to
approximately 1500 pounds, and the electrical power load 1is
approximately 4 kilowatts. Two instrument men and a navigator are
required in addition to the pilot.

A flight range of at least two hours is required. Both helicopters
and lighter-than-air vehicles were investigated initially, but the
lighter-than-air vehicles were quickly discarded. The payload of
instruments and crew exceeds the capacity of available blimps, and
blimps possess limited maneuverability. Operation of blimps at
altitudes as low as 200 feet appears to be of questionable safety,
and rental rates for blimps appear to be on the order of $2000/day.

There are two types of twin-engine helicopters available in the
United States which satisfy the LARPP and RAPS requirements: The
Bell 212 (military designation UH-1N) and the Sikorsky 58 (military
H-34) modified to twin-turbine capability (58T). Both are capable
of sustained flight with one engine, and both can carry useful loads
of more than 2500 pounds. Both can provide up to 10 kilowatts of
electrical power. The Bell 212 has a useful range of approximately
1 hour and 45 minutes, while the twin-turbine Sikorsky 58T has a
range of approximately 2 hours and 15 minues. Rental rates for the
Bell 212 are on the order of $20,000 per month plus $200 per hour,
including fuel and pilot. Comparable rates presently quoted for the
Sikorsky 58T are $14,000 per month and $150 per hour. The Sikorsky
58T has greater cabin space and is probably a more convenient

flying laboratory. Two leased Bell 212 helicopters are presently

in use in the LARPP, and their performance has been satisfactory,
although the present instrumentation load uses nearly all of the
available space.

INSTRUMENTATION

The most important considerations in selecting instruments for aerial
monitoring of air pollutants at the present state of instrument
development are stability under flight operating conditions and response
time. Power requirements and weight are of less importance because
suitable sampling platforms with more than enough electrical power

and payload are available. The total altitude range in sampling for

the LARPP is approximately 5000 feet (sea level to 5000 feet MsL),
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and the same range is expected to be adequate in St. Louis. Ambient
temperatures at which the instruments are to function range from
0OF. to 120°F. Vibrational stress in the helicopter environment

is severe, although no measurements of stress were made in the Bell
212's presently in use. The constant sampling airspeed used in the
LARPP is 60 knots, and an aircraft operating at this speed covers
approximately one-fifth of a mile in 10 seconds. This means that

an instrument having a 10-second lag time and a 10-second response
time to 907 of full=scale will require a total of approximately

0.4 miles to respond to a step-function increase in concentration.

Table 1 lists the instrumentation selected for the LARPP/RAPS
helicopters. All of these instruments, with the exception of the
sulfur gas analyzer and the particle size analyzer, are presently
in use in the LARPP.

Chemiluminescence analyzers were selected for measurement of NO
and NOy. These instruments depend on the chemiluminescence reaction
:0f NO with ozone:

NO + 03 —» NO, + 03 + hy

The emitted light is measured with a thermo-electrically-cooled
photomultiplier tube. Total oxides of nitrogen (NOy) are measured

by first converting NOy to NO by passing the sample gas over heated
(450°C.) molybdenum. NOg is obtained by subtraction: (NOX) - (NO).
There are several chemiluminescent NO-NOy analyzers which are
commercially available, but the TECO 14B (Thermo-Electron Corporation,
Waltham, MA) was selected because the instrument uses a low-pressure
(300-torr) reaction chamber and the sample flow is controlled with

a critical orifice, making the instrument relatively altitude-
insensitive.

Ozone is measured with an instrument which is dependent upon the
chemiluminescent reaction of ozone with ethylene. Again, the light
emitted by the reaction is measured with a photomultiplier tube.

Of the several ozone analyzers commercially available, the REM
Model 612 was selected because it utilizes critical orifice flow
control and is stable under varying altitudes. The instrument

also differs from others in utilizing electronic temperature drift
compensation rather than thermo-electric cooling of the phototube.

Of the several non-dispersive infrared analyzers available, only the
Andros is small enough to be conveniently used in the aircraft as a

CO monitor. This instrument utilizes dual~isotgope fluorescence and

has better sensitivity and stability than conventional NDIR. It is

subject to significant zero drift while in flight, however. The



Mine Safety Appliances (MSA) Model 11-2 non-methane hydrocarbon
analyzer utilizes two parallel flame ionization detectors (FID),
one of which is preceded by a catalytic srubber to remove hydro-
carbons heavier than methane. One FID thus measurestota} hydro-
carbons, the other methane, and electronic subtraction gives Fhe
difference. There was relatively little choice in the selection
of this instrument, even though the two in the LARPP hel%copters
are essentially prototypes. This measurement technique is the
only one available which yields continuous measurements of non-
methane hydrocarbons, and the MSA instrument is the only one
currently packaged in a form suitable for field use. The alter-
native was the use of a chromatograph-type instrument, such as the
Bendix 8201, which yields measurements of grab samples collected

about three minutes apart.

DATA RECORDING

Because of the number of parameter inputs and the total data volume
expected for both the LARPP and the RAPS, recording of data either
by hand or with strip-chart recorders would be too laborious to

be depended upon for the data archive. A digital data acquisition
system which records the data inputs directly in standard BCD

code on magnetic tape was incorporated into the system. Both
manual observations and strip charts are taken, but these serve
primarily for debugging and quick-look purposes. A Monitor Labs
Model 7200 Data Acquisition System was selected to record directly
onto a Cipher Model 70 Magnetic Tape Deck. These components have
been generally satisfactory, but the tape deck is sensitive to
overheating and will not function at temperatures above 105°F.

ENVIRONMENTAL CHAMBER TESTING

One instrument of each type was tested in an environmental chamber
to determine its response to varying temperatures and altitudes.
Instrument span and zero drift were measured as functions of
temperature and altitude (barometric pressure). The data obtained
in these tests must receive further verification before publication,
but the instruments selected seem to perform well under varying
ambient conditions. Span drifts are less than 10% over the
operating ranges of temperature and altitude. Zero drifts as
functions of altitude are negligible, and zero drifts as functions
of temperature depend on the instrument type: the 03 instrument
appears to experience a zero shift of as much as 2 pphm out of

200 pphm full-scale; the NO and NO_ exhibit drifts of as much as
0.1 ppm at the upper end of the ambient temperature range, around
959F ambient. At the same ambient temperature, CO drift of about
1 to 2 ppm out of 20 ppm full-scale is experienced.



CALIBRATION

NO, NOy, O3, CO and non-methane hydrocarbon analyzers receive a
daily zero and single-point span calibration. Logs are kept of
instrument drift and mechanical problems. 1In addition to these
routine and rather ordinary procedures, instrument zero levels are
measured in flight during each data gathering mission at
approximately 45-minute intervals. Measured zero drift can

then be subtracted from the recorded levels.

SUMMARY

The state of air pollution instrumentation now permits the fabrication
of an aerial air pollution monitoring system to measure concentra-
tions of NO, NOy, 03, CO, non-methane hydrocarbons, and other
parameters from an aerial sampling platform. Special considerations
must be given to temperature and altitude stability in the selection
of this instrumentation.

Mention of trade names or commercial products in this report does
not constitute an endorsement or recommendation for use by the
Environmental Protection Agency.
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LIDAR FOR REMOTE MONITORING

S. H. Melfi
U.S. Environmental Protection Agency
National Envirommental Research Center, Las Vegas
P. 0. Box 15027
Las Vegas, Nevada 89114

ABSTRACT

In the past the Environmental Frotection Agency (EPA) has underempha-
sized remote sensing in its overall monitoring program. However, remote
monitoring can play a valuable role in providing a new perspective in sensing
the environment. As an adjunct to contact sensing, remote monitoring pro-
vides synoptic information over a wide geographical area which is important
in determining pollution dispersion and predicting pollution levels and epi-
sodes, Recently, increased emphasis is being placed on remote sensing of the
environment by EPA through its National Environmental Recearch Center Jlocated
at Lae Vegas, Nevada (NERC-1LV). This paper will discuss tlhie vesearcli program
being initiated at NERC-LV. The areas for which remote monitoring research
will be conducted include air, water and possibly terrestrial pollutiom.

The remote ronitoring technique to be discussed in this paper is LIDAR,
an acrconym for LIght Detection And Ranging. LIDAR is similar to Radar in
that it provides a range resolved measurement of scattered electro-magnetic
rgdiation, but utilizes a pulsed laser as the source and an optical telescope
as the receiver. LIDAR has applications for the remote monitoring of aerosol
characteristics, sensing the height of the mixing laycer and remote measure-
ment of visibility. These applications will be discussed in detail along

with a description of the mobile LIDAR unit presently under constructiomn,



LIDAR FOR REMOTE MONITORING

S. H. Melfi
Monitoring Systems Research and Development Laboratory
National Environmental Research Center
U.S. Environmental Protection Agency
P. 0. Box 15027
las Vegas, Nevada 89114

In the past the U.S. Envirommental Protection Agency (EPA) has
underemphasized remote sensing in 1its overall monitoring program. How-
ever, remote monitoring can play a valuable role in providing a new per-

spective in sensing the environmment. As an adjunct to contact sensing,

remote monitoring provides synoptic information over a wide geographical
area which is important in determining pollution dispersion and predicting
both pollution levels and episodes. Recently, increased emphasis is be-
ing placed on remote sensing of the envirorment by EPA through its National
Environmental Research Center located at Las Vegas, Nevada (NERC-LV). The
remote monitoring technique to be emphasized in this paper is LIDAR, an
acronym for LIght Detection And Ranging. LIDAR is similar to Radar in

that it provides a range-resolved measurement of scattered electro-magnetic
radiation, but utilizes a pulsed laser as the source and an optical tele-
scope as the receiver. LIDAR has applications for the remote monitoring
of aerosol characteristics, sensing the height of the mixing layer and re-
mote measurement of visibility.

Before discussing the LIDAR program, it is useful to review the role
remote monitoring will play in the EPA monitoring program. Figure 1 is a
block diagram of the integrated approach for monitoring systems. As is
shown in the figure, an integrated monitoring system concept is developed
addressing a specific monitoring need, and both remote and contact sensors
contribute their unique advantages which result in an integrated system
that provides the solution. The close coupling of the two techniques is
also shown in the figure. Remote monitoring provides information on the

cptimum placement of contact sensors whereas the contact sensors provide



calibration "ground truth" information for the remote sensors. Be-
cause of the wide geographical coverage inherent in remote sensing, the
technique provides input to models and '"quick looks" at environmental
quality violations. Contact sensors also provide data for model input
and can be utilized to verify violations detected remotely.

As part of an integrated system, LIDAR is being developed to assess
meteorological and topographical effects on the dispersion of pollutants.
Figure 2 shows an artist's concept of a LIDAR system mounted in an air-
craft. The pulse of laser energy interacts with molecules and aerosols
as it propagates down from the aircraft. Some of the energy is scattered
back toward the telescope. Analysing the signal as a function of time
provides a range-resolved indication of aerosol or particulate concentration.
This range-resolved data is presented to a TV monitor resulting in a two-
dimensional display of the aerosol mixing as shown in the insert of the
figure, A detailed diagram of the LIDAR system is shown in Figure 3,

In addition to the TV display capability, the analog data are digitized
by the ADC and stored on magnetic tape for later detailed analysis.
This is only one technique to provide much needed regional monitoring

data. In general, the advantages of remote monitoring are:

Wide geographical coverage
Measurement above ground
Synoptic information

Input to models

Cost effective

Dispersion of pollutants
Placement of contact sensors
""Quick look'" at violations

o~NSOTULPWNo R
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Making use of these advantages will insure that remote monitoring will
have a significant role to play in the EPA's program to monitor the qual-

ity of the environment.
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EVALUATION OF THE ZEEMAN ATOMIC ABSORPTION SPECTROMETER

E. W. Bretthauer
Monitoring Systems Research and Development Laboratory
National Environmental Research Center
U.S. Environmental Protection Agency
P. 0. Box 15027
las Vegas, Nevada 89114

ABSTRACT

The Lawrence Berkeley Laboratory (LBL), under a grant from the
National Science Foundation and the U.S. Atomic Energy Commission,
has designed and constructed an instrument which may be applicable
for the direct analysis of mercury in the parts-—per-billion range
for most types of environmental samples. The U.S. Environmental
Protection Agency's National Environmental Research Center in Las
Vegas, Nevada, was selected to evaluate the instrument for mercury
analysis in a wide variety of environmental media.

The instrument is nearly identical to the usual atomic absorption
spectrometer with one major exception. Two close-lying optical lines
(v1 cm ~ apart) are used: omne to monitor the atomic mercury vapor
from the host material and the other to monitor the molecular vapor
alone. The difference in optical absorption of these two close~lying
optical lines is proportional to the atomic vapor. The lines are
generated using the so-called Zeeman effect, i.e., the splitting of
an optical line into two close-lying optical lines using a magnetic
field. The instrument is capable of direct analysis of most types
of samples in approximately 30 seconds.

Three instruments have thus far been constructed for mercury
analysis. Efforts are underway at LBL to develop appropriate
modifications so that the instrument can also be used for cadmium
and lead analyses. Preliminary results of EPA's evaluation of one
of the instruments for mercury analysis are discussed.



PRELIMINARY EVALUATION OF THE ISOTOPE ZEEMAN ATOMIC ABSORPTION SPECTROMETER

By
E. Bretthauer, W. Beckert, and S. Snyder

INTRODUCTION

The NERC-Las Vegas' Monitoring Systems Research and Development
Laborafory is conducting projects concerned with the development and/or
evaluation of instruments for the measurement of mercury in various media.
On request of the Equipment and Techniques Division of the Office of
Monitoring Systems Office of Research and Development, EPA, on April,
1973, the NERC-Las Vegas began a program in late June to evaluate a
newly developed prototype instrument designed for the direct analysis
of mercury in environmental samples. The instrument had been developed
by Dr. T. Hadeishi and others at Lawrence Berkeley Laboratory under
grants from the National Science Foundation and the U.S. Atomic
Energy Commission.

This paper is a report on the progress of the evaluation to date,
The remaining laboratory work 1s expected to be completed in early
1974, at which time a final report will be promptly initiated.
PRINCIPLE OF OPERATION

In the Isotope-shifted Zeeman Atomic Absorption Spectrometer
(IZAA), the sample is thermally decomposed and oxidized in a furnace
maintained at a temperature of about 900° C. Under these conditions,
mercury 1s supposedly stable only in its elemental form. The gaseous
sample is then swept into a heated absorption tube by a stream of
oxygen. Here it is probed with a light beam consisting of two
constituents; one has a wavelength centered on the absorption profile
of natural mercury in air, while the other is slightly displaced
(less than 1 cm_l) from the mercury absorption line. Absorption
of the centered constituent in the absorption tube is caused by mercury
vapor as well as by nonmercury decomposition products - smoke, and any
thermally stable molecular species present; the absorption of the dis-

placed constituent is due only to the nommercury products. In the

I - 45



vicinity of the 2537 2 mercury line, this background absorption does

not change significantly over 1 cm Consequently, by taking the

difference in the absorption of the two constituents, one determines

the absorption due to mercury alone.
The heart of the technique lies in the mode in which the probe

and the reference constituents are generated, and the method used to

distinguish them from each other. In this instrument (see Figure 1)

both constituents are supplied by a single 2O4Hg lamp operated in a
15-kilogauss magnetic field. When such a lamp is viewed perpendicular

to the applied magnetic field, the Zeeman effect splits the 2537 &

line into three components: a o~ component shifted to longer wavelength,
a o+ component shifted to a shorter wavelength, and an unshifted =
component.

Any mercury present in the absorption tube consists of the
naturally-occurring mixture of several stable isotopes. Since the
absorption tube is operated at one atmosphere, the absorption lines of
each isotope are pressure-broadened, and shifted slightly towards longer
wavelength, In Figure 2 the resulting total absorption profile due to

naturally-occurring mercury in one atmosphere of N, is plotted; super-

imposed upon this profile is the Zeeman-gplit emisiion spectrum of the
204

Hg lamp. Note that the m component corresponds accurately to the
peak of the absorption profile of natural mercury, while the o components
are both well off on the wings of the profile. Consequently we may use
the differential absorption of the 7 and ¢ components as a measure of
the quantity of mercury present in the absorption tube (the T component
becomes the probe beam, and the ¢ components taken together become the
reference beam).

Another feature of the Zeeman effect provides a convenient means of
separating the m and the ¢ components. At right angles to the magnetic
field, both o components are linearly polarized perpendicular to the
field, whereas the m component is polarized parallel to the field.
Consequently, either component may be viewed Independent of the other

with a properly aligned linear polarizer,
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In order to optimally utilize the IZAA technique, one must employ some
method of alternately allowing the probe and the reference beams to fall upon
a detector after being transmitted through the absorption region. The variable
phase-retardation plate accomplishes this beam switching; it exploits the
optical properties of fused quartz. When fused quartz is stressed, it becomes
birefringent -~ that is, light polarized along the stress axis propagates
through the quartz at a different velocity than light polarized perpendicular
to the stress axis. 1If a plate of fused quartz is oriented so that the stress
axis forms an angle of 45° with the plane of polarization of incoming 1light,
the birefringence of the quartz introduces a phase shift proportional to the
applied stress between the two perpendicular components of the light., By
appropriately choosing the stress, the quartz can be made to function as a
half-wave plate.

In the present instrument, such a plate is oriented at 45° with
respect to the magnetic field applied to the light source. The quartz
is mounted within a C-frame pulse-transformer core on which is wound a
driver coil. Since the length of the quartz plate is chosen to leave an
air gap of 0.5 mm on one side of the split core, varying the current in the
driver coill varies the stress on the quartz plate; we have, in effect, a
magnetic clamp,

After traversing the variable phase-retardation plate described above,
the light passes through the absorption tube, and falls upon a linear polarizer
oriented parallel to the light-sburce magnetic field. When the current applied
to the magnetic clamp is zero, the polarizer passes only the 7, or mercury
probe component of the light; when the current is adjusted so that the quartz
is a half-wave plate, the quartz rotates the plane of polarization of both the
T and the 0 components by 900, so now the polarizer passes only the o,
or reference components.

The light which passes the linear polarizer next encounters an inter-
ference filter which passes all components of the 2537 R line equally well,
but which discards spurious light. After leaving the filter, the light finally
reaches the photomultiplier, where it generates an electrical signal propor-
tional to its intensity. If no mercury is present in the absorption tube, the

probe and reference beams are absorbed and scattered identically by the non-

I - 49



ltiplier
mercury background. Hence, as they alternately fall upon the photomultip s

the light intensity does not change, and the photomultiplier output signal

remains constant. In the presence of mercury, however, the probe component
will be more strongly absorbed than the reference component, and so the photo-
multiplier output will vary at the audio frequency at which the switching from
one beam to the other takes place, This audio component of the phototube
output is extracted and amplified by a lock-in amplifier.

In practice, in order that the lock-in amplifier output be proportional
to the quantity of mercury present in the absorption tube, two additional
devices are necessary. The first is an amplifier with electronically-
controlled gain following the photomultiplier; its gain is automatically
adjusted to compensate for the attenuation of the transmitted light by the
non-mercury constituents, and for variations in the intensity of the light
source. The second is a quartz polarization-compensator plate - simply a
piece of quartz in the light path oriented at an angle with the light beam.

By varying the angle, one can compensate for accidental differences in the
intensity of the probe and reference components which mimic the presence of
mercury even in the absence of any sample.

EVALUATION

To evaluate the applicability of the IZAA for the determination of sub-
microgram quantities of mercury in various types of environmental samples,
experiments were initiated to explore the following parameters:

1. Effect of sample size on signal for various types of samples.

2. Reproducibility of signal.

3. Effect of speciation on signal with emphasis on those chemical forms
of mercury likely to be encountered in environmental samples.

4, Detection and sensitivity levels.

s, Interference effects (especially those likely to be encountered in

environmental samples),

6. Economics of operation (man-hour/analysis, maintenance requirements,
down-time, etc.).

This paper will report on experiment types 1-4 concerned with aqueous
media only. Laboratory work on experiment types 1-4 concerned with other

sample types as well as experiment types 5-6 will be reported subsequently.
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EFFECT OF SAMPLE SIZE ON SIGNAL

Any instrument proposed for the direct analysis of mercury in environ-
mental samples should produce a signal that is independent of sample size
over some specified range. An operating range of 40 microliters was considered
adequate for aqueous sample types.

Mercuric chloride standard solutions containing 0.4 to 5 ppm of mercury
in 0.2N HC1l were prepared and 10-, 20-, and 50-microliter aliquots analyzed with
the IZAA. The results are shown in Table I. Since the standard deviations
of the signal sizes overlap, the signals appear to be independent of the
concentrations in aqueous systems when the sample sizes are 10-50 microliters.
Similar experiments have been initiated using alfalfa, bovine tissue, blood,
benzene, and ethanol samples.

REPRODUCIBILITY OF THE SIGNAL

The reproducibility of a measurement is perhaps the most important factor
in selecting any analytical instrument. Various concentrations of mercuric
chloride standard aqueous solutions were prepared and 10 consecuntive analyses
performed at each concentration. The results are shown in Table II. The
relative standard deviations of the signals ranged from 2-7% over a con-
centration range of 0.1-5 ppm. Experiments to determine the reproducibility
over lower concentration ranges for aqueous, alfalfa, bovine tissue, and blood
sample types are in progress.

EFFECT OF SPECIATION ON SIGNAL

Mercury occurs in the environment in a number of chemical forms. Any
instrument designed to quantitate mercury in environmental samples must provide
the same signal regardless of the chemical form of the mercury. To evaluate
the effect of speciation on signal, an inorganic mercury compound (mercuric
chloride) and an organic mercury compound (thimerosal) were used. The primary
reason for choosing thimerosal as a representative for organic mercury
compounds was its relatively low volatility. Aqueous standard solutions
of each of the compounds were prepared containing 8, 16, and 28 ng of
mercury, respectively, per sample. Analyses of the samples using the IZAA
spectrometer gave the results listed in Table III. Since the standard
deviations of the signals for given quantities of mercury overlap, the

values determined by the IZAA method appear to be independent of the
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Effect of Sample Size on Signal

TABLE T

Mercury Sample Mercury Signal Standard  Standard

Standard Size Standard Average Deviation Error

ng/sample microliters ppm of 10 readings
50 10 5.0 1.870 0.062 0.021
50 50 1.0 1.944 0.051 0.017
40 20 2.0 1.668 0.058 0.016
40 50 0.8 1.520 0.032 0.010
30 20 1.5 1.431 0.087 0.025
30 50 0.6 1.269 0.020 0.006
20 10 2.0 0.879 0.039 0.012
20 20 1.0 0.940 0.064 0.020
20 50 0.4 0.942 0.045 0.014
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TABLE II

Reproducibility of Signal

Mercury Sample Mercury Signal Standard
Standard Size Standard Average Deviation
ng/sample Microliters pPpm of 10 readings
50 10 5.0 1.870 0.062
25 10 2.5 0.974 0.049
20 10 2.0 0.879 0.039
15 10 1.5 0.726 0.029
10 10 1.0 0.513 0.015
8 10 0.8 0.449 0.015
6 10 0.6 0.359 0.025
40 20 2.0 1.668 0.058
30 20 1.5 1.431 0.087
20 20 1.0 0.940 0.064
16 20 0.8 0.838 0.025
12 20 0.6 0.713 0.027
8 20 0.4 0.491 0.022
4 20 0.2 0.336 0.027
50 50 1.0 1.944 0.051
40 50 0.8 1.520 0.032
20 50 0.4 0.942 0.045
10 50 0.2 0.606 0.026
5 50 0.1 0.430 0.023




TABLE TII

Effect of Speciation on Signal

Mercury Microliters Chemical Signal Standard Standard
Standard Sample Form Average of Deviation Error
ng/sample Size 10 readings
8 20 Mercuric 0.513 0.024 0.011
Chloride
20 Thimerosal 0.471 0.019 0.008
16 40 Mercuric 0.766 0.022 0.010
Chloride
40 Thimerosal 0.741 0.011 0.005
28 70 Mercuric 1.089 0.020 0.009
Chloride
70 Thimerosal 1.081 0.028 0.013
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chemical form of the mercury.

An experiment where the different chemical forms were combined into
a single sample and analyzed indicated that the shape of the absorption
curve was not always consistent. A set of experiments was therefore initiated
to determine if signals from different chemical species combined in the same
sample were additive.

Aqueous mercuric chloride and thimerosal standard solutions each
containing 16 and 28 ng, respectively, of mercury per sample were analyzed
separately. Then aliquots of the solutions containing the organic and
inorganic forms, respectively, of mercury were combined and analyzed. As
can be seen from the results listed in Table IV, a 20-277 signal increase
over the calculated additive values was observed, when the two different
chemical forms were combined and analyzed.

Preliminary experiments using a similar approach where thimerosal was
replaced by phenylmercuric chloride and methylmercuric chloride, respectively,
indicated a signal decrease as compared to the calculated additive values.

Experiments to determine the background of organic solvents revealed
that most of the organic solvents tested, especially aromatics such as benzene,
toluene, and xylene, showed a positive signal. This indicates the presence
of products in the light path which show a higher absorption in the 7 region
than in the o region.

As these data are of extreme importance in ultimately adapting the
instrument to routine environmental analysis, especially for biological
samples, efforts are being made to obtain information on the origin of
this non-linearity of the signal when mixtures of various chemical forms
of mercury are analyzed, and on the influence of organic species on the
observed analytical values.

DETERMINATION OF DETECTION LIMIT AND SENSITIVITY

The detection limit can be defined as the concentration required to
give a signal-to-noise ratio of 2, Using this definition, the minimum
detection level for mercury in an aqueous sample was found to be 0.4 ng.

The sensitivity of mercury using the IZAA (1% absorption) was found to
be 4 ng.
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TABLE 1V

Effect of Combining Different

Chemical Forms on Signal

# Chemical Mercury Signal Calculated %
Form Standard Average Signal Difference
ng/sample 10 readings

1 Mercuric 16 0.766
Chloride

2 Thimerosal 16 0.741

3 Mercuric 28 1.089
Chloride

4 Thimerosal 28 1.081

5 Mercuric 8) 0.957 0.754 +27%
Chloride )
Thimerosal 8 )

6 Mercuric 8 ) 1.341 1.085 +24%
Chloride )
Thimerosal 20 )

7 Mercuric 20 ) 1.306 1.085 +20%
Chloride )
Thimerosal 8 )




CONCLUSION

These preliminary results indicate acceptable reproducibility in the
concentration range 0.1 - 5.0 ppm and a reasonable independence of signal
from concentration (0.4 - 5.0 ppm) and sample size (10-50 ul), for aqueous
solutions. The signal is reasonably independent of the chemical form of
mercury; however, combinations of different chemical forms of mercury in

the same aqueous sample produced signals which were non-additive.
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ABSTRACT

A theoretical and experimental analysis of laser induced fluorescence
for remote detection of chlorophyll a in living algae and phytoplankton
is presented. The fluorescent properties of various species of algae
representative of the different color groups are described. Laboratory
measurements of fluorescent scattering cross sectlons i1s discussed and
quantitative data presented. A "scattering matrix" model is developed
to demonstrate the essential requirement of multiwavelength laser
excitation in order to make accurate gquantitative measurements of
chlorophyll a concentration when more than one color group of algae is
present in the water (the typical case). A practical airborne laser
fluorosensor design is considered and analysis of field data discussed.
Successful operation of the Langley ALOPE (Airborne LIDAR Oceanographic
Probing Ezperiment) system is described and field measurements pre-
sented. Accurate knowledge of «, the optical attenuation coefficient
of the water, is shown to be essential for quantitative analysis of
chlorophyll a concentration. The feasibility of remotely measuring o
by laser radar is discussed.

INTRODUCTION

The application of laser radar (LIDAR) technology to the remote detec-—
tion of fluorescent materials, notably oil and chlorophyll a, in natural
waters has been actively pursued by several groups in the United States
and Canada. Thus a common appreciation for the value of remote sensing
to the oceanographic community and to those responsible for water qual-
ity management is assumed. NASA Langley Research Center has initiated
a program to develop an airborne fluorosensor with a multiwavelength
laser for detection, of chlorophyll a in living algae where more than

one color group may be present.

LABORATORY SPECTRAL STUDIES

Since chlorophyll a is insoluble in water, this molecule is found in a
host material, namely, algae and phytoplankton. The optical properties
of the host material alter the fluorescence excitation and emission

*New address - Perkin-Elmer Corporation, Main Avenue, Norwalk, Connecticut 06856.
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spectra of the chlorophyll a molecule. Therefore, knowledge of the
optical properties of the alzae as it is found in nature, rather than

in acetone extract solution, is required for remote detection

application.

During the past year LRC personnel have measured the fluorescence
ex~itation and emission spectra of over 45 different species of algae
representative of the four major color groups (blue-green, green,
goiden-brown, and red). Using Rhodamine B as the fluorescence standard,
the effective fluorescence cross section has been computed as a function
of excitation wavelength for each species. The apparatus used in these
studies is shown in Figure 1. A fluorescence spsctrophotometer, Hitachi
Perkin-Elmer model MPF-24, was modified to improve its red sensitivity.
Th= spectra were recorded on both a strip chart and magnetic tape, the
latter being used for input to computer programs for cross-section com-
putation. Excitation spectra were measured by setting the emission
monochromator to 685 nm, the chlorophyll a fluorescence peak, and scan-
ning the excitation wavelength from 360 nm upward through the visible
spectrum. Both monochromators were set to 5 nm slit widths to obtain
usable signal levels without destroying the spectral resolution. FEmis-
sion spectra were then recorded by setting ths excitation monochromator
to the optimum excitation wavelength (determined above) and scanning

the emission monochromator from that wavelength upward to 800 nm. Simi-
lar spectra were measured using a 107 molar solution of Rhodamane B in
ethanol. Cross sections were then computed using these spectra and
accounting for instrumental effects such as monochromator transmittance
and lamp spectral intensity. Figure 2 shows typical results for algae
of each color group. Note in the emission spectra that each color group
emits strongly at 685 nm due to the presence of chlorophyll a, though
other fluorescent components may also be present. The excitation
spectra differ from one color group to another, each having a unique
region for optimum excitation. Spectra within any given color group
are, however, remarkably similar as shown in Figure 3 for golden-brown
algae. Therefore, one can characterize the fluorescent excitation
properties of any algae by ihe color group to which it belongs. Note
that these cross sections were computed “or single molecules of chloro-
phyll a and a spectral resolution of 5 mm. This will be important in
th= analysis which follows.

It should be noted that no single excitation wavelength can be chosen
to uniformly stimulate chlorophyil a fluorescence in all algae. Spec-
tral overlap also precludes selective excitation of any one color
group of algae. One method of measuring the concentration of chloro-
phyll a can be shown in the LIDAR equation given below.
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vwhere

¢ = optical efficiency of receiver

A = effective area of telescope primary mirror (m2)
A?\D = detector bandwidth (nm)

Akf = fluorescence bandwidth (20 nm)

8. = receiver field of view (rad)

el = laser beam divergence (rad)

n = density of chlorophyll g_(molecules/mB)

. . 2
effective fluorescence cross section (m")

0, =

P, = laser output power (W)

Xl = laser wavelength (nm)

o = attenuation coefficient of water (m-l)
P oo = fluorescent power received (W)

and subscripts f and 1 refer to fluorescence and laser wavelengths,
respectively. If all algae were equally excited at a given wavelength,
then the upper form of the equation (for single op) would be appro-
priate. As previously shown, algae of each color group possess differ-!
ent cross sections and therefore the bottom form of the LIDAR equation
is required. Since the algae color groups have different fluorescence
excitation spectra, the use of four wavelengths yields four equations.
These equations can thus be solved simultaneously to yield the unknown
chlorophyll a concentration contained in each color algae. In matrix
form this can be expressed as
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The elements contained in the X matrix are obtained from the cross-
section measurements previously described. The laser power at each
wavelength can be measured and controlled. Accurate knowledge of «

at all the appropriate wavelengths is essential for guantitative deter-
mination of chlorophyll a concentration. Since af > a; for all laser
wavelengths under consideration (450 nm - 650 nm), and the optical
window of water decreases with increased wavelength, at least ap must
be known to yield gquantitative measurements. In open waters, data are
available indicating that o does not vary rapidly in time or space.
In estuarine and coastal waters changes are more rapid and frequent
measurements of o must be obtained.
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Agssuming o is known or measurable, the above matrix technique can be
used to determine the concentration of chlorophyll a in the algae pres-
ent in a body of water and the distribution of chlorophyll a in the
different color groups.

MULTIWAVELENGTH LIDAR INSTRUMENT

Figure 4 shows a schematic of the airborne LIDAR system which has been
designed and fabricated at Langley Research Center to demonstrate the
multiwavelength concept of chlorophyll a detection. The laser used in
the system is a unique four-color dye laser pumped by a single linear
xenon flashlamp. Figure 5 shows a cross-sectional view of the laser
head. The head consists of four elliptical cylinders spaced 90° apart
with a common focal axis. The linear flashlamp is placed along this
axis and its radiant emission is equally divided and focused into the
dye cuvettes located on the surrounding focal axes. Fluorescent dyes
form the active medium for the four separate dye lasers. A rotating
intracavity shutter permits only one color at a time to be transmitted
downward to the water.

The resulting fluorescence from the chlorophyll a is collected by a
25.4-cm-diameter Dall-Kirkham type telescope. The signal is then passed
through a narrow bandpass filter centered at 685 nm and on to the
photomultiplier (PMT) tube. The PMT signal is digitized by a waveform
digitizer and stored on magnetic tape for later analysis. The dyes and
the water for the flashlamp are kept at a uniformly cool temperature by
the refrigerator. The high voltage supply, charging network, coaxial
capacitor, trigger generator, and a spark gap along with a central con-
trol system complete the package. Figure 6 shows the completed system
prior to installation in a helicopter for flight evaluation.

Field tests have been performed to demonstrate the capabilities of this
new technique. Experiments have been conducted from a fixed height
platform (George P. Coleman Bridge, Yorktown, Virginia) 30 meters over
the York River. This site was selected because 1t was convenient to
both Langley Research Center and the Virginia Institute of Marine
Science (VIMS). Ground truth data (chlorophyll a concentration, salin-
ity, and algae species identification) were suppiied by VIMS using
standard water sampling techniques. The attenuation coefficient (at
632.8 mm) and temperature of the water were measured on site by Langley
personnel.

Measurements were made every half-hour on the evening of July 9, 1973,
and data are shown in Figure 7 along with ground truth data supplied by
VIMS. Chlorophyll a concentrations shown represent the total chloro-
phyll contribution of all color groups. A bioassay performed by VIMS
indicated a dominance of golden-brown (dinoflagellates) and green algae.
The ratio of golden-brown to green algae varied over the course of these
measurements and was in general agreement with observations obtained
with the LIDAR system.
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On July 25, 1973, the LIDAR system was successfully flight-tested over
the James River between Hampton Roads and the Chickahominy River. '
Flight altitude was 100 meters and the speed was 120 km/hr. The fllght
path is shown in Figure 8 along with the chlorophyll g}concentratlgn
measured over the 138-kilometer round-trip flight. During each fllght
leg the laser was fired at a rate of 0.5 pps. The data plotted 1in
Figure & represent average chlorophyll a concentration over each leg.
For example, leg No. 16 data represent an average of 63 laser firings
of each color or 252 shots total. There is sufficient data, however,
from each four-color cycle to determine chlorophyll a content without
averaging. In fact, the data collected over the entire flight (approx-
imately 75 minutes long) represent nearly 500 separate chlorophyll a
measurements.

SUMMARY AND CONCLUSIONS

A multiwavelength laser fluorosensor has been developed to remotely
measure chlorophyll a concentration in living algae in natural waters.
Preliminary field opE}ation of the instrument and technique has been
demonstrated from both fixed height and airborne platforms. The maxi-
mum operational altitude of the present system 1s approximately

300 meters (estimate based on data acquired at 100 meters). Laser
cnergies varied with color from 0.6 mJ (454.4 nm) to 7.15 mJ (598.7 nm).
These values are well within the eye safe limits at the operational
altitude of 100 meters. Greater energies could be employed to accom-
modate higher altitude operation. System stability appears to be
excellent as evidenced by the fact that laser alinement has remained
constant for over 6 months.

The major disadvantage of all optical remote sensors of water constitu-

ents is their dependence on foreknowledge of o (or its components "a"

and "s" due to absorption and scattering, respectively) to make quanti-
tative measurements. This is true for the multiwavelength LIDAR tech-
nique as well. Data can only be analyzed quantitatively when a is
known. Studies are now underway to determine the feasibility of remote
@ measurements by LIDAR techniques. It may be possible, with slight
instrument modifications, to monitor a simultaneously with the
chlorophyll a concentration.
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ABSTRACT

Alrcraft flights to collect spectral data using MOCS (Multichannel
Ocean Color Sensor) are being conducted in an effort to establish
algorithms which correlate with and distinguish between water pollu-
tants, including algae and sediment. Data collected over Clear Lake,
California, New York Bight, and off Cape Hatteras demonstrate the
value of MOCS as a remote sensing tool in studying the hydrosphere.

A spectral signature extracted from the Clear Lake data has identified
the type of algae in the lake. The New York Bight and Cape Hatteras
data reveal a peculiar signature associated with the transition from
blue water to a turbid water mass. This transitional signature may
be useful as a calibration point for remotely determining the concen-
trations of the suspended materials in the surrounding waters.

INTRODUCTION

Remote sensing of ocean color is currently under investigation at the
Langley Research Center (LaRC) with the prime objective of developing
the capability of producing, by means of spacecraft and aircraft
instrumentation, periodic maps which display the distributions of
pollutants, including algae and sediment, in our oceans and inland
waters. This investigation is being conducted with MOCS (Multichannel
Ocean Color Sensor), a unigue multispectral scanner designed and
developed under NASA contract by TRW, Inc, as part of the AAFE
(Advanced Applications Flight Experiments) Program. Under this

I-921k
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contract MOCS was successfully flight tested on the NASA Convair 990
over various water bodies. A flight was also conducted in the New
York Bight area in a program sponscred by the National Oceanic and
Atmospheric Administration (NOAA). Examples of data from both missions
are presented in this paper. Flights supported by ground truth are
planned for EPA over the Potomac River. Several flights have been
scheduled, but weather conditions were unfavorable.

With MOCS it appears feasible that a user agency can periodically over-
fly a given water body and generate, from the spectral data collected,
maps which identify the suspended materials in the water and which con-
tour their distributions. The feasibility of remotely detecting water
pollutants with MOCS has been demonstrated (Refs. 1,2). The degree

to which pollutants can be distinguished and quantified by this tech-
nique requires further investigation.

Additional flight data supported by ground truth data are needed not

so much to test instrument capability., but rather to establish optimum
data processing techniques. Before contour maps of water bodies can be
automatically outputted, spectral signatures must be established that
correlate with the wvarious suspended materials. Computer techniques
exlist which automatically correlate multispectral data, separate data
points into classes, and generate maps which distinguish land and

water features by color coding. These classification programs can tell
the user nothing about what each color coded feature might be, but only
that each color shades areas that emit similar spectral signatures.

For land maps, the user must identify known features (e.g., wheat
fields) that correlate with each color. His task is diminished by
several factors: (1) Land features are often separated by sharp
boundaries, (2) land features are often unchanging (i.e., deserts)

or change gradually (i.e., vegetation), and (3) classified features

can be verified by ground truth days after the overflight.

The situation is quite different for water masses. Water boundaries
generally are not sharp and changes can occur rapidly. The establish-
ment of an algorithm that correlates with a particular feature is
hampered by the variation in the spectral signature of the water mass.
While the spectral signature emitted from various parts of a given
corn field can be fairly consistent, the signature from a water mass
can vary continuously between its extremities. Consider, for example,
the spectral signature of sediment. Because of the absorptive and
reflective properties of water and sediment, the upwelling spectral
signature may vary with composition, size distribution, and vertical
distribution of the sediment. In some cases, however, algorithms can
be established readily when only one pollutant is present. For example,
an algae bloom can be easily identified because it is highly concen-
trated at the water surface. Incident light on the bloom cannot
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penetrate very far below the surface. The upwelling light presents
to the remote spectroradiometer a unique spectral signature ?f thg
algae. An example of a bloom signature will be given later in this

paper.

The situation becomes more complex when mixtures of pollutants occur.
Fach pollutant may have different absorption and scattering properties
and with multiple, interactive scattering the resultant upwelling
signature is not necessarily the sum of the individual signatures.
Furthermore, the upwelling signature may vary continuously when a
gradual transitional region between two water masses is traversed.
Advanced computer programs will be needed to automatically handle data
of this type, particularly in coastal regions. (The processing of open
ocean data may not be as complex since mixtures are rarer and the sus-
pended matter is primarily phytoplankton.) These programs must be
capable of classifying features, analyzing signature variations between
the classified features, and displaying this information to the user

in a meaningful form.

Examples of MOCS data for two different types of water masses are
presented in this paper: (1) An algae bloom which has a well-defined
signature that can be readily processed on a computer and (2) a plume
of suspended matter which is complex in composition and in spectral
signature. The new information extracted from both cases demonstrates
the value of a multispectral scanner, such as MOC3, as a tool for
studying processes that occur in the hydrosphere.

MOCS INSTRUMENT DESCRIPTION

The MOCS is a visible imaging spectroradiometer which performs multi-
spectral scanning electronically. It has no moving parts. MOCS was
specifically designed for measurements of small differences in ocean
color from space. It measures the intensity in 20 spectral bands at
each of 150 spatial sites of the ocean across the field-of-view. It
is unique in that it uses only one detector and, as a result, it is
compact and very light, weighing only 23 pounds.

Figure 1 is a schematic of the optical arrangement of MOCS and a
listing of its specifications. In operation, light from the water is
focused by the objective lens on the entrance slit. The instrument
is designed to form a high-quality optical image of the ocean surface
on the slit, so that light from one edge of the field-of-view is imaged
at one end of the slit, light from the center of the field is imaged
a? the center of the slit, etc. The light is then collimated,
dispersed by a blazed transmission diffraction grating, and reimaged
on the face of the image dissector. The resulting imege consists of
& large number of adjacent spectra, each one composed of radiation
EPming from a different site across the instantaneous field-of-view.
-Ne spectira are scanned in sequence in a raster pattern on the photo-
sensitive surface of the tube. The resulting video signal is a

IT - 20



measure of the spectral intensities of the light coming from each of
150 spatial sites. The scan rate is such that the whole raster (one
frame) is read out in the time (286 msec) it takes the spacecraft

or aircraft to move forward over the ocean one resolution element.
The scan is then repeated at a rate of about 3.5 frames/sec to give
contiguous coverage of the ocean. The field-of-view of the MOCS for
two different altitudes is given in Table I.

The present MOCS system has an alternate mode of operation made
possible by changing the image dissector. 1In this mode the spectral
resolution (5 nm) is increased by a factor of 3 at the expense of a
factor of 3 reduction in spatial resolution.

The output of MOCS is fed to an A/D converter and stored on magnetic
tape. The bit rate from the converter is 140 Kbits/sec. A detailed
description of MOCS and its associated electronics can be found in
Reference 1. Figure 2 is a photograph of MOCS.

SPECTRAL SIGNATURE OF ALGAE

An example of a well-defined spectral signature of a water mass con-
sisting essentially of one pollutant was obtained from MOCS data of
Clear Lake, California, on the NASA Convair 990 mission. The lake was
overflown on June 28, 1972, at an altitude of 3T,MOO feet. The map in
Figure 3 shows the flight path across the lake and the total field-
of-view (2 by 18 miles) of the MOCS along the path.

False color maps of Clear Lake, shown in Figure 4, were generated from
the MOCS data. The algorithms to use are:

I . = TIq =
Green Band: Yy = 11,] 9., (1)
110,35
and
I s =1 .
Red Band: Yj = —29,] 19.] (2)
10,3
where I; : 1s the magnitude of band 1 of the spectrum from spatial

element j of the MOCS data. The bands 9, 10, 11, 19, 20 correspond,
respectively, to center wavelengths of 528, 543, 558, 678, and 693 nm.
Selection of the two algorithms is based on data (discussed in Ref. 2)
which support the assumptions that the green band map shows the distri-
bution of all particulate matter near the lake's surface, whereas the
red band map shows only the distribution of algae. Therefore, the
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strong feature in the lower part of the lake, which appears in both

raps, is assumed to be an algae bloom.

Using a computer program developed at LaRC, regression analysis was
performed on MOCS data points within this bloom in an attemp? to
extract a spectral signature of the algae. A linear regression
equation was assumed of the form

Y,o= AT o+ By (3)
where Yj is the value of a given algorithm for spectrum j, and A;
and By are constants for each band. Several algorithms were tested,
including those of Equations (1) and (2). The results were essentially
the same (Fig. 5). Figure 5 is a plot of A;, the slope of the regres-
sion equation for each of the 20 spectral bands. In this example, the
algorithm

Y, = 1 (L)

57 Te0,5 T M9,
was used. In essence, this plot shows the spectral signature of the
algae bloom. The ordinate is the relative change of the signal in band
i with a relative increase in the algae concentration (assuming the
algorithm in Equation (L) correlates directly with concentration). With
an increase in concentration, the signal in the blue bands decrease due
to absorption by the plant pigments. The chlorophyll a absorption
peaks in tands 4 and 19 are clearly evident. In the green and red bands
the signals increase as expected due to scattering. The known scatter-
ing peaks in the green (band 12) and the red (band 20) standout. The
crossover point, known as the hinge point, between absorption in the
blue and scattering in the green occurs at band 10. At the hinge point
no signal change occurs with a change in algae concentration. Duntley
(Ref. 3) reported the hinge point for marine algae to be at 523 nm.
It appears that for this fresh water specie the hinge point occurs at
543 nm. The algorithm in Equation (L) was presented in order to show
where this hinge point occurs. If Equation (2) or (3) were used, the
normalization factor I;p would normalize the data to band 10 and
thereby obscure the fact that the hinge point occurs at that band.

Figure (6) shows absorption spectra of several different phytoplankton
species that were measured in the laboratory by the author on a Cary 1k
spectrophotometer. The spectral signature in Figure 5 looks very
similar to the inverted spectrum of Anacystis marinus, a blue-green
algae. The predominant organism in the lake one day after the flight
test was a blue-green algae (Aphanizomenon). These data demonstrate,
rerhaps for the first time, that a remote sensor can be used to
identiry the type of algae in the water in addition to mapping its
relative distribution.
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NEW YORK BIGHT DATA

A water mass more complex than the algae bloom just presented is
exhibited in the New York Bight data. The assumed complexity is based
upon the observed variations in the spectral data along a path across
the water mass. The data reveals a peculiar transitional signature -
a sequential variation in the spectrum - that might be significant in
establishing remotely reference points of known concentrations within
water masses.

MOCS data collected in the New York Bight on April 7, 1973, was part
of the Marine Ecosystems Analysis (MESA) Program being conducted by
NOAA. The New York Bight mission was organized and directed by the
National Environmental Satellite Service (NESS), a branch of NOAA.
Data were collected with various instrumentation aboard both aircraft
and boats. The general objectives of this mission were to expand our
knowledge of the coastal marine processes and at the same time demon-
strate the value of remote sensing in achieving that objective.

NASA-LaRC participated in the mission by flying MOCS in an NASA
Wallops C-54 aircraft. Ten passes, each approximately 30 n. mi. long,
were made over the Bight at an altitude of 17,500 feet. The ground
resolution (Table I) of MOCS was 35 feet by TO feet with a total swath
width of 5,250 feet.

Figure 7 is an ERTS I image (600 - 700 nm band) of the New York Bight
obtained on the morning of the mission. The morning sky was cloudless
and clear; the sea was very smooth. The afternoon was marred by a
continuous buildup of haze. An unusually large plume of suspended
matter was clearly evident in the Bight fed by the Hudson River.
Fairly sharp rectangular boundaries of this plume can be seen in
Figure 7. Beyond the plume is an acid waste dump. MOCS data taken
over this dump has been used to construct a false color map (Fig. 8).
This map contours the region in which the upwelling signal is greater
than 50% of the maximum upwelling signal in the 573-nm band. At the
outer boundary of this map the strength of the acid is 50% of that at
the center of the dump. To demonstrate the sensitivity of the instru-
ment, the map is color coded in 5% intervals down to the 60% level;
the last two intervals are uncolored. The sharpness of the contour
lines illustrates the excellent resolution of MOCS.

Many interesting signature variations are exhibited in the MOCS dats

of the Bight. Correlation studies will be performed on these data when
the ground truth data become availsble. As an example of these varia-
tions, the data along one flight track (designated 45-1) will be
presented. This flight path is shown in Figure 9.

Plots of data along the center of the track for three spectral bands
are shown in Figure 10. The ordinate has been adjusted such that the
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rwelling signal from blue water is equal to zero relative signal. Each

data vtoint in Figure 10 is an average of four spatial elements which
reduce the resolution to 70 feet by 14O feet. A change of one frame
count corresponds to an advancement of 140 feet along the flight.l?ne.
For purposes of discussion, the ocean along the track has been divided
into regions, designated Rl, R2, etc., in Figure 10.

The plots demonstrate the complex variation in the upwelling signal as
the aircraft flew over blue water, crossed the plume boundary, passed
over the plume, and approached land. Region 1 consisted of relatively
clear blue water, although coincident signal variations in the three
bands in the latter half of the region indicate small features. In
Region 2, the signals for the three bands increase as the plume boundary
is approached. Within the plume, Region 3, the relative magnitudes of
the three bands diverge. The blue band (468 nm) decreases, the orange
band (603 nm) increases, and the green band (543 nm) remains rela-
tively constant. In Region 4 the blue and green bands fall and rise
together vhile the orange band remains relatively constant. Notice that
the blue band has dropped to zero relative signal. In Region 5 all
bands rise. The divergence that occurred in Region 3 appears to be
reversing in Region 6. However, as land is approached, bottom reflec-
tion appears to influence the directional variance of the signals in
both Regions 6 and 7.

It is instructive to examine the relative signal variations between
bands by plotting the data as shown in Figures 11 and 12. Figure 11 is
a plot of every third point in Figure 10 for the blue and orange bands.
The cluster of points which fall within each region is indicated in the
figure. The sequential variation of the data is clearer in Figure 12,
where lines are drawn between the averages of sets of 20 data points
along the track.

At least two models are suggested by these signal variations. In the
first model the variations are due to the size and depth distributions

of sediment along the track. Backscattered light from clear water is the
result of selective scattering, known as Rayleigh scattering, by water
molecules and small particles (Ref. 4). Rayleigh scattering predominates
when the size of the scatterers are much smaller than the wavelengths of
the scattered light. The amount of scattering is inversely proportional
to the fourth power of the wavelength. In addition, water molecules
selectively absorb light much more strongly in the red end of the spec-
trum than in the blue, greatly reducing the amount of red light avail-
gble for backscattering. However, as the size of the suspended particles
increases to the order of one micrometer, Mie scattering (Ref. L4) becomes
51gn}ficant. Mie scattering is predominantly in the forward direction
?nd 1s nonselective with wavelength. As a result, scattering decreases
in the blue region of the spectrum and increases in the red region,.

T rear . . .
nowever, since the particles in the water are not of one size, the
N e .

énalytical analysis becomes more complex.
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With this model the data in Figure 10 could be explained as follows.

In Region 2, the particles are small and distributed somewhat evenly
below the surface. As the boundary is approached, the number of
particles increase. Within the plume, the particles are larger and
more numerocus resulting in a considerable reduction in the photic zone.
The transition from a low concentration of small particles to a high
concentration of larger particles results in a decline in the signal in
the blue bands and a rise in the red bands.

A second model is suggested by the fact that algae absorbs light in the
blue bands and scatters light in the red bands. Therefore, the varia-
tion in signals in Regions 2 and 3 could also be influenced by the
transition from a region of primarily sediment to a region of algae
mixed with sediment. The ground truth may resolve these possibilities.

A very similar occurrence of this signal variation is seen in MOCS data
collected along the 36° parallel off Cape Hatteras. This flight was
part of the NASA Convair 990 mission. Data were collected at 37,300 fee
starting about 40 n. mi. offshore and ending at the shoreline. The simi-
larity between Figures 13 and 14 for the Cape Hatteras data and Fig-
ures 11 and 12 for the New York Bight data is striking. Perhaps this
phenomenon is a fundamental characteristic of certain types of plumes
and can be useful in establishing reference points of known concentra-
tions. In other words, the transitional signature, the triangle in
Figure 14, could be uniquely associated with certain distributions of
the suspended matter. If known concentrations can be associated with
this signature, then the distribution of the matter in the surrounding
region can be determined. Reference points of this nature would be
invaluable in the processing of remote sensing data.

CONCLUDING REMAERKS

The examples of data presented in this paper demonstrate the value

of multispectral scanners, such as MOCS, as a remote sensing tool for
analysis of processes that occur within the hydrosphere. From the
Clear Lake data, a spectral signature was extracted which identified

a feature, observed in a false color map of the lake, as a blue-green
algae bloom. The false color map shows the relative concentrations of
this bloom. Generation of maps of this type which display absolute
values of concentration using remote sensing data appears to be quite
feasible.

The sensitivity of MOCS is demonstrated by the well-defined contour
lines (color coded in 5% intervals) on the false color map of the acid

waste dump in the New York Bight.

The New York Bight data also revealed a signature associated with the
transition between two water masses. FExamination of the Cape Hatteras
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dzta showed the same transitional signature. The value of this signa-
ture has not been fully determined, but it has the potential of estab-
isring reference points of known concentrations and could be invaluable
in the processing of remote sensing data of the hydrosphere. These
examples demonstrate the complexity of the signatures associated with
sustended matter. Signatures may vary gradually and continuously, not
only between water masses, but within them. To facilitate user applica-
tion of data of this type, computer programs are needed that can properly
assess the signature variations and display on maps in a meaningful form
the variations in the water associated with these signatures.
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TABLE TI.

FIELD-OF-VIEW OF MOCS

Aircraft Spacecraft
Altitude 17,500 feet 500 n. mi.
Field-of-view 17.1° 17.1°
Swath width 5,250 feet 150 n. mi.

Ground resolution

35 by TO feet

1 by 2 n. mi.
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BIOGRAPHICAL SKETCH

Mr. Raper is a Senior Aerospace Engineer with 15 years experience in
aerospace research projects at the Langley Research Center. He has
mnaged or assisted in the management of projects involving reentry
heat protection and communication, hypersonic transition, parachute
qualification, and rocket motor qualification. In the last year he
has managed the NASA/EPA Interagency Agreement for Water Pollution
Sensor Evaluation. In addition to establishing a flight-test program
to meet the needs of nine investigators, it was necessary for him to
devise an interim capability for multispectral scanner data analysis
and establish requirements and plans for a more permanent Langley
capability. He has recently joined TLangley's Environmental Quality
Program Office with responsibility for managing studies to define
sensor modules for future pollution monitoring satellites.

ABSTRACT

The purpose of this paper is to report the current status of all
except three of the activities being conducted under the NASA/EPA
Interagency Agreement for Water Pollution Sensor Evaluation. The
three topics excluded, the multiwavelength laser, MOCS, and Pollutant
Response, are separately reported in this session. A description of
eight investigations is included. Expected applicability of these
investigations to regional situations is described.

INTRODUCTION

Dr. Fletcher, the NASA Administrator, in his talk to the 37th Annual
Meeting of the National Wildlife Federation, on March 17, 1973, said
the following:

"No part of the changing, moving face of the globe we inhabit is free
of human influence or removed from human interest. We therefore can
afford to leave no part unmonitored. We need to know the condition of
our enviromment and in time to take appropriate action.'" Many of the
capabilities he described were identified as already possible; the
technologies exist or are under development. He said, "We are learn-
ing to interpret and as we do so, we learn what other related parame-
ters and phenomena we need to observe to get a total picture." Early
in his talk, Dr. Fletcher pointed out to the audience that the systems
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NASA is developing are just tools and must not be thought of as tech-
nological solutions in themselves to the serious environmental"chal—
lenges, problems, and issues with which the wgrld must cope. The
basic purpose of these tools," he explained, "is to co%lect and com-
municate data from which information can be extracted.

ERTS-1 and Skylab are two of our best known uses to date of these
tools. There is also a large effort within NASA's Office of Applica-
tions to define applications for sensors within our pollution and
earth resources programs. The AAFE (Advanced Applications Flight
Experiments) program, Figure 1, at Langley is one such effort and has
the objective of developing an effective inventory of space applica-
tion experiments from which future missions and flight experiments for
approved flights may be proposed. AAFE does in fact bring instrument
techniques to the point where they can be applied to problems such as
those faced by EPA. We are also interested in investigating with the
User agencies the design of an aircraft remote sensing system to
investigate the usefulness of synoptic measurements of air and water
quality on urban and regional scales. Underscoring these Langley
activities is the recent designation of Langley as NASA's Focal Center
for Space Application’s Envirommental Quality monltoring. In this
role Langley is responsible to cocrdinate the agency's pollution
monitoring activities in a way which will most directly benefit
agencies such as the EPA.

Defining remote sensor applicability for EPA mission requirements is
the subject of the interagency agreement between EPA and NASA — in
existence since June 1972 — and the status of work under the agreement
is the subject of this paper. The interagency agreement, under the
cognizance of Dr. Harvey Melfi of Las Vegas NERC and John Koutsandreas
of EPA Headquarters, is designed to evaluate the applicability of
various existing remote sensors for detecting and monitoring various
types of water pollution. The agreement specifically directed inves-
tigations of pulsed laser systems, multichannel scanning radiometers,
multiband cameras, infrared scanners, and second derivative infrared’
spectrometers. Subsequently, investigations in 12 areas were under-
taken in support of these objectives. Reports of activity with the
pulsed laser (Multiwavelength Lidar), the multicharmel scanning
radiometer (MOCS), and multiband cameras (Pollutant Response) are
presented in the previous three papers. This paper will deal with
summary status reports of activities to date in the other areas.

Before proceeding to a discussion of activities being conducted under
the interagency agreement, it is important that three observations of
an introductory nature be stressed. First, if such agreements are to
provide maximum benefits within EPA it is necessary that more dialog
exist between the agencies with regard to specific EPA mission require-
ments, the manner in which EPA field surveys are conducted, and EPA
capabilities for data analysis. Second, as noted in Dr. Fletcher's
talk, the basic purpose of the remote sensing tools is to collect and
communicate data from which information can be extracted. Although
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there is some polishing to do on the collecting end of the present
investigations, the most work remains in developlng ways to extract
information from the collected data relative to defining the water
pollution situation quantitatively as well as qualitatively. Third,
the use of remote sensing will probably never replace the requirement
for selected in situ sampling. Remote sensing appears to best fit the
situation where large areas are to be frequently covered and where the
synoptic view is required to provide an evaluation of the inter-
relationships between factors being sensed. Remote sensing probably
can best indicate where to concentrate the in situ sampling. Also,

in situ sampling will continue to find application because the remote
sensor may not be sensitive to the desired parameter or because of
technical or economic constraints associated with providing the
required spectral or spatial resolution.

SALINITY MAPPING

A 2.65-GHz S-band microwave radiometer has been developed as a part of
Langley's AAFE program to remotely sense sea state. A byproduct of
the data has been information about surface salinity. As indicated in
Figure 2, the 2.65-GHz microwave radiometer is insensitive to salinity
variation below about 10 ppt. Also, the sensitivity to salinity above
10 ppt does not meet measurement requirements. The 2.65-GHz radiometer
was used, however, to demonstrate the salinity mapping concept and to
provide confidence that a radiometer dedicated to salinity mapping
could be built. As indicated in Figure 3, a 1.L4-GHz L-band radiometer
system would provide the required operational characteristics. If the
0.1 K accuracy in brightness temperature demonstrated in the 2.65-GHz
system is maintained in the L-band system, a variation of 0.2 to

0.3 ppt of salinity change will be detected over the range of 3 to

35 ppt of salinity which is the operational range of interest to EPA.
The L-band system is now being assembled and is expected to be ready
for EPA demonstration flight tests in August 197hk.

Figure 3 shows the type of salinity survey that EPA would be
interested in conducting at periodic intervals. The map shown was
produced by massive manual sampling using boats. A comparison of the
resources required to sample just the lower half of the bay is pre-
sented along with the expected expenditure of resources when using the
microwave radiometer remote sensing approach. The radiometer approach
is equally applicable for monitoring changing conditions around a
powerplant, around a desalinization operation, or due to a massive
storm. Again, one of the obvious benefits of the salinity remote
sensor is its ability to cover quickly and frequently a large area and
provide a synoptic view of conditions with a small manpower
expenditure.

Multispectral Scanner Detection of Algae

One of the principal EPA interests with regard to monitoring water
quality involves detecting and monitoring water algae content. The
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amount of algae is indicative of the amount of waste nu?r%ents being
dumped into the water and is an indicator of the suitability of the
water for human consumption, recreation, and wildlife. The purpose of
this investigation was to use the multispectral scanner over an area

of varying algae concentration to accomplish two objectives. The‘flrst
is to determine the optimum spectral ranges which identify algae in the
water and which permit computer separation of the algae from other
features. The second is to determine whether it is possible to produce
a quantitative map of algae content for a water body such as a tidal
river. The NASA-JSC Earth Resources Program C-130 alrcraft and 2k~
channel multispectral scanner were used to gather the data in October
1972 over the Patuxent River in conjunction with an intensive field
survey of water parameters which was being conducted simultaneously.

Analysis of the data has proved to be a major task. Langley did not
possess the capability for analysis of such imagery data and much
effort has been devoted to developing that capability. The Purdue-
LARS remote terminal located at the GSFC and the Bendix-Ann Arbor
analysis systems have been used for the Patuxent River data analysis.
Figure 4 shows the analysis approaches which can be used and points
out the dependence of analyses on ground truth data. Figure 5 shows
a portion of the Patuxent River and is the result of the supervised
classification of the nonwater areas with the Bendix analysis system.
The two dots along the upper bank of the river at the right side of
the image are the boats from which the ground truth data were taken.
Figures 6 to 11 present the results of supervised (since the features
to match were specified even though not known) classifications of
spectrally similar areas in the image. For each classification, the
computer was instructed to locate other areas spectrally similar to a
selected training site. A training site around the boat was selected
because of the indicated high chlorophyll quantity, 140 mg/m>. Indi-
vidual examination of some of the 14 chamnels of multispectral scanner
data Indicated other spectrally different areas of water and thus a
small portion of each was selected as a training site for classifica-
tion of the image. An unsupervised classification of the total image
area to define all the statistically different spectral classes has
not yet been attempted.

Figure 6 is a water classification based on a training set taken at
the boat and thus should contain all the area that responds spectrally
as water containing 140 mg/m3 of chlorophyll. Figure 7 is a water
classification based on a training set taken at the outflow of the
upper left stream into the river. Figure 8 is a water classification
based on a training set taken in the inland body of water just behind
the boat. Figure 9 is a water classification based on a training set
taken in the river to the left of the boat. Figure 10 is a water
classification based on a training set taken in the water at the left
of the sand bar at the river bend. Figure 11 is a water classifica-
tion based on a training set taken in the water in the center of the
river at the left of the boat. The principal point which can be made
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with Figures 5 to 11 is that it is possible to use computer analyses
to identify spectrally different classes of water. Unfortunately, not
enough ground truth data exist with this set of data to identify each
class of water. Future experiments will be planned with more ground
truth so that a "calibration curve" can be constructed. The above
comments infer that the different water classes are related to differ-
ent amounts of chlorophyll which would permit contouring as desired.
Much work remains to be completed to verify this relationship. Even
though the specific multispectral scanner used in this investigation
was never meant for operational use, the potential for this type of
remote sensing device is great because of its ability to accurately
define the spectral signature of a pollutant. An understanding of the
multispectral scanner information will permit the development of effi-
cient and economical sensors for many types of water pollutants and
the understanding of information from other sensors.

For the immediate future more analysis of the present data will be
performed, and other remotely sensed data taken simultaneocusly will be
cross-correlated in an effort to develop means for identifying the
water classes.

ERTS INVESTIGATIONS

Many of the investigations under the interagency agreement have quite
naturally raised the question, "How applicable is current ERTS imagery
to EPA water pollution monitoring requirements?"” We know from present
ERTS investigators' findings that the ERTS data indicate various water
pollutants. This question is underscored by the importance of the
synoptic view. There is also interest in how conclusions derived from
ERTS data compare with those derived from ground truth and from air-
craft remote sensors. Five separate investigations inveolving ERTS are
in progress and each has the common objective of defining how to use
ERTS data in combination with other remotely sensed and ground data to
provide a water pollution detection and monitoring capability.

Lake Eutrophication — The National Eutrophication Survey is a major
effort within EPA to define the eutrophic state of specific inland
lakes throughout the United States. A significant output of that sur-
vey will be data to be used in constructing predictive computer models
of the eutrophication process. The purpose of this ERTS investigation
is to determine whether data can be provided by ERTS which will permit
continuing evaluation of the eutrophic state of lakes and which can be
used in the computer predictive models. Figure 12 presents the current
status of this investigation. An ERTS-B proposal was submitted in
January 1973 and will be revised to reflect a more complete problem
definition and work plan prior to the proposal evaluations in January

197k,

Upper Bay Pollution — The types of water pollution found in a large
bay surrounded by highly industrialized sites and cities is very
different from that found in an inland lake. This investigation is
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directed at defining the applicability of ERTS to detecting and monitor.
ing various water pollutants such as algae, sediment, oil, and sewage
in a large bay area — the Chesapeake Bay. Figure 13 presents the cur-
rent status of this investigation. An ERTS-B proposal was submitted

in January 1973 and will be revised to reflect a more complete problem
definition and work plan prior to the proposal evaluations in January

197k.

Land Fill Classifications — A problem of particular concern to the
State of Pennsylvania and EPA, Region III is the proliferation of solid
waste dumps throughout the state. Current laws regulate location and
type of dump to a land fill operation. A means of detecting noncompli-
ant dumps and for continuous surveillance of the operation of all
others is required. This investigation is directed at evaluating to
what extent ERTS data can be used in locating and monitoring land
fills. Figure 14 presents the current status of this investigation.
Early efforts directed at manual viewing of the magnified ERTS images
proved inadequate, especially when attempting to determine if land
fills or dumps existed in unrecorded locations. Subsequent analysis
has depended upon the Purdue-LARS analysis approach for supervised
classification. The computer training sets were defined by aircraft
photographic imagery taken over known land fill locations. Results,
to date, indicate that land fill sites as small as 10 acres can be
detected in ERTS imagery. When a supervised classification of a large
part of &n image was performed to pick out land fills, only about 10%
of the locations thus identified were actually land fills. This result
probably occurred because the land fills are nonhomogenous spectrally
and have limited unique features which are spectrally identifiable.
Also too imprecise knowledge exists of what is and is not a land fill.
Future analysis activities will concentrate on improving the degree of
land fill recognition. The aircraft 2L4-channel multispectral scanner
data will be analyzed for land fill identification to determine
whether greater spectral resolution improves identification and to
better define the spectral signature of a "typical" land fill.

Acid Mine Drainage — EPA (Region III) and the States of Pennsylvania
and West Virginia are particularly affected by seepage from shaft and
open coal mines into the surrounding streams. The resulting acid
stream causes destruction of adjacent vegetation. KXnowledge of the
source of the seepage is required in order to enforce present laws or
to take measures to prevent seepage from abandoned mines. The purpose
of this investigation is to determine the most cost effective system
for-detecting and monitoring the effects and extent of acid mine
dralgage using ERTS as appropriate. ERTS should be most effective in
providing a synoptic view and in identifying large areas of vegetation
desFroyed by acid mine drainage. ERTS is not expected to be able to
moanor the water quality in small streams. This will perhaps only be
possible with manual in situ sampling. Figure 15 presents the current
status of this investigation. The primary effort is contractual and
the ?ontracth will present a detailed paper elsewhere in these pro-
ceedings. Figure 16 outlines the contractual tasks. The emphasis on
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land use arises from the fact that land use maps do not exist for the
selected test area and from the requirement to correlate land use with
acid mine drainage effects. Figure 17 indicates the test site loca-
tion chosen for this study, which is the head waters for the Potomac
River. The rectangular outline indicates coverage provided by a
recent ERTS underflight mission. The end effort of the contract is to
define the optimum mix of sensing techniques for performing the
required monitoring. It will remain for future contracts, NASA-LaRC,
or EPA programs to evaluate the proposed technique.

Data Automation and Transmission — In order to be in & position to
react quickly to a pollution problem, one must receive monitoring
information rapidly and continuously and in a form which is readily
assimilated. At the present time EPA (Research Triangle Park NERC) is
receiving raw, air quality monitoring data weekly in magnetic tape
form. Technology exists for automating the conversion of these data
into a readily understandable form and for transmitting the informa-
tion twice daily to a selected location. The ERTS Data Collection
Platform is in fact specifically designed for this type of data relay.
The purpose of this investigation, see Figure 18, is to demonstrate
this technology by installing an autbmation/transmission system in the
District of Columbia CAMP station. Even though air quality parameters
will be monitored, the system to be demonstrated will be equally appli-
cable to water quality parameters. Figure 19 summarizes the require-
‘ments that the system is being designed to accommodate. Figure 20
presents a schematic of the present CAMP station arrangement and the
proposed noninterference automation/transmission system. For the sys-
tem demonstration, the data handling and converting computer is being
placed in the CAMP station in order to centralize the total effort into
one location, In an operational arrangement, data from a number of
monitoring stations could be transmitted to a single site where the
computer is located.

SOUTH RIVER SEWAGE OUTFLOW DETECTION

large portions of the South River in Maryland are presently closed to
fishing because of the presence of coliform bacteria from private
septic tank seepage into the river. Personnel in the Anne Arundel
County Health Department are responsible for eliminating the septic
tank violations and for patrolling the approximately 430-mile perimeter
of the South River at periodic intervals to verify no further viola-
tions. The purpose of this investigation is to determine what, 1if any,
remote sensing techniques exist which will enable the Health Department
to detect violations by checking at frequent intervals. The approach
to date has been to use various films and filters, a radiation thermom-
eter, and a thermal IR scanner over known outfall locations in an
attempt to identify an approach for further study. Manual viewing of
the films has been inconclusive. Density slicing of the same film will
be performed in the near future. The thermal IR scanner used proved
not to have the required resolution for detecting small outflows, even
at the low flight altitudes employed. Future missions with a different
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IR scanner are planned. The potential for application of remote sensing
to this problem is fairly obvious; however, the sensors on hand which
have been tried may not possess the required spatial resolution for such
a small seepage as that which one might expect from a private septic

tank.

CONCIUDING REMARKS

Our experience to date with investigations being performed as a part
of the NASA/EPA interagency agreement strongly underscore Dr. Fletcher's
comments about having the tools but not yet fully understanding how to
get information from the data. Developing methods for getting this
information will be the most important benefit for EPA. Also empha-
sized by our experience is the critical importance of ground truth
data for developing an understanding of the sensors capabilities.
Finally, this paper has tried to show in various ways that remote
sensing will not replace present methods of manual sampling. It is
more likely to raise enough gquestionsg which will require increased
manual sampling. Most importantly, such sampling will not be random
but will be at specific locations where problems are indicated.
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OBJECTIVES

TO DEVELOP AN EFFECTIVE INVENTORY OF SPACE APPLICATION EXPERIMENTS
FROM WHICH FUTURE MISSIONS AND FLIGHT EXPERIMENTS FOR APPROVED
FLIGHTS MAY BE PROPOSED

APPROACH

FUND THE DEVELOPMENT OF SELECTED EXPERIMENTS, BEGINNING AT A STAGE
WHEREIN THE APPLIED RESEARCH AND ENGINEERING FEASIBILITY HAS BEEN
ESTABLISHED AND LEADING UP TO, BUT NOT INCLUDING THE PRODUCTION OF
PROTOTYPE HARDWARE

STATUS

INITIATED IN FY '70
54 INSTRUMENTS FUNDED TO DATE
11 INSTRUMENTS TO BE FLOWN IN AIRCRAFT MISSIONS
6 INSTRUMENTS DEMONSTRATED IN AIRCRAFT MISSIONS
23 INSTRUMENTS SELECTED OR BEING CONSIDERED FOR SATELLITE MISSIONS
14 INSTRUMENTS CURRENTLY UNDER DEVELOPMENT

Figure 1. Advanced applications flight experiments.
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SALINITY, PARTS PER THOUSAND
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Figure 2. Microwave radiometer, change in brightness temperature with change in salinity.



SALINITY SURVEY -OF
CHESAPEAKE BAY
AND TIDAL RIVERS
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Figure 3. Map of Chesapeake Bay showing average salinity variations of autumn.
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- SUPERVISED CLASSIFICATION

IDENTIFY ALL PARTS OF THE IMAGE WHICH ARE
SPECTRALLY SIMILAR TO THIS AREA WHICH
GROUND TRUTH HAS IDENTIFIED

- UNSUPERVISED CLASSIFICATION

Figure 4.

SEPARATE ALL PARTS OF THE IMAGE INTO SPECTRALLY
SIMILAR AREAS AND WHICH WILL BE IDENTIFIED AT A

LATER DATE

State of the art in MSS data analysis demands complete dependence on ground truth.
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Figure 5.

Patuxent River multispectral scanner data.
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Patuxent River — training set taken at boat.
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Figure 7.

Patuxent River — training set taken at entry of upper left stream into

river.



IT

9%

u " [
e o
b -
5 QY
NS

Figure 8.

Patuxent River — training set taken in inland body of water behind boat.
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Figure 9.

Patuxent River — training set taken in the river to the left of the boat.
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Figure 10.

Patuxent River — training set taken in the water at the left of the river bend
sand bar.



65

Figure 11. Patuxent River — training set taken in the water in the center of the river at
left of boat.
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OBJECTIVE - TO DEFINE :
e CURRENT STATE OF EUTROPHICATION - UTILIZING ERTS
® WATER SHED USE, WATER USE
® NUTRIENT CYCLE

STATUS - ® ONE AIRCRAFT PHOTO MISSION SIMILTANEOUS WITH NES AND ERTS OVER
e KERR LAKE
e LAKE CHESDIN
e CHICKAHOMINY LAKE
e ERTS 1 IMAGERY BEING PROVIDED AUTOMATICALLY
DATA ANALYSIS UNDERWAY
e ERTS B PROPOSAL PENDING

OUTLOOK - e EVALUATION OF SEASONALITY EFFECT
PROGRESS REPORT - JANUARY ' 74

COORDINATION - EPA, LAS VEGAS NERC

Figure 12. ERTS — lake eutrophication.
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OBJECTIVE

STATUS -

OUTLOOK -

STATE OF EUTROPHICATION

INPUTS TO EXISTING POTOMAC AND PATUXENT MODELS
STATISTICAL CORRELATION - ERTS AND EPA SAMPLING
LOCATE POLLUTION SOURCES AND OUTFALLS

DEVELOPING FIELD TEST PROGRAM

EVALUATING PRESENT SENSORS FOR QUANTITATIVE RESULTS
ERTS 1 IMAGERY BEING PROVIDED AUTOMATICALLY

DATA ANALYSIS UNDERWAY

ERTS B PROPOSAL PENDING

PROGRESS REPORT - APRIL 1974

COORDINATION - EPA, REGION IIT ANNAPOLIS FIELD OFFICE

Figure 1%. ERTS — upper Chesapeake Bay pollution.
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OBJECTIVE -

STATUS -

ANALYSIS -
SEQUENCE

RESULTS -

PROBLEMS -

OUTLOOK -

DEFINE UTILITY OF ERTS FOR LOCATING AND CLASSIFYING LANDFILLS AND

OTHER UNIQUE LAND SURFACE USES

THREE ATRCRAFT PHOTO MISSIONS FLOWN
CORRESPONDING ERTS IMAGERY OBTAINED
DATA ANALYSIS UNDERWAY

SITE LOCATION - PHOTO AND COUNTY MAP
GRID MAP
ERTS MSS DATA ANALYSIS VIA LARS

SELECTION RATIO - 10%
SIZE - 10 ACRES

EDGE EFFECTS
NON-HOMOGENOUS
UNIQUENESS

FURTHER LARS TERMINAL ANALYSIS
PROGRESS REPORT - APRIL ' 74

COORDINATION-EPA, REGION IIT HEADQUARTERS

Figure 1k. ERTS — landfill classification.
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OBJECTIVE - TO DEFINE MOST COST EFFECTIVE SYSTEM FOR DETECTING AND

MONITORING EFFECT AND EXTENT OF ACID MINE DRAINAGE UTILIZING
ERTS AS APPROPRIATE

CONTRACT EFFORT UNDERWAY AND CONTINUING
PRIOR DATA BEING ASSEMBLED

ONE NEW AIRCRAFT MISSION FLOWN

ERTS 1 IMAGERY BEING PROVIDED AUTOMATICALLY

STATUS -

RESULTS OF DATA REVIEW PHASE DUE NOVEMBER ' 73
RESULTS OF DATA ANALYSIS PHASE DUE FEBRUARY ' 74
FINAL CONTRACTOR ORAL PRESENTATION APRIL ' 74

OUTLOOK -

COORDINATION - EPA, REGION III HEADQUARTERS

Figure 15. ERTS — acid mine drainage.
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SURVEY AREA: WEST VIRGINIA - POTOMAC RIVER BASIN

TASK 1. DATA SURVEY (2 MONTHS)

a) REMOTE SENSING - AIRCRAFT AND SPACECRAFT
b) IN SITU MEASUREMENTS
c) LAND RECORDS

TASK 2. DATA ACQUISITION AND ANALYSIS (4 MONTHS)

a) IDENTIFY LAND USE ACTIVITIES

b) LOCATE AREAS AND POINT SOURCES OF POLLUTION
c) TOPOGRAPHY DISTURBANCES

d) DRAINAGE PATTERNS AND POLLUTANTS

TASK 3. DEMONSTRATION PROGRAM PLAN (2 MONTHS)

a) OPTIMUM SURVEILLANCE PROGRAM
b) CONTRACTOR'S REPORT

Figure 16. Contract effort.
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Figure 17.

SCALE IN MILES

%) 5 10 15 20

Mine drainage pollution study — north branch Potomac River.
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OBJECTIVE - TO DEFINE AN APPROACH FOR AUTOMATING THE CONVERSION OF
IN-SITU POLLUTION MEASUREMENTS INTO ENGINEERING UNITS AND
TRANSMITTING THESE DATA TO A CENTRAL DATA COLLECTION POINT
VIA THE ERTS DCP

STATUS - o CONTRACT STATEMENT OF WORK COMPLETE

OUTLOOK - e CONTRACT AWARD BY JANUARY ' 74
COMPLETION OF SYSTEM DEFINITION TRADE STUDIES MARCH ' 74
e START SYSTEM CHECKOUT NOVEMBER ' 74

COORDINATION - EPA, RESEARCH TRIANGLE NERC

Figure 18. ERTS — data automation and transmission.
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SENSORS

--®  SEVERAL SENSORS: ARE REQUIRED TO DETECT POLLUTANTS AND MONITOR
METEOROLOGICAL CONDITIONS

DATA VALIDATION

© ROUTINE CALIBRATION

e DETECTION AND CORRECTION OF SENSOR FAILURE
CALCULATIONS

e (CONVERSION AND AVERAGING FOR EPA STANDARD

DATA AVAILABILITY

e ON SITE
e AEROMETRIC DATA BANK AT EPA
® RESPONSE TO LOCAL AND STATE REQUESTS

DATA TRANSMISSIONS

DISTRIBUTION TO LOCAL USERS

°
o TO CENTRAL FACILITY OF MULTISTATION NETWORK
e FROM REMOTE SITE

°

TO EPA DATA BANK

Figure 19. Operational requirements for in situ air quality monitoring
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__________ MANUAL RECORD. RTP
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Figure 20. Data flow at camp and proposed system addition.
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ABSTRACT

On October 2, 1972, a pattern of chlorophyll a—containing phytoplankton
(algae) was detected from 3 kilometers altitude in a series of near-
infrared photographs of the Potomac River '"Salt Wedge Area.'" Densitom-
eter traces over the film images, related to in situ measurementsg of
chlorophyll a concentrations that varied from 4 to >3000 pg/%, revealed
a phytoplankton '"bloom" threshold in the near infrared between the
concentration of 34 and 51 ug/%.

The photography also revealed bottom features through 2 meters of water
and made it possible to integrate chlorophyll & concentrations over a
16-square~kilometer area to demonstrate this remote sensing technique
for biodegradable pollution monitoring.
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INTRODUCTION

The NASA Langley Research Center is working with the Environmental
Protection Agency, Office of Monitoring, in a joint program with the
purpose of developing the capability to determine synoptic pollution
levels and distributions of bilodegradable pollutants through the use of
a chlorophyll detection system. The objectives of the program are:
first, to determine if the spatial and temporal changes of the chloro-
phyll produced by the growth of phytoplankton (algae) can be measured
remotely, and second, to determine if these measurements can be
employed in an index of the stress on the ecosystem caused by bio-
degradable pollutants.l The program will then develop a large area
chlorophyll detection system (aircraft and satellites are to be con-
sidered) to be coupled with in situ measurements to provide the
necessary synoptic observations required for biodegradable pollution
monitoring and control.

The remote sensing approach that we have chosen is broad-band optical
filtering of reflected sunlight from an altitude sufficiently high

so that a synoptic view can be obtained. It is envisioned that a
broad-band optical filtering system consisting of more than one
broad-band filter will be required to separate phytoplankton reflec-
tance from suspended sediment reflectance. At the present time
photographic film is being used as the sensor in order to develop

the optical filter system. However, in a biodegradable pollution
monitoring mode the developed broad-band optical filtering system
will be adapted to an electronic readout sensor; perhaps, solid state
readout by silicon diodes, thus providing a rapid readout system

most responsive to EPA's monitoring requirements.

THEORY

Sunlight reflected from plants that contain chlorophyll varies as a
function of wavelength as shown by the solid curve in figure 1.2 The
generally accepted color classification for the various wavelengths is
also shown along the abscissa for comparison. The reflectance of
chlorophyll-containing plants is approximately 0.05 in the violet and
blue region, increases to 0.15 in the green region, decreases to 0.05
in the orange and red regions, and then increases abruptly to 0.5 to
0.6 in the near-infrared (NIR) region. Since the human eye is unable
to detect NIR, chlorophyll-containing plants are predominantly visible
in the green region of the spectrum. However, NIR sensors can detect
the spectral region where the high reflectance of chlorophyll-containing
plants results in the greatest reflected solar energy.



To detect phytoplankton floating below the surface of water, the ?bsorp~
tion of light by the water must be considered. The das?ed curve in
figure 1 is the exponential (1/2.7) absorption attenuation length of
sunlight in distilled water as a function of wavelength, as obtained
from reference 3. Thus, the penetration of sunlight in distilled water
is approximately 27 meters in the blue region of the solar spectrum,
decreases to 16 meters through the green region, and is a meter or less

in the NIR region.

Comparing the reflectivity of chlorophyll-containing phytoplankton with
the absorption of sunlight by water in figure 1 shows that when phyto-
plankton is within the upper meter or on the surface of the water, it
can be detected in the NIR region. It is also probable that the magni-
tude of the reflected solar energy in the NIR will also depend upon the
concentration of phytoplankton in the water as has been shown by Duntley
for the green and yellow regions.h

EXPERIMENTAL AREA

On October 2, 1972, between the hours of 11:58 a.m. and 12:17 p.m. e.d.t.,
a photographic mission was flown at 3 kilometers altitude over the
Potomac River "salt wedge area," a distance along the river of approxi-
mately 30 kilometers by an NASA, Wallops Station, C-54 aircraft. The
flight lines are shown in figure 2. The tidal action in this area, where
the salt water normally interfaces with the fresh water inflow, retards
the fresh water flow, deposits some of the suspended sediment, and
concentrates nutrient wastes from the sanitation plants located up river.
Since the late 1930's waste water discharges in the Washington metro-~
politan area have increased the nutrients in the Potomac River - phosphorus
has increased tenfold, and nitrogen fivefold.? These nutrients under
spring and summer conditions result in massive "blooms'" of phytoplankton
(blue-green algae, primarily Anacystis cyanea), from Gunston Cove to
Maryland Point. Below Maryland Point and above the Route 301 Potomac
River Bridge the amount of phytoplankton decreases abruptlg, primarily
because of increased salinity and a decrease in nutrients. On October 2,
1972, personnel from EPA, Annapolis Science Center, who obtained the in
situ water measurements of chlorophyll a, light penetration, salinity,
ete. (tabulated in Table 1), reported that in some places heavy concen-
trations of phytoplankton were visible on the water.

EXPERTMENTAL METHOD

The Wallops aircraft contained a bank of four Hasselblad cameras.
Pertinent information concerning cameras, film, filters, and exposﬁre
are listed in Table 2. Three of the Hasselblad cameras were equipped
with the Wratten filter selections shown in figure 3 where transmit-
tance as a function of wavelength is plotted for the three filters.6
The number 58 filter transmits reflected sunlight only under the curve
in the blue-green-yellow region. The number 12 filter transmits
reflected sunlight under the curve in the green-yellow-orange-red
region with the cutoff in the red determined by the film used (Table 2).
The number 89B filter transmits reflected sunlight under the curve in

the NIR region with the cutoff again determined by the type of film
used (Table 2).

IT - 72



Black and white film, which was used in this experiment, was flown with
all three filters. In addition, a Hasselblad camera was used with con-
ventional color film and a haze filter to provide color reference. The
film-filter systems just described were selected to isolate the green

and NIR reflectance of phytoplankton as identified in the theory section
of this paper as well as to identify other color features such as the

red Maryland clay on the river bottom. The four cameras were synchro-
nized; this resulted in four sets of photographs (28 photographs per set).

RESULTS AND DISCUSSION

As predicted from our preliminary study, the photographs taken through
the NIR filter on black and white film revealed many features in or on
the water that contrast strongly with the background of the water as
shown in figure 4. Pictures 1 through 7 which show many features in the
water are from the flight line of the upper reach of the river where the
in situ data indicated very high chlorophyll a concentrations and very
low salinity. Pictures 9 through 15 are from the flight line over the
"salt wedge area,'" and as can be seen in pictures 10, 11, and 12, the
features are concentrated on the side of the river opposite the salt
water intrusion for the flood tide conditions existing at the time of
these pictures. Along the flight line over the lower reach, pictures 17
through 22, where the salinity is above six parts per thousand, the
features are absent and the water is uniformly black, with some increased
radiance in places from sun-glint, shallow bottom areas, and powerplant
smoke. The consistency of the quantity of features within the fresh
water area and the very high in situ measurements of chlorophyll a in
the same area identify the features in the water in pictures 1 through
14 as chlorophyll a-containing phytoplankton.

The positive prints that are seen in figure 4 were obtained by over-
development from a normally developed negative that, in turn, was obtained
with a camera setting that was one full stop open from the recommended
Kodak opening for the camera shutter speed, sun angle, and altitude of

the flight mission. As you can see in all the prints, the solid white
areas, which are land, are considerably overdeveloped, washing out the
land features normally emphasized in standard processing procedures. The
best exposure (which controls the ratio of density or contrast)7 for detec-
tion of the chlorophyll a-containing phytoplankton in the water cannot be
determined from just one set of photographs. However, overdevelopment

of positive transparency and prints is essential, as can be seen by com-
paring figure 4 with figure 5. In figure 5 are presented essentially

the same pictures as in figure L, only the development time of the posi-
tive prints is normal, resulting in the definition of many land features.
However, in these prints the water is essentially black; only the area
where surface phytoplankton was reported and very high chlorophyll a
concentrations measured, reflected sunlight.

Figure 6 includes a densitometer trace across print number 10 of

figure 4, and its location is shown by the arrows on an identical print
included on the right of this figure. The densitometer trace, which is
the solid line, is presented relative to the density trace over the

IT - 73



unexposed portion of the film (R) on the vertical scale and on the hori-
sontal as distance from one edge of the river (X), in kilometers. In

the figure the unexposed film is identified as A, the land area as B,

and the water areas as C. As can be seen, the difference in R between

B and A is large compared to the difference in R between C and A, and
between C and the radiance from the chlorophyll a-containing phytoplankton
in the majority of places. Therefore, since development time increases
the difference in film density or contrast,7 to enhance the phytoplankton
radiance relative to the water, it is necessary to overdevelop the posi-
tive transparencies and prints - thus overexposing the highly radiant
land area, but not the highly absorbing water area at the NIR wavelengths.

Mso presented in figure 6, as the dashed curve, is the depth of the river
bottom in meters, obtained from a marine map, plotted against distance
across the river in kilometers. The purpose of this curve is to establish
that the river between 0 and 1 kilometer, where there is a broad increase
in R on the densitometer trace, labeled bottom radiance, is approximately
2 meters deep. The justification for concluding that the increased
radiance in this area is due to sunlight penetration to, and reflected
from, the bottom can be established by comparing the two simultaneocus
pictures on the right of figure 6. In the upper portion of the top
photograph, just below the land, taken through the NIR filter that passes
only red and infrared radiation, there is an increase in radiance as
evident by the light area, while the same area of the bottom photograph,
taken through the number 58 green filter that passes only green radiation,
there is a decrease in radiance as evident by the area being dark in
relation to its surrounding area. Therefore, the increase in radiance

in the NIR photograph in this area cannot be due to chlorophyll a-
containing phytoplankton, nor is it due to white light (foam), because

the radiance is not increased in the same area of both the green and NIR
photographs, and must be due to either red or infrared radiation.

Dr. Lear has observed the bottom as being hard, red Maryland clay.

R obtained from densitometer traces of NIR photographs (Table 1) like
the one seen in figure 6, over each area where the in situ chlorophyll a
measurements were made, is plotted in figure T, represented by the
circles, against the measured chlorophyll a concentrations. The solid
curve is faired through these data points. Also shown in figure 7 is
the visibility depth (S), in meters, as seen by the eye, of a 30-cm
white disk (Secchi disk) that was lowered into the water at each of the
data stations. The dashed curve is a fairing through S, represented by
the squares, that were also plotted against measured chlorophyll a con-
centrations. The dashed curve consists of two straight lines intersect-
ing at the chlorophyll a concentration of L0 ng/f which you can see fits
the data reasonably well.

Observation of the faired values of R between the values of chlorophyll a
concentrations of 4 and 34 pg/f indicates that in the NIR R is not sensi-
tive to chlorophyll a concentration over this range of concentrations.
However, the faired values of S over this same range of chlorophyll a
concentrations indicate that the light penetration into the water is
decreasing with increasing chlorophyll a concentrations. Thus, the
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absorption of light with the increase in chlorophyll a concentrations
over the range of 4 to 34 pg/%, reduces the photic zone in the water,
but does not affect the upwelling NIR radiation back through the sur-
face of the water. Since the upwelling light back through the surface
of the water is not influenced in this range of chlorophyll a concen-
trations, observations of the back-scattered light from scattering of
the atmosphere and reflection off the surface of the water as a function
of sun altitude angle »9 can be made, providing other contaminants in
the water (such as suspended sediment) do not cause upwelling radiation
through the surface of the water in the NIR wavelength.

The very low value of R in figure 7 over the range of 4 to 34 pg/f of
chlorophyll a concentrations suggests that suspended sediments are not
significantly contributing to the upwelling light even though it is
common knowledge that the Potomac River carries a heavy sediment load.
This sediment load is confirmed by S of this figure which has a maximum
penetration into the water of only 1.4 meters. However, it must be
remembered that S was obtained with the human eye which responds best
at the green wavelength of light (the attenution length of green light
in distilled water approaches 20 meters3), and since the reflection
from suspended sediment is a function of both quantity and particle
sizel0 it could be possible that the size of the sediment particles in
the upper 2 meters of the river, for the river flow conditions on the
day of this mission, are below the threshold value for upwelling of
sunlight at the NIR wavelength. Therefore, the absence or the detection
in the NIR of suspended sediment when chlorophyll a concentrations are
below 40 pg/% could provide information at one of the two wavelengths
required for the measurement of suspended sediment.10 The other waye-
length would be around 523 nanometers where laboratory measurementsu
show the reflectance of chlorophyll a to be independent of concentra-
tions between 1 and 30 ug/f as it is in the NIR in this experiment.

Above chlorophyll a concentration of 34 pg/% in figure 7, R increase
and the S decrease, if any, is slight. Thus with chlorophyll a concen-
trations above 34 ug/%, the situation is reversed, with the photic

zone essentially constant and the upwelling light increasing. The
transition point cannot be precisely determined from this experiment
because of lack of data in the critical range of chlorophyll a concen-
trations, but it is defined as being between 34 and 51 ug/% and is
labeled "threshold for phytoplankton 'blooms'" on the figure.

The mechanism for the reversal of R and S cannot be determined from the
data of this photographic mission, nor can the percentage of upwelled
light indicated by the increase in R that would have been used for
photosynthesis by the phytoplankton.

The values of R from a series of densitometer traces can be employed

to map the chlorophyll a concentrations in a "bloom" area as seen in
figure 8 for a h-kilometer square of the river. As you can see in
figure 8, chlorophyll a concentrations are very erratic, and would be
impossible to describe or even average correctly with the limited ground
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truth data obtained during this photographic mission. However, it is
possible to integrate the densitometer data that were used to construct
figure 8 to determine the percent area coverage of various incremental
ranges of concentration of chlorophyll a as shown in Table 3. Table 3
shows that only 23 percent of the water area in figure 8 contains chloro-
phyll a concentrations that are below the threshold concentratioH for
producing phytoplankton "blooms." The largest percent of "ploom" area

is between the chlorophyll a increment of 40 to 60 ug/f with the "bloom"
area of each chlorophyll a concentration increment progressively reduced
with increasing chlorophyll a concentrations. Information of the type
shown in Table 3 over a period of time would be strong input for monitor-
ing the stress of a body of water from biodegradable pollution.

CONCLUDING REMARKS

On October 2, 1972, a photographic flight, at 3 kilometers altitude,
using Hasselblad cameras, was flown over the Potomac River "salt wedge
area.' During the same time in situ water measurements detected chloro-
phyll a concentrations that varied from 4 pg/f to >3000 ug/%.

From an analysis of photographs taken through the 89B near-infrared (NIR)
Wratten optical filter and a selected picture taken through the number 58
Wratten green filter, along with corresponding ground truth data, the
following conclusions can be made:

1. Overdevelopment of positive transparencies and prints from a negative
that was overexposed in relation to the Kodak recommended normal
exposure setting through an NIR filter greatly enhances the contrast
between phytoplankton '"blooms'" and the water background.

2. The penetration of sunlight into water can be photographed through
an 89B Wratten NIR filter to reveal bottom features as deep as
2 meters.

3. Using an NIR camera system, the threshold for phytoplankton "blooms"
is between the chlorophyll a concentrations of 34 and 51 ug/%.

4. The upwelling of NIR light through the surface of the water is inde-
pendent of chlorophyll a concentrations below a value of 3k ug/L.

5. The penetration of sunlight into the water as determined by the eye
from lowering’of a 30-cm white disk (Secchi disk) into the water
decreased with increasing concentrations of chlorophyll a below
the concentrations of 34 to 51 pg/%, and remained nearly constant
with further increase in chlorophyll a concentrations.

6. Detection of upwelling light in the NIR coupled with detection near
523 nanometers has a potential for measurement of suspended sediment
when chlorophyll a concentrations are below 3L ug/L.



7. Synoptic pictures in conjunction with, limited ground truth data
mekes detection and mapping of chlorophyll a-containing phyto- .
plankton "blooms'" possible over large areas of water - thus pro-. .
viding & strong input for monitoring the stress in a body of
water from biodegradable pollutants.
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Table 1. EPA,1 Mid-Potomac Estuary Phytoplankton Surveillance
Data, Surface Samples, October 2, 1972

Salinity Chloro- Wind
Cond. Temp. DO Secchih phyll a Wind wvel., See
Sta. No. Location? Time3 Tide umhos °/oo °C mg/% Disc-m. Mgm/L  dir. mph state R?

1 N 32 1415  Slack 12.1 7.5 21.0 5.8 1.L4h 007.5 N 0-2 Calm 0.94

2 Below Br. 1408 Slack 10.5 6.6 20.5 6.0 1.52 930.0 N 0-2 Calm .Th
West Side

3 Buoy CN 1403  Slack 10.5 6.4 21.4 6.4 1.80 3k4.5 N 3-6 Ripples .87

Y Nun 25P 1355 F 10.3 6.7 21.L4 ——  1.18 16.5 N 3-6 Ripples .78
Popes Cr.

5 c 3 1346 T 9.8 6.0 21.3 6.0 .67 10.5 N 3-6 Ripples .90

6 CT 1337 F 8.6 5.4 21.4 -— 1.23 L.o N 3-6 Ripples .77

7 C9 1328 F 8.0 4.8 21.2 6.5 .93 10.0 N 3-6 TRipples .78

8 N10 1320 F 7.1 L.y 21.2 6.9 .95 9.0 N 3-6 Ripples .80

9 N16 1306 F 5.7 3. 21.7 7.0 17 332.0 N 3-6 Ripples L4.58

10 C19 1253 F L.2 2.7 20.9 7.0 .82 6.0 S 2-5 Ripples .9k

1EPA, Annapolis Science Center, Annapolis, Maryland 21401.

2Coast and Geodetics Survey Navigation Map #559.

3Eastern daylight time.

The visibility depth of a 30-cm-diameter white disk.
SRelative reflectance, as determined by difference between light transmittance of densitometer traces
over the in situ data point location on the film relative to traces over the unexposed portion of the
film.
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Table 1.

Data, Surface Samples, October 2, 1972 - Concluded

EPA,l Mid-Potomac Estuary Phytoplankton Surveillance

Salinity Chloro- Wind
Cond. Temp. DO Secchi phyll a Wind wvel., Sea
Sta. No. Location? Time3 Tide umhos ©/oo °¢ mg/f% Dis-m, ugm/%  dir. mph  state RY
11 Buoy 22 12k F 3.20 2.1 20.7 7.5 0.82 57 S 2-5 Ripples -——-
12 Off 1230 F 2.75 1.7 21.3 7.6 L6 >3128 S 2-5 Ripples 18.40
Potomac Cr.
13 N26 1222 F 2.45 1.5 20.5 7.5 .59 783 S 2-5 Ripples 6.2k
1L off 1210 F 1.85 1.2 21.3 7.5 .72 1192 S 2-5 Ripples 5.80
Acqguia Cr.
15 N30 1201 F 1.80 1.0 20.2 7.5 .62 79 S 2-5 Ripples 2.38
16 N3k 1154 F 1.25 .85 21.0 7.4 67 328 S 2-5 Ripples L4.30
17 Off Va. 1146 F 1.00 .6 21.1 7.4 .64 51 S 2-5 Ripples 1.56
Shore
18 NLO 1137 F .75 .5 20.8 7.1 .72 559 S 2-5 Ripples 6.19
Mallow's Bay
19 chi 1130 F .40 .2 20.7 6.7 .72 76 S 2-5 Ripples 2.80
20 Buoy Ll 1120 F .25 .1 20.65 7.3 .59 2TL S 2-5 Ripples L4.52

lEPA, Annapolis Science Center, Annapolis, Maryland 21L401.

20oast and Geodetics Survey Navigation Map #559.

SEastern daylight time.
The visibility depth of a 30-cm-diameter white disk.
SRelative film transmittance, as determined by difference between light transmittance of densitometer
traces over the insitu data point location on the film relative to traces over the unexposed portion
of the film.
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Table 2.

Sensor Complement and Camera Settings

Focal Film
length format Speedh f—h
Camera (mm) Filtert (mm ) Film type? AETS (sec) number
1. Hasselblad 40 58 (green) 70 2402 Black & 6 1/250 5.6
White
2. Hasselblad L0 12 (yellow) 70 2402 Black & 40 1/250 11
White
3. Hasselblad 40 89B (NIR) 70 2Lk2lk Black & 28 1/250 8
White NIR
L. Hasselblad 40 HF-5 (haze) e S0-397 Color 12 1/250 5.6

lKodak Wratten filter number.

2

Kodak film number.

3Kodak recommended aerial exposure index.

hActual exposure.



Chlorophyll a concentrations,

Area covered,

ug/ percent

<ho 23

40 to 60 36
60 to 100 18
100 to 175 6
175 to 300 5
300 to L60 3
>1000 6

IT - 81



8 - II

1/e ATTENUATION LENGTH OF DISTILLED WATER
b [ (REF. 3) 7 30
— / \\
/ \
REFLECTIVITY OF
.4 CHLOROPHYLL — 20
PLANTS (REF. 2)
ATTENUATION
REFLECTANCE 7| LENGTH, m
.2 — 10
\\
| | I_~-1_ | | | 0

0.4 5 6 .7 8 9 1.0 11 12
COLOR=|V |B |G| Y|O]R |«
WAVELENGTH ,
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The St. Louis Regional Air Monitoring System

James A. Reagan

ABSTRACT

The Regional Air Monitoring System (RAS) consists of 25 sta-
tions observing geseous, particulate, meteorological, and radia-
tion parameters. Distribution of the stations is on four concen-
tric circles, centered on the arch, and et distances of 4, 9, 20,
and 40 kilometers. The system is designed for a 90% date capture,
excluding scheduled calibration. Scheduled maintenance was designed
in conjunction with remote calibration capabllities to reduce op-
erational manpower requirements.

Parameters monitored at one or more stations include: sulfur
dioxide, hydrogen sulfide, total sulfur, carbon monoxide, total
hydrocarbons, methane, nitrogen dioxide, nitric oxide, ozone, visi-
bility, wind speed, wind directions, tempereture, relative humi-
dity, pressure, temperature differential, solar radiation, three
component wind speed, and particulate loading. Each station has
independent operational capability, including in situ recorders.
Stations are linked via a telephonic communication network to a
data center. Routine monitoring of the data stream is made to
flag observational or system monitoring anomalies.

The system is designed to be a research tool, implying a
high quality of data, yet fabricated and operated at minimal ex-
pense. Technology spinoff will include system design specifica-

+ 3 [y P . . .
vi0ng, prerzormance specifications, operation, and troubleshooting
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manuals for system components. Data from the network will be
available to requestors through a convenient distribution chan-

nel.
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INTRODUCTION

The Regional Air Pollution Study or RAPS will develop mathe-
matical simulation models of atmospheric processes affecting the
transport and concentration of air pollutants. BExtensive source
and receptor data will be collected. Additional coordinated ex-
periments to elucidate interim species, reaction rates, and energy
balances will be performed.l

Any of these models may be represented by the relation of the

change in time with the change in space equals the losses and addi-

tions from reactions and sources and due to diffusion.
dc . 9 = = =
==+ 7= (w) =D+=r + R (c,T) + 5 (x,t)

This vector differential has many submodels which require develop-
ment,

Figure 1, displaying the schematic of the model, is a diagram
of the overall system. Sulfur and particulates primarily from sta-
tionary sources, along with nitric oxide and hydrocarbons from mo-
bile sources, are transported through the atmosphere. In route they
undergo a series of complex reactions with one another resulting in
new species formetion and alteration of existing ones. Ambient air
quality is translated into effects on the people and the environment
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The RAMS measures portions of each box except Sources. Mete-
orological measurements give data for the characteristic transport.
Incident solar energy of the right wavelength drives some of the
critical chemical transformations. All of the pollutants are moni-
tored by appropriate air quality sensors. Resultant effects on
visibility are also measured. This system then is designed to pro-

vide many direct measurements on the model parsmeters.

GENERAL SYSTEM

RAMS consists of 25 stations situated throughout the St.

Louis area. Each station has & full compliment of basic air qual-
ity and meteorologicel monitoring equipment. They are linked to-
gether via a telecommunications network, and all data are sent to

the central data acquisition system on a one minute polling frequency.
Several stations have special sampling equipment which is placed
because of site or area considerations.

The system is designed to achieve a 90 percent data capture
rate. ©Scheduled maintenance is excluded from this. We felt that
the equipment is not state-of-the-art, albeit close to that. There-
fore, the system was awarded on a performance contract basis as long
as certain standards of technical excellence were met or exceeded.
Currently, the schedule calls for the first station to be delivered

in late January 1974, with the remainder following at a rate of one

per week.

SITING CRITERIA
Dr. Francis Pooler, in his paper on the "Network Requirements
Tor the St. Louis Regional Air Pollution Study,"2 discusses the
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number and position of stations with the guidelines of the study
objectives, as follows:

l. Extensive spatial coverage is necessary for including
the entire metropolitan area.

2. For large networks the marginal increase in know-
ledge with the addition of each station declines after
the nth station.

3. Simultaneous measurements should be made at all sites
for a long enough interval of time to include all the
varying weather regimes.

4. Station costs become fixed after about ten stations.
Most manufacturer discounts do not decrease after the
10th item.

5. The same measurements should be made at all sites.

6. Minimize labor costs, even if reasonable increased
capital costs are initially incurred.

7. Colocate meteorological measurements with air
quality measurements for convenience.

We settled on a subjective number of 25 stations as being ade-
quate to supply our needs. This was reached by considering four con-
centric circles of six stations each around a central station. This
has been modified as shown on the map.

To arrive at the final network layout, several factors were
considered:

1. At least one station should be in the upwind sector,
regardless of the wind direction.

2, Comparison of upwind-downwind measurements is de-
sireable; therefore, each upwind site should have &
downwind counterpart.

3. DPlace sites so that the station density is roughly
proportional to pollutant gradient.

4. Incorporate existing monitoring efforts as much as
ig feasible.
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The first criteria can be met by placing four rural sites at
approximately 90 degrees azimuth spacing. Existing data show that
the gradient slackens off out to 10 kilometers from the Arch, with
most concentrations occuring in that area. The St. Louis City/
County network and the Illinois EPA network constitute most of the
existing surveillance system. Therefore, the rings were set at
distances of L4, 9, 20, and 40 kilometers from the central station.
Actual station location is within less than a kilometer for the
center city stations, increasing to a 5-kilometer area on the outer
ring. Density was also increased in the third ring to eight stations
since most of this ring is in the heavy surburban area. The four
outer stations are designed to monitor background levels.

Several specific criteria must be followed as much as possible.

1. The site should be representative of a reason-
ably large area.

2. The site should be 1 kilometer or more from a major
traffic artery.

3. BSite should not be in the lee of a building.
L. There should be no significant obstruction to the
air flow higher than one-tenth the distance to the ob-

struction from the point of measurement.

5. Terrain should be representative of the surrounding
area that is not in a depression.

6. Power and communications should be available, for
they can be very expensive to bring any great distance.

Locations for sites were defined to allow the chance of finding in-
expensive, acceptable sites. An absolute coordinate location is

impossible to achieve in an urban area.
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STATIONS

Fach station is a 10-by-16-foot shelter mounted on concrete
piers. A free standing 10 or 30 meter tower is adjacent to the
station on the northerly side. The shelter is of prefab construc-
tion with white walls and a flat roof with steel mesh covering to
allow roof access and utilization. A four-ton cooling system with
good internal air circulation is provided to maintain a constant
temperature of T72° + 3°. Instrument heat is sufficient to require
cooling to temperatures near the freezing point of water. Dual
exits are provided for quick exit as well as an automatic heat sens-
ing and Freon fire extinguishing system. Air pumps are mounted in
a sound-proofed box which doubles on top as bench space. Gas
cylinders are placed in a fire-proofed compartment with forced air
draft to prevent the build-up of explosive gas concentrations. Hy-
drogen is provided to the instruments by means of a catalytic
separator in lieu of pressure bottles.

The air quality sensors have been provided with zero and span
gas systems capable of remote actuation. This is an example of a
capital equipment expenditure which should pay for itself within one
year by reduced personnel costs. Critical air flows, power levels,
range settings, and calibration status are monitored to assure
Proper component performance.

Air quality instruments were selected to:

1. Detect levels below normal ambient level minima.

2. Have noise generally less than one percent of full
scale values.

3. Have zero and span drift no worse than one percent
a day or 3 percent in three days.
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L. Operate without failure for more than a week.

These specifications are general, and each instrument has a speci-
fic set applicable to it.

Tnstyuments selected are not on board, so they must still be
considered tentative. They include good analyzers, performance and
price considered, but are not necessarily the only instruments hav-
ing good performance, low price, or both. The cholces certainly
cannot constitute an Agency endorsement, since we have not had an
evaluation of the application of Finagle's laws to this system.

Fach station will have an ozone monitor based on the chemi-
luminescent method. The probable instrument is the Monitor Labs
8hk1o.

Each station will have a NOx box capable of direct NO and NOx
determination and N02 inference. The probable instrument is the Moni-
tor Labs 8440,

Each station will have & total hydrocarbon, methane, carbon mon-
oxide monitor based on chromatographic separation. The probable in-
strument is the Beckman 6800.

Twelve stations will have a total sulfur monitor based upon
flame photometric detection. The other 13 stations will have a sul-
fur gas chromatograph capeble of total sulfur, hydrogen sulfide, and
sulfur dioxide. Most station locations should have only sulfur d4i-
oxide impinging upon them. This is due to the primarily local source
nature of any other sulfur gas. Since the total sulfur analyzer is
cheaper by half than the chromatograph, as well as more dependable,

we split the stations in half for these measurements. Chromatographic
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analyzers will be placed where other sulfur gases maybe expected or
are known to be present. The probable total sulfur analyzer will be
thé Meloy SA 185,and the Chromatograph, the Tracor 270 HA.

Each station will have a nephelometer for visibility and fine
particulate determination. This will be the MRI 1550, the only one
on the market.

Each station will have two gas bag samplers for the deter-
mination of hydrocarbon concentrations by laboratory chromato-
graphs. If the bag material is suitable, they may be used for the
collection and analysis of tracer compounds such as sulfur hexa-
flouride and freon 11.

A1l meteorological instruments will likely be provided by
MRI with one exception.

Each station will have wind speed, direction, and ambient tem-
perature.

Twelve stations will have a temperature differential between
ground level and 30 meters.

Barometric pressure will be measured at seven stations, es-
sentially the outer perimeter and one diameter through the system.

Dew point will be measured at each location, probably with the
Cambridge 880.

All meteorological instruments were ordered with the pro-
vision that they meet standard catalog specifications. The deter-
mination of relative humidity or dew point is considered to be es-
pecially important since this heavily influences aerosol formation.

Solar radiation measurements will be made at up to six stations
to determine the incident solar output. All equipment will probably
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be provided by Eppley and have common batch optical glass filters.

Measurements made include total incident radiation, total 300-
395 nanometer radiation, and total 300—695 nanometer radiation us-
ing pyronometers. Pyrheliometers with filter wheels consisting of
filters having no cutoff, 395 nm cutoff, 475, 530, 570, 630, 695,
and 780 nm cutoffs. Pyrogecmeters measuring 3-50 um will also be
used.

Spare parts for the instruments were established as spare in-
struments in the amount of 10 percent for all instruments except the
chromatographs, for which 20 percent will be ordered.

The outputs from each sensor are converted by an Xincom A/D
converter to digital input tc a PDP-8/M computer with 16K core, Per-
tec magnetic tape drive 9 channel, 800 bpi density and ASR~-33 tele-
type. Addition of new equipment is easy because ¢f the extra control
and data sampling capabilities of the data acquisition system. Data
is continuously recorded in situ, allowing the telecommunications link

to be lost with no loss of data except in real time.

CENTRAT, FACILITY
A PDP-11/40 computer with 32K core, three tape drives, three
1.2 megaword dishes, console, line printer, card reader, graphics
printer/plotter and CRT is the base of the data acquisition system. A
PDP-11/05 front end processor handles station telecommunications
while the foreground of the 11/L0 handles peripheral devices and the

Disk Operating System is kept in background.
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Each station/instrument is polled each minute, and a one-
minute average is transmitted to the central computer. Each station
samples once each half second and stores the sum until converted
and transmitted. Raw voltages are written to magnetic tape, which
is subsequently processed to produce a tape with validated one-
minute values. Hourly averages are formed in the computer and
kept for up to a month on the random access storage.

The primary purpose of the central computer is to handle
large volumes of data from the network, as well as other sources, such
as special mobile samplers or alrcraft. It can be used to validate
and get a quick look at data, but it is not for the testing of models
or any large scale correlation work. It is intended that the total
data base will be accessible by the Univac 1110 system which will be

at the Research Triangle Park.

SUMMARY
RAMS is a portion of the overall Regional Air Pollution Study.
It is designed to be a research tool and not an enforcement moni-
toring network. The contractor selected for fabrication and opera-
tion is the Rockwell International Science Center of Thousand Qaks,
California. Anyone desiring detailed descriptions and specifica-

tions should contact me at the EPA office in St. Louis.

II1 - 14



BIBLIOGRAPHY

Allen, Philip W. Regional Air Pollution Study - An Overview. APCA
Annual Meeting, Paper No. 73-21.

Pooler, Dr. Francis. DNetwork Requirements for the St. Louis Re-
gional Air Pollution Study.

ITT - 15



Samnt

.. RS
-—
/.-’
Y, .
- 3 ST
T
-
N L/
s

91 - III

Charles

RAPS/RAMS PROPOSED STATION [ OCATIONS

STATIONS ARC ApoangED M CONCENTRIC CIRCLES
ADJUND  STATIOM 10% AT DISTANCES OF 4, 9,
20, AND 4D TILOMETERS. THL STARS ARE AT
THE  APPROTIMATE CINTIR OF THE AREA UWDER
COMSIDCRATION GANGING FROW LESS THAR A
TILOMETER'S  RADIUS AT THL CEMTRAL STATIOM
TO AMEIT A 5 TILOMCTER RADIUS AROUMD THE
OUTTR CINCLE (F & STATIONS.



LONG PATH OPTICAL MEASUREMENT OF
ATMOSPHERIC POLLUTANTS

Material prepared for discussion with EPA Regional
S & A Representatives, NERC-LV, October 10-11, 1973

By

Andrew E. 0'Keeffe, Chief
Air Quality Measurement Methods Branch
Chemistry & Physics Laboratory
NERC-RTP

At the time when this symposium was first being organized
early this summer, John Koutsandreas asked me to participate by
describing that work of my branch related to remote sensing of
pollutants. I promptly breathed a sigh of relief and explained to
John that my branch, being totally concerned with the measurement
of pollutants in ambient air, has no work in progress aimed at
remote sensors. I went on to explain that we have given considerable
thought to the concept and have concluded that, since there exist no
physical or legal restraints upon our access to the air around us,
there is no demonstrable need for sensing its pollutant content
remotely.

It turned out, however, that my sigh of relief was premature.
It seems that the symposium organizers were aware of certain of
our ongoing work and felt that it was within their sphere of
interest. Naturally, I felt complimented by their interest, and
willingly joined in a semantic discussion that soon led to a
redefinition of remote or non-contact sensors. They are, for the
purposes of this paper, those devices that accomplish the measurement
of an atmospheric pollutant without physically transferring a sample
of the air to an observation chamber within the instrument. In
order to clarify this definition and thus avoid later confusion, let
us look at two illustrative examples. An instrument that measures
a pollutant by observing its spectral properties within a closed
cell into which an air sample is pumped is obviously in contact
with its sample. A second instrument that performs the identical
function by observing the spectral properties of the pollutant along
the path of a light beam projected from the instrument to an external
reflector and thence back to the instrument is - by this definition -
non-contact, although a purist might argue that the reflected external
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beam effectively stretches the instrument out and wraps it around
the observed sample. I repeat that, for the purposes of this
paper, the latter is defined as a non-contact operation.

The program of the Air Quality Measurement Methods Branch
includes a single segment comprising non-contact measurements as
I have just defined that term. The remainder of my presentation
will consist of descriptions of the several tasks presently operating

within that segment.

Presently, there are three active contracts within the area of
long path optical measurement of ambient air pollutants. As all
three are based on the same basic principle a single descriptiun
of that principle will apply to all three and thereby save both your
time and wmine.

Monochromatic light having a wavelength corresponding to a
principal absorbance maximum of the pollutant to be measured is
projected outwardly from a source to a retroreflector, which returns
the beam to its origin. There sensitive detectors read the
intensities of the transmitted and received beams. ZElectronic
logic devices compare the two light intensity values and display
a signal representing the attenuation of light of the selected
wavelength as the beam traversed the path source-reflector-detector.

In the simplest case the light attenuation whose measurement
we have just described serves as a direct measure of the concentration
of the pollutant of interest. But Nature is seldom simple, so in any
real-life situation we will observe an attenuation that is the sum
of that caused by the pollutant, plus that caused by other gases
present - e.g., CO,, water -, plus a further loss caused by tur-
bulence of the air“in the optical path. If we are to obtain an
accurate measure of a pollutant we must find ways of eliminating
the extraneous effects.

Potentially interfering contributions to light attenuation, if
they are wavelength-independent, can be effectively eliminated by
reading the difference 1n attenuation between two wavelengths, one
being at a peak, the other at a valley, in the absorbance spectrum
of the pollutant of interest. This strategy is capable of almost
completely eliminating the turbulence effect, provided the two wave-
lengths are observed over a period (milliseconds) less than the time
required for a significant change to be induced by turbulence. Its
capability for eliminating interferences due to other absorbing gases
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1s less, to the degree that the spectra of such gases possess
structure at or near the wavelength of observation. This capability
can usually be extended, however, by observing at three, four or
more wavelengths in a manner such that some algebraic combination -
say A - B+ C - D, for a simple example - is dependent on pollutant
concentration but independent (or relatively so) of the interferent.

The light sources used in the several projects now active are
characterized by being highly monochromatic. That is, their entire
output lies within a very narrow wavelength band. This, together
with the added quality of tunability, gives them great flexibility,
in applying the strategy which I have just described in order to
attain great specificity for any given pollutant.

Before discussing the individual contracts, I would like to
spend a moment on the rather high level of apparent redundancy among
them. In most of our program we reserve the sponsoring of parallel
efforts aimed at a single objective for those needs for which we
cannot accept the failure of a single selected approach to reach the
objective within a fixed time frame. This is nearly equivalent to
saying that redundant strategles are applied only in situations
approaching the crisis category. 1In the present case, that of long
path optical measurement, our reason for funding parallel - possibly
redundant - efforts is based, not on any overwhelmingly important.
need, but on the simultaneous emergence of three separate proposals,
all already partially developed through other funding, each having
about the same probability of success, and each involving a highly
specialized technical team that will be disbanded if funding support
cannot be provided. Under these circumstances we feel that we are
fully justified in supporting all three contractors.

In a contract with the General Electric Company we are
investigating the application of gas lasers to long path instru-
mentation. This effort centers on, but is not restricted to, the
carbon dioxide laser. Carbon dioxide when excited within the cavity
of a laser initially emits a series of some 70-odd spectral lines
in the 9-11 micron region. An external grating and chopper operate
to sequence four lines, preselected by computer comparison of all
possible lines with the absorbance spectrum of the pollutant of
interest (in this case ozone). The four light pulses, each carrying
light of its own unique wavelength, exit from the instrument, traverse
the atmosphere that is being observed, and are returned (again traversing
the same path) by a retroreflector situated some 1 or 2 kilometers
away.

Upon returning to the instrument, the intensity of each pulse
is measured and compared with that measured for the same pulse a
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few microseconds earlier on its outward journey. The differences,
or attenuations, of all four wavelengths become the coefficients
of a set of equations whose solution equals the average ozone
concentration along the optical path just described. An on-line
computer derives the necessary equations through an empirical
calibration procedure and thereafter serves to accomplish their

solution.

The instrument that I have described is presently being
compared with point-sampling instruments that physically traverse
the same path. Assuming reasonable agreement in this test, it is
planned to assemble a prototype instrument on a trailer mount and
to carry out extensive field evaluation.

A second contract, with the Lincoln Laboratories of Massachusetts
Institute of Technology is, in general concept, sufficiently similar
to that just described to eliminate the need for a separate overall
description. Its most salient feature is the use of a tiny crystal
diode laser as its light source, analogous to the gas laser previously
described in connection with the General Electric program. Lincoln
Laboratories have developed the art of synthesizing such crystals in
a form that exhibits spectral resolution several orders of magnitude
finer than is possible with gas or other lasers. By appropriate
control of composition they can achieve rough tuning close to a
desired wavelength, and can perform fine tuning to a precisely
selected value by controlling the operating current. Described in
simple terms, the resolution of such a laser is to that of a tunable
gas laser as the gas laser is to a grating monochromator. Resolution
of this order is an extremely powerful tool in attaining the needed
single-substance specificity in long-path pollutant measurement,
since it multiplies the ability to discriminate against potential
interferents. To counterbalance the obvious advantages of Lincoln
Labs' diode lasers, we are faced with two principal disadvantages
inherent in them. One is that their power output is extremely small,
thus requiring the most sensitive light detectors for their utilization-
and these must be operated at or near the temperature of liquid helium.
The other is that the diodes themselves must be operated at cryogenic
temperatures in order to maximize their resolving capability. For-
tunately it is possible to mount laser and detector in fairly close
physical proximity to one another, so that both demands for cooling
can probably be satisfied with a single device. Lincoln is now
carrying out studies to determine the optimum tradeoff between cooling
requirement and quality of performance of the system. It appears
quite likely that they can assemble a system capable of operating on
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commercially available mechanical refrigeration, thus avoiding
the need for supplying liquid helium to a field installation.

A breadboard assembly of Lincoln's best effort to date will
be compared with moving point-sampling instruments in a preliminary
evaluation scheduled for later this month.

Our third extramural effort in long-path optics consists of a
grant to Tulane University. A group under Dr. Hidalgo there
is studying gas lasers similar to those being used in the General
Electric program. Their effort involves theoretical and experi-
mental application of more sophisticated tuning techniques to the
carbon dioxide laser, with their results being checked out through
actual measurement of atmospheric ozone and comparison of results
with moving point samplers.
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A REVIEW OF AVAILABLE TECHNIQUES FOR COUPLING CONTINUCUS GASEOUS
POLLUTANT MONITORS TO EMISSION SOURCES

James B. Homolya, Research Chemist ‘
National Envirgnﬁental Research Center, Research Triangle Park, N.C.

Chemistry and Physics Laboratory

INTRODUCTION

The state-of-the-art in the development of source level
pollution monitors has reached the stage at which several viable
detection methods are available. Instrument systems have been
designed which are based on either process analyzer concepts or
modification of ambient air sensors, Measurement techniques
such as nondispersive infrared or ultraviolet absorption have
long been incorporated in the analysis of process streams whereas
flame phctometry, chemiluminescence, and electrochemical trans-
ducers have found initial applications in ambient air monitoring
instrumentation where high sensitivity is required.

Nearly all of these sensors have the required sensitivity,
freedom from interferences, and adequate response time where
application for source level pollution monitoring presents no
problem on the detectors themselves. But we find that for moni-
toring stationary sources of gaseous emissions, consideration
must be given to the complete monitoring system. Stack emissions
usually contain corrosive gases at elevated temperatures. Such
streams may have a high dew point temperature or include parti-

culate matter of varying composition and size. A monitoring
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svstem must be capable of continuously extracting a sample from
these types of sources, transporting it to the detector, and
conditioning it, 1if necessary for an accurate analysis.

It is impertant that the extraction, transport, and condi-
tioning of the sample be consistent with the analytical method
involved. At present, there are three sampling conditioning
'

techniques available. These consist of: a) a ''brute-force'

approach; b) dilution techniques; or c¢) in-situ measurement.

SOURCE LEVEL SAMPLE CONDITIONING

Figure 1 illustrates a typical measurement system for
extractive monitors having application for the analysis of SO2
or oxides of nitorgen from combustion sources. The gas sample is
withdrawn from the stack via a filtered-probe and passed through
a water removal system (usually a refrigerated dryer) before
entering the analyzer itself. For long term overation, the water
condensate 1s continually removed and the probe filter is
periodicallv back-flushed with compressed air to remove entrained
particulate matter. The svstem also contains some provision
for the introduction of zero and calibration gases. Several
potential sources of error can exist in such a sampling system
prior to the instrument detector. Sample integritv can be
destroyed by: (1) chemical reaction with surface materials,
(2) chemisorption on particulate matter, (3) solution in the
water condensate, and (4) leakage of sample lines. The

Environmental Protection Agencv has contracted an investigation
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into these problem areas.1 Hopefully, design criteria can be
established for analyzer-interface combinations appliied to
general stationary source categories.

An extractive monitoring system for combustion sources
requiring minimal sample conditioning is jllustrated in Figure 2.
An air aspirator is utilized to extract a sample from a source
on a continuous basis. As our experience has demonstrated that
sample pump failure has been a major problem area in continuous
source monitoring, the use of aspirators could be advantageous
if a source of plant or instrument air is available at the
system installation site. This particular system, incorporated
as part of a research study discussed later in this paper, is the
DuPont 460/1% SO, and NO_ analyzer. Stack gas is passed
through a heated sample cell positioned between an ultraviolet
energy source and a phototube detector. Sulfur dioxide and the
nitrogen oxides in the sample gas are analyzed in sequence. A
split-beam photometer is utilized by measuring the difference
in energy absorption at 280 nm and 436 nm measuring wavelengths
and at a 570 nm reference wavelength. The 280 nm wavelength is
chosen for 802 measurement with the 436 nm wavelength selected for
NO2 measurement. Since nitric oxide has little absorbance in

the visible and ultraviolet, conversion to NO2 is required for its

* Mention of Company name or product 1s not intented to

constitute endorsement by EPA,
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measurement. The system achieves this conversion by reacting

NO in the sample with oxygen at high pressure. By measuring

the reaction product at roughly 90% completion, a sequential
analysis of 802, NOZ’ and NO can be accomplished every 15
minutes. Between each analysis sequence the gas cell, heated
sample line, and probe ¥ilter are backflushed automatically with
air to remove particulate matter from the system and obtain a
"zero" for the photometer.

The particular design of an extractive monitoring system
depends largely on the characteristics of the emission source.
For example, Figure 3 illustrates a typical monitoring system
configuration for analyzing the atmospheric emissions from
sulfur acid plants. In this arrangement, the probe filter has
been eliminated because of the absence of particulate matter in
the source emission stream. The filter has been substituted with
a coalescing device to collect sulfuric acid mist before con-
taminating the analyzer. This type of system has been widely
used in conjunction with many of the nondispersive infrared

analyzers.

SAMPLE DILUTION TECHNIQUES
Dilution techniques can offer an advantage in sample con-

ditioning by eliminating heated sample lines and water vapor

removal systems, if the stack gas sample can be quantitatively

diluted as close to the source as possible. Such devices are

based on controlled flow, permeation sampling, or mechanical means.
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Figure 4 illustrates a controlled-flow dilution system
for monitoring stationary sources. The stack gas sample is ex-
tracted via a filtered probe and transported to the dilution
network and analyzer by heat-traced sample line. At this point,
the source sample is quantitatively diluted with air by a con-
trolled-flow/orifice combination. In this particular system,
sulfur dioxide is measured by a flame photometric detector.
Principally, the dilution concept is incorporated in this device
to dilute the S0, level into a range of linear detector response.
The dilution ratio is in the range of 1000 to 1. The sample
stream must be filtered from particulates to avoid altering the
orifice dimensions which would change the dilution ratio. In
addition, a constant temperature must be maintained at the
dilution network.

More recently, the controlled-flow approach has been applied
to an in-situ dilution System.2 In this application, a
specially-constructed sampling probe acts as the orifice but
with attainable dilution ratios ranging from 2:1 to 20:1.

Diffusion or permeation sampling devices have been widelv

reported in the literature.3’4

A general configuration for such
systems is illustrated in Figure 5. A source sample stream is

introduced into a chamber divided by a membrane permeable to the
gaseous component of interest. Gases permeatine the membrane are

swept from the chawber by a carrier stream and delivered to the

analyzer. Both FEP Teflon and silicone polymers have been used
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as memhrane materisl for 902 and NC dilution. In addition,,
polymer tubes have been substituted for the membrane. In tliis
manner, the tube is enclosed in a temperature controlled ch amber
and the sample stream passes over the outer surfaces of the

tube with carrier gas flowing through the tube. The desire :d
dilution ratio is dependent upon: (1) the permeability of the
membrane or tube to the component of interest; (2) the sur :face
area of the membrane or tube and its temperature; and (3) the
volume flow of the carrier gas stream. Systems utilizing this
technique are commercially available from several manufac :turers.
However, the permeation samplers still require extractio n of a
source sample which must be filtered and held at an elev rated
temperature prior to entering the diffusion chamber.

Recently, a mechanical device has been developed i n our
laboratory to quantitatively dilute a source siample in- situ,
eliminating the need for heated sample lines and probe filters.5
The system, illustrated in Figure 6, utilizes a rotati ng disc
containing sample chambers of known volume. ™The disc is sand-
wiched between two stationary discs having sample inle:t ports to
allow gas exchange between the sample chambers and the: st.ack gas
environment. In practice, the dilution head is inserited. into the
emission stream. Rotation of the sample disc effects gas ex-
change at the sample inlet ports and at a mixing chambr2r into
which a diluent gas is introduced. The dil.uted sample: stream

is then analyzed by an ambient air analyzer:. The dil ution
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ratic> -depends upon: (1) the number and volume of sample chambers;
(2) t he: rotaticnal speed of the sample disc; and (3) the volume-
tric 1 low cof the diluent gas. Operation of the sampler has been
demons trated in the field by the continuous analysis of the S0,
emissic >»ns from a 190 megawatt pulverized coal boiler.

Fi gure 7 represents a typical 24-hour segment from a week's
continu: ous operation during which the "disc diluter" was coupled
to a cor ductometric ambient 502 monitor. The resultant 802
emission s, based ocn a dilution ratio of 1600:1 are plotted
against t -he net load, in megawatts, from the boiler turbine
generator . The diluter/analyzer combination appears to follow
the trend. s in power output quite consistently. Further develop-
ment of tt e dilution system is being carried out under contract
to determi ne its range of applicability.6 Also, design modi-
fications | 1ave been incorporated to allow in-situ calibration of

the dilutic n head.

IN-SITU MON ITORING

In-stacck measurement avoids any extraction of sample by
utilizing titie sample stream itself as an analysis chamber. These
instrument csiystems employ electro-optical detection which can be
arranged in three differing configurations.

A follded-path desigy places the energy source and receiver
at the same location. In this manner the energy beam enters the
emission st ream througlh a slotted probe and is reflected back

into the inc'trument. For large stack or duct diameters, the path-
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length of measurements might be representative of a relatively
small portion of the stack diameter,

A double-ended svstem is one in which the source and
receiver are located at opposite ends of the stack diameter.
However, some instruments still might require the use of a slotted’
pipe extending across the stack to either prevent misalignment
of the optical beam or restrict the absorption pathlength to
maintain a linear detector response.

Recently, an investigation has been completed which com-
pared both extractive and in-situ electro-optical instrumentation
for the measurement of SO2 emissions from a pulverized-coal
power generating boiler. An assessment was made of individual
system performance under field conditions. To accomplish this,
particular areas of interest in this study included: (1) an
investigation of the effects of variations in fuel composition,
boiler operating conditions, and particulate matter on the
various measurement systems; (2) a correlation of instrument
response with standard EPA compliance test methods:’ and (3)

a determination of several instrument operating criteria such as
zero drift, span drift, and maintenance.

This study was carried out at the Duke Power Companv's
River Bend Steam Station in Charlotte, North Carolina, from
Januarv through March, 1973. Table 1 outlines the instrumentationa
utilized during the study. Sulfur dioxide levels were simul-

taneously monitored by three discrete systems. They consisted
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of the DuPont 460/1 source monitoring system for S0,, NO, and

NO_; the CEA Mark IV in-situ 802 system; and the Bailey Meter
Company S0, source analyzer. A in-stack transmissometer measuring
opacity and a beta-gauge mass particulate monitor which were
installed in the source stream as part of parallel research
studies in progress at the time provided supporting measurements.,
An instrument was also used which was able to provide a continu-
ous record of stack gas velocity and temperature.

The instruments and sampling probes were installed in the
stack of a 150 megawatt wall-fired boiler. The power generating
unit was equipped with both hot and cold electrostatic precipi-
tators containing a total of 14 stages. Therefore, the particu-
late loading in the stack could be varied in finite increments
over a wide dynamic range. A small building was erected at the
base of the stack to house the instrument control units and a
digital data acquisition system. The output signlas from all of
the monitoring devices were coupled to are Esterline-Angus 2020
digitizer with a teletype print out. 1In addition, each measure-
ment was recorded on stripcharts.

Figure 8 is an illustration of the optics utilized in the
CEA in-stack SO2 correlation spectrometer. In this system,
light from a tungsten halogen lamp is collimated and then reflected
off the flat zero/read mirror. When this mirror is in the "read"
position, light is directed into the probe and the probe mirror
directs the light beam back into the spectrometer. If 802 is
present in the probe slot, it will absorb energy in regularly
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spaced bands at BOZSK. Light passing through the entrance

slit is reflected off the modulator mirror to the diffraction
grating. The grating disperses the light, spatially displaying
a focussed absorption spectra of SO2 at the exit mask. The
optical center of the modulator mirror is tilted at a slight
angle with respect to its axis of rotation, causing the angle at
which light strikes the grating to vary as the motor rotates.
This in turn causes the absorption spectra to scan the exit
mask in a circular fashion, creating a series of harmonics whose
intensity represents the SO2 concentration.

When the zero/read mirror is in the "'zero' position, light
is redirected into the spectrometer, by-passing the sample probe,
to provide a zero check. If a temperature-stabilized gas cell
containing a known 802 concentration is introduced into the path
while the mirror is in the 'zero" position, an instrument span
check can be made. The output signal is affected by temperature
variations of the absorbing gas in the sample slot. The effect
is governed by the Charles' Law Relationship and spectral band-
broadening at high temperatures. A 6°C. change in stack gas
temperature alters the output signal bv 3 percent. This could te
significant in applications in which there are wide fluctuations
in the emission temperature.

Figure 9 illustrates the operation of the Bailey 502 source
monitor. The system consists of a source housing and a receiver,

The source contains two hollow cathode lamps, a reference sensor,
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and optics. The receiver contains another identical sensor.

A slotted pipe is provided with a metered flow of purge air to
each housing to maintain a definite optical pathleneth through
the gas to be analyzed. The electronics are contained in a
cabinet. The source lamps were chosen to emit ultraviolet energv
at two closelv spaced wavelengths. In operation, the lamps

are pulsed alternately on and off and out of phase with each
other. Under these conditions, the sensors are detecting the
absorption of UV energy at two discrete wavelengths closely
spaced such that the extinction coefficient of particulate matter
remains the same. Therefore, the output signals represent the
average 802 concentration across the pathlength determined by

the slotted pipe.

After installation, the instruments were operated continuously
for three months. For nearly two-thirds of this period, they
were left unattended as an attempt to assess their true relia-
bility in an actual installation. An example of the information
being obtained in the program is outlined in Table 2 which
summarizes the data from an experiment to determine possible
particulate interferences on the measurement systems. In this
experiment, the particulate concentration in the stack gas stream
was systematically increased to yield a range from 2 1/2 percent
through 48 percent stack opacity. During this time, the instru-
ments were operated continuously and the data logger was cycled at

10-second intervals to closely approximate integration of each
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instrument signal. Concurrently, a series of compliance test
(Method 6) samples were taken as a reference. During the course
of the experiment, net load of the boiler output increased

which resulted in a proportional increase in the 502 concentration
by some 50 percent as seen from the Method 6 analyses. Through-
out the period, data obtained from the DuPont and CEA systems
did not show an appreciable effect from the increasing parti-
culate level. However, the Bailey monitor did appear to respond
to the changes in opacity since the relative error in SO2 con-
centration as measured by the instrument was 28 percent higher
than that of the Method 6 sample obtained at a stack opacity of
2 1/2 percent. The relative error shows a consistent decrease
with an increasing opacity level to an error of approximately

10 percent at a stack opacity of 47 percent.

At this time, it is felt that the cause of the interference
is related to the pulse frequency of the hollow cathode lamps.
Data from the in-stack transmissometer indicates that the parti-
culate concentration varies dynamically over very short time
intervals. These fluctuations can occur either in or out of phase
with the pulsing rate of the Bailey sources. If they occur out
of phase, the energy absorbed during the pulse of one source
would occur at a higher background of particulate matter relative
to the second source, appearing as an erroneous measurement.
Figure 10 serves to illustrate this characteristic behavior. In

this figure, the transmissometer recording is shown as well as
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reproductions from the Bailey and CEA stripcharts. The DuPont
system did not contain a continuous recorder because of its
sequential operation. The analyzer's SO2 analysis sequence was
held for the experiment and the data logger output for the
DuPont instrument was used to represent its analysis in Figure
10. At the present time, reduction of all of the monitoring
data is underway and will be presented in a future publication.
In addition, a similar study has been planned for the fall of
1973 to investigate the performance of certain in-situ and

extractive NO and NO, monitoring systems.

SUMMARY

In summary, we have seen that there are several approaches
which one can take to continuously monitor a gaseous source
emission stream. The extractive approaches involve certain
degrees of sample conditioning dependent upon not only the nature
of the emission source, but also the detection technique being
employed. The conditioning techniques include filtered probes,
heated sample lines, water vapor removal systems, or a variety of
dilution devices coupled to ambient air monitors. Dilution
systems might offer the advantage that both ambient air and source
monitoring could be accomplished by the same instrument. A
recent investigation has demonstrated the viability of in-situ
monitoring for 802 which, in effect, eliminates all sample con-

ditioning.
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FIGURES

Ficure 1. Typical Measurement System for Combustion Sources.

Figure "Pumpless' Monitoring System.

Figure Sulfuric Acid Plant Monitoring System.

Figure Diffusion Diluter/Analyzer Network

Disc Diluter

2
3

Figure 4. Controlled-Flow Dilution System.
5
Figure 6
7

Figure 502 Concentration, ppm vs Net Load, Mw, March 17,
1972.

Figure 8. CEA-MK IV In-Stack SO2 Monitor.

Figure 9. Bailey 802 Source Analyzer.

Figure 10. SO0, Concentration, ppm and Stack Opacity, %,

0900-1400, March 1, 1973.
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Table 1. Instrumentation Utilized During Study, January 1-
April 1, 1973.
Table 2. Effect of Increasing Stack Opacity on Instrument

Response, March 1, 1973,
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INSTRUENTATTON UTILIZED DURING STUDY
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SAPLE OPACITY METHOD 6 DuPONT CEA MKIV BAILEY SOp
A 2.5% 460PPM 451, - 1.9% oy, - 7.8 590, +28.2
B 3.0 475 438, - 7.8 416, -12.4 5/0, +20.0
C 15,0 675 577, -14.5 550, -18.5 630, + 0.7
D 7.5 619 632, + 2.1 599, - 3.2 720, +16.3
E 45,0 61 664, + 0.5 624, - 5.5 /730, +10.4
F 47,5 682 673, - 0.6 633, - 6.4 750, +9.9
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I - INTRODUCTION

Monitoring is defined by the United Nations as the ''process of repetitive
observing for defined purposes of one or more elements or indicators of the environ-
ment according to pre-arranged schedules in space and time, and using comparable
methodologies for environmental sensing and data collection.” Present trends in
pollution control activities indicate an increasing reliance on automated quality
monitoring systems. This stems from the fact that manual measurements are, for the
most part, inefficient and limited by the frequency with which samples can be
collected for analysis. The time delay between sampling and analysis can result in
certain changes in the characteristics of the sample, causing it to be less repre-
sentative of the water body from which it was collected. The time involved in
making and reporting the analysis is also time lost before any water polluticn
corrective action can take place. In addition, when viewed in relation to the
availability and cost of labor, automatic monitoring systems are considered to be
the least costly system. Nevertheless, our justification of automatic monitoring
systems should be accompanied by a realization of the limits of dependency on such
systems.,

Generally speaking, automatic monitoring techniques can be categorized into
non-contact remote sensing procedures and contact in-situ or on-line continuous or
discrete sample analyses.

Remote sensing techniques are based on the measurement of electromagnetic
radiation reflected from the surface of water bodies over large geographical areas.
The concept of remote sensing using aerial surveillance is most appealing from cost

viewpoint. Unfortunately. the technique suffers from certain limitations, i.e.
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(a) detection is limited to a small number of quality characteristics, (b) result
usually exhibit poor accuracy and precision and (c) measurements are essentially
confined to the survace properties of water. Nevertheless, remote sensing has
been used with various degrees of success to measure temperature, oil, chlorophyl
turbidity, and color. Typical applications include (a) location and typing of
waste outfalls, (b) assessment of oil spills, (c) algal biomass estimation, (d)
selection of sampling sites, and (e) identification of mixing zones. Detailed
discussion on this subject can be found elsewhere (1, 2, 3).

Insitu monitoring techniques rely on the direct placement of the sensor in
the enviromment to be measured. Consequently the sample step is eliminated and
the sensor response will be proportional to certain physical or chemical
characteristics of the acqueous phase according to established relationships.

It should be realized, however, that in-situ sensor responses may be significantly
influenced by water flow, temperature and a number of chemical and biological
interferences which may prevail at the monitoring site. These factors should

be taken into consideration whenever in-situ measurements are concerned.

On-line automated analyses are based on withdrawing water from a given
site, either as a continuous stream or discrete samples, and allowing it to flow
through the sensor system. This may be done with or without sample pretreatment.
Sample pretreatment may include temperature control, filtration, extraction,
dissolution, dilution, digestion and reagent a-ditions. In fact most of the
procedures which are usually carried out by an analyst, are automated and
performed on a stream of samples moved by a fixed-speed peristaltic pump, e.g.
the Technicon Auto~Analyzer (4). A schematic diagram of basic Auto-Analyzer
operations, and a listing of parameters for which automated procedures are
available are shown in Appendix A. Auto-Analyzer techniques find widest

application in laboratory operations where large samples of water are handled daily

v - 4



There have been certain attempts, however, to use this technique for water
quality monitoring where the autoanalyzer is kept in a trailer on a river bank
or on board ship. The reader is advised to consult the following references for
typical applications of Auto—-Analyzer techniques 4, 5.

Discussions in this paper are primarily concerned with a number of electro-
chemical sensors applicable to in-situ as well as on-line monitoring procedures.
This includes descriptions of currently available and newly developed sensors and

typical monitoring applications.

II - SENSOR PERFORMANCE CHARACTERISTICS

In monitoring systems the most critical part is the sensor system and the
reliability of measurement is mostly dependent on the reliability of the sensor
system. This is true whether the sensor is an electrode, a thermistor or a
photoelectric cell. A clear understanding of the operation characteristics of
the sensor and its dynamic response is essential. This is based on proper
calibration, servicing, maintenance and alertness for small clues that may
indicate malfunction.

Primary sensor characteristics are defined in terms of (a) sensitivity,
(b) response time, (c) selectivity. (d) long term stability, (e) accuracy, and
(f) precision. Secondary sensor characteristics are those which define the
environmental effects, e.g. (a) temperature, (b) hydrostatic and hydrodynamic
forces, (c) ionic strength, {(d) pH, (e) sunlight, etc.

1 - Primary Sensor Characteristics:

Sensitivity is usually defined in terms of the smallest change in the
measured variable that causes a detectable change in the indication of the

instrument. It specifies the lower limit of detection of the sensor. Sensitivity
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is directly proportional to the slope of the curve relating the signal magnitude
to the amount of detectable material present. This will reflect directly on the
ability to ascertain a difference between the signal and backgroun nolse at the

detection 1limit, i.e. given adequate precision, the greater the sensitivity, the
better the tdetectability.

The 1imit of detection of analytical method is the lowest concentration
whose signal can be distinguished from the blank signal. This value depends on
the sensitivity of the method, as well as the signal-to-noise ratio required to
discern the response due to a sample. Advances in electronics have brought about
the design of instruments with greater inherent stability and, therefore, lower
limits of detection. Use of an on-line digital computer in fast-sweep derivative
polarography has permitted the resolution of closely spaced peaks and extended
the analytical sensitivity of the technique by more than an order of magnitude.

The speed of the sensor response to changes in the test solution is
referred to as the ''response time." It is an indication of the time needed for
the sensor signal to follow 90, 95 or 99 percent of instantaneous full scale
change in the measured variable. The response time should be specified for each
sensor indicating whether it 1s dynamic or static sensor response. |

Selectivity of the sensor refers to the effect of interferences resulting
from detectable ions or molecules other than the species of interest. Since all
sensor systems cannot achieve absolute or 100 percent selectivity, then it is
important to specify the selectivity limitations in a given test solution. If the
type and amount of the interfering specles are known, then it is possible to
incorporate the term "selectivity coefficient" in the sensors sensitivity expressionn.
Also, 1In certain cases it is possible to incorporate interferences effects in the
sensor calibration curve. This can be done by means of the standard addition
technique where known amounts of the measured ious are added to the test solution
and the proportional signal values are recorded.
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Long term stability usually refers to the change in the sensor's
performance characteristics with time. This 1s used to decide on the frequency
of checking the calibration or servicing the sensor. Long term stability is a pro-
perty of the particular system and is dependent on the presence of interferences
and the physiochemical characteristics of the test solutionm.

Drviations of results by a given sensor from the "true'" value define the
accuracy of the system. If the source of error is found, and it is possible to
correct for it, this is called "determinate error." If the deviation from the true
value is compounded indiscriminately by many small errors, it is simply a "random

error."

Random errors are subject to statistical treatment of the data.
Precision is defined in terms of the reproducibility of the sensor
measurement. The more scatter in successive readings, the less precise are the
measurements. Usually, precision is closely identified with random errors and

statistical theories.

2 - Secondary Sensor Characteristics:

Secondary sensor characteristics refer to the effect of envircnmental
variables. This can be a result of changes in the sensors primary characteristics
or changes in the physiochemical characteristics of the test solution. For
example, temperature -ffects on conductance measurement are quite complex since
the temperature coefficient is dependent on both ionic strength and temperature.

The conductivity of sea water was found to increase by 3 percent per degree increase
in temperature at 0°C, 2 percent increase at 25°C and about 5 percent increase at
30°C. It is therefore advisable to measure relative conductance than absolute
values. This is done by measuring the ratio of the conductance of the test solution
to that of a reference solution at the same temperature. Thermistors or resistances
can be used instead of the reference solution.

It is always advisable to establish the primary and secondary sensor
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characteristics for each sensor independently before using it for field applications,
Not only these characteristics will vary from one sensor type to another, but also

differences between two sensors of the same type and from the same manufacturer

may occur.

III - IN-SITU SENSOR SYSTEMS

Currently available in-situ electrochemical sensor systems applicable to
water quality monitoring are given in Table I. This includes conductometric,
potentiometric, and voltammetric electrode systems. Potentiometric systems
include the glass electrode for pH measurement, inert metal electrode (platinum
or gold) for the measurement of oxidation-reduction potentials and potentio-
metric membrane electrodes which will be discussed later.

Workers in the field have expressed doubts regarding the utility of
oxidation-reduction potential measurements in surface waters. In fact, only
under anoerobic conditions (anoxic waters), and in certain industrial waste
effluents, can such measurements give meaningful results.

1 - Oxygen Membrane Electrodes:

At the present timé it appears that voltammetric membrane electrodes
are the only available sensors capable of in situ analysis of dissolved. The
unique features of such electrode systems is that the membrane separates the
electrode from the test solution. Two main types are presently available, the
voltammetric type and the galvanic cell type (6). The two types are similar in
operating characteristics; in the voltammetric type an appropriate potential
source is needed, however, while the galvanic type is basically an oxygen
energized cell,

Oxygen membrane electrodes have three main components: the membrane,
the oxygen-sensing element, and the electrolyte solution. The membrane, the
unique feature in such c¢l-octrode systems, serves in three different capacities.
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Table 1. Electrochemical Sensors

Iype
—
(a) Conductometric L = Kczi'cikizi - . I (1)
RT | 1°73
(b) Potentiometric Em = constant + 2F 1n ifi*KJaJ ] (2)
1. Glass Electrode PH = -log aﬁ+ (3)
2, Inert Metal Electrode PE = ~log a, = EH/(2'3 RTF-l) (4)
(Redox Potential)
3. Potentiometric Cationic = pM+ = -log aM+ (5)
Membrane Electrodes -
Anionic = pA = -log a,-~ (6)
(c) Voltammetric Membrane Electrodes - 19
(Dissolved Oxygen) id = izFAPurs~]ao (N
L 2
L = specific conductance id = diffusion current
Kc = cell constant A = electrode surface area
Ci = jonic concentration P = membrane permeability
Ki = ionic equivalent conductance coefficient
. b = menmbrane thickness
z, = ion valency
Em = measured electrode potential

P = the Faraday constant

X, = selectivity coefficient

3
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First, the membrane acts as a protective diffusion barriler separating the sensing
element from the test solution. Since plastic membranes are permeable to gases
only, oxygen molecules pass through, but electroactive and surface-active
contaminants present do not. The possibility of poisoning the sensing element
is thus minimized.

Second, the membrane serves to hold the supporting electrolyte in
contact with the electrode system and thus makes it possible to determine oxygen
in gaseous samples as well as in nonaqueous solutions such as industrial wastes.
The third advantage is that the membrane constitutes a finite diffusion layer,
the thickness of which is independent of the hydrodynamic properties of the
test solution.

A detailed discussion of the principle, operating characteristics,
applicability, and limitations in the use of oxygen membrane electrodes may be
found elsewhere (6).

Polymeric membranes used with oxygen membrane electrodes shecw selective
permeability to various gases and vapors. Gases reduced at the potential of the
sensing electrode (e.g., 802 and halogens) cause erroneous readings, but these
gases rarely exist in .a free state in aqueous systems. Other gases capable
of permeating plastic membranes may contaminate the sensing electrode or react
with the supporting electrolyte, e.g., CO2 and st.

Oxygen membrane electrode systems have been used extensively in
laboratory and field analysis as well as for continuous monitoring purposes.

Some of the main operational problems associated with the use of these electrode
syvstems have been the effect of mixing in the test solution on the elecirode
sensitivity and short term stability which uecessitates frequent calibration.
In monitering operations, the accumulation of inert or biological material on the

~m] o) - - - . - 1 . . . .
membrane surface has ceused a lct of nufsance. In additiou, it has heen practically
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impossible to reproducibly change and mount the membranes without a change in
the membrane thickness and permeability characteristics.

As indicated in equation 7 the steady state diffusion current _id is
directly proportional to the activity of molecular oxygen, a, and not necessarily
to the concentration, . The activity and concentration terms are interrelated
by the following equation

a=17YC (8)
where Y is the activity coefficient of molecular oxygen. It is only under
ideal conditions where Y will be equal to unity and the activity can be replaced
by concentration in euqation 7. For example in estuarine and sea waters or
brine wastewaters Y will be greater than unity - a phenomenon described as the
"salting-out''effect. Also, the presence of soluble organic matter in the test
solution, e.g. alcohol, will result in ¥ values less than unity - a phenomenon
described as the "salting-in'" effect. Accordingly, the application of the
oxvgen membrane electrode in natural and wastewater should take account of these
factors.

The salting~out effect can be expressed as follows:

InY=K; I (9)
where KS is the salting out coefficient and I is the ionic strength. By

substitution of 8 and 9 in 7, it follows that

- 17 KeT
id = [n FAPm b] e C (10)

Fquation 10 can be reduced by introducing the proportioconality constant ¢a in

replacement of term in brackets in equation 10,

. KsI
i, = ¢a e C (1D
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Ionic strength values can be approximated by measurement of electrical conductance,

using Kq as a proportionality coefficient,
.
i,= 6, R (12)
where L is the specific conductance of the test solution. Equation 12 offers a
simple relationship to compensate for the salting-out effect using specific
conduttance measurement. This compensation can be done automatically by a simple
analog circuit (6).

The main operational problems with available dissolved oxygen electrode
systems are (a) lack of stability, (b) easy fouling of the membrane and loss of
sensitivity, (c) dependency of sensitivity on flow, and (d) the poisoning effect of
H28. Regardless of these limitations, dissolved oxygen probes are widely used, and
with some extra effort in maintenance and checking, they yield reliable data.

Recent studies in this laboratory resulted in the development of an
advanced dissolved oxygen electrode system which does not suffer from the above
mentioned limitations (7,8). The newly developed dissolved oxygen probe utilizes a
three electrode voltammetric membrance cell of a special design. Measurement is

conducted in the form of pulse voltammetry at a predetermined frequency according

to the following relationship

Df 0.5
ip = ZFA[Eé] 302 (13)

where Df is oxygen diffusivity coefficient in the inner electrolyte solution layer
and t is the pulse time. A comparison between equations 7 and 13 indicates that
the pulse current, ip, is neither dependent on the membrare thickness, b, nor on
the membrance permeability coefficlent, Pm. At appropriate pulse frequency, the
electrode sensitivity will not be influenced by depositions on the membrance surface
(fouling) and will be independent of mixing of the test solution. In addition, for

the same dissolved oxygen content ip is approximately a hundred times greater than id
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To this end, the pulse oxygen membrane electrode is capable of exhibiting much
higher sensitivity and more stable performance characteristics than the presently

available steady state systems.

2 - Specific Ion Electrodes:

Perhaps the most significant advances in electrochemical sensor
development in the last decade or two, is the emergence of potentiometric membrane
electrode systems, commonly referred to as specific ion electrodes or selective
ion electrodes. These electrode systems offer the possibility of monitoring a
wider range of anions and cations in natural and waste waters. The oldest of these
electrodes is the pH glass electrode which is available from a variety of sources
in the United States. pH electrodes with documented characteristics are available
from Beckman Instruments, the Coleman Division of Perkin Elmer, Corning Glass
Works, Leeds and Northup, Sargent Company, and H. A. Thomas, to mention the main
suppliers. FEuropean products include Radiometer in Demmark.

Glass electrodes responsive to monovalent ions, e.g. sodium, potassium,
silver, ammonium, are made by Corning Glass Works, Beckman Instrument and Orion
Research. Recently developed solid state specific ion electrodes including
single crystal, cast disk, or pressed pellet types are available from Orion
Research, Beckman Instrument, and Coleman Division of Perkin Elmer. Liquid ion
exchange electrodes are also available from Corning Glass Works, and Orion
Research. Heterogeneous membranes of the Pungor type are available from Radelkis
Electrochemical Instruments in Budapest, through National Instrument Laboratories,
Rockville, Maryland. Speccific TIon Electrodes are also produced by Radiometer in
Denmark, Crytur in CSSK, and Phillips in Holland.

Specific ion electrodes of interest to water quality monitoring can be
conveniently classified into (a) sclid state, (b) liquid ion exchange and (c¢) gas

responsive electrode systems.
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a. Solid State Specific Ton Electrodes

In these electrode systems the membrane contains a fixed sum of certain
kind of ions, the structure of which is constant in time. The solid ion exchange
membranes can be either homogeneous (single crystal, a crystalline subjstance in
a disk or pellet form, or glass which is considered to be solid with regard to the
immobility of the ionic groups), or heterogeneous, where the crystalline material
is included into a matrix made from suitable polymer. Heterogeneous sclid state
electrodes are frequently known after their inventor E. Pungor (9-11).

A listing of commercially available solid state specific lon electrodes
is given in Appendix B.

Silver Halide Specific Ion Electrodes: 1In solid state electrodes of

the gsilver halide type, the silver ion is the charge carrier and does not involve
the diffusion of halide ions. There are three main types of silver halide solid
state electrodes. The oldes type, developed by Pungor et. al. (9, 10, 11) is
heterogeneous membranes composed of silver halide precipitated in silicone rubber
matrix., The latest version of these electrode systems is composed partly of
silver halide precipitate, incorporated into a silicone rubber matrix, and partly
of compact silver halide.

Homogeneous solid state membrane electrodes offer better performance
characteristics than the heterogeneous types. The membrane is made from a mixture
of silver halide and silver sulfide. The silver sulfide, which is much less
soluble than any of the silver halides, serves to increase the membrane conductivity
without affecting the membrane potential. These membranes have been found to be
more applicable for measurement of Cl , Br , I and CN dons. Main interfering

ions are sulfides and thiocvanates.,
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The potential determining ion in these electrode systems is the Ag+ and

the Nernst relationship can be expressed as follows

] RT +
Em = constant + T In [Ag '] (14)
and since
K
+, _ _AgCl
Where KAgCl is the silver chloride solubility product, then
- RT : _ RT -
Em = [constant + T 1n RAgCl] F In [C1 ] (16)

Of particular interest to water quality monitoring are the €1~ and CN  electrodes
which are being used with considerable success.

Silver Sulfide Specific Jon Electrodes: These electrode systems rely on

the use of highly conductive, sparingly soluble AgZS membranes. The most applicable
types are those made of homogenous membranes of compressed pellets of AgZS supplied
by Beckman, Orion, Corning, Philips and Coleman. These electrodes respond only to
§27, Ag+ and Hg2+ ions, and to a certain degree to Cn . Theoretically speaking, the
sensitivity to sulfides should follow a Nernstian relationship, to verv low detection
limits of 10 2°M. 1In order to achieve low detection limits it is recommended to use
plastic containers instead of glass vessels, since silver ions adsorb strongly on
glass.

Similar to halide electrodes, the potential determining ion is the Ag+ and the

Nernst relationship can be expressed as follows
] RT +
Em = constant + 7 In [Ag ] (17)

and since

(18)
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where KAg S is silver sulfide solubility product, then
2

RT -RT 2”
E = [constant + 37 1n KAgZS] oy 1n [S7] (18)

This electrode is also responsive to other forms of free sulfides, HS™

and H.S, through the following equilibrium relationships

2
Ky, _ K
H.S —=>HS —==>H,S 19)
2 - «— 2

where K; and K, are the first and second acidity constants for HZS' Consequently,
if the pH is known, the following equilibrium relationships can be used to calculate

[AS], [H,S] and total sulfides [S,],

+,2 +
w1, [,

log [s.] = [S27] + log

KK, K, (20)
+.2
log [HZS] = log [S27] + log é?K]' (21)
2
- - [H+
log [HS™] = log [S?7] + log “E"l (22)

1

Another type of the silver sulfide electrodes include those electrodes responsive to
+ + +

Cu , Pb or Cd . The membrane is made of a pressed mixture of silver sulfide and

divalent metal sulfides, e.g. PhS, CdS or CuS. The electrode is primarily responsive

+ -
to Ag activity which 1s dependent on the 52 activity, which in turn depends on the

activity of the divalent metal in solution according to the following equilibrium

relationships
+ 2=y _
[Ag ] [s° ] = KAgzs (23)
2+ 2=y _
M ] [8° ] = KMS (24)
from which
=~ K 0.5
[Ag+] = {_(»Aﬁ@i) [M2+]] (25)
'RMS
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Since

RT +
E = const. + &~ In [Ag ]

it follows that

K
E = const. + RT 1n —églg-'+ RI 1n [M2+] (26)
m 2F KMS 2F

This electrode system is selective for M2+ provided that

(KMS) >> (KAgZS)

and MS solubility is sufficiently smaller than the concentration of M2+ in the test
solution. In acidic media H+ may interfere. Nevertheless, the operating range is
from 10 'M to 10 M. The main interfering ions are Hg2+ and Ag+ for the cupric ion
electrode and Hg2+, Ag+ and Cu2+ for the cadmium ion electrode. The cupric ion
electrode may lose its selectivity in presence of cl according to the following
reaction

Ag.S + cu?’ + 2017 = 2AgCl + CuS (27)

2

. . . + e s
In this case the electrode may lose its selectivity to the cu?” and gain sensitivity
to C1 .

Lanthanum Trifluoride Electrodes: This electrode system is selective to

F ions and utilizes a membrane made of single crystal of LaF, which has been doped

3

with europium (12). The Nernstian response is as follows

RT -
Em = constant - ~f-1n [F ] (28)

The operating range is between IM to 10 %M. At low pH values the electrode potential
will decrease due to the formation of HF or HFZ— ions. Aluminum ions form stable
complexes with fluorides (A1F63—) over a wide pH range. At high pH the OH inter-
feres with the electrode's selectivity (13). The lanthanum trifluoride electrode

finds increasing applicatiors in monitoring fluoride icns in natgral waters, and

fluoridated water supplies (13, 14, 15).
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b. Liquid Ion Exchange Specific Ion Electrodes:

The calcium electrode: Specific ion electrodes of this kind are based

on liquid membranes, in which are dissolved electroneutral salts of the ion of
interest and ion-exchanger. The membrane is formed in an insoluble solvent
layer (15). A typical example of these electrodes is the calcium or the

2+ 2+ . hi
divalent cation (Ca” and Mg~ or hardness) electrodes. The membrane in this
electrode system is a solution of calcium dialkyl phosphate in dioctylphenyl
phosphonate. The electrode exhibits a Nernestian response,

E = constant + RT 1n [éa2+) (29)
m 2F

The operative concentration range is lo_lM to 10_5M. The electrode shows

a significant hydrogen ion sensitivity and is usableouly within the pH range
6-11. The calcium and hardness electrodes have been used by numerous investi-
gators for water quality analysis (14, 15, 19). The application of the
calcium electrode for water quality monitoring purposes 1s primarily limited by

the lack of stability and potential drift of these electrodes.

The Nitrate Electrode: In this electrode system, the ion exchanger is
methyltricapryl ammonium ion and the solvent is l-deconol (16). The operative
PH range is 4 to 7. Major interferences are HCOS , Cl—, soi' and NOE .

Similar to above mentioned calcium electrode, the nitrate electrode suffer from
lack of stability and potential drift which limit its application for monitoring
In addition, the electrode sensitivity to commonly present interfering ions, such

- - 2-
HCO3 , C1 and SO4 cannot be neglected.

A listing of commercially available liquid-ion exchange electrodes is

given in Appendix B.
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c. Gas Sensitive Potentiometric Membrane Electrodes:

Electrode systems of this type are available for the measurement of
C02, NH3 and 502. The CO2 electrode has been in use for over two decades (17, 18
19), while the NH3 and 502 are recently developed.

These electrode systems utilize a gas permeable plastic membrane to
separate a thin layer of an electrolyte solution from the test solution. The
electrolyte solution layer is in direct contact with the sensor system, e.g.
glass electrode. Measurement 1s based on allowing a soluble gas e.g. CO2 in
the test solution to permeate through the plastic membrane and partition itself
between the inner electrolyte layer and the test solution. Subsequent changes
in the pH of the inner electrolyte layer, as determined by a glass electrode, are
directly proportional to CO2 content in the test solution. The plastic membrane
may be polyethylene, teflon or rubber silicone.

In the case of the CO2 electrode, the pH of the electrolyte layer will
be directly dependent on partial pressure of carbon dioxide across the plastic
membrane. The inner electrolyte layer is made of a mixture of KCl and NaHCO3 17).
The electrode response may be improved by adding carbonic anhydrase (1 mg per ml)

to the inner electrolyte layer in order to accelerate the CO, solubility reaction.

2
Potentiometric measurement in the electrolyte layer requires the use of a

reference electrode, which is in electrolytic contact with the glass electrode.

Different electrode designs are reported in the literature (17, 18).
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IV ON LINE MONITORING WITH SAMPLE CONDITIONING

In view of the above discussion, it is apparent that certain electrode systems
can only function appropriately within restricted pH range or in the absence of
certain interferences. Consequently it seems imperative to modify the sample
physicochemical characteristics prior to measurement. Under these conditions in-
situ analysis is not possible. Sample conditioning includes (a) filtrationm,
dialysis or maceration, (b) dissolution, digestion or extraction, or (c) reagent
addition for pH control or masking of interferences.

This approach has been applied for on-~line monitoring of drinking water
quality (13, 14, 20). On-line monitoring of continuous sample stream or
discrete samples were made for the measurement of (a) total and free fluorides
using the lanthanum trifluoride electrode, (b) copper, lead and cadmium using
differential anodic stripping voltammetric techniques, (c) alkalinity using
pH glass electrodes and (c) nitrates and hardness using liquid-ion exchange

specific ion electrodes.

V. CONCLUSIONS
In-situ analysis in which the sensor is placed directly in the environment
to be measured offers an ideal approach for water quality monitoring. Nevertheless
the application of in-situ monitoring techniques is limited to a few number of
parameter for which there are available sensor systems. In addition the response
of available sensors may be significantly influenced by water flow, temperature and
a number of chemical and biological interferences which may prevail at the

monitoring site. Recent developments in using pulse voltammetric techniques
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minimize the influence of these environmental factors on the application of oxygen
membrane electrodes.

Recently developed specific ion electrodes offer the opportunity for
monitoring a variety of anions and cations. Solid state specific ion electrodes
have been found to be more applicable for water quality monitoring than liquid
ion exchange electrodes. In most applications sample conditioning may be

required to maintain a given pH range or mask certain interferences.
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Sample stream
or
Discrete samples

APPENDIX- A

CONTINUOUS MONITORING BY
AUTOMATED CHEMICAL SYSTEMS
(Technicon Instruments Corporation
Tarrytown, New York 10591)

I - BASIC OPERATIONS

Sample
preparation
Digestion
Dilution

— | Dissolution

Dialysis
Extraction
Filtration
Maceration

Reaction
development
— | Heating

Mixing

Reagent addition

Instrumental
transducers

— ! Colorimeter

Fluorimeter

Flame spectrophotometer

Atomic absorption spectrophotometer
Electroanalytical systems

IT - PARAMETERS FOR WHICH AUTOMATED
PROCEDURES ARE AVAILABLE

Acidity (total)
Alkalinity
Aluminum
Ammonia
Arsenic

Boron

Bromide
Cadmium
Calcium

Carbon dioxide
Chloride
Chlorine
Chlorine demand
Chlorine dioxide
Chromium
Cobalt

COD (see oxygen, chemical)

Copper

Cyanide pH

Fluoride Phenols

Hardness Phosphate

lodide Potassium

Iron Selenium

Lead Silica

Lithium Silver

Magnesium Sodium

Manganese Specific conductance
Mercury Strontium

Nickel Sulfate

Nitrogen (Kjeldahl) Sulfide

Nitrates Sulfite

Nitrte Surfactants
Nitrogen (organic) Synthetic detergents
Oxygen (dissolved) Temperature

Oxygen demand (chemical) Turbidity

Zinc
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APPENDIX~B
COMMERCIALLY AVAILABLE SPECIFIC ION ELECTRODES

I - SOLID STATE ELECTRODES

Beckman Solid Staic Moembrane Electrodes
Addresses: 2500. Harbor Boulevard, Fullerton, Calif., 92634, U.S.A. (P.O. Box 1, Glenrothes, Fife, Scotland).

Ion Model Molar Range pH Range  Resistance (Megohms)  Response Time Principal Interferants
(Seconds)*

F- 39600 10° —10-¢ 00— 13¢ <5 <3 OH"

Ci- 39604 10°—= 5 x 10-¢ 014 < 1 <2 Br-;1-; §? and CN-

Br- 39602 10° — 1077 0— 14 <1 <2 I7:8?" and CN~-

I- 39606 10°—+10-° 0— 14 <025 <3 s#-

s~ 39610 10° — 10-° 0—14 <025 <3 ]

Cu3t 39612¢ 10~8 (lower 0—14 Ag* and Hg?*
limit) ‘

Operativc temperature range (°C)  : =5 — 100,

Overall size, length X diameter, (cm): 128 x 1-25.

* Defined as the time required to obtain a $0 per cont response to a stepchange from 10-* -» 10~? M concentration in a
stirred solution. Wili also depend on conceniration and viscosity of satnples. For the copper electrode up to several minutes
may be required. :

t+ At 10°% M fluoride.

1 Like the Colcman solid state elecirodes contains no internal filling solution.

Orion 94 and 56 Series Solid State Specific Ton Electrodes
Addresses: 11 Blackstone St., Cambridge, Mass., 02139, U.S.A. (E.LL., Richmond, Sutrey) JA.

Ion Model Total Molar  pH Ranget  Kesistance (Megohms) Membrare Marerial ~ Principal Interferant ions
Concentration ’
Range*
CNS-  94-58  10°—10-°  0—»14 AESCN + AgS  §7-, Hg?* and Cu?™ must
. be absent
CN- 94-06 1072 —10-¢ I-14 <30 Agl + Ag,S $7- must be absent
F-/La’* 94-09 10°—10-¢ 0—11 <1 LaF, + Eut oy .
F-/La™ 96-09 10°—10-® 0 -1l <30 LaF, -+ Eu; [ OH7 only inicrference
Na* 94-11 10° — 10-¢ 312 < 200 Ag*
Cl- 94-17 10°—»5x10"* 0 — 13 < 30 AgCl + Ag.S e
Cl- 96-17 10° =S x 10°° 0 —»13 <30 AgCl 4 Ag,s S must ke absent
Bj‘ 94-35 10: -5 x 10-8 0-14 < 10 AgBr + Ag.S S$2- must be absant
1,_ 94-53 10 - 5x 107t 014 1-+5 Agl + Ag,S 5?7 musi be absent
S 10° — 107 0— 134 Ag.S Nonc as {45 as examined
94-16 <1
Ag” 10° = 10-7 0-14 A 2+ f
A ) g25 Hg?* must be absent
Cu?+ 94-29  10° —10-7 014 <1 Ag.S 4+ Cus S*°, Ag* and Hg?* must be
absrat
Cd+ 94-48 10° — 10-7 1->14 < | Ag,S + CdS Ag', He*~ and Cu?* must
§ R tr2 absent
Pb2 94-82 10°— 10" 2-+14 < 1 AgsS = Pbs Ag’, Heg?*r and Cu?* must
be abseot




II - LIQUID ION EXCHANGE ELECTRODES

Some Corning Liquid Ton Sclective Electrodes
Addresses: Corning Glass International, Mediicld, Mass., 02052, U.S.A. (3 Cork St., London W.1)
(EEL, Hallstead, Essex)

lon Model Working Operating Tenperature Principal Interferants
Number Concentration P Range Range (°C) (Kun>1)
Range
Cl- 476131 107*-10-% M NaCl 1-12in 10-50 I->Clo, >
10-* m NaCl NO,~ = Br~
NO,~ 476134 10°-10- ¢ m KNO, 2-:5-10in 0-50 Clos > 1
1072 M KNO,
Ca?+ 476041 10°-10-° M CaCl, 5-10 in 10-60 None given
1072 m CaCl;
Ca?* —Mg®* 476235 10°-107% m as Ca?* 5-10in 10-60 (Ba?*=Sr?* >
102 M CaCl, Ni?*=Ca?*=Mpg?*)*

Overall size (length x diameter) cm 1 12:3/12-7 x 1-58.
Lifetime : 10-15 days (where quoted) before recharging with specified liquid ion exchanger.
Time response (s) : Generally < 60 for solutions differing by not more than ten-fold concentration
changpes.
Resistance (Mcgohms) : 500 éuotcd nominally for Ca%* and Ca?* — Mg?®* clectrodes only.
Minimum sample size (m!) : 10 quoted for Ca®* and Ca®* — Mg?®* electrodes only.
S ] {Upright in air for short periods.
torage * \1on exchanger liquid removed for prolonged periods.

* Merely listed as such without any selectivity values.

Orlon 92-Series Liquid Ion Exchange Membrane Electrodes
Addresses: 11 Blackstone Street, Cambridge, Mass., 02139, U.S.A. (E.LL., Richmond, Surrey)

Ion Model Molar pH  Resistance  Principal Interferants  Mobile Exchanger
Activity Range Range  (Megohms) (where Kyn > 1) Sitet
Ci- 92-17 10-1-10-5 2-11 <30 Br-, 17, NO;-, CIO,~ NR,*
NO,- 92-07 10-1-10-°5 S0,
3 -1-10- 2-12 <30 1=, ClOy™ and ClO .
BF," 9205 10-2-10- 212 <%0 -  pINiphen)**
Clo,~ 92-81 10°-10-3 4-10/11 <30 OH~
Cu:*‘ 92-29 10-1-10-% 4-7 <30 Fe?*
Pb2+* 92-82 10-2-10-8 3-5-75 <10 Cu?* R~S~CH;-CO,"
Ca?* 92-20 10°-10-¢ 5-5-11 <25 Zn3* (But see Table 2) ? ’
Divalent -
AlkylO),PO.
Ca?* —Mp?+* 92-32 10°-10-2 5-5-11 <10 Zn2*, Fe?* Ni?* (Aliyl0)aP0,
and Cu?*

Operative temperature range (°C): 0-50.
Overall size, length x diameter (cm): 149 x 1-7 (slightly larger dimensions were once quoted).
Minimum sample size (inl): 3-5 in 50 ml beaker: 0-3 in disposable Orion microsample dish.
Reproducibility: Drift, repeatability and response time characteristics are generally comparable with those of good quality
H clectrodes.
Storage: Can be e?ir-s!ored or immersed in appropriate standardized ion solution.
Electrode life: About 1-3 months without renewal of ion exchange liquid.
Dollar cost: 195
* Now withdrawn from Ocion 1969 Research Guide. (Cat/961).
t Iron replaces nickel in the ion exchanger maticrial for the ClO,~ electrode.

IV ~ 25



Il - HETEROGENEOU MEMBRANE ELECTRODES

Pungor-Radclkis Heterogeneous® Ton Sclective Electrodes

Simac Instruments Ltd., Bridgeway House, Bridge Way, Whitton, Middlesex (Technical Services).

Protech, 40 High St., Rickmansworth, Herts (Advisory Services).
Addrcsses
Radelkis Llcctrochemical Instruments, Budapest 62, Hungary.

Ion Laboratory Molar Maximum Membrane Principal
Modelt Range Resistance Materiali| Interferants
(Megoluns)t
Cl- OP-CI-T1 1%, 1071 — 10-°® 10 AgCl §2-;1"; Br-
Br- OP-Br-71 1% 10-1 —10"°® 10 AgBr S I-
1- OP-1-7T11% 10-1 — |0~7 10 Agl §3-
S~ OP-S-7115 10t — 10717 10 Ag.S
SO¢3- b 1071 — 10-* BaSO,
PO2- * 10-* — 10~3 BiPO,
F- hd LaF.~-CaF,
Operative temperature range (°C) @ 1/5 — 90

Qverall dimension (fength X diamcter) cm :
Storage :
Response time (s) :

Cost :

t1-5 x 1 for 711 Models.
Can be dry stored after a distilled water rinse.
15 — 60 (Up to 3 min quoted by Rechnitz and co-workers for some electiodes.)

Refcrences 18 and 20.

$60

* The terms “*homogenenus” and “'heterogencous™ do not relate to the function, but to the composition of the electrodes.

(Pungor, Reference 102).

t Industrial number OP-lon-722. The OP-Ion-700 series carry side pin electrode connector pIugs, while the OP-Ton-711

types are {itted with chiclded cabling.
+ Pure silicone rubber > 11 x 10? ohms

It Dispersed in s:licone rubber mairix (50 wt per cent of silver salt).
I Theee four clectrodes may be used to assay Ag* ions after appropriate calibration but do not necessarily cover the same

range.
** Not commercially zvailable.
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CONTINUOUS MONITORING BY ION SELECTIVE ELECTRODES
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ABSTRACT

The use of ion selective electrodes for analyzing natural and treated
water, as well as sewage and industrial wastes, has been increasing.
Among the species that have been so determined are fluoride, chloride,
sodium, ammonia, nitrate, calcium, total hardness, sulfide and cyanide.
Although ion selective electrodes are potentiometric sensors and are
thereby inherently adaptable for continuous monitoring, they must be
used for this purpose with care because of such concerns as interferences,
the need for pH adjustment and reference electrode instability.

The addition of a variety of pH buffers, salt solutions to control
ionic strength, chelators to negate the effect of interfering metals,
and ion indicators has been utilized to improve the capabilities of these
measurements. However, in order to adapt such procedures for continuous
analysis requires a more sophisticated monitoring system than simply the
insertion of a sensing and reference electrode into a waste stream or
natural water,

Such sophisticated monitors have been developed and are commercially
available using ion selective electrodes as sensing devices, along with
the addition of various chemicals to optimize the procedures. This paper
discuss techniques that are utilized in such systems, giving as an
example the cyanide monitor for analyzing waste waters.
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Ion selective electrodes have been available commercially for several
years (1). They have been used increasingly in analyzing water and waste
water samples in both field and laboratory applications. Most of these
uses . however, involve the analysis of single samples, rather than contin-
uous monitoring. This paper will focus on their capabilities for the
latter, discussing the problems and advantages in such use. Commercially
available ion selective monitors will be described.

One of the most important characteristics of ion selective electrode
systems relating to their use in continuous monitoring systems is their
dc voltage output. This is shown in equation 1, relating the electrical
potential read-out to the concentration, Cx’ of ion "x", which is being
sensed by the detecting electrode in conjunction with a reference

electrode.

E = E Y
(mv) , * b log (cX i kyCyYy +.o0.04) (1)

The electrode inherently senses activity, rather than concentration, so

that Cy must be multiplied by Yx’ the activity coefficient, in this

equation. Also, the electrode, designed to sense ion '"x'", may sense other

lons, 'y'" etc., so that their activities must also appear in equation 1

as additive terms, each being multiplied by its selectively constant ky, etc.

The coefficient b is primarily a function of temperature and the charge

on the principal ion being sensed, while E, is determined principally by

the nature and construction of the reference and ion selective electrodes.
These variables in equation 1 must be carefully controlled or considered

in designing an ion selective electrode monitoring system. In this regard,
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Table 1 lists the major factors affecting each of these variables. Since
many ions being sensed are involved in equilibrium reactions, their

concentrations Cy, and C,, may be influenced by temperature, T, ionic

y
strength, I, pH, and the presence of complexing agents. The sulfide and
fluoride electrodes are good examples of such an effect of pH, since the
weak acid forms HF, H,S, and HS™ will be formed as the pH decreases.
Similarly, fluoride may be readily complexed by aluminum(III) and thus
its free ion, which is that sensed by the electrode, reduced in concentration.
This was shown, for example, by Harwood(2), who compared the results of
using EDTA and CDTA to chelate aluminum so as to minimize its complexation
of fluoride. Table 2 presents Harwood's data comparing the relative
efficiencies of these two chelating agents to improve the ability of the
electrode to sense the total fluoride in the presence of varying amounts
of added aluminum. It is apparent that CDTA is more effective, and that
certainly, without the addition of such chelating agents, it is apparent
that less fluoride would be detected than that present in the solution.
The preceding discussion indicates that T, I, pH and the presence of
natural complexing agents can all effect the free concentration of the
ion being sensed. These must be controlled, therefore, in a continuous
monitoring system in order to accurately monitor concentration. This may
be done by the addition of pH buffers, inert salt solution to control
ionic strength, and chelating agents if the interfering ions are metals.
Similarly, the temperature in the sensing system can be controlled. Also,
the extent to which other ions may be sensed, as reflected by ky, etc.

must be considered. For the fluoride electrode. the only such ion in

fresh waters that may interfere is hydroxide, but this is also readily
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controlled by pH (1). However, for other electrodes, such as calcium, it
is necessary to consider the value of ky for magnesium. Again, in natural,
fresh waters the additive term for magnesium in equation 1 is unlikely to
be significant (1).

E_, as indicated in Table 1, can be affected by T, I, and the nature
and construction of the ion selective and reference electrodes. Although
temperature and ionic strength can be controlled in a monitoring system,
there exists a serious likelihood of potential drift due to the inherent
characteristics of the two electrodes in the system. It is, thus, desirable
to choose electrodes with minimum drift characteristics, but also to
standardize the system periodically.

Even when there is no complexation or equilibrium mechanism to affect
the concentration of a free ion being sensed, variations in I, the ionic
strength, can significantly affect the activity coefficient, Y., 8s
indicated in Table 1. This effect on Y may be even more important than on
E

or C,, but again may be readily controlled by addition of an inert salt

a x>

solution to the continuous monitoring detection system,

Finally, the b variable of equation 1 is of considerable concern in a
monitoring system. As indicated in Table 1, it is affected by temperature,
the nature of the ion selective electrode, and the charge of the ion being
sensed. For example, at 25°C the absolute value of b is typically 59 mv
for a univalent ion electrode and 29.5 mv for adivalent one (1). However,
b can vary, even when the system is selected and temperature is controlled,
again indicating a need for calibration and standardization.

An ion selective electrode system for monitoring cyanide in waste waters

has been described which increases the value of b and, therefore, results
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in a more sensitive system, since greater values of b cause a larger voltage
change for a given change in concentration (3). This technique is of
particular interest because it has been incorporated into a commercially
available monitoring system. As discussed by Riseman (3), the conventional

ion selective electrode system for cyanide at 25°C will produce a voltage

E such that
E(mv) = E; - 59 log (CN-) (2)

with (CN™) referring to the cyanide concentration, assuming that ionic
strength is maintained constant. However, cyanide may also be detected
using an indicator technique with the silver-sulfide electrode whose potential

follows the relationship

E(mv) = E_ + 59 log (Ag*) (3)

a

by adding a known concentration, C, of silver cyanide complex to the
solution, The free silver ion concentration in solution will then be
controlled by the variable cyanide concentration through the mechanism of

the silver-cyanide complex ion equilibrium, with
Ag*t = C/B8,(CN7)2 (4)

Substitution of equation 4 into equation 3 gives
E(mv) = E, + 59 log (C/ 8 (CN-)2) (5)

which may then be arranged into the form

E(mv) = Eé - 2x59 log (CN7) (6)
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A comparison of equation 6, resulting from this indicator electrode
technique, with equation 1 describing the conventional cyanide electrode
system, indicates that the former has a slope, b, twice as large. This
results in greater precision, but also, because the linear relationship
between E and log (CN”) continues at lower concentrations, the sensitivity
of the indicator technique is a few ppb of cyanide, compared to about

50 ppb by the conventional cyanide electrode method (3).

It was also pointed out that if the waste water contains nickel or
copper, it will be necessary to release the cyanide from their complexes
by acid treatment with EDTA, followed by the addition of sodium hydroxide,
with the formation of free cyanide and binding of the copper and nickel by
EDTA, removing them as interferences. This indicator method for cyanide,
incorporating the acid-heating pre-treatment and EDTA addition, followed
by alkali and indicator complex, has been incorporated into a commercially
available cyanide monitor (3). The block diagram of the chemical sensing
system of this monitor, manufactured by Orion Research Incorporated, is
shown in Figure 1 (3). The acidified EDTA (Reagent 1) is mixed with the
sample at point A, heated at B, air bubbles removed from the stream at C,
the stream then being pumped to D, where it is mixed with alkaline silver
cyanide indicator (Reagent 2), and introduced with dynamic mixing into a
thermostatted electrode chamber, F, containing the sensing and reference
electrodes. The system also has provision for periodic introduction of a
1 ppm standard cyanide solution at G. Also of interest is the fact that,
rather than using a conventional reference electrode, such as calomel, it

uses a sodium electrode which is exposed to a constant and high concentration

v - 32



of sodium from the sodium hydroxide addition, thus reducing the instability
that is often associated with reference electrode systems.

The techniques incorporated in this cyanide monitor are also represented
in a range of several ion selective electrode monitoring systems manufac-
tured and described by Orion Research Incorporated as their series 1000 (4).
As with the cyanide monitoring system, they use reagent addition techniques
to reduce electrode and method interferences and control ionic strength,
and incorporate ion selective electrodes like sodium as reference electrodes
to reduce potential drift. They also provide for filtration of the sample
stream to remove suspended solids, and have temperature control and automatic
periodic standardization. It is reported that drift of readings typically
does not exceed 2 to 3% per 24 hours, and precision is better than * 5%
over four decades of concentration (4). These monitor systems have been
designed to eliminate the variabilities and interferences that would
otherwise reduce the applicability of ion selective electrodes as continuous
monitors for water and waste water,

The systems currently available commercially as Orion series 1000
monitors are listed in Table 3 as examples of the types of monitors capable
of analyzing water or wastewater (4). The concentration range for each
monitor is also shown, as well as possible interferences and typical stan-
dardization concentrations. Typical specifications for the series as a
whole are shown in Table 4 (4). Although these monitors have become available
only recently, one early report on the use of the fluoride monitor of this
series indicates that the various components performed well during test,
the automatic calibration feature performed according to specifications, and

there was little baseline drift (5).
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There is little doubt that ion selective electrode technology will
continue to improve, and that an increasing number of ions will be capable
of being monitored by such electrodes. The monitors described above, as
well as those available from other manufacturers, attest to this. Also
new chemical techniques utilizing existing electrodes, such as the indicator
method, will also increase their versatility. Such monitoring systems will
provide a welcome addition to the range of techniques available for water

and waste water analysis.
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proportional
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Figure 1. Block diagram of sensing system of
typical Orion Model 1100 monitor (4).

Table 1. Effects on Electrical Potential For

Ilon Selective Electrode System

Variable Major Effect on Variable
Cx, Cy.... T, I, pH, complexing agents
Ea T, I, reference electrode,

ions selective electrode

b T, ion selective electrode,
charge on ions sensed

Y. ... I

k .... Ion selective electrode, T,
nature of ions sensed
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i Aluminum Interference
ble 2. The Effect of EDTA and CDTA on Overcoming i :
gitieFluoride Analyses of 1 mg F/1, Using Different Aluminum Concentrations (2)

Aluminum
concentration 0.2 0.4 0.7 1.0 2.0 3.0
(mg/1)
Complexing
agegt Fluoride result (mg F/1)
EDTA 0.94 0.79 0.66 0.62 0.42 0.35
CDTA—1 g/1 0.99 0.99 0.98 0.98 0.96 0.95

Table 3. Currently Available (Sept. 1973) Orion Series 1000

Ion Selective Electrode Monitoring Systems

Typical
Standardization
Species Range (mg/1) Interferences Concentration (mg/1)
NHZ/NH3 1-100 Volatile amines 10
Cl- 3.5-3550 None 10
OCl'/C12 0.05-100 Br-,I” 1
Cu** 0.05-1000 None Variable
CN~ 0.05-100 Au*3 Agt 1
F= 0.1-10 None 1
Hardness 0.01-100 S= Variable
NO3 1-10,000 C1047,C10," Variable
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Table 4. Some Typical Specifications of Orion Series 1000

Ion Selective Electrode Monitoring Systems

Accuracy: +10%

Precision: Better than +5%

Response Time: 99% response to change at inlet:
8 minutes
90% response to change at inlet:
6 minutes

Sample Supply: 100-1000 ml/min

Sample Temperature: 0°-60°C

Reagent Consumption: 0.22 ml/min

Stand. Sol'n Consumption: 50 ml/stand. cycle

Frequency of Automatic

Standardization: one/day

Size: 33 in high x 27 in wide x 14 in deep

Weight: 220 1b

Power Requirements: 115V, 60Hz, 100 watts
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A REGIONAL WATER QUALITY MONITORING SYSTEM

RUSSELL H. SUSAG, PH.D., P.E.
MANAGER OF QUALITY CONTROL
METROPOLITAN SEWER BOARD OF THE TWIN CITIES AREA

PRESENTED AT THE
U. S. ENVIRONMENTAL PROTECTION AGENCY

SECOND CONFERENCE ON ENVIRONMENTAL QUALITY SENSORS
NATIONAL ENVIRONMENTAL RESEARCH CENTER
OCTOBER 10-11, 1973

INTRODUCTION

"I often say that if you can measure that of which you speak
or can express it by a number, you know something of your
subject; but if you cannot measure it, your knowledge is
meagre and unsatisfactory."

Lord William Thomson Kelvin, 1824-1907

"Maintenance of high water quality standards cannot be assured
unless there is a stringent operating program with constant
surveillance of river conditions and means to provide quick
and appropriate ameliorative action. Even the most skilled
and experienced sanitary engineer or hydrologist cannot
determine the quality of water just by looking at it. ATl
the latest scientific aids must be utilized to prevent
pollution."

Metropolitan Development Guide - Sanitary Sewer Section,

Metropolitan Council of the Twin Cities Area

January 22, 1970

The Metropolitan Sewer Board of the Twin Cities Area is a seven-

county regional agency created by the 1969 Minnesota State Legislature
........ for the protection of the public health, safety, and welfare of
the area, for the preservation and best use of waters and other natural
resources of the state in the area, for the prevention, control and
abatement of water pollution in the area, and for the efficient and
economic collection, treatment and disposal of sewage ......... " The
Metropolitan Sewer Board provides wastewater treatment for 1.7 million

residents of 90 communities that comprise 85% of the Minneapolis-St. Paul
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metropolitan area. Twenty-four wastewater treatment plants are operated,
ranging in size and complexity from a 70,000 gpd two-stage stabilization
pond-percolation system to a 220 mgd step aeration modification of the
activated sludge process. Further, the Metropolitan Sewer Board will

place into operation in November 1973 the first full-scale physical-chemical
treatment plant, a 600,000 gpd treatment facility providing phosphorus and
nitrogen removal in addition to BOD and SS removal.

When the Metropolitan Sewer Board began operation in 1970, the
agency took over the operation of 33 wastewater treatment plants from
individual communities and from sanitary sewer districts in the metropolitan
area. At that time, there was very little, if any. coordination between
the operation of these facilities. The primary consideration in location
of these treatment plants was political boundaries and water quality
suffered amid inefficiently operated facilities and counter charges of,
"It's their fault". The Metropolitan Sewer Board, demonstrating a regional
water management concept, is consolidating operations by phasing out over-
loaded and poorly located treatment facilities and diverting flow to
regional facilities. The prime consideration now is the protection of
the water resources of the area within the framework of efficient economic
wastewater treatment rather than merely the treatment of each specific

community's wastewater.

WATER QUALITY MONITORING

Uses for Data

There are three basic uses for water quality data obtained from a

monitoring program. These are:
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1. Planning. Water quality data is essential to the determination
of location and degree of treatment for wastewater treatment
facilities where the receiving water presents a water quality
Timiting situation.

2. Surveillance. The effectiveness of water pollution control
facilities is measured by the determination of maintenance of
water quality standards. Use of this data by a regulatory
agency would provide the basis for enforcement action.

3. Operation Control. Wastewater treatment plant removal could
be varied to meet the varying conditions of incoming receiving
water quality in situations where removals in excess of

secondary treatment are required.

Planning

The monitoring of the quality of the water resources of the
Twin Cities Metropolitan Area on a routine basis dates back 47 years.
In 1926, a program of river sampling was begun by the Minnesota
State Department of Health to determine the quality of the Mississippi
River and the impact of wastewater discharges from the cities of
Minneapolis and St. Paul. This sampling program was taken over in
1927 by one of the predecessors to the Metropolitan Sewer Board, the
Metropolitan Drainage Commission. A program of sampling and analyses
at 16 stations over a 100 mile reach of the Mississippi River was
conducted to get background material for the purpose of designing
and Tocating a treatment plant for Minneapolis and St. Paul. Ueekly
samples were analyzed for the routine pollution measures of

temperature, pH, turbidity, dissolved oxygen, BOD, and coliform



organisms. The original Minneapolis-St. Paul (Metropolitan) treatment
plant was placed into operation in 1938 and the sampling program
initiated in 1926 was continued by the Minneapolis-St. Paul Sanitary
District in order to monitor the effect of the institution of

wastewater treatment on Mississippi River water quality.

Water quality standards have been changed twice since 1938 and
the data generated from this sampling program have served as the
design basis for plant expansion programs. The Minnesota Pollution
Control Agency is in the process of further revising water quality
standards and this background data is serving as a basis for load
allocation studies. The Metropolitan Sewer Board as a regional
agency can locate treatment works such as to provide the best
nprotection of the water resources of the area and thus the Sewer
Board is less governed by political boundaries than individual
communities would be. Thus, a continuing water quality monitoring

program is essential to a continuing planning program.

Surveillance

The Metropolitan Sewer Board is charged with the responsibility
of maintaining the quality of the water resources of the area so as
to allow for beneficial uses by the citizens of the area. In order
to accomplish this, the Metropolitan Sewer Board is expected to
carry on a program of water quality monitoring to demonstrate that,
in fact, water quality standards are being maintained. From the
standpoint of the operating agency, water quality monitoring from

a surveillance standpoint has further value in allowing for the
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evaluation of the effectiveness of a water pollution control project.
The requisite degree of treatment to meet water quality standards is
most often determined from mathematical models that are based upon
theoretical considerations or upon empirical relationships developed
elsewhere. A water quality monitoring program to provide surveillance
after the fact will allow for evaluating the tools used to predict
requirements. Necessary modifications can be made so that future
planning is effective.

The continuation of the sampling program, begun in 1926 on the
Mississippi River, is an example of a water quality monitoring program
begun for planning purposes that was continued for surveillance purposes.
In addition, the Minneapolis-St. Paul Sanitary District instituted a
program of automatic river water quality monitoring and telemetering of
data to a central processing point in conjunction with a demonstration
program for regulation of combined sewer overflows. Five automatic
monitors with capability for sensing six parameters (temperature, pH,
conductivity, dissolved oxygen, chloride, and oxidation-reduction
potential) were sited on the Mississippi River to evaluate the effective-
ness of a program of controlling combined sewer requlator overflows.
These monitors were operated for a period of three years during the
course of the demonstration program. Four of the five original monitors
are being relocated to new sites that will be more compatible with the
goals of an overall river monitoring program.

From the standpoint of a regulatory agency, water quality monitoring
for surveillance purposes becomes an enforcement tool. The U. S.
Environmental Protection Agency placed four automatic water quality

monitors on the Mississippi and Minnesota Rivers to measure the progress
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of the metropolitan area in complying with the recommendations of

an enforcement conference that was convened in 1965. The EPA has
continued to operate three of these monitors to the present date.
Most of the recommendations of the enforcement conference have since
been accomplished and the EPA has loaned two of these monitors to the
Metropolitan Sewer Board for use in the Sewer Board's water quality
monitoring program. These monitors will be an important part of the
Sewer Board's program because they were sited at points that are

significant from the standpoint of water pollution control surveillance.

Operational Control

A third use for water quality monitoring data is that of providing
information that can be used for decision making in operational control.
As has been the case with most states, the State of Minnesota is in
the process of revising water quality standards to conform with the
requirements of the 1972 Amendments to the Federal Water Pollution
Control Act. The upgrading of standards will, in many cases, necessitate
the installation of tertiary treatment units or will require the initiation
of operating practices that fall beyond the realm of what has been defined
as secondary treatment. Tertiary treatment measures will not be required
at all times to meet the upgraded water quality standards because seasonal
variations in flow, temperature, and dissolved oxygen levels will result
in variable receiving water assimilative capacities. During the low flow
high temperature river water conditions of August, a high degree of
treatment may be required whereas secondary treatment would be adequate
during the remainder of the year. Because of the high energy and resource

consumptive nature of tertiary treatment practices, it would be desireable
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to limit their use to situations and conditions that warrant such
extraordinary measures.

The Minnesota Pollution Control Agency has enacted, as a provision
of its standards, the requirement for operation of all primary and
secondary units of treatment works at their maximum capability.
Variable operation of tertiary treatment units is allowed provided
that water quality standards are met and that adequate monitoring
capability is provided by the wastewater treatment agency. Thus, if
chemical coagulation and filtration following secondary treatment
were needed to provide the Tevel of treatment necessary to meet
standards during the infrequent low flow - high temperature critical
periods, these tertiary units could be operated on an interim basis
provided that monitoring is practiced such that the upstream flow and
quality characteristics could be determined and transmitted to the
operating agency so as to predict the necessary level of treatment to
maintain the water quality standards. The use of a water quality
monitoring program will allow for maximization of treatment plant

capacity and optimization of the use of resources.

Any one of these uses of water quality data provides justification
for a water quality monitoring program. It is felt that there will be
continuing demands for data for all three uses. The requirements for
each use are not all the same but are compatible and can be incorporated

into a single monitoring program.

Practical Considerations in Siting Automatic Water Quality Monitors

Although theoretically monitors should be located at sites that provide

the best information as to water quality and at the best points from the
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standpoint of monitoring impact of water pollution control facilities,

in point of fact several other considerations govern. These are:

accessibility, availability of utilities, security, and representative-

ness of sample. The following comments present Metropolitan Sewer Board

experiences in locating and operating water quality monitors:

1.

Accessibility. In most cases pumping restrictions require the monitor
to be located near the water to be monitored. In some of the locations
in the Sewer Board's program, the monitor has been placed on or adjacent
to the flood plain, requiring periodic removal. One of our former
locations was on the river side of a flood levee (constraints by
political bodies and governmental agencies necessitated this location).
Removal of this trailer monitor during high water required the use of
a truck crane.
Availability of Utilities. Proximity to electric power and telephone
service is a necessity. At the present time, two monitors are sited
on dams in situations where it is not possible to telemeter data
because of the absence of telephone lines. The data is being punched
on paper tape by a digital recorder. (These monitors have as their
primary purpose data gathering for surveillance uses.)
Security. Vandalism has proved to be a problem at some of our
locations. At the EPA monitor on the Minnesota River, it was
necessary that a pile cluster be driven in the river so that the
intake could be located in the river. A navigational light on this
pile cluster is frequently shot out by vandals.

One of the Sewer Board's classic examples of vandalism occurred
at a site where a trailer monitor was located on an old bridge

abutment. This abutment was below the level of the existing bridge
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and vandals dropped rocks onto the top of the trailer monitor severing
the electrical connection and the intake Tine. The last straw was
when vandals broke into the trailer pulling all sensors, signal
conditioners, and telemetering equipment out of the monitor.

In contrast, the Sewer Board had one trailer monitor on the
Mississippi River sited along a very busy thoroughfare in plain view.
This trailer has not been touched. Here is a case where security was
gained not from isolation but rather from public exposure.

4. Representativeness of Sample. Location of the intake pump at a point
in the river that provides a representative sample is a primary consider-
ation. Fortunately, water intakes, bridges, docks, and dams generally
provide representative sites as well as meeting the previously mentioned
qualifications. Placement of pile clusters in rivers to allow for
sampling in the main channel of a river can be an impediment to
navigation and is frowned upon by the U. S. Corps of Engineers. One
site, presently under consideration, is at a water supply intake
structure. This site meets all qualifications but it will be necessary
to forego data gathering during spring ice breakup conditions when the

intake is closed.

METROPOLITAN SEWER BOARD WATER QUALITY MONITORING PROGRAM

The Metropolitan Sewer Board is in the process of developing a water
quality monitoring network that can be used not only to generate information
relative to maintenance of water quality standards but also to generate
flow and quality data that can be used to regulate treatment process

measures. In order to coordinate wastewater treatment operations with
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maintenance of water quality standards, it is necessary to obtain flow
data as well. The Metropolitan Sewer Board has entered into a cooperative
program with the U. S. Geological Survey to develop a water quantity-quality
monitoring network. The USGS maintains four gauging stations on the three
major rivers of the metropolitan area. Water quality monitors are being
sited at three of the four major river gauge stations in addition to six
other sites. The data will be transmitted over leased lines to a central
data acquisition computer (Honeywell Model H-316) operated by the Metropolitan
Sewer Board. In addition, the data will be tape punched on digital recorders
so that a continuing record of variations in water quality can be maintained.
Analog data generated by the on-site flow meter or water quality sensor
is converted at the site into a proportional time pulse signal of duration
0.2 to 13.33 seconds. The conversion is repeated every 15 seconds. Up
to 15 flow meters or water quality sensors are transmitted over a single
Bell System 3002 voice grade line to the central computer. Water quality
values are converted to engineering units through the algorithm V = Ky + Ko
(T-.2)M. K, Ko and N are assigned by the computer operator using a least
squares fit program on data collected during site calibration. Sixty- 15 sec
samples are collected every 15 min, screened for extreme values, reduced to
a 15 min average value, and stored on a disc. The 15 min values are stored
for the current operating day plus 3 days previous. An operator-initiated
program reduces the 15 min data to quality mean, minimum value and time it
occurred, maximum value and time it occurred. These reduced summaries are
stored on the second or history disc for retrieval at any time. The history
disc has capacity to store one year's data in the reduced form.

The automatic monitoring system will be composed of a mixture of new
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and existing equipment. The EPA has transferred, on loan, the operation
of two of their water quality monitoring stations. These have been
interfaced with the Metropolitan Sewer Board's data acquisition system

and the EPA still maintains contact with these through a recorder.

Weekly reports are sent to the local Water Quality Office of the EPA.
Additionally, the Metropolitan Sewer Board has two operating water quality
stations on the Mississippi River and one has been sited on the Minnesota
River in cooperation with the USGS. Thus, at the present time the
Metropolitan Sewer Board has a network of five water quality monitor
stations, two on the Minnesota River defining a 36 mile river reach and
three on the Mississippi River over a 22 mile reach. During this year,

two additional monitors will be located upstream on the Mississippi River
and a monitor will be placed on the St. Croix River. This will provide

the Sewer Board with a network of eight monitor stations spanning 110 miles
of the three major river systems in the Twin Cities Metropolitan Area. The
EPA still maintains one monitor at the downstream extremity of the metro-
politan area.

The original monitors of the Metropolitan Sewer Board are Fairchild
monitors, which company was purchased by Automated Environmental Systems
which then passed into the hands of Raytheon Corp. The EPA monitors are
Schneider monitors and the new monitors that are being sited on a
cooperative basis by the USGS and the Metropolitan Sewer Board are
Tonics, Inc. monitors. Maintenance of these monitors is the responsibility
of the Metropolitan Sewer Board. Technical support is provided for mainten-
ance both by staff of the Metropolitan Sewer Board and by USGS staff.

The frequency of servicing of monitors varies by location. Those river
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locations that have the highest level of organic material require the
most frequent servicing (up to twice a week). At some locations, during
portions of the year, the water is of such outstanding clarity that only
infrequent servicing is necessary. As a general rule, the monitors are
serviced once a week. The pumping system is the principal continuing
problem. As yet no substitute has been found for the Peerless submersible
pump.

In addition to operating this monitoring program, the Metropolitan
Sewer Board will be working with the USGS in developing procedures for
data presentation such that the data will be meaningful to the general
public as well as to the operating and regulatory agencies. The intent
is to use this system to control operations such that water quality
standards are maintained and such that this information can be disseminated
and understood by all concerned. Automatic monitoring systems will provide
the means by which there can be a maximum utilization of the financial,
energy, and natural resources such that the desired water quality standards
are maintained compatible with the designated beneficial uses of the water

resources in the true sense of water pollution control.
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EXCERPTS
FROM

STATE OF MINNESOTA POLLUTION CONTROL AGENCY'S

REGULATION WPC 15

CRITERIA FOR THE CLASSIFICATION OF THE INTERSTATE WATERS
OF THE STATE AND THE ESTABLISHMENT OF STANDARDS OF QUALITY AND PURITY

Section (c)(4)

Section (c¢)(8)

"The highest levels of water quality, ............. ,
which are attainable in the interstate waters by
continuous operation at their maximum capability
of all primary and secondary units of treatment works
or their equivalent ......... oo iviiiin... shall be
maintained in order to enhance conditions for the
specified uses."

............................ If treatment works are
designed and constructed to meet the specified
1imits given above (BoD. = 5 mg/l, SS = 5§ mg/l) for
a continuous discharge, at the discretion of the
Agency the operation of such works may allow for
the effluent quality to vary between the limits
specified above and in section (c)(6) (BoDg = 25 mg/l,
55 = 30 mg/1), provided the water quality standards
and all other requirements of the Agency and the

U. S. Environmental Protection Agency are being met.
Such variability of operation must be based on
adequate monitoring of the treatment works and the
effluent and receiving waters as specified by the
Agency.

Emphasis added.
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Introduction

With the new interest in water pollution control, it has become
obvious that an adequate continuous and dependable water quality monitoring
system will be mandatory in the future. The United States has probably been
the leader in automatic water quality monitoring as exemplified by the
ORSANCO system. In fact, other countries have looked towards the ORSANCO
system as a model in order to formulate their own monitoring systems.

The problems of pollution control are compounded when a water passes
an international boundary, thus making the need for continuous monitoring
of water quality a requisite part of pollution control activities. It is
interesting to note that while the United States has somewhat in the order
of five per cent of the world's population, it uses, on an annual basis,
more than 30 per cent of the world's resources. Americans do not recognize
the fact that conditions throughout the world are not similar to those
existing in the United States. For example, while most Americans do not
concern themselves with the bacteriological safety of a drinking water supply,
many countries in the world still have this fundamental problem, i.e., the
possibility of contacting a disease through drinking water.

Because of the world wide implications of maintaining adequate water
quality, the World Health Organization has instigated a program of support
for certain countries through its United Nations Development Program (Special
Fund endeavors). Eastern European countries involved in WHO projects of
this type include Poland, Czechoslovakia, Romania and Hungary.

It is interesting to note that Hungary has a particular interest in

water pollution control activities, inasmuch as over 90 per cent of their
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surface water supply crosses their borders from another country. Hungary is
interested in a project that has been contemplated by WHO which would
involve a comprehensive water management plan for the Danube River. The
complexities of a water basin management plan in the United States are
magnified on the Danube River, inasmuch as eight countries border the

river and would have to cooperate in developing such a plan, should it be
promulgated. These countries are Czechoslovakia, Romania, Hungary, Bulgaria,
Russia, Austria, West Germany and Yugoslavia.

Most countries, upon learning of the success of the ORSANCO system
in the United States, have indicated an interest in developing automatic
water quality monitoring systems. Table I, which was taken from a study
by the Economic Commission for Europe, shows the existing monitoring stations
and plans for future stations of some of the countries involved. The country
having the most experience with the installation and operation of automatic
water quality monitoring stations at the present time is Poland, inasmuch
as they have had some six years of support in this endeavor by the World
Health Organization.

Because of the avid interest demonstrated in automatic water quality
monitoring systems, the World Health Organization held a seminar on this
topic in Cracow, Poland in the spring of 1971. This conference delineated
the objectives, status and plans for automatic water quality monitoring
systems by each country represented. The proceedings of this conference was
published by Vanderbilt University in 1972 and contains much information that
is not readily available in the English language (2).

Subsequent to several days of deliberation, the conferees arrived at

the following objectives for automatic water quality monitoring stations,
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FIGURE 1

Compilation of actual and planned automatic water

quality monitoring stations in various countries.

Number of Stations

No Country existing or in the planned for the
construction stage future

1 USA 205 1200

2 Sweden 12 30

3 Poland 7 53

4 GFR 6 75

5 Great Britain 4 240

6 Austria 1

7 Spain 10

8 Hungary 1 40 50

9 Holland 2

TABLE I
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1. Identification of compliance and non-compliance with water
quality standards

2. The establishment of water quality baselines and trends

3. The ascertainment of improvements in water quality resulting
from abatement measures

4. The implementation of flow augmeritation

5. The detection of emergency water quality problems

6. The determination of the ''offender" in cases of waste spills

7. The detection of natural causes of abrupt water quality changes

8. The establishment of water quality relationships that would
allow prediction of downstream quality conditions

9. The early warning of downstream users that adverse water quality
conditions are approaching their water intakes

It is interesting to note that the common objectives as delineated
by this meeting comprised of many European countries were quite similar
to those of the United States, which only serves to demonstrate the
world-wide need for common goals in terms of maintaining adequate water

quality.

The Polish Automatic Quality Monitoring System

In order to demonstrate the procedures which have been instigated
through World Health Organization projects, the Polish studies will be
utilized. Through the WHO projects, Poland has installed seven automatic
water quality monitoring stations throughout their country. These stations
have been located on the two major river basins in Poland as shown on
Figure 1. As will be shown subsequently, considerable care was given by
the Polish workers in establishing the location of these stations and
their procedures should be used as a guide for future endeavors of this

type.
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The stations established were equipped with Honeywell W-20 monitors,
each measuring temperatures in the range from -5 to 40°C., conductivity
in the range from 100 to 1,000 mhos, dissolved oxygen in the range from
0 to 15 parts per million, pH in the range from 1 to 14, oxidation reduction
potential in the range +500 mv , turbidity in the range from 0 to 500 ppm,
chlorides in the range from 1 to 1,000 ppm, water level and solar radiation.

The two prime considerations with respect to location of the available
number of automatic water quality monitors were to locate where the water
was most important to the country's economy and to locate where irregularity
of water quality parameters precluded manual sampling techniques. The
general location was based on the state of pollution, the pollution character-
istics, water utilization and the need and existence of waste water treatment
plants.

In order to demonstrate the methodology that was used by the Polish
workers in choosing the sites designated, the studies on the Odra River will
be used, as described by Florcyk (3).

The first step in establishing the general location of the stations
along the Odra River was to establish profiles of water quality parameters
of interest. The detailed profiles developed are shown in Figures 2 through 7
which depict the changes in certain water quality parameters imposed on a
profile of the Odra River. The parameters used on the Odra River were BOD,
suspended solids, chlorides, phenols, sulphates, and dissolved solids. In
addition to the profiles of the parameters, the location and designation of
each waste load along the river profile is presented along with tributary
rivers. It can be seen that four stations were chosen on the basis of these
profiles as follows, Chalupki, Kozle- Januszkowice, Opole-Wroblin and

Wroclaw.
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The station at Chalupki was chosen because it shows the sources
originating from Czechoslovakia, and in addition, demonstrates wide varia-
tion in water quality parameter characteristics. The station at
Kozle-Januszkowice was chosen because of salinity problems introduced from
Olza, Ruda, Bierawka, Klodnica, the Upper Silesia industrial region and the
Rybnicki. In addition, a nitrogen plant in Kedzierzyn, the discharges from
the city of Raciborz, and the location of the minimum point on the oxygen
sag occurs in this location. It is anticipated that this station will
control salinity discharges from various storage basins in the area in order
to minimize chloride concentrations in the Odra River.

The station at Opole-Wroblin was chosen because of the upstream
existence of the two largest sources of pollution on the Odra River, a paper
mill in Krapowice and the city of Opole, other sources from the Opolski
Silesia and the control of saline discharges from storage basins in the area.

The station at Wroclaw was chosen because it is the only city on the
Odra River using Odra River water as a potable water supply, it has the
largest industrial users of water, it was thought that the composition of these
waters could be controlled, an upstream tannery exists in Brzey and
finally, the monitoring station will allow insight into weir leveling in some
20 weir sites in 157 kilometers of impounded river.

Subsequent to choosing the general location of the monitoring station,
specific sites were chosen using the criteria of reasonable field conditions,
easy access by car, power connections, land implements and the possibility of
providing constant supervision from a nearby existing facility.

The chosen sites were then subjected to comprehensive cross-sectional

analyses which included velocity, dissolved oxygen, clarified oxygen consumed,
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mixed oxygen consumed, chlorides and dissolved solids. If these profiles
demonstrated uniform mixing, such that a representative sample would be
obtained from the site, the site was designated as a good one. Cross-

sections indicating non-homogeneity were rejected and studies made to

determine where complete mixing occurred. Examples of the cross-sectional data
taken on the Odra River are given in Figures 8 through 13, from which it

can be observed that the parameters measured were reasonably homogeneous

across the cross section, thus indicating a good monitoring site.

The data collection system consists of four basic sub-assemblies as
shown on Figure 14, These include the measuring module, telemechanical
equipment, transmission lines and terminal and registering equipment.

As previously indicated, the measuring module was a Honeywell W-20
instrument, the water being delivered by a screw-type pump. The major
problem with this unit was with regards to maintaining the intake velocity
the same as the river velocity. Temperatures are measured with thermistors,
conductivity is measured with a measuring potentiometer with an internal
temperature compensator, the dissolved oxygen is measured by a polaragraphic-
type probe with a gold cathode and a silver anode and includes a temperature
compensator, pH and ORP are measured with reference and measuring electrodes,
the turbidity utilizes a reflectant methodology, the chlorides are measured
similarly to ORP and pH, the flow level device uses a bourdon gauge and
and solar radiation is measured using a eppley-type pyranometer.

Transmission is comprised of two systems, a radio link and a radio
link plus telephone lines. The operating frequencies of the radio stations
are each different in order to avoid interference.

With regards to terminal and registering equipment, three methods

were considered as follows: inscription on paper tape or on punched tape, periodical
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inquiry and recording by teletype, and a complete data processing set which
would compute the necessary routines with the aid of a computer. The
option chosen was periodical inquiry and recording by teletype.
The data processing equipment performs the following operations:
1. Receiving 102 messages and 89 measured values from the memory
circuits of the telemetering systems and processing them
according to a given program. The reading time may be adjusted

to 5, 10 or 60 minutes.

2. Preparing an operational record which consists of the delivery
by the teletype of processed data from individual stations.

3. Preparing a disturbance record which is written by a separate
teletype.

4. Checking the incoming measured values by comparison with
preselected admissible limiting values.

5. Receiving via teletype the values of limiting intervals or
their changes.

The digital form of measured quantity may be made available by wiring
a digital to analogue converter. The central processing center serves
presently for two purposes, one is to determine whether or not the concentration
of any parameter exceeds the permissible‘level and the other is to gather
summary characteristics concerning certain periods of time (e.g., one day)
for long-range studies on the degree of water pollution in a given basin
area.

The four basic units comprising the telemechanical equipment are a
transmitter for measured values and messages, a receiver for measured values
and messages, a transmitter of commands and a receiver of commands.

The first W-20 instruments were placed into operation during December
of 1968, Table 2 demonstrates the results of the operating performance of
the difference sensors. The average reliability of the measuring module was

found to be in the order of 80 percent,
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TABLE 2.

Analysis of the Performance of Monitor W-20 Sensors from 1.12.68 to 15.08.70

Oxygen Water Level Conductivity Turbidity pH
Sensors 68 69 70 68 69 70 68 69 70 68 69 70 68 69 70
1. Number of
hours in 432 8760 5448 432 8760 5448 432 8760 5448 432 8760 5448 432 8760 5448
the period
2. Operating
hours 422 6916 4361 432 7934 4909 269 7311 4859 426 6358 4779 422 7306 4844
3. Operating
hours % 97.6 78.9 80.0 100 90.5 90.1 62.2 83.4 89.1 98.6 72.5 87.7 97.6 83.4 88.9
Redox potential Temperature Chlorides Solar radiation
(from 1.07.69) (from 18.04,70)
68 69 70 68 69 70 68 69 70 68 69 70 68 69 70
1. Number of
hours in 434 8760 5448 434 8760 5448 - 4416 5448 - - 2504
the period
2. Operating
hours 404 7457 4859 327 7535 4899 - 3051 4716 - - 2504
3. Operating
hours % 93.5 85.1 89.1 75.7 86.0 89.9 - 69.0 86.4 - - 100




The interpretation of data collected by the monitoring stations is
subjected to somewhat different analyses than is usually performed else-
where as described by Manczak (4). The Polish workers consider three types
of flow-concentration curves to exist. These three curves, along with
their equations, are presented on Figure 15. The Type 1 curve represents
a heavily polluted river and the value of %- is considered to be the amount
of wastes discharged and b represents the natural pollution of the river.
The Type 2 curve represents a clean river and the intercept at Q = 0 is
said to be natural pollution, increased flows representing pollution from
siudge resuspension and runoff accumulation. Finally, the Type 3 curve is for
pollution intermediate between the Type 1 and Type 2 curves. During low
flows, dilution is said to be important while during high flows the
important factor is sludge resuspension and xunoff accumulation.

The magnitude of the number of observations made by the Polish workers
allows the development of empirical equations on a statistical basis. -For
examble, Figure 16 demonstrates a correlation between the initial five-day
BOD and the value of the river deoxygenation coefficient. Figure 17 shows
the flow concentration relationship developed, taking into account the
temperature effects on BOD and Figure 18 illustrates the curves developed
from previous considerations. Figure 19 through 22 demonstrate the types
of flow-concentration curves utilized by the Polish workers in their water
pollution control studies and regulation. Finally, Figure 23 demonstrates
the results obtained using the W-20 monitoring station for a period of
almost two years.

The Polish workers then take each parameter of interest and statistically

analyze the data collected as shown in Figures 24 through 28. These analyses
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then form the bases for establishing standards and water quality goals in
the river in question. While it may be observed that the Polish workers
are able to collect much more data than is usually possible in the United
States, their procedures appear to be quite rational and form a sound

basis for the rational establishment of water quality goals.

Automatic Water Quality Monitoring in Czechoslovakia

In 1966, three experimental monitoring stations were installed on
the Vltava River, downstream from Prague, on the Chre River near Carlsbad
and in Terezin. At these stations, Czechoslovakian made analyzers were
tested for the monitoring of temperature, pH, DO, conductivity, chlorides,
turbidity, color and different type pumps. New devices have been developed
in Czechoslovakia for the automatic determination of pH, ORP, conductivity,
DO and temperature. In addition, the central unit of the monitoring station
has been developed so that it is able to transform signals coming from
various analyzers into digital form for printing, magnetic tape or punched
tape registration, in combination with telemetry, if needed. It is planned
to place 50 automatic water quality monitoring stations throughout

Czechoslovakia in the future.

Automatic Water Quality Monitoring in Hungary

A World Health Organization water quality management project has
enabledthe Hungarian workers to plan for five continuously operating auto-
matic water quality monitoring stations in that country. The instruments
installed are or will be Hungarian made and will measure temperature, DO,

conductivity, pH, turbidity and solar radiation.
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The data will be recorded graphically using a five point recorder
and will also be connected to a telex system. This will allow interrogation
of the station, resulting in printout of the water quality results on an
hourly basis. Interrogation will be made from a center which will be located
in the Hungarian Researcn Institute for Water Resources Development in
Budapest where computer facilities are available. Statistical analysis of the
data as well as data storage will be accomplished by the computer.

Three monitors are foreseen for the Sajo River, the first station,
located at the Hungarian-Czechoslovakian border, was placed into operation
in April of 1973. A second station on the Sajo will be placed into operation
during December of 1973 and is approximately 69 kilometers from the first
one, The third station will be a mobile one and will be mounted to a trailer,
This will be used as water quality conditions require. The fourth station
will be placed in the vicinity of the border between Hungary and Czechoslovakia

and the location of the fifth station is not yet decided,

Summary and Conclusions

The status of water quality monitoring in Eastern Europe has been
presented and the role of the World Health Organization delineated. It was
shown that the most experience in the design and operation of these stations
has been gained in Poland thus far, however, other countries are rapidly
planning for comprehensive automatic water quality monitoring systems.

The procedures for the establishment of station locations in Poland
were examined and it was seen that a considerable amount of care was exercised
by the Polish workers. In addition, the vast array of data collected by the
Polish authorities has resulted in some rather interesting relationships

regarding river flow and concentration of certain pollutants.



It may be concluded that some substantial advances have been made
in automatic water quality monitoring in Europe and that cooperation

between European countries and the United States should be encouraged.
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An Airborne Laser Fluorosensor for the

Detection of 0il on Water

A remote active sensor system designed to detect laser induced fluorescence
from organic and biological materials in water has been suggested by a
number of investigators. (1,2) Several different laser airborme systems are

in the process of being developed in both the U.S. and Canada. (3,4)

In this presentation, we would like to report our successful operation of
an airborne laser fluorosensor system which is designed to detect and map
surface oil, either natural seepage or spills, in large bodies of water.
The test flights were conducted in daylight preliminary results indicate
that the sensitivity of the instrument exceeds that of conventional passive

remote sensors which are available for the detection of an o0il spill today.

The package was jointly developed by NASA Wallops Station and Sparcom Inc.
of Alexandria, Va. The salient features of the system consist of a pulsed
nitrogen laser, a f/1 28 cm diameter Cassegranian telescope and a high

gain photomultiplier tube (RCA 8575) filtered by a U.V. blocking filter
(0.01% and 0.3% transmission at 337 nm and 390 nm respectively). The laser
produces a nominal 1 m joule pulse of 10 nsec duration at 337 nm contained
in a retangular beam having a half angle divergence of approximately 30 by
2 mradians. The repetition rate 100 pulses per second affords one good
spatial resolution when operated from an aircraft flying at 300 km/hr.
Figure 1 is a photograph showing the laser equipment installed in NASA DC-4

aircraft.
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The laser induced fluorescence of the oil in the 450-500 nm spectral region
was monitored. Each return pulse was fed into a range gated multi-mode
analog to digital (ADC) conversion unit which recorded the peak amplitude of
fluorescence. Even though the pulse width of the return fluorescence did
not exceed 10 nsec, the width of the input gate to the ADC was considerably
wider. This was to insure signal detection as fluctuations occured in the
laser/oil distance which were produced by aircraft motion: roll, pitch and

changes in altitude.

A 35 mm frame aerial camera equipped with a wide angle lens viewed the same
area on the water surface as seen by the fluorosensor. Our experiences
gained through previous NASA aircraft photo surveillance missions have shown
us that the color photographic image technique is still one of consistently
reliable positive indicators of the presence, position, and extent of the

olil slicks.(s)

The first series of flight tests were conducted in conjunction with a con-~
trolled oil spill off Norfolk, Virginia in May 1973. This spill consisted
of 400 gallons of No. 4 grade heating oil. The field experiments were
managed by the U.S. Coast Guard. The NASA aircraft containing both the oil
fluorosensor and a dual channel microwave radiometer,(G) flew over the spill
site at altitudes ranging from 100-1000 feet. Figure 2 illustrates typical
return signals which were obtained at the airborne receiver from the surface
0il as the plane passed over the slick. The data shown in this figure was
optained from an aircraft altitude of 400 feet. This figure shows a large
but fairly constant backgraund previous to (£ 4 seconds) and after (2> 12

seconds) the plane's passage over the spill. There is a marked increase
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in the amplitude of the detected signal during the period of time that the
aircraft was over the oil slick. Detection of the oil was recorded by the
dual channel microwave radiometer during the time period of 6-8 seconds,

which is close to the center of the spill. In all probability this re-

preserted the thickest layer of oil. This singie qualitative experiment
dramatically showed that while the microwave radiometer was able to detect
the central portion of the spill, the increased sensitivity of the laser
fluorosensor permitted detection of approximately the entire visual extent

of the slick. Although the thickness of the oil changes as the o0il spreads
on the sur’ace of the wdter, the amplitude of the fluorescent signal remained
essentially constant (Figure 2). Since oil exhibits extreme absorption in
the UV region of the spectrum one would expect the amplitude of the fluores-
cence to be relatively independent of thickness. This is in agreement with

the flight test results. Confirmation of the dependence of o0il thickness

on fluorescence has been made in the laboratory.

A second set of flight tests consisting of six separate flights was made in
August, 1973 to detect ambient oil on the Delaware River. Figure 3 shows
the results of one of these flights from a 48 km section of the river
between the Chesapeake and Delaware Bay Canal to the Delaware - Pennsylvania
state line. The observed fluorescent intensity was approximately 5 times
higher in the upper section of the Delaware River as in the lower section

of the river. The background noise was substantially reduced over that
recorded in the initial flight test. This was accomplished by narrowing

tiie gate width of the digitizer input from 250 to 50 nsecs. The system

was calibrated to register a value of S0 on the ADC unit against a thin

oil film zarget in full view of the receiver at an altitude of 500 feet
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and a value of zero against ambient noise in the open sea. This was
accomplished by adjusting the gains of the phototube and the threshold
levels of the input discriminator to the digitizer. Therefore, our

calibration procedure assured us that the signal observed in the lower

section of the river was a real fluorescence and not backgraund nolsé.

Figure 4 shows a bar chart of the morning flight results, previously
shown in Figure 3, along with the return afternoon flight made the same
day. Each block in the figure represents an -average value of 3000 return
pulses. -This figure shows dramatically the change in the intensity of

the 0il in the lower section of the river in a fairly short time.

Images from the aerial photography showed the presence of oil when a
scale reading of 50 or greater was reached on the ADC output. There-
fore, photography did not show the presence of oil in the lower section
of the river during the morning flight, although detection of the o0il was
made with the laser fluorosensor. This is significant, in phat it shows
the tremendous sensitivity of the laser fluorosensor in detecting traces

of oil that can not be detected by other Temote sensors.
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THE U.S. GEOLOGICAL SURVEY AND LAND USE MAPPING *
James R, Anderson
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Washington, D.C. 20244
BACKGROUND

A modern nation, as a modern business, must have adequate informa-
tion of many complex, interrelated aspects of its activities in order
to make decisions. Land use is only one such aspect, but it is one
that has become increasingly important as the Nation seeks to grapple
with the problems of suburban expansion, demand for outdoor recreation,
highway and transportation planning, environmental quality, and use of
energy resources, The land area of the United States is a finite
quantity that has not changed very much for more than a century and is
not likely to change in the future. However, the uses made of the
Nation's land and water resources have changed greatly.

Urbanization has been absorbing land at the rate of about 730,000
acres per year during the 1960's and another 130,000 acres per year
were being transferred to transportation uses from other uses. About
1 million acres per year have in part been going into some kind of
recreational use during the past decade. In the future, the possible
use of strip mining to increase the exploitation of coal resources
could bring significant land use changes to those areas of the Nation
where strippable coal deposits exist. To date about 1.5 million acres
of land have been disturbed by strip mining of coal but as much as

(1)

45 million acres with strippable coal deposits exist in the United States.

% For oral presentation and possible publication in the Proceedings of
the U.S. Environmental Protection Agency's Second Environmental Quality
Sensors Conference, Las Vegas, October 11, 1973.
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Therefore, the growing population of this country coupled with

a widening horizon of demands being made on land resources has brought

an expanding array of pressures on the available resource base., These
pressures have brought conflicts in many parts of the Nation that
urgently need attention. Some examples include agricultural production
in conflict with real estate development and resulting urbanization;
environmental protection versus production of energy to meet increasing
demands for power; recreational development versus the use of land for
forestry, grazing, and extractive uses; conservation of coastal areas
for recreational uses in the face of needs for more port facilities and
shoreline industrial sites; preservation of wetlands for natural wild-
life and fisheries habitat in the face of new demands for development
of such wetlands for urban uses, agricultural production, and other
uses.

In recent years Americans in general have become more and more
concerned about resources and their use, about the quality of the
environment, about urbanization of productive agricultural land, need
for recreational development closer to where they live, and many other
local, state, and national resource issues. However, there is a
widespread lack of understanding of resource use and environmentally
related problems. For example, the current furor over the high cost
of food, particularly meat, might be more rational if more Americans
realized that an average acre of land is hard pressed to produce
500,000 calories of food per year if used for beef production. When
used to produce wheat or rice that average acre can produce about

2 million calories of food annually. Each American consumes about

a million calories a year. The Chinese are not vegetarians by choice



but by necessity. Peanut butter has as much protein per pound as
beefsteak but obviously most Americans are still insisting on eating
beef. 1 well remember when I was a boy in the 1930's how disgraceful
my mother always considered it was to serve oleomargarine. Today
many of us use it as an acceptable substitute for butter ~ that is
until the recent rise in the price of soybeans caused a significant
narrowing of the price spread between oleomargarine and butter.
Another example of American's general lack of understanding of
resources and their use relates to the present scarcity of energy.
When 1 was growing up on a farm in the White River Valley of Indiana,
we used only 30 kwh of electricity per month. Recently when I paid
my last electric bill in moving from Florida to Reston, Virginia,
our family had used 1,543 kwh in the month of December, a good month
for Florida. This great expansion in the consumption of energy by
Americans has brought us rather abruptly to an agonizing reappraisal
of priorities and options necessary to bring about a solution to the
current energy shortages compatible with the need to maintain and
improve .the quality of the environment,

NEED FOR LAND USE DATA

The increasing number and complexity of land use conflicts
indicate a need for positive private and public planning efforts to
resolve these acute problems and to prevent or reduce future conflicts.
The severe strains being placed upon the natural environment in many
parts of the country must be reduced and the stresses on social,
political, and economic institutions must be relieved. Improvement
in the land use decision making processes at local, state, and Federal

levels is one way of reducing these strains and solving these problems.



Many responsible public officials and prominant authorities on
land resource planning, decision making, and management have stressed
the need for more information about existing land use. For example,
Marion Clawson, former Director of the Bureau of Land Management, author
of numerous books dealing with land resources, and for several years
with Resources for the Future, makes the following statement in the

Foreword to a report published in 1965 on Land Use Information: A

Critical Survey of U.S. Statistics Including Possibilities for

Greater Uniformity:

"In this dynamic situation, accurate, meaningful, current
data on land use are essential. If public agencies and private
organizations are to know what is happening, and are to make
gsound plans for their own future action, then reliable informa-
tion is critical."(2)

Pending legislation in the 93rd Congress recognizes the need for
Federal participation in the collection of land use data. In Senate
Bill 268, Title II, Section 202, the Secretary of the Interior,
"Acting through the Office (of Land Use Policy Administration), shall:

A) Maintain a continuing study of the land resources of
the United States and their use:

B) Cooperate with the States in the development of standard
methods and classifications for the collection of land use
data and in the establishment of effective procedures for
the exchange and dissemination of land use data: .”(3)

H.R. 4862 is also quite specific on the need for adequate informa-
tion on land use. In Section 101 of Title I, the following statements
are made:

""The Congress finds that adequate data and information
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on land use and systematic methods of collection, classifi-

cation, and utilization thereof are either lacking or not

readily available to public and private land use decision

makers; and that a national 1aﬁd use policy must place a

high priority on the procurement and dissemination of

useful land use data."(%4)

One of the prime requisites for better use of land is informationm
on existing land use and changes in land use over time., The present
distribution of agricultural, recreational and urban land; knowledge
of how and where urbanization and other development has been occurring;
and data on the proportions of a given area recently devoted to dif-
ferent uses are used by the legislators and state officials to
determine land use policy, and by planners to project transportation
demand, identify areas where future development pressure will be
greatest, estimate future infrastructure requirements, and develop
more effective plans for regional development.

Another possible use of current land use data is in equalization
of tax assessment procedures among counties, A representative of a
State revenue office indicated-that current statistical data on dif-
ferent land uses in each county would be invaluable to the State in
reviewing assessment reports submitted by county assessors.

Information on existing land use and changes in land use is also
of significance for water resource planning. As land is changed from
agricultural or forestry uses to urban uses surface water runoff
increases in magnitude, flood peaks become sharper, surface and ground

water quality deteriorates, and water use increases thereby reducing



water availability, By monitoring and projecting land use trends
it will be possible to develop more effective plans for flood contrc
water supply, and waste water treatment.

Federal users also need current land use information, The asse
ment of recreational needs and opportunities requires knowledge of t
location and extent of urban areas and potential recreational lands.
This information is used to forecast demand, identify potential solu
tions, and develop recreation plans. Comprehensive inventories of
existing uses of public lands plus the existing and changing uses of
adjacent private lands can improve the management of public lands.
Other Federal uses of land use data include assessing the impact of
energy resource development, water resource and river basin planning
managing wildlife resources and studying changes in the use of lands
in the migratory bird flyways, and preparing national overviews of
changes in the use of land for national policy formulation.

Another application of land use data is in assessing the impact
of natural disasters such as floods. Statistics on the acres of agr
cultural, urban and other types of land inundated by flood waters
would be invaluable in estimating damages, future crop losses, and
consequent econimic impacts,

Presently, there is no systematic compilation of information or
existing land use and its changes on a national basis. TFor detailec
planning at the local level, ground surveys, occasionally supplemen!
by aerial photographs, are used. 1In some cases, land use informati
is hypothesized on the basis of data on utility hookups, school pop
tion, building permits, and similar information. Transportation

planners collect the necessary information using similar techniques
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Some States such as Connecticut, New Yorks6 ) €7)

and Minnesota,
have land use information available on maps at scales ranging from
1:24,000 to 1:500,000, but in most cases these States have not been
able to update the land use maps, therefore, they have decreasing
utility. Some Federal agencies, such as the Forest Service, Soil
Conservation Service, and Bureau of Land Management, collect some
land use information, but it is for a specific need and is difficult
to adapt to other uses, 1In 1958, and again in 1967, a National
Inventory of Soil and Water Conservation Needs was carried out by

(8)

the U.S. Soil Conservation Service. The inventories have pro-
vided much useful general information about land uses by counties,
but since the inventory was based on a two percent sampling of the
total area of the United States it is deficient with respect to
specific geographic distributions of various land uses.

Some of the major problems with these existing data sources are
the lack of consistency, the age of the data, spotty coverage, and
the use of incompatible classification systems. The data have been
collected to meet specific limited needs using definitions of use
classes which are appropriate for only that need. They have often
been collected on a one-time basis so the data are of marginal utility
for other applications. Furthermore, it is nearly impossible to aggre-

gate the available data because of the differing classification system

used.

DEVELOPMENT OF A LAND USE DATA PROGRAM

A step to develop a framework for the meaningful classification
of land use on a nationwide basis has been taken by the U.S. Geological

Survey. In Geological Survey Circular 671 entitled "A Land Use



Classification System for Use with Remote Sensor Data,' published in
October 1972, a land use classification system is proposed for testing
and review, This classification system has been developed to meet the
needs of Federal and State agencies for an up-to-date overview of land
use throughou