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Summary

The ARPA Environmental Impact Program is directed toward
identifying those scientific and technical areas necessary to achieve satis-
factory evaiuation and abatement of the environmental impacts of DoD
activities. The effort is directed toward high technology problems for
which there are current voids not being adequately addressed by cthers
and for which the environmental evaluations require considerable inter-
service and inter-agency participation.

The topic areas identified are:

1, An Environmental Impact Prediction Facility to assist
DoD in evaluating impact on the environment and to
provide a data base for an accurate assessment of an
activity's impact.

Four areas essential to this Facility are discussed:
Standards, Sensors/Instrumentation, Numerical
Modeling, and Data Management. The interaction
of these areas is illustrated using the high flying
aircraft as an environmental impact prediction
samp:e.

2, Implementation of a model base facility in which
all the environmental factors and natural resources
could be well controlled. The emphasis was con-
centrated on techniques which could be implemented
within the next ten years. Energy rescurces, in
particular, are detailed,

3. Development of sensor and instrumentation techniques
for environmental monitoring., Sensors and instru-
mentation techniques are considered in great detail
with emphasis on sophisticated chemical analysis
techniques such as ion-selective electrodes, polaro-
graphy, chromatography, etc, The basic principles

-vii-



and theory of operation of each of the instruments
have been investigated to gain insight into the existing
and future limitations.

4, Study of critical materials to assure a DoD supply.
This study considers the environmental aspects of the
metallurgical processes involved from the mining to
the finished products.

51 Environmental management so that DoD's pollution
efforts in detection, control, and abatement will be
recognized by the civilian community,

6. Pilot project to achieve insight and know-how prior
to the start of the actual Environmental Impact Predic-
tion Facility. The project proposed is the study of an
estuary closely tied to a DoD facility. Details are
enumerated so that one can gain insight into the
environ.iaental problem, the tasks necessary to

resolve the situation, and the final product result
from the pilot study.

The effort was also directed toward identifying research needed
to support future environmental impact statements. Assessment and
evaluation of current impact statements were used to determine potential
difficulties. For each Environmental Impact Statement, an abstract was
prepared together with a summary of the environmental factors involved

and future study areas.
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1.0 Introduction

The ARPA Environmental Impact Program is directed toward
identifying those scientific and technical areas necessary to achieve
satisfactory evaluation and abatement of the environmental impacts
of DoD activities. The effort is directed toward high technology prob-
lems for which there are current voids not being adequately addressed
by others and for which the environmental evaluations require consider-
able inter-service and inter-agency participation,

The need for these efforts is evident if one considers the legal
constraints which are imposed by the current legislation and Executive
Directives. For example, all Federal agencies, including DoD, whose
activities may have 5. significant impact on the environment, must
prepare a detailed report of the action and the probable environmental
effects prior to the start of‘ the activity. This is required by Section
102(2)(c) of the National Environmental Policy Act of 1969 [Public Law

91-190].

1.1 Study Objectives

The objectives of this study contract are to conduct a study which

will include, but not be limited to:
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1. Conducting a review of existing DoD Environmental
Impact Statements furnished by ARPA to determine
the weaknesses of current theory and technology.

2. Attending selected conferences and symposia on
pollution detection, control, and abatement.

3. Within the limits of time and funding imposed by
this contract, conducting a review of the environ-
mental effects programs of other DoD, and other
Federal agencies.

4. Using the information derived from (1) through
(3) above and information obtainable from other
sources, identifying the principal environmental
considerations of importance to the DoD.

5. Formulating a recommended research plan for

an advanced research program to be conducted
by ARPA.

1.2 Recommended Research

As a result of this contract study, several topics/areas were
identified and appear to be germaine for additional study and work
efforts by DoD and ARPA.

These include:

1. The establishing of an Environmental Impact

Prediction Facility to assist DoD in evaluating
impact on the environment and to provide a data

base for an accurate assessment of an activity's
impact.

2, The implementation of a model base facility in

which all the environmental factors and natural
(energy) resources could be well controlled.
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3. The further development of sensor and instru-
mentation techniques so that the environment
can be readily monitored and quantified.

4, The study of critical materials so that DoD's
source will always be available,

5. The organization of environmental management
so that DoD's pollution efforts in detection, con-
trol, and abatement will be recognized by the
civilian community and the techniques adapted
to non-DoD needs if warranted.

6. A pilot study and project to achieve insight and

know-how prior to the start of the actual
Environmental Impact Prediction Facility.

1.2.1 Environmental Impact Predictionr Facility

To obtain predictions of the environmental impact of DoD
activities and to properly complete future Environmental Impact
Statements, a dafa network, a centralized high-speed digital com-
puter, and an Environmental Impact Prediction Facility are essen-
tial. The ARPA Net and the ILLIAC IV computer appear to be
ideally suited for the first two job tasks. To function properly,
this Environmental Impact Prediction Facility must have a data base,
"in-situ" sensors and instrumentation expertise, legal knowlédge
pertaining to legislation and standards and modeling capability.

Efforts must be directed toward the mechanics of establishing

this facility., This entails identifying:
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1. The customer.

2. The format of the end product/service to be
provided,
3. The data collection and analysis facilities of

other agencies, both Federal and non-Federal,
4. Ti : applicable standards and regulations,

5. The program participators and the extent of
participation,

1.2.2 Model Base Facility
Resource Depletion - New Base Facilities

The ever decreasing supply of mnatural resources and energy
emphasized the need to conduct studies into the development of a
model new base military facility, The objective of a total facility
is to minimize total energy consumption, A system approach is
being utilized for this objective. The approach is to consider the
facility in the same context as a submarine or space vehicle. A
model community optimizes functional requirements, costs, and
energy considerations, To accomplish this objective, new components
of power generation, heat exchangers, and insulating materials are
being examined, Once again the multi-agency and tri-service nature

of this task is readily apparent.
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1.2.3 Sensors/Instrumentation

The study has emphasized the need for state-of-the-art, reliable
and sensitive instrumentation techniques and sensors that can effectively

monitor the environment,

1.2,3.1 Air Pollution - Solids

A major need is for reliable solid state sensors for detection
and measurement of particulates. The technology is available and is
starting to be employed. An example of a newly developed solid-state
method is the application of energy dispersive X-ray fluorescence
spectroscopy to direct analysis of particulates collected on filter paper
by Hi-Vol samplers. Extension of this technique to most of the metal
particulates should be possible. The method is rapid and sensitive.

Linkage with a mass spectrometer/computer is a logical exten-
sion that would multiply the power of the method. Less accurate but
still acceptable analyses for organic air particulates could be achieved
by solvent extraction of the paper and subsequent GC/MS or TLC/scan.
TLC/scan methods can involve IR reflectance, UV absorption, or spectro-
fluorometric techniques, The last technique has seen rapid improvement.

However, HPLC methods may be preferable to the above in some instances.
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1.2.3.2 Air Pollution - Hydrocarbons u1d Volatile Organics

Methods for determining very low levels of hydrocarbons (inclu--
ing olefins) are desirable. By preconcentrating on chromatographic
column materials, such as porapak Q, at very low temperatures

(liquid N, and subsequently isothermally distilling into a GC gas sampling

2
inlet or by other methods, such as carrier gas sweeping at elevated
temperature, input into a gas chromatograph or GC/MS or GC/IR com-
bination can be achieved. This method could be adapted to automated
sampling and analysis.

In general, the applications of GC/MS/computer systems should
be explored exhaustively, particularly since many inorganics can be
handled by GC by conversion to volatile stable complexes. The develop-
ment of completely automatic GC/MS/computer systems, including

automatic sampling, should be feasible, particularly with simple, rugged

instruments such as the rf/quadrupole types.

1.2,3.3 Water

The application of pyrolysis GC tc aqueous pollutants, such as
surfactants and other non-volatile organics, is a method with great
potential. Automatic sampling and extraction-concentration techniques

should be improved.
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Continuous monitoring of water pollutants of many types is
possible with the newly developed multiple internal reflection probe
which dips into the sample to be analyzed. Some type of masking
or correlation technique may be possible to enhance the method. Ion
selective electrodes are very useful for monitoring waters but are
susceptible to iaterferences. It may be possible to develop a con-
tainer into which the sample flows, is masked by e;utomatic addition
of an appropriate reagent to remove ‘nterferences, and measurement
is made. Upon achieving a stable reading the container opens, is
flushed by the aqueous environment, and is ready to read agair at
a preset interval,

The continuous improvement in detectors for GC and HPLC
suggests that these methods will be among the most generally useful
for handling all types of organic pollutants, Specific detectors, such
as electron capture and phosphorus and microionlemetric detectors,
are extremely sensitive for specific types of pollutants, while the con-
tinuing development of phase transformation detectors greatly enhances

the utility of HPLC methods for organics.

1.2.4 Critical Materials/Sole Source Supplie:s

DoD needs to identify the critical materials and sole-source

manufacturers which are essential for their operation and programs.
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At the present time, if any supplier or manufacturer is labelled a
polluter by the U.S, Environmental Protection Agency or any other
cognizant government agency, the imposition of legal action based

upon current legislation or Presidential directives could have a serious
impact on DoD's efforts.

However, if single source manufacturers and critical materials
are known, DoD will be able to avoid difficulties by providing technological
help and expertise before judicial restrictions are imposed.

This initial contract study has identified the need of DoD to be
assured of materials which are critical for their activities. Not only must
the total supply and location of the natural resource be known, but the
material must be handled/processed in a manner which will comply' with all
Federal, State, and local ordinances and standards.

Thus, a study should be initiated to positively identify the cri-
tical materials, to determine the total environmental impact of their
refinement, to identify the necessary instrumentation to be assured of
non-polluting processes and compliance with all applicable standards,
and to ascertain the void in the instrumentation/monitoring or the
metallurgical process itself so that improved state-of-the-art techno-

logy can be applied to correct any deficiency.
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1.2.5 Recommendations for Environmental Pilot Study

A, Introduction

One of the conclusions of the contract study has led to the
suggestion to create an Environmental Impact Prediction Facility.
The greatest cost-effectiveness can be achieved if the program to
formulate the structure of the Facility were simultaneously conducted
with a pilot project which will typify the tasks that will be the man-
date of the Facility. By combining the planning of the Facility and
a pilot study in one program, the interaction between the two efforts
will result in significantly higher productivity.

The pilot project will be a complete investigation of all the

phases of the impact of one DoD installation on an estuary. It will

include:

1. An inventory of pollutants introduced into the estuary
by the DoD installation and by the bordering community;

2. A field study of the estuary's fluid dynamics, and
thermal and salinity structures;

3. The collection of topographical, geological, and
sedimentation data;

4, A survey of instruments available for the hydrological
study and sensors of water-borne pollutants;

5. An extensive field program of biological and chemical

measurements;
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6. A review of local, state, and federal laws, and
of extra-legal quality standards, which relate to
the introduction of pollutants into the estuary;

7. The implementation and use of a numerical
model of the estuary's dynamic, thermal, and
salinity properties and of the dispersion of
pollutants in the estuary;

8. Recommendations for increasing the environmental

sensitivity of the installation's operations, for
future environmental studies of the estuary, and
for the elimination of gaps in the technological
capabilities in estuarine pollution studies; and

9. The formulation of an Environmental Impact State -
ment for the installation as related to this estuary,

The obvious objectives of the combined program will be the
planning of the Environimental Impact Prediction Facility, and the
successful completion of the pilot project as outlined above, The
successful achievement of these objectives, alone, is sufficient justifica-
tion for the program's efforts, However, by combining these two tasks
in one program, additional and equally important objectives will be
achieved at no extra cost. One is the pre-testing of the managerial
and technological structure of the Environmental Impact Prediction
Facility by applying its planned structure tc the pilot project; this will
enable the Environmental Impact Prediction Facility to be planned with
foresight which will result in tremendous savings in time and direct

cost. A second additional objective to be achieved will be a critical

evaluation of the existent technology applicable to environmental
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problems--including sensor technology; data acquisition, storage, and

retrieval, numerical modeling; ecological field methods; etc.

B. Technical Tasks

An inventory will be made of all material introduced
by the installation into the estuary. Such material
may include inorganic chemicals, organic chemicals,
nutrients, microorganisms, or thermally treated
water. Similar inventories will be made for other
pollution sources which affect the same region of the
estuary. During the field measurement period, con-
tinuous records will be kept of the disposal rates for
each separate pollutant.

A hydrological survey of the type which is common
for oceanography will be carried out. Measure-
ments will be made of the water current and direc-
tion, temperature, and salinity at various positions
and depths, during different phases of the tidal
cycle, Another useful measurement is the diffusion
rate, which can be obtained from a dye diffusion
experiment,

Topographical and geologic data will be obtained
from U, S. government sources, if available. In
addition, sediment thickness must be measured
and sediment samples from different depths ana-
lyzed. Depositional and erosional processes will
be observed, as well,

A survey and evaluation of sensors and instruments
will begin early in the project, leading to a selection
of sensors and instruments to be used in the actual
meitsurement phases of the project. These will
inciude oceanographic instruments (current meters,
saiinometers, thermometers, dye diffusion apparatus,
turbidity meters, etc.); sensors and quantitative
analysis apparatus for both organic and inorganic
chemicals (including dissolved 02, dissolved COZ’
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mercury, heavy metals, BOD, COD, pesticides,
etc.); sensors and quantitative analysis equipment
for nutrients such as organic-N and soluble-P;
microbiological measurement equipment (for coli-
form and salmonella, for example); and equipment
for the observation of flora and fauna in the
estuary.

5. The sensors, instruments, and equipment selected
after the survey will be deployed at various stations
and depths in the estuary, as continuously as possible
for a one-year period., The measurements will be
sufficiently dense in space and time to show spatial
patterns caused by the estuary's dynamics and the
distribution of sources, and temporal variations
associated with the estuary's cynamics and varia-
tions in disposal rates, The mmeasurements will
include physical, chemical, and biological indices
of pollution and will be taken concurrently with the
hydrological survey.

6. A review will be made of relevant local, state, and
federal laws, for comparison with the source and
field data. In addition, extra-legal environmental
quality standards advocated by DoD, EPA, or other
agencies and organizations will be reviewed and
compared with source and field data.

7. A numerical model capable of simulating the estuary's
dynamics, its thermal and salinity regimes, and the
spatial and temporal variations of pollutant concentra -
tions, will be developed or adapted and implemented
on a digital computer. The simulated estuary will be
required to agree closely with all the field measure-
ments when the source data is used as the input.

Cnce operating, the numerical model will be used to predict the
effects of hypothetical changes in the estuary itself and in the pollution

sources. For example, it will predict the effect of restricting pollutant

disposal to certain tidal phases, to certain depths, or to certain
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combinations of positions. It will predict the effect on the dispersion
of pollutants by changes in the estuary's dynamics caused by piers,
bridges, or other structures,

Estuarine modeling by numerical methods has received consider-
able attention in recent years. It is expected, therefore, that the pilot
project will not be required to develop 2 numerical modeling scheme,
but will be able to adapt existing models to its problem in one
man year,

This last technical task, the numerical modeling, is the culmina-
tion of all the preceding tasks, It will be the basis of the pilot project's
conclusions and recommendations, Without the numerical model, the
entire project's efforts would be without substantive results; but with-
out the other tasks, a dependable numerical model would be impossible

to develop.

C. Conclusions and Recommendations

Th» pilot project will produce a detailed analysis of the environ-
mental impact of the DoD installation on an estuary. This will comprise
the direct objective of the pilot project,

In addition, as a result of the interaction between the pilot
projects's efforts and the Environmental Impact Prediction Facility's

planning efforts, the program will produce an extensive critique of the
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environmental prediction capability of existing technology, including
sensors, data handling and analysis, and numerical modeling. A further
significant product of the interaction of the two efforts will be an evalua-
tion of the planned managerial and technological structure of the
Environmental Impact Prediction Facility, based on its application to

the pilot project. This evaluation will result in time- and cost-saving
foresight in the eventual implementation of the Environmental Impact
Prediction Facility,

The recognition of the important accomplishments which can be
achieved by combining a pilot project with the Environmental Impact
Prediction Facility's planning effort, as outlined above, motivates the
recommendation that the program should include both these efforts.

Such a program will be a highly productive, cost-effective means for
DoD to comply with and exceed local, state, and federal requirements

and standards for the protection of the environment.



2.0 Environmental Impact Prediction Program

2.1 General Description

Environmental Impact Statements already written for several
DoD activities contain several instances of conclusions drawn from
inadequate technical information. This is not due to intentional obfus-
cation. On the contrary, it is necessitated not only by the scientific
community's insufficient data and incomplete basic understanding of the
environment, but also by the lack of a central source of scientific ex-
pertise and data available to the DoD. It is the purpose of the Environ-
mental Impact Prediction Program to fill this information gap, with
the objectives of enabling the DoD to predict the environmental impact
of its own activities, and to predict the effects on DoD programs of

environmental interactions and limited natural resources.

2.1.1 Intermediate Objective

The intermediate objectives of the Environmental Impact Pre-
diction Program are the development and coordination of capabilities

in the following four areas.

A. Standards

The program must develop a competence in the evaluation
and documentation of the various standards which are applicable to the

DoD facilities. This section must:



Categorize the standard vs the pollutant vs
locality.

Identify the work being done to evaluate the
standards.

Identify significant enforcement or legislative
proceedings which might have a significant
impact on DoD's activities.

Identify where research is required to validate
the standard and to determine that the specified
limit is safe to the populace, not only for short
term but for long term effects.

Sensors/Instrumentation

Instrumentation is required for the measurement, under

various climatic and environmental conditions in situ, of pollutant con-

centrations and of environmental parameters which affect the dispersion

of pollutants. As an example, parameters which are useful in the evalua-

tion of water quality are:

Hydrological and meteorological
Physical

Chemical, Inorganic

Chemical, Organic

Nutrients

Microbiological

Biological

Some of the specific items within each of these categories are presented

in Table 2.1, Thus, the quantity of instrumentation and analysis which
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Table 2.1°%

PARAMETERS USED IN EVALUATION OF WATER QUALITY

Rydrelogical &

Mcteorological Physleal Chemical, Inerpanic Chentical, Organic Nutrients Microblological.
volumelric Flow Rate | Temperatura vissoived Dxyyen Trace Elements: BOD (Immegiale, 5 Organic-N Coliform, Tofal &
Velocity Seecific Conductance | Dissolved Carbon Aluminum Day Long-Term) NH3-N Fecal
Time of Flow Turbidity Dioxide Arsenic coD NO:-N Fecal Streptococcl
Depth Light Penetration Hydrogen Sulfide Barium Chilorine Demand NOs-N Total Plate Count
Tide Variation Color Minerals: Beryllium Total Organic Carbon | Total-P Saimonella
Wind Speed & Directlon] Odor Acidity Boron MBDAS Soluble-P Shigella
Solar Radiation pH Alkalinity Cadmium CCE Qrganic-P Viruses:
Intensity Total Solids (Volatile Calcium Chromium CAE Qrthophosphate| Coxsackle A&B
Air Temperature & & Fixed) Magnesium Copper Cyanide Polyphosphates] Pollo
Humidity Suspended Solids Bicaibonate Fluoride Pesticides Adenovirus
(Volatile & Fixed) Carbonate ron Qil & Grease Echo
Floating Solids Hydruxide Lead Fhenolics
Sediment Hardness Manganese
Concentration Chlorides Potassium
Particle Size Sutfates Serenium
Bed Load Dissolved Solids Stivar
Radiockemical Scdium
Zine

Biological

Tankton
Periphyton
Benthos
Fish
Waterfowl
wildlife
Vascular Plant

are required to monitor and evaluate water quality is correspondingly

long. (Mercury compounds and pesticides are missing from the list.)

Air, noise, radiation, and solid waste matter have not been considered

and these environmental pollution factors require additional instrumenta-

tion in many instances.

To effectively monitor and derive meaningful results, instru-

mentation, sampling methods, and analysis procedures must be stand-

ardized. Once established, data fzem various sectors of the country

can then be compared and meaningful conclusions can be reached.

* 'Water Pollution Analyzers: A Changing Market",
H.W. Porterfield, Oceanology International, October 1970,
po 22-24.
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C. Environmental Monitoring and Data Bank

A network of continuous, long-term measurements
of pollutant concentrations and meteorologic and oceanographic para-
meters will be required for environmental warning, for environmental
prediction, and for the development of parametric and dynamic environ-
mental prediction methods. The data collected by the network and any
other data required by the other efforts in the prosram will be stored

in a digital form rapidly accessible by computer.

D. Environmental Prediction

Computer-based numerical methods for environmental
prediction will be developed and, where available, adapted for DoD use.
They will include both parametric and dynamic (Eulerian or Lagrangian)
models of oceanic, atmospheric, coastal, water, urban atmospheric,
estuarine, or river phenomena. The term ""environmental prediction",
as used here, refers to the prediction of pollution concentrations and
of induced changes in the normal environment (climate, ocean circulation,

sea ice, river flow, etc.).

2.1.2 Final Objective

Capabilities in various aspe=ts of environmental prediction
have been developed by many government, industrial, and university
research groups. In order to apply the capabilities of these research
groups to the needs of DoD effectively and efficiently, a center of en-

vironmental expertise responsible to the DoD -- the Environmental
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Impact Prediction Facility -- will be established.

Relying heavily on the ARPA computer network, the Facility

will work towards the four intermediate objectives. Wherever possible,

this will be accomplished by adapting the accomplishments of existing

research groups. Where information gaps exist, funds must be applied

to further research in government, industrial, and university research

groups. The need for further research will be determined by DoD re-

quirements,

Thus, when established and operating normally, the Environ-

mental Impact Prediction Facility will be able to:

Predict the environmental effects of the addition to
the environment of contaminants by DoD activities.

1.

Waste disposal of land-based personnel support
systems.

Waste disposal of ocean-going personnel support
systems,

Aircraft emissions.
Munitions testing and disposal.

Industrial processes related to military
procurement,

Predict limitations imposed by DoD activities by
the environment and resource availability:

1.

2.

Fossil fuel availability.

Climatological effects of fossil fuel
combustion,
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Nuclear fuel availability.
Solar energy use.

Critical material availability (e.g., beryllium),
etc.
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2.2 Standards Section

An integral and highly necessary section of the Environmental

Impact Prediction Facility is the Standards Section. It will be the duty

of this section to:

1.

Be cognizant of the existing standards for the
various pollutants.,

Be cognizant of the pending legislation before
the Federal, state, and local authorities which
could alter the cxisting standards.

Inform the Sensors/Instrumentation Section
and Data Management Section of the prediction
facility of any change in an existing standard
so that the instrumentation and data analysis
capabilities can be updated accordingly.

Provide technical and quasi-legal advice to any
customer concerning the level of pollutant
allowed and the applicable standard.

Provide tabulation of all applicable standards
to any customer. This tabulation will vary de-
pending upon the action or activity involved,
the scope, type, and extent of equipment in-
volved, and the geographical location of the
activity or action, (Needless to say, for com-
plete and accurate tabulation, the Standards
and Sensors/Instrumentation Sections must
work in harmonious accord with each other. )

Thus, the Standards Section, when established within the Environ-

mental Impact Prediction Facility, will provide a quasi-legal service to

members of the Prediction Facility and to DoD and any other customer.
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2.2,1 History of Standards

Standards define the tolerance of man or the environment to a
detrimental influence, a pollutant. Primary standards are to protect
man, the public health. Secondary standards are to protec! the environ-
ment, the soil, sea, and scenery. At present, standards are set ac-
cording to the best knowledge, both technical and medical, available
and may change as the ability to monitor and control the pollutant and
evaluate the effects of the pollutant advances.

The need for legislative standards was recognized as early as
the 19th century when the Refuse Act (Rivers and Harbors Act of 1899)
was enacted. Later, in 1969, this act was used for the Grea:t Lakes
and in 1970, President Nixon's Executive Order 11574 directed stri'ct
enforcement of the permit program of the Refuse Act,

The harmful effects of pollution probably first came to notice
in the efforts of the Public Health Service under the Public Health Service
Act of 1912 (P. L. 62-265). Research was conducted into the health ef-
fects of water pollution and a data base was established which led to the

virtual elimination of waterborne disease in the United States.

2,2.1.1 Standards for Water

The Water Pollution Control Act of 1948 (P. L. 80-845) specifically
recognized the primacy of the States in the abatement of water pollution.

The Federal Water Pollution Control Act of 1956 (P.L. 84-660)
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as amended in 1961 (P. L. 87-88), 1965 (P.L. 89-234), 1966 (P. L. 89-753)
and 1970 (P. L. 91-224), is the legal basis for all U.S. water pollution
abatement. The legislation generally refers to research programs, con-
struction grants and enforcement procedures.

The 1965 amendment (Water Quality Act of 1965) set up the
Federal Water Pollution Control Administration, renamed the Federal
Water Quality Administration by the amendment of 1970 (Water Quality
Improvement Act of 1970). The FWQA has participated with all the States
and territories in formulatiag water quality standards for interstate wators.

P.L. 89-234 (1965) specified that the State's criteria which are
Federally acceptable and have a means for implementation and enforce-
ment, for the quality of waters which become interstate in character are
the Federal water quality standards for that state.

The Department of the Interior published '""Guidelines for Estab-
lishing Water Quality Standards in Interstate Water' in 1966. It clarified
and emphasized the objective of the Water Quality Act, to improve water
quality. This objective became highly controversial later when the Depart-
ment of the Interior insisted on secondary treatment of all sewage, even
if the degraded water had still exceeded established water quality standards.

The FWQA was transferred intact to the Environmental Protection
Agency (EPA) as a result of President Nixon's '"Reorganization Plan No. 3"
of July 9, 1970. The EPA has the responsibility of enforcing State water
quality standards if the State, who has the first responsibility, does not do

so. The EPA now approves State water quality standards, and also the
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type of standards that apply to the waterway.

There is no uniformity in the state water quality laws because of
the diversity of water types in the natural scene and the diversity of the
use to which the waterways are put. A continuing development of the
standards is being accomplished in a joint effort between the states and

the ten regional offices of the EPA (see Table 2, 2).

UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

Regional Offices Phone States coverad

Boston, Massachusetts 02203 617-223-7210 Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island, Vermont

New York, New York 10007 212-2:34-2525 New Jersey, New York, Puerto Rico,
Virgin Islands

Philadelphia, Pa. 19106 215-597-9151 Delaware, Maryland, Pennsylvania,
Virginia, West Virginia, D.C.

Atlanta, Georgia 30309 404-526-5727 Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina,
South Carolina, Tennessee

Chicago, lllinois 60606 312-353-5250 lllinois, Indiana, Michigan,
Minnesota, Ohio, Wisconsin

Dallas, Texas 75202 214-749-2827 Arkansas, Louisiana, New Mexico,
Oklahoma, Texas

Kansas City, Missouri 64106 816-374-5493 lowa, Kansac, Missouri, Nebraska

Denver, Colorado 80203 303-837-3895 Colorado, Montana, North Dakota,
South Dakota, Utah, Wyoning

San Francisco, Calif. 94102 415-556-4303 Arizona, California, Hawaii, Nevada,

Amencan Samoa, Guam, Trust Territories
of Pacific Islands, Wake Island

Seattle, Washington 98101 206-442-1200 Alaska, Idaho, Oregon, Washington

Table 2.2 Regional Offices of the EPA
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Some time and effort will be spent by the Standards Section to
verify and validate the standards which are being developed by the EPA
and other agencies, to ascertain their relevance to DoD facilities and
activities. In addition, the Standards Section will categorize pollutant
vs standard vs locality. An example of the range of values for effluent
quality which is used in the development of waste water treatment pro-

cesses is presented in Table 2, 3.

* H.W. Porterfield, '""Water Pollution Analyzers: A Changing Market"
Oceanology International, 3, no. 10, p. 22-24 (1970)
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RANGES OF VALUES FOR EFFLUENT QUALITY TO BE USEO tN THE DEVELOPMENT

OF WASTE WATEN' TREATMENT PROCESSES

Permissible
Constituent Desirable Level Alternativa Uses
o Oetectabla Level (Surface Water | Body Contact Fisherles Farmstead trrigation Industrial Oischarge te
Measurement Limit {for Public for Pubhc (Recreation) Use Supply Uses Uses Groundwater
Water Supply) | Water Supglys
Turbidity 0.1 Jtu] 0.1 JT0T 300 JTUT 25.0 JTul 25.0 U] 25.0 JTY
Color 2 Units 3 Units 15 Units 20 Units 1,200 Units
Odor (At 25°C.) 0 Threshold 0 Threshotd
0.1 7.08.5 6085 6.5-8.3 6.5-9.0 6.0-8.5 3.59.1 85485
TotaLResldue 1.0 mg/1| 500.0 mg:1{1,000.0 mg/l
Flitrable Resldue 1.0 mg/1f 2C0.0 mgsif 5000 mgl
BOO 0.5 mg/1 2.0 mg t 4.0 mgl 100.0 mg/I
T0C 1.0 meg/l 5.0 mg-l 100 mg-l
CCE 0.001 mg/I 0.0 mg/l 0.1 mgl 100 mg/l 0.4 mg,/
MBAS 0.05 mg/l} <0.25 mg:l 0.5 mgl 1.3 myg/l 1.5 mg/l
Alkalinity 1.0 mg/i| 250.0 mgsl} 400.0 mg | 500.0 mg/l
Aluminum 0.0l mg/l 005 mg’l; .01 mgl 1.0 mg/l 3.0 mg/l
Ammonia as N 0.005 mg/i 001 mg-l 0.05 mgl| 1.0 mg/l 1.0 mg/ 1.0 mg/l
Arsenlc 0.01 mg/l 001 mg It 005 mg | <0.05 mg/1 0.1 mg/|
Barium 04 mg-l 0.5 mg || 1.0 mg/l 1.0 mg/l 2.9 mg/l
Boron 002 mgA 0025 mg i 1.0 mg-l 0.75 mg/l
Cadmium 0.001 mg | 0005 mg t 001 mgi 0.01 mg/1 0.005 mg/I 0.02 mg/I
Chloride 1.0 mg|. 250  mgl| 250 mg | 500 mgsl 500.0 mg/1} 500.0 mg/l
Chromium (hex.valent) 001 mgdl 002 mgt 0.05 mgli 1.0 mga| 1.0 mg/ 0.05 mg/l 5.0 mg/l 0.1  mg/l
Copper 0.004 mg/i| <0.01 mg/l 0.2 mgt 0.2 mg/l 0.2 mg/l 1.0 mg/ 0.2 my/l 05 mg/l 0.4 mg/|
Oissolved Oxygen 01 mgsi 80 mgi| «50 mg/d| S50 mg/| 7.0 mg/ TRACE
Fluoride 0.1 mg/1 10 mgd 12 mgl 1.2 mgyl 1.2 mg/l 3.0 mg/i
HYardness as CaCos 1.0 mg/il 800 mg-4| 2500 mgt 850.0 mg/l
Calcium 0.1 mg/l| 15.0 mg.-| 4306 mgl 1620 mg/I
Magneslum 0.1 mg/t| 10.0 mg/l 29.0 mg/l 108.0 mg/I
Iron 0005 mg/l| 005 mgi 0.3 mgl 03 mg/ 806.0 mg/l 06 mg/l
Lead 001 mg/I 0.01 meg-l 0.05 mg | 0.05 mg/I 0.1 mg/t
Manganese 0.001 mg-l 0.01 mg/l 0.05 mg | 0.05 mg/l 20 mg/l 10,0 mg/ 06 mg/
Nitrates & Nitrates as N 0.1 mg/1 01 mgA|204.0 mg! 450 mg/l 300 mgsl] 200 mg/t
. Phosphorus 0.01 mgl 0.01 mg/l 01 mg 40 mg/l
Selenium 0004 mg/I| <0.01 mg.l 0.01 mg/l 0.01 mg/I 0.2 mg/|
Silver 0.001 mg/I 0.001 mg/1 0.05 mg:l 0.1 mg/l
« Suifate 1.0 mg/lI| 500 mg-l] 250.0 mg/l 680.0 mg/tl 5000 mg/l
: Total Dissolved Sollds 10 mg/1]200.0 mg/l [<500.0 mg/1|500.0 mg/1{240.0 mg/l 1,0000 mg/i11,000.0 mg/l
Uranyl lon 0.005 mg/l| <05 mg/l 5.0 mg/l
. Zine 0.001 mg/! 0.05 mg/l 5.0 mg/l 5.0 mg/l 5.0 mg/l 06 mg/l
; Cyanide 0.005 mg/! 0.0 mg/l 0.1 mg/i| 0.02 mg/ 002 mgA 0.02 04 mg/l
- Oil & Grease <0.05 mg/l} <0.05 mg/l 0.05 mg/l
INSECTICIOES
i Aldrin <0.05 ug/l| <17 ug/1| <005 4ug/l|<0.05 ug/] <17 wgA| <L7 g/ <L7 ug/l] <0.05 ug/l
Chlordane <0.02 ug/l| <03 g/l |<002 g/l <0.02 ug/i| <03 ug/l| <03 ug/l| <03 g/l <0.02  ug/)
00T <0008 ug/l| <«4.2 ug/1)<0.006 pg/l|<0.006 ug/1l <42 g/l <42 /il <42 ug/l| <0.008 ug/l
Dieldrin <0.003 ug/l| <1.7 pg/1|<0.003 pug/l|<0.003 ugi| <1.7 ug’l} <L7  pg/l| <L7 pug/l| <0.003 wug/l
Endrin <0.002 ug/1] <0.1 ug/|<0.002 up/l]|<0.002 ug/| <01 g0} <01 ug/l]l <01 pg/1| <0.002 pg/l
Heptachlor <0.002 ug/I| <1.8 ug/t|<0.002 ug/l|<0.002 ug/1| <18 g/ <1.B g/l <18 pug/l| <0.002 ug/l
Heptachlor epoxide <0.0002 ug/1| <18 pug/l|<0.0002 ug/l | <0.0002 ug/1| <18 ug/| <18 pg’l| <18 pug/l| <0.0002 ug/l
Lindane <0.002 ug/l| <5.6 ug/d|<0.002 ug/l]|<0.002 ug/I] <56 ug/l| <56 ug/l|] <56 aug/l| <0.002 ug/l
Methoxychlor <0.008 g/l <35 ug/l)<0.008 ug/i|<0.008 upg/l| <35 wg/l| <35 g/l <35 pg/l| <0.008 ug/l
Crganic Phosphates
plus Carbamates <0.0003 ug/!§<10.0 ug/l | <0.0003 ug/l | <0.0003 13/1| <100 pug/l| <100 pug/l| <100 ug/l| <0.0003 ug/l
Toxaphene <0.03 ug/l| <05 ug/l}<0.03 ug/l|<0.03 ug/l| <05 ug/l| <05 ug/l] <05 pug/l} <0.03 wug/i
HERBICIDES
2,4-DPlus 2, 4,57 .
plus 2, 4, 5-TP 10.0 ug/1 | <10.0 ug/l| 0.001 mg/l| 10.0 ugNl 100  ag/l 20 ug/l 10.0 w/t
Phenols 0.0005 mg/I1 0.001 mg/I 0.005 mg/1 | 10.0 ug/l 0.01 mg/l 0.02- mg/l
RAOIOACTIVITY
Gross Beta 1.0 pe/l | 100.0 pc/l 11,0000 pc/11,000.0 pe/i 11,000 pe/l 12,0000 pc/111,0000 pcsi]1,0000 pe/11,000.0 pe/l
Rad:um-226 005 pc/lf <10 pe/l 3.0  pe/l 3.0 pe/l 3.0 pe/l 3.0 opeyl 3.0 pe/l 3.0 pe/l 3.0 pe/l
Strontium-90 0.05 pc/l| <2.0 pe/i 10.0 pc/l | 100 pc/l | 10.0 pe/l] 10.0 pesl 100 pc/l] 100 pest| 100 pe/l
MICROBIOLOGICAL
Colifarm 100/100 ml {10,000/100 ml | 1,000/1C0 ml § 5,000/100 ml { 5,000/100 mi | 5.000/100 mI{ 5,000/100 mi 100/100 mi
Fecal Coliform 20/100 ml | 2,000,100 mi 200/100 ml | 1,000/100 ml | 1,000/100 mI | 1,000/100 mI| 2,000/100 mi 20/100 ml

(These values are for planning of waste treatment prejects only and do not represant optimum, desirable, mandatery,
or permissidle limits of the parameters whose values are given. From Federal Water Quality Administration.)
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2.2.1.2

Standards for Air

In contrast to the water quality standards, the basic standards

for air quality are fixed at the Federal level.

EPA Administrator,

W.D. Ruckelshaus, stated that the standards are strict, can be met,

and must be met.

No alternatives exist in that the standards are a

direct result of the provisions under the Clean Air Act Amendments

of 1970 (P.L. 91-604).

Ambient Air Standards.

Pollutant

Primary Standard

As an example, Table 2.4 presents the National

Secondary Standard

Carbon monoxide
Photochemical
oxidants
Hydrocarbons
Nitrogen oxides

Sulphur oxides

Particulate matter

9 ppm max 8 hrs, (a)

35 ppm max 1 hr. (a)

0. 08 ppm max 1 hr, (a)
0.24 ppm max 3 hrs, (a)
0. 05 ppm annual mean
0. 03 ppm annual mean

0. 14 ppm max 24 hrs. (a)

75ug/cm annual mean
260ug/cm max 24 hrs. (a)

(a) not to be exceeded more than once a year

ppm: parts per million

ug/cm: micrograms per cubic meter

same

same

same

same
0, 02 ppm annual mean
0.1 ppm max 24 hrs. (a)
0.5 ppm max 3 hrs. (a)

60ug/cm annual mean max
150 ug/cm max 24 hrs. (a)

Table 2,4 National Ambient Air Standards
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Understandably, the air quality standards become more strict
as the technology and the concern for cleaner air increases. This is
clearly evident in the following example:

The motor vehicle exhaust emissions study and the air quality
criteria study are the sources of Federal legislation which brought about
the national air quality standards. The Motor Vehicle Pollution Control
Act (Clean Air Act Amendments of 1965, P. L. 89-272) authorized the
promulgation of standards applicable to motor vehicle exhaust emissions.
These were adopted in March 19606 to apply to the 1968 vehicles, With
the advances in technology of recent years and with the added strength
of the Federal government in establishing standards and enforcing them
(Clean Air Act, Amendments of 1967, P.L. 90-148 and Amendments of
1970, P.L. 91-604) the standards for motor vehicle exhaust emissions
have become successively more stringent. Table 2.5 illustrates the

change with automobile model years.

Table 2.5

Motor Vehicle Exhaust Emission Standards (Grams/Vehicle Mil: )
Pre-1968 (Equivalent) Proposed Actual

Pollutant Vehicles 1968 1970 1970 1975 1976
Carbon

Monoxide 71.0 33.0 23.0 34.0 3.4 3.4
Hydrocarbons 9.7 3.2 2.2 4.1 0,41 0.41
Nitrogen oxide 4.0 - - - 3.0 0.4
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To establish uniformity of measurement and monitoring tech-
niques, the National Air Pollution Control Administration, which was
replaced by the EPA, published several volumes on the criteria necessary
to achieve and meet the standards. These are:

1. "Air Quality Criteria for Carbon Monoxide'",

March 1970,
2. "Air Quality Criteria for Hydrocarbons', March 1970,

3. "Air Quality Criteria for Nitrogen Oxides",
January 1971.

4. "Air Quality Criteria for Particulate Matter',
January 1969.

5. "Air Quality Criteria for Photochemical Oxidants'",
March 1970.

6. "Air Quality Criteria for Sulphur Oxides', Ja.mary 1969.

Some agency must establish the necessary criteria for the common
ambient air pollutants. The Standards Section will be intimately concerned
with the establishment and enforcement of standards for militarily unique
pollutants.

The Air Quality Act of 1967 (P.L. 90-148) further required the
designation of an atmospheric area which is set out on the basis of those
conditions which affect the interchange and diffusion of pollutants in the
atmosphere. The conditions are the frequency, persisience and height
variation of stable (inversion) layers of air, and speed and direction of the
winds. Collectively, these paramcters assess the pollutant dilution of an

area. The 14 Atmospheric Areas designated are listed in Table 2. 6.
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Table 2, 6 Atmospheric Areas

1. California - Oregon Coastal Area
2. Washington Coastal Area

3. .Rocky Mountain Area

4, Great Plains Area

5. Great Lakes - Northeast Area

6 "“Appalachian Area

7. Mid-Atlantic Coastal Area

8. South Florida Area

9, Hawaiian - Pacific Area
10. Alaskan Pacific Maritime Area
11. Alaskan Bering Maritime Area
12, Alaskan Arctic Maritime Area
13. Alaskan Continental Area

14. Southern Florida - Caritbean Area

In order to establish realistic air quality standards, these Atmospheric
Areas are subdivided by the States into Air Quality Control Regions. If
inter state or major intrastate regions are logical, then the Administrator

of EPA can designate them.
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2.2.2 Sources for Standards

It is very importani that the Standards Section of the Environ-
mental Impact Prediction Facility be cognizant of all Federal, State,
and Local agencies that are concerned with pollution. The list of
agencies identified to date for the Federal and State level are given in
Tables 2.7 and 2.8, respectively. It should be noted that these tables
are quite lengthy even though the local agencies are not included.

In addition, the Standards Section will update and maintain
files for the various geographical areas of CONUS and format the ap-
propriate data for input to the computer. Thus the latest information
will always be in the computer and DoD's facilities will be evaluated
for the level of pollution which is the most current and applicable to
the particular action. " This will not only insure compliance with the
law but also compel the Sensors/Instrumentation Section of the Environ-
mental Impact Prediction Facility to maintain their monitoring instru-
mentation in proper working order and to effectively train the men on
each facility who will be taking the samples and readings.

An example of the wide range of standards to which a pollutant
can be specified is given in Table 2.9. [The pollutant considered is
noise and the table is for the maximum A-weighted noise levels at resi-
dential boundaries.] The range of maximum acceptable level is spread
over almost 20dB (a 10:1 ratio) from a low at Beverly Hills of 43dBA

to a high of 62dBA at Chicago.
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Thus, the Standards Section l'2s quite a formidable task ahead

as it must:

1. Categorize standard vs pollutant vs locality.

2. Identify the work being done to validate the
standard.

3. Identify where research is required to sub-
stantiate the standard.

2.2.3 Standards Research

Identifying where research is required to validate the standard
is, in itself, a monumental task. In order to specify a standard for the
Sensors/Instrumentation Section and the Data Management Section, the
Standards Section must be certain that:

1. A standard is based on criteria which establish

the adverse efiects of a particular pollutant on
the environment or its deleterious effect on the

public health,

2. A standard is instituted immediately if a hazard
to public health exists.

3. A standard is enforceable (i.e., the instrumentation/
sensor technology must exist to monitor the pollutant),

4. A standard is economically feasible (if there are
no clear-cut indications that a public health hazard

exists).

5. There are no feasible alternatives which may
avoid the pollution problem.
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In order to adequately prepare and evaluate standards for DoD
facilities and activities, the Standards Section must have a research
laboratory. With the laboratory, the Standards Section will be able to

state that:

a., the standard is realistic
b. the standard is safe
c. the standard is the best that could
be measured and controlled at this
time,
Without the Standards Section, the efforts of the other three parts of
the Environmental Impact Prediction Facility (Sensors/Instrumentation
Section, Data Management Section, and the Numerical Modeling Section)
would not have an established in-house capability for evaluation of the
common ambient pollutant standard and will not be able to determine

the safe and measurable level for a militarily unique pollutant.
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2.3 Sensors/Instrumentation Section

2.3.1 Introduction

Oceanographic and meteorological instrumentation is a vital part
of environmental prediction in two ways. First, the physical state of
the atmosphere, ocean, or smaller part of the environment must be
known at the time of a pollution episode in order to prognosticate accur-
ately. For example, in order to predict the concentration of S0, in an
urban region, one must know not only the data relating to the source of
the SOZ’ but also the wind speed, atmospheric stability, diffusion co-
efficients, humidity, precipitation, and other meteorological parameters.
Indeed, the meteorological variables have no less profound an effect on
the ultimate SO2 concentrations than does the SO2 emission rate itself.

The second way in which oceanographic and meteorological data
are absolutely essential in predicting environmental changes is in veri-
fication of the numerical models which actually calculate the predictions.
It can usually be assumed that the explicit physics and mathematics used
to construct a numerical nodel are correct. However, there are generally
several other aspects of a model which are ad hoc and must be verified
by field data before calculations based on the model can be considered
reliable. Included among such verifiable aspects of numerical models
are the parameterization of implicit physical or chemical processes (for

example, diffusion), the neglect of other physical or chemical processes
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(for example, convergence and upwelling in many urban air pollution
models), and approximations for other physical processes (for example,

Newtonian cooling).

2.3.2 Objectives

The primary objectives of the Sensors/Instrumentation Section
of the Environmental Impact Prediction Facility will be to provide ex-
pertise for the pollutant monitoring staffs of the various DoD facilities
and to be responsible for obtaining accurate and meaningful data meas-
urements, as required by the other sections of the prediction facility.

Basically, this section's task will be to:

1. Test and use, in situ, various instruments
and provide an instrumentation and technique
evaluation based upon reliability, ease of
operation, sensitivity, selectivity, etc.

2. Investigate DoD facilities to determine:

a. the overall pollution problem and the
pollutants to be monitored

b. the number, type, and deployment of
of the instruments to effectively moni-
tor the activity

c. the sampling procedures to be assured
of obtaining meaningful data.

3, Train or provide technical advice to the
facility's environmental pollution staff so
that data throughout CONUS will be con-
sistent and the monitoring instrumentation
will be properly calibrated and maintained.
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4. Provide technical backup for any facility/
activity that requests assistance.

5. Provide follow-up at regular intervals after
the initial "'setup" visit to determine the
effectiveness of the endeavor, to re-evaluate
the deployment of the instrumentation, and
to update the facility's environmental pro-
tection staff with the latest techniques in
instrumentation and analytical procedures.

6. Maintain effective communication links with
other non-DoD agencies to be assured that

DoD's instrumentation and analytical pro-
cedures are state-of-the art,

The Sensors/Instrumentation Section must not only be able to
specify the necessary pollution monitoring sensors/instrumentation,
but also the instruments that will adequately describe the hydrological
and meteorological factors about the facility. Some of these instru-
ments are briefly described in the following sections. The sophisticated
chemical pollutant detection instrumentation, e.g., Gas Chromatograph,

Ion Selective Electrodes, etc., are detailed in Section 4. 0, Sensors,

2.3.3 Hydrological and Meteorological Sensors

A few of the more common instruments and sensors which are
used to determine and parameterize the hydrological and meteorological

features of an environment are described in the following sections.
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2.3,3.1 Salinity

Salinity may be determined at sea by collecting water samples
in Nansen bottles at predetermined depths and measuring the samples'
salinities in the shipboard chemistry laboratory. The measurement
may be by the Knudsen method, by the electrical conductivity method,
or by the induction salinometer method. Salinity may also be determined

"in situ" by either of the latter two methods.

2,3.3.2 Temperature and Depth

One common technique of measuring temperature as a function
of pressure (approximately interchangeable with depth) at sea is by means
of the bathythermograph, or BT. The BT is an instrument which senses
both pressure and temperature and plots them as the ordinate and abcissa
on a coated glass plate as the BT is lowered and raised by cable by the
shipboard winch.

Another method which is gaining popularity lately, as it usually
does not reauire the oceanographic vessel to slow down during the cast,
is the use of the expendable bathythermograph or XBT., The expendable
probe of the XBT uses a thermistor to measure temperature variations.
The temperature signal is brought by a thin expendable wire to a ship-
board recorder and the depth is determined by assuming that the probe

descends at a constant rate.
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The same pair of parameters is frequently measured in con-
nection with a Nansen bottle cast by a pair of reversing thermometers,
One of the two thermometers is sensitive only to temperature; the other
islbensitive to pressure as well. They are, therefore, used together
to measure both the 'in situ" temperature and pressure at the time

that they are reversed (inverted) by their tripping mechanism.

2.3.3.3 Current Measurements

Ocean currents may be measured by a variety of devices.
Several measure the motion of the water relative to the instrument by
a physical interaction, such as a windmill-type action or a drag force;
these instruments include the Richardson current meter and the thrust
current meter. Other techniques, such as the electromagnetic probe
method, determine water current speed relative to the probe by meas-
uring the electric current induced when the (conducting) water flows
through the magnetic field produced by the probe.

Lagrangian current measurements may be obtained by tracking
a submerged buoy (neutrally buoyant float) with Precise navigation tech-
niques. Other measurements of this type have been made by precise
navigation in a freely drifting deep-sea submersible research vehicle,

The geomagnetic electrokinetograph (GEK) measures the Fara-
day induction due to the drifting motion of a ship underway, together

with the surface water, in the earth's fixed magnetic field, The reliability
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of the inference of ocean currents from measurements of the electro-
magnetic induction, even if the latter are accurate, is dubious, parti-

cularly in shallow water.

2.3,3.4 Wind Velocity and Direction

Wind velocity is conventionally measured by a vane anemometer
which detects the wind speed by the turning rate the wind imposes on a
propeller and determines the wind direction by the orientation of the
freely pivoting vane, which also serves to orient the propeller's axis
parallel to the wind.

The thrust anemometer is capable of considerably more reso-
lution on time, space and wind velocity itself, over a wide range of wind
speeds. Another recently developed device for measuring wind speed
is the acoustic doppler anemometer.

Arrays of crossed-beam lasers can produce data from which
wind velocities can be determined by correlation techniques. This
method is very promising and offers the important advantage of meas-
uring the winds aloft continuously with ground-based instruments. If
perfected for high altitude measurements, it will represent an extremely

important breakthrough in meteorological instrumentation.
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2.3.3.5 Satellite Data

Satellite measurements of the infrared radiation flux simul-
taneously in several bands can be used to infer the atmospheric temper-
ature profile. These data have already been incorporated into several

meteorological programs.

Satellite-based radar backscatter measurements from the sea
surface can be used to calculate the capillary wave amplitude. From
this information, the windfield over the ocean can be inferred. If per-
fected, this technique will lead directly to major improvements in

atmospheric forecasting ability.

2.3.4 Physical Parameter Instrumentation

As an example of current instrumentation, two of the physical
parameters, pH and turbidity, have been selected from the group of ten
features which are required to accurately describe water quality. The
other features are:

Specific conductance

Light penetration

Color

Odor

Total solids (volatile and fixed)
Suspended solids (volatile and fixed)
Floating solids

Sediment
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2.3.4.1 pH

The pH of most American natural waters varies from 4 to 9;
the former is characteristic of certain acidic swamps and runoff from
some mines while the latter is characteristic of some western U. S,
alkali marshes. Pure water is slightly basic (pH about 7. 3) owing to
the presence of carbonates and bicarbonates. Sea water has a pH
varying from 7.8 to 8. 3, the small range is characteristic of the
buffering action of the carbonates. Contamination of sea water in the
coastal zone or in estuaries may affect the carbon dioxide-carbonate
system, directly or by means of alteration of the biological o: vgen
demand (BOD). At present, two methods exist for pH determination,
colorimetric and electrometric.

The colorimetric method of pH determination, which uses the
color change of certain solutions, when added to the sample, as an
indicator, is generally not suitable for pollution studies. Severe inter-
ference with the color change is produced by the presence of free chlorine,
various oxidants and reductants, unknown salinity, turbidity and colloidal
matter. These influences are most likely to be present when coastal
waters are contaminated.

The electrometric method of pH determination uses a glass
electrode containing silver chloride and a potassium chloride saturated
calomel electrode immersed in the water sample. It measures pH on

the scale of a 59. 1 millivolt per pH unit variation at 25°C and is
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standardized against a solution of known pH. A temperature correction
can be inserted in most instruments or calculated from the manufacturer's
data to correct for the cemperature variation of the calomel cell in the
test sample. The hydrogen ion activity, which is the pH, is itself
temperature dependent. Hence the water temperature must be measured
at the sample depth; the pH can then be calculated frc;m the measured pH.
Accuracy in the field is generally to 0.1 pH units. Laboratory measure-
ments can be made to an accuracy of 0. 005 pH units. However, the
sample cannot be more than two hours old or biological action will change
the pH, Typical instruments are the Beckman Model G and the Fisher

Scientific Accumet 220.

2.3.4.2 Turbidity

Turbidity is an optical property of the suspended material in a
water mass and is not related, quantitatively, to any biological measure-
ment. It is important in pollution studies as turbidity affects photosyn-
thesis (highly turbid waters are low in photosynthetic productivity).
Turbidity can originate in natural erosion processes (clay and silt),
wastewaters (organic and inorganic particles), and in local biological
production (plankton).

The standardized method for measuring turbidity is rarely used
as it is very difficult to perform and assess a sample. This tech-

nique is called the Jackson candle turbidimeter. Measurements are
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based on the lergth of a light path through a water sample containing
suspended material which just causes the image of a standard candle

to become indistinguishable from the scattered background illumination.
A table converts the light path length to Jackson turbidity units, which
vary from 25 (clear water) to 1000 (turbid water). The table has been
extrapolated to 0 (for distilled water) so that measurements can be
taken of the unusually clear waters (e.g., streams, wells and treated
water - range from 0-5),

Turbidity is almost universally measured by a nephelor etric
means. Light is transmitted into a clear glass tube which contains the
sample and the scattered light is measured on a photoelectric detect;)r
which is located on an axis perpendicular to the incident light. The
measurement is standardized to a solution of Formazin polymer which
has been calibrated on the Jackson turbidimeter at 40 units. This is
reasonably reproducible and permits scaling of the data.

There are two major difficulties with this technique. One,
there is no physical relationship between the Jackson candle measure-
ment and the nephelometric measurement; and two, the differences in
optical systems between different commercial instruments produce
results that do not correlate with one another, nor do the results agree
with the Jackson measurements over a complete range of samples.

Thus, a universally acceptable standard optical format is required.

2-32



Examples of commercially available nephelometric turbidimeters
are the Central Scientific Helige model, Coleman model 9, and several
models by Hach, such as 2100A and 1860A. A portable device for "in
situ'' measurements is the Beckman EV 4, [The latter device utilizes a
different optical format from the other instrumentation and appears to be
a transmission measurement combined with a scattering measurement.
The output is not readable in Jackson units. ]

2.3.5 Organic/Inorganic Chemical and Biological
Instrumentation

Of the parameters mentioned in the table entitled "Parameters
Used in the Evaluation of Water Quality' in Section 2.1.1B, several of
the chemical, organic and inorganic, and biological factors are briefly

described. These are:

Photosynthetic rate measurements
Periphyton/Chlorophyll

Biological Oxygen Demand (POD)
Chemical Oxygen Demand (COD)
Total Organic Carbon

Heavy Metals
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2.3.5.1 Photosynthetic Rate Measurements

The rate of oxygen production by photosynthesis in the phyto-
plankton is an important measure of the net effect of pollution in coastal
waters and estuaries. A series of measurementa‘ will indicate the ex-
tent and effects of pollution, including adverse effects on aquatic life,
and the progress of the self-purification of the water.

Two methods of photosynthetic rate measurements aie in use.
The more common one is the measurement of DO content before and
after incubation; the second method uses a radioactive carbon tracer.

The samples are acquired in the same -vay for both methods.
Large (3 - 5 liter) free-flushing and non-metallic water sample bottles,
such as the Niskin or Van Dorn bottles, are lowered to predetermined
depths to obtain water samples. Surface samples are usually taken one
or two feet below the surface and the deepest sample should be near
the bottom in shallow water or at the bottom of the euphotic zone in
deep water. [This is the depth that receives 1% of the light at the sur-
face waters and it can be measured with a photoelectric probe or photo-
meter.] Following measurement, the data are plotted as a funztion of
depth to produce a vertical photosynthetic rate profile. The integral of
the curve is the total productivity per unit area of water column,

In the first determination technique, the water sample is placed
in three clean BOD bottles (300 ml capacity), one of which is totally

opaque. One of the clear BOD bottles and the opaque one are securely
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stoppered and lowered to their original sample depths to incubate for

several hours, The third bottle is used for an immediate DO measure-
ment. Upon retrieving the "in situ'' samples, the DO is measured im-
mediately. The opaque bottle will have a DO loss owing to respiration,

and the clear bottle will have a DO gain owing to photosynthesis. Then,

Net photosynthesis = clear bottle DO - initial bottle DO
Respiration = initial bottle DO - opaque bottle DO

Gross photosynthesis -'clear bottle DO - opaque bottle DO

In the second method, two BOD bottles, one clear and one
opaque, arc used as before, but a solution of radioactive carbonate
(carbon 14) is added to the samples before incubating. Following incu-
bation "in situ'', the plankton are removed from the retrieved samples
by collection on a membrane filter, and then dried. The fraction of the
radioactive carbonate taken up by the plankton is measured with a Geiger
counter and is assumed to be a direct measure of the photosynthesis,
Although more complex than the first method, the second method has

the advantage of being available in a test kit,

2.3.5.2 Periphyton/Chlorophyll

The periphyton include the communities of microorganisms
growing on stones and other submerged surfaces (e.g., filamentous

bacteria, attached protozoa, and algae) and certain free-swimming
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microorganisms. The periphyton respond sooner and with greater sen-
sitivity to changes in the water quality than do other life forms (e.g.,
plankton, fish). An example is the variability in type and density of the
slimes that are found in estuaries and coastal zones in the vicinity of a
sewage outfall; the slimes change an'' disappear as the water quality
improves with distance from the outfall, thus delineating ''pollution zones'',
Periphyton samples are obtained by suspending substrates,
usually standard 1 x 3 inch microscope slides, in the water mass at the
desired sample point for a period of at least two weeks. The periphyton
growth is then removed from the slides, preserved in a formalin solu-
tion, and counted using standard microscope counting techniques. The
two accepted counting techniques are arduous and costly, One requires
visual counting of the periphyton in a fixed volume of solution (using a
Sedgwick-Rafter cell, a microscope slide with an indented volume of
1 milliliter), The difficulty with this technique is that the microscope
magnification is limited and the microscope depth of field is too small
to permit counting of the floating and the bottom periphyton simultaneously.
The second method, which is rapid and accurate, uses a television camera
on the microscope barrel. A count is made by a computer analysis of the
microscopic field using pattern recognition techniques so as not to lose
count of periphyton that overlap each other. One commercial instrument

is made by Millipone, Inc,
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For most pollution studies, the biomass of the periphyton
(such as algae) is the parameter of interest since it is an indication
of both the organic contamination of the water and the ability of the
water to purify itself. The chlorophyll content of the periphyton is
an accepted measure of that biomass. All the methods of chlorophyll
determination for the types a, b, and c are spectrophotometric. These
methods, and the aforementioned counting methods, have the inherent
disadvantage of not being adaptable to field techniques.

For determination of chlorophyll content, the substrate growth
is dissolved in an acetone solution and a sample is placed in a cuvette
in a narrow band spectrophotometer. Optical densities are measured
at 7500 Angstroms (turbidity correction), 6650, 6450, and 6300 Ang-
stroms (chlorophyll a, b, and c, respectively) ard the original concen-
trations are calculated. Accuracy, at typical sample levels is T o.26
micrograms of chlorophyll a at the 5 microgram level, i 0.21 micro-
grams of chlorophyll b at the 0. 5 microgram level, and ! 1.5 micro-
grams of chlorophyll c at the 5 microgram level. Chlorophyll ¢ deter-
minations are particularly susceptible to positive error due to the pre-
sence of non-active pigments. This difficulty can be avoided by reading
the optical density of the sample at 4500 Angstroms, before and after

the addition of acid to the sample.

For details on spectrophotometers, refer to Section 4. 4.
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2.3.5.3 Biological Oxygen Demand (BOD)

Biological Oxygen Demand (BOD) measurements are based on
empirical tests using standardized laboratory procedures. The uniform
interpretation of the data by different workers in the field depends upon
the uniformity of the laboratory procedure. This is a major disadvantage.

BOD tests are useful in determining the waste loading and ef-
ficiency of sewage treatment plants and are acceptable tests for following
the pattern of pollutant circulation and purification in natural waters.
However, they are not very accurate and no standard exists. BOD re-
actions are delayed by the presence of free chlorine, abnormal pH, or
certain toxic chemicals - all of these are characteristic of most industrial
wastes. Inthe BOD laboratory procedure, a pre-treatment of the sample
corrects for these conditions and also provides seed organisms for the
oxidation of the organic matter if the natural biological population is
deficient.

The laboratory procedure consists of making several dilutions
of the water sample with distilled water saturated in DO, and filling
standard 300ml BOD bottles with the test samples, in pairs. One of
each pair is used for an immediate DO measurement, the other incubated
for five days (most often) or thirty days (rare) in a dark room at ZOOC.
Following incubation, the DO is measured again. Corrections for
dilution are made and the data are discarded where BOD is in excess
of available DO. The five-day BODis the generally accepted form of the

data.
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2.3.5.4 Chemical Oxygen Demand (COD)

Chemical Oxygen Demand (COD) is a measure of that portion
of the organic matter in the natural water which is oxidizable by a strong
chemical oxidant. It is a parameter that can be measured in the field,
although it does require removal of a sample and addition of chemicals.
Sewer effluents and organic pollutants can be traced through an estuarine
or coastal flow pattern. However, the data are highly susceptible to
variation caused by contaminants such as cellulose, which are not im-
mediately a demand on the DO.

The accepted procedure is to add known amounts of potassium
dichromate and suli)huri.c acid to the sample. The amount of oxidizable
organic matter measured 2s oxygen equivalent is proportional to the
potassium dichromate consumed. This is determined by a titration with
a ferrous ammonium sulphate standardized solution. The COD, which
should indicate the total of oxidizable materials present in the water, is
affected by temperature, concentration of the reagents, deviations of the
test, and composition of the water sample. Consequently, measurement
conditions must be precisely controlled to develop data useful for com-

parison.

2-39



2.3.5.5 Total Organic Carbon

The relationship between BOD, COD and total organic carbon
(TOC) has been rationalized such that the two oxygen demands are a fair
measure of TOC, TOC can be measured directly by several laboratory
procedures; however, no field procedure exists.

The most common procedure is to dilute or concentrate the
water sample to a suitable working range, chemically eliminate non-
organic carbon, inject a sample into an infrared combustion analyzer in
which the organic carbon is oxidized to carbon dioxide, and then measure
the height of the peak associated with the infrared absorption of the carbon
dioxide. Comparison with similar tests on standardized solutions of
sodium oxalate determines the original TOC content.

Typical commercial instruments for TOC measurement are the
Beckman 915, Union Carbide 1212, and Coleman 33. Measurement ac-
curacy is one part per million (ppm) of the injected sample, which is
limited to the range of 1 to 100 ppm. Analyses using advanced laboratory
spect?ophotometers instead of the commercial TOC analyzer can attain

much better accuracy.

2.3.5.6 Heavy Metals

The presence of heavy metals in waterways is important as they
present a long term toxicity to biological life. No suitable field procedure

exists for a general determinaiion of the concentration of heavy metals.
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Atomic absorption analysis and polarography are accurate and reliable
laboratory procedures for determining the concentration of heavy metals.
However, the instrumentation is costly. Colorimetry is a less expensive,
but complex laboratory procedure which requires a pre-treatment of the
sample to destroy the organic carbon content (which holds heavy metals
in complex bonds), and to eliminate interferences when more than one
heavy metal is present. Standard procedures exist for the individual de-
termination of the presence and quantity of cadmium, total chromium,
hexavalent chromium, total copper, cuprous ion, total iron, ferrous ion,
lead manganese, nickel, and zinc by colorimetric techniques. A standard
polarographic technique is used to simultaneously identify and quantize

cadmium, copper, lead, nickel and zinc.

2.3.5.7 Organic contaminants

Insecticides, herbicides, agricultural chemicals, phenols, poly-
chlorinated biphenyls, and the reaction products of phenols and chlorine
are all persistent chemicals in the TOC content of a waterway, and are
particularly objectionable because of their adverse effects on the living
environment of the waterway. No simple procedures exist for determining
the extent of their presence in natural waterways. [Chlorinated phenols
have a recognizable taste even in very small concentrations. However,
this is not a test.] Laboratory procedures utilize carbon adsorption to
concentrate the organic contaminants and gas chromatography for identi-

fication. Quantitative data rely on comparison with standard solutions,
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which is a time-consuming process. No ficid instrumentation exists

for identifying or quantizing these organic contaminants.

2.3.6 Instrument Evaluation (Example)

As previously mentioned, one of the objectives of the Sensors/
Instrumentation Section of the Environmental Impact Prediction Facility
will be to provide an evaluation of commercially available, on the shelf,
and state-of-the-art instrumentation which is required to parameterize
the environmental features of the DoD facility or activity or to measure
the extent of the pollutant concentration in the various media.

Instrumeurtation for one of the inorganic chemical parameters,
Dissolved Oxygen (DO), is evaluated. Although all of the instruments
currently commercially available for the measurement of DO are not
presented, this evaluation is provided as an example of what would be

expected from the Sensors/Instrumentation Section.

2.3.6.1 Dissolved Oxygen

Dissolved oxygen (DO) levels in the coastal waters and estuaries
are a measure of the combined effect of photosynthesis, respiration,
chemical and biological oxygen demands (COD and BOD) of sewage and
other wastewaters entering the natural waters. Analysis of DO is a
Primary guide to pollution abatement. Two methods of DO measurement
in common use arc ‘he Winkler (iodometric) method and the electrometric

method.
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2.3.6.2 Measurement Techniques

The expected range of DO measurements is from 0. 005 to 8
milligram-atmospheres per liter (mg-at/l). The lower limit is essen-
tially anoxic water while the upper limit is not fixed. At normal surface
conditions, DO becornes supersaturated in the 8-9mg-at/1 region.
Supersaturated DO is seasonally found in streams and estuaries. [If
supersaturated DO cannot be measured directly, a water sample can be
diluted with low DO water, and the measurement corrected. ]

Any instrument measuring DO should compare with the standard
chemical analysis for DO, called the Winkler method. This method
exhibits the highest precision of any method adaptable to routine measure-
ments. The expected error of a single determination is ! 0.003 mg-at/1
at the 0.7 mg-at/1 level for a well-controlled laboratory experiment.
Routine analysis in pollution studies accept a ! 0. 050 mg-at/1l error for
visual determination of the titration endpoint, and f 0.005 mg-at/l error
for an electrometric endpoint determination.

The water sample from the selected depth is taken with a non-
metallic sampler such as the Kemmerer, VanDorn, or Niskin bottle and
transferred to a standard 300 milliliter BOD bottle, without entraining
external air. [Sample temperature should be measured as soon as the
sample reaches the surface.] Immediately, 2ml of manganous sulphate
reagent soulution should be added to the BOD bottle, followed by 2ml of

alkaline iodide solution. The sample is then shaken. A precipitate
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forms, which is redissolved by the addition of 1 ml of concentrated
sulphuric acid.

Initially, the DO had been captured by oxidizing the manganous
ion to a higher valence manganese ion. The latter now reverts to the
divalent state in the presence of the iodide ions and the sulphuric acid,
liberating an iodine equivalent to the original DO,

When convenient, the sample is titrated with a 0. 5N sodium
thiosulphate solution using either starch as the endpoint indicator, or
an electrometric endpoint determination. The DO in the original sample
is then calculated from the quantity of titrant used. A correction must
be made for the temperature change, and if a deep sample, the pres-
sure change from the original state.

Since the water samples contain a variety of natural, sewage,
and industrial contaminants, several modifications to the Winkler method
exist to correct for their presence, as they would interfere with the
iodometric determination. For example, oxidizing materials in the
sample would change iodide to iodine thereby producing an apparent in-
crease in DO, while the opposite is true for reducing materials. The
following list summarizes the common modifications to the Winkler

method.
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Modification Purgose

l. sodium azide addition Removes interference caused
by nitrite, which is common
in sewage effluents and incu-
bated BOD samples,

2. alum flocculation addition Settle suspended solids
which may consume appre-
ciable quantities of iodine in
acid solution,

3. copper sulphate-sulphamic acid Used in addition to the azide
flocculation modification to settle bio-

logical material which has a

high oxygen utilization rate.

4. potassium permanganate Eliminate ferrous iron
addition interference.

5. potassium fluoride and azide Eliminate ferric iron inter-
addition ference,

5a. use phosphoric acid instead

of sulphuric acid for

acidification step

Although the chemical techniques are not convenient for field
use, they remain the standard methods to which instrument performance
is compared.

Two different principles are used in measuring DO in situ with
the presently available instruments, polarographic, and galvanic.
Both techniques have been demonstrated feasible for in situ measurements
in lakes, rivers, oceans, industrial effluents, sewage effluents, and in
activated sludge. They have an accuracy of tO. 05 to tO. 1 mg-at/1
DO when calibrated with a fresh water or a salt water standard of known

DO, (depending upon whether the measurement is to be made in fresh

or salt water),
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The DO can be measured using a conventional polarographic
cell with a dropping mercury electrode, however the impurities in
industrial waste and sewage cause unreliable electrode operation., DO
meters which are commercially available use a special adaptation of the
polarographic cell., It comprises a gold cathode, a silver anode, and
a potassium chloride electrolyte. A polarizing potential of about 2 volts
is used. The cell is isolated from the test sample by a plastic membrane,
usually teflon or polyethylene. The membrane is permeable to oxygen
and the flow through the membrane is linearly proportional to the DO
and logarithmically proportional to the temperature. The current through
the polarographic cell is directly proportional to the molecular oxygen
activity in the electrolyte. Thus, a current measurement is a measure
of the DO.

Some instruments use thermistors in the probe to sense the sample
temperature and correct the DO for membrane permeability. However,
this systein loses accuracy when there is a wide difference between the
test sample temperature and the standardized sample temperature,

Conse uently, some instruments are provided with graphs to make the
correction from external temperature measurements,

The measurement of DO using a galvanic cell does not require
an oxygen permeable membrane in that other constituents of the test
sample, as commonly encountered, will not affect the DO determination.
The sensor comprises a thallium anode and a saturated calomel glass

reference electrode or a cathode. Oxygen is reduced at the cathode
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causing an electric current to flow which is proportional to the DO
content. The galvanic ccll is temperature sensitive, hence requires
correction either electronically, or by graphical means,

Both the polarographic and the galvanic type sensors are capable
of operation in fresh and salt waters, in sewage effluents and in incubated

BOD samples. They are also capable of operation to any water depth.

2.3,6.3. Instrument Comparison

A comparison of instruments used for DO measurement should

consider all of the following parameters:

1. Measurement range: some units do not measure very
small levels of DO (0.1 to 1 mg-at/1), and some units
have limitations in the super-saturated region (above
9 mg-at/1). (Note that | part per million = 1 milligram
atmospheric/liter for samples measured at the surface
of the sea,)

2, Temperature range: The range of operation is usually
much larger than the range of automatic temperature
correction,

3. Depth capability: In addition to a physical limitation,
both the polarographic and the galvanic sensors exhibit
a pressure effect in DO determination, which, if no
calibration is available, becomes a loss in accuracy,

4, Accuracy of DO measurement at constant temperature,

5. Accuracy of temperature measurement and correction,

6. Response time of DO determination: This parameter is
temperature sensitive, hence should be considered at

the extremes of operation of the instrument.

7. Response time of temperature measurement.
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14,

15,

16,

17.

18.

19.

Stability (drift) of DO measurement from a fixed calibration.

Stability (drift) of temperature measurement from a fixed
calibration,

Fesolution of DO measnrement,

Resolution of temperature measurement,

Effects of variation in power supply voltage.

Effects of contaminants in the sample: Hydrogen sulphide,
for example permecates a teflon membrane and contaminates
the polarographic sensor, Magnesium ions in salt water
contaminate the thallium anode of the galvanic sensor.
Repeatability of measurements.

Sensitivity of sensor to water flow direction and velocity.

Physical characteristics (size, weight, ruggedness)

Cost of instrument, cost of replacement sensors, sensor
lifetime.

Toxicity of sensor materials: For example, thallium is
poisonous,

Range of operating temperature for surface instrument
(ambient air)

Application to BOD bottle samples: The sensor size and
the provision of an agitator are meaningful considerations.

Mounting brackets: Some sensors are integral to the cable
and do not allow for external mechanical suspension in
waterways,

Table 2.10 compares some commercially available instruments

on the basis of a few of the parameters which are considered most

important.
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2.4 Numerical Modeling Section

2.4.1 Introduction

In order to predict the effects of DoD activities on the environ-
ment and to assess the impact on DoD activities on environmental changes
caused intentionally or unintentionally, it is not sufficient merely to col-
lect data on the normal state of the environment and on the activities
themselves. It is essential to have access to predictive models of the
environment. One vital part of a successful Environmental Impact Pre-
diction Facility must therefore be a Numerical Modeling Section whose
function it is to develop, maintain, and apply a collection of dependable,
efficient models of the environment.

There is, at present, no single agency or facility from which
DoD can procure a rapid analysis of an environmental problem, including
all phases of the problem from input data through analyses of physical,
chemical, and biological processes to a quantitative environmental pre-
diction, for problems in all parts of the environment from deep-sea
pollution, to urban pollution, to stratospheric modification. While it is
the mandate of the Environmental Impact Prediction Facility to provide
DoD with this essential capability, it is the purpose of the Numerical
Modeling Section to provide within the Facility the expertise necessary
for its central objective -- the environmental prediction itself,

The capability necessary to achieve the Facility's goals requires

2-49



an efficiency possible only within a program which combines expertise
on all phases of environmental prediction, from the design of instru-
ments to measure trace chemicals in the oceans and atmospheres, to
data display technology. For this reason, the Facility cannot rely on
interfacing with the existing institutions which have developed numerical
models in one or two of the many types of numerical models which will
be needed. On the other hand, it would be extremely wasteful of time,
money, and expertisc to attempt to duplicate all the relevant modeling
developments which have already been achieved. The Numerical
Modeling Section will satisfy these requirements by:
a. accomplishing the tasks of reviewing the
state-of-the-art in numerical modeling,
b. implementing on the ARPA computer pro-
grams for all existing models relevant
to DoD environmental prediction needs.
c. using this computing capability to provide
rapid, dependable answers to questions
posed by DoD personnel,
d. updating the models continuously.
e. advising other sections of the Environ-
mental Impact Prediction Facility of their

need for research or data for the verifi-
cation or improvement of the models.
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2.4.2 Technological Support Required

The Numerical Modeling Section will require access to several
types of technological information and capabilities, These include the
numerical models themselves, computing facilities with various types
of input/output peripheral equipment, data for verification of the nu-
merical models, data for updating the numerical models, and data
describing the activitics whose environmental impact is to be predicted.

These are discussed separately in the subsections which follow.

2.4.2.1 Numerical Models

In concept, the Numerical Modeling Section might be able to
work only with a single model encompassing the entire global environ-
ment from the earth's sedimentary covering to the upper atmosphere,
and modeling the environment in sufficiently fine detail to include local
phenomena such as urban or estuarine pollution, Practical considera-
tions -- mainly available computer size and speed -- make this concept
impossible to implement at least for a decade. Furthermore, it is
unnecessary for one interested in the pollution of a stream to explicitly
consider the dynamics of all the world's oceans and the atmosphere;
and it is unnecessary to include such fine detail as the dynamics of each
and every stream in a study of the effects of increasing water vapor in
the stratosphere on the world climate. It is therefore necessary for

the Numerical Modeling Section to work with a number of models, each
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representing different scale phenomena. These are described briefly

below:

a. Combined Ocean/Atmosphere Model

This will be the largest scale, coarsest grid model
used. Its purpose will be to predict global-scale
effects, such as the dispersion of radioactive stron-
tium climatological changes, and sea-level fluctua-
tions, which might result from activities such as
the injection into the stratosphere of waste products
by high-flying aircraft or the construction of an
intcr-ocean canal. The grid size will probably be
on the order of 100km., The model will therefore
be unable to consider explicitly a single city or
river. It will, however, encompass all the world's
occans, and the entire atmosphere.

b. Single-Ocean Models

The Numerical Modeling Section will have a
separate modcl for each of the world's oceans and
seas. This will require topographical data, tempera-
ture and salinity data, and runoff data (i.e., river
discharge and chemical content). The grid size
will be no greater than 100 km. These models will
ignore ocean-atmosphere interactions explicitly
modeled by the combined ocean/atmosphere model;
the atmosphere will be assumed to behave independ-
ently of any changes which the model might predict
in the oceans. These models will be useful in the
distribution of a pollutant injected into the ocean,

It would be advantageous to have separate models
(or a two-option model) for studies of passive pol-
lutants, such as mercury, and active pollutants,
such as heat. (The distinction between passive and
active is made, here, with respect to the ocean cir-
culation,
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Global Atmiospheric Model

This model will include the dynamics of the entire
globe's atmosphere, up to and including the strato-
sphere. Conversely with the single-ocean models,
the oceans will be assumed by this model to be-
have independently of any variations which might
occur in the atmosphere. This model will rely

on temperature and wind data, continental topo-
graphy, albedo, ocean surface temperatures, and
atmospheric chemical composition data. As in the
case of the single-ocean models, separate algorithms
will be available for studying the dispersion of pas-
sive and active pollutants, such as strontium and
COy, respectively., The model will also be able

to predict effects of climate, winds, the distribu-
tion of c¢louds and rainiall, etc., which might re-
sult from chemical pollution by CO, or water vapor,
for example, or from man-made changes in the
earth's albedo.

Estuarine Model

A generalized cestuarine model will be implemented
for the purpose of predicting the dispersion of pol-
lutants (thermal or chemicel) in an estuary, and
circulation changes caused by modification of the
shoreline by piers, bridges, or other structures.
The model will rely upon topographic data collected
by another section of the Facility. The dynamics
will include tidal effects, river discharge, wind
stress, temperature and salinity stratification, and
boundary layer friction.

Urban Air Pollution Models

Several urban air pollution models will be included
in the inventory. Each will utilize a different combi-
nation of data, and will be applied to a problem de-
pending on the data available from the site. The
types of data will include surface wind speed and
direction, wind speed and direction at varicus alti-
tudes, the Kolmogoroff structure function, eddy
diffusivity tensor, topography, thermal structure
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(with particular regard to the vertical stability
and inversions), humidity, radiative fluxes,
meteorological prognoses, cloud types and alti-
tudes, cloud types and altitudes, and source
data. These modecls will be capable of predicting
the dispersion of passive and active pollutants,
and of predicting the dynamical effects of active
pollutants. Ior example, estimates may be pro-
vided of the heat island effect, orographic pre-
cipitation effects, etc.

River and Stream Models

Generalized one-, two-, and three-dimensional
river models will be available to predict the
dispersion of waterborne pollution of chemical,
biological, or thermal type. Of these pollution
types, only the latter may be considered to be
active with respect to flow and stratification.
The models will include not only the usual ad-
vective and diffusive processes, but also bio-
chemical processes significant on the same time
scale as the river flow. The models will depend
on another scction of the Environmental Impact
Prediction Facility for topographic data. A
further application of the model will be to prob-
lems of sediment deposition, erosion, and river
course variations induced by shoreline structures
or changes in the discharge rate.

Ground Water Model

A model will be required to predict the disper-
sion of pollutants in which ground water has a
significant role. The model will include under-
ground rivers, soil seepage, and percolation
through porous rock strata. Ground water phe-
nomena affect the dispersion of pollutants such

as agricultural fertilizers and pesticides, and
radioactivity from underground nuclear tests.

The support of the section of the Environmental
Impact Prediction Facility responsible for col-
lecting geologic subsurface data and rock porosity
data will be essential to the successful application
of this model to DoD problems.
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2.4.2.2 Computing and Input/Output Facilities

It is anticipated that the physical location of the Numerical
Modeling Section personnel responsible for assimilating existing numeri-
cal models of the environment and implementing them will be together
with the entire Environmental Impact Prediction Facility at the site of a
computer with access to the ILLIAC IV, part of the ARPA computing
network. The large nicmory and high speed required for global atmos-
pheric and oceanographie prediction czlculations are not available even
on relatively large conventional computers. The ILLIAC IV will be one
of the few machines in the world capable of the computations necessitated
by the Numerical Modeling Section's responsibility,

Access to the models, however, will not be limited to pro-
grammers at the ILLLIAC IV site. The ARPA network makes it possible
for a programmer or scientist at any of the network computers to transmit
pollution source data to the Numerical Modeling Section, specify the rele-
vant model and options, and receive output data. The program will
actually run on the ILLIAC IV, and utilize oceanographic, meteorologic,
topographic, and geologic data stored by the storage facility., The user
will have the options of using annual average, seasona. average, or
current oceanographic and meteorologic data, and of requesting dynamic
predictions or passive dispersion predictions,

In a typical application, one computer will transmit pollution

source data and computing instructions to the ILLIAC IV, which will

2-55



request and receive current meteorological data from a magnetic tape
stored at another computer site. The ILLIAC IV will execute the
necessary computations, and transmit the output data to an X-Y plotter

(or intermediate magnetic tape) at the initial computer.

2.4,2.3 Verification Data

Numerical mode's are the only available means of predicting
the short-term and long-term, small-scale and global-scale, effects
of man's activities on the ¢nvironment. However, it is the subject of
considerable discussion among scientists as to whether the models and
data available today provide sufficient accuracy and dependability.
While we have arrived at some understanding of the efficacy and limita-
tions of numerical calculations possible today, a more nearly satis-
factory understanding will be reached only by the acquisition of more
global-scale oceanographic, meteorologic, and pollution data with
which the models can be verified. These same verification data can
then be used to improve the models, where necessary.

The exact nature of the verification data and the experiments
necessary to acquire them is being determined and will continue to be
determined by scientists familiar with the numerical models. As such
determinations are made by the Numerical Modeling Section, the data-
collecting section of the Environmental Impact Prediction Facility

will be informed.
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One example of the need for verification data arises from the
uncertainty concerning vertical transport processes in the lower thermo-
cline. Various combinations of vertical velocity (upwelling) and vertical
diffusion account equally well for salinity and temperature data. Only
one such combination, of course, is accurate. To distinguish among
the accurate and inaccurate combinations, further data are required.

It has been determined by numerical models that the data concerning
chemical trace clements in the deep ocean, which the GEOSECS experi-
ment intends to coliect, will remove enough degrees of freedom {rom
the numerical models to verify the validity of their representation of
vertical transport processes in the lower thermocline,

It is anticipated that chemical trace elements will be a most
important source of verification data for oceanographic and meteoro-
logic models. The instrument/sensor section, the data section, and
the Numerical Modeling Section of the Environmental Impact Prediction
Facility, will have as their focal point of interaction and interdependence

the vital problem of numerical model verification.

2.4.2.4 Update Data

In addition to the verification data, the ILLIAC IV will require
for its numerical model computations, rapid access to current oceano-
graphic and atmospheric data. Data of this type are used routinely for
weather prediction, and are collected by the National Oceanographic

and Atmospheric Administration. The Numerical Modeling Section
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will therefore require a data link with NOAA., There will, of course,
be access to the pollution data collected by the Facility's global pollution

monitoring network.

2.4.2.5 Source Data

Source data -- data concerning the type anc quantity of pollution
emission, or the type, extent, and concentration of a locally-dispersed
pollutant -- will be acquired routinely by the global monitoring network,
or will be supplied to the ILLIAC IV by the computing center requesting
the computations. The actual instrumentation used for pollution meas-
urements, and the collection of pollution data, is the concern of another
section of the Environmental Impact Prediction Facility, with which the

Numerical Modeling Section must interface efficiently.

2.4.3 Current Numerical Modeling Efforts

While numerical modeling is currently being attempted or in
progress at many research centers today, there is no one organization
which has numerical computation capabilities for models representing
all scales of environmental phenomena, from urban to global, which is
concerned mainly with predicting the environmental impact of human
activities, and which has the mandate to supply DoD with the expertise
needed to develop Environmental Irnpact Statements. However, there

are many research centers which do have capabilities in part of the area.
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As explained above, the Numerical Modeling Section of the Environ-
mental Impact Prediction Facility will assimilate these capabilities and
apply them to DoD needs. An outline of some of the more important
research centers active in numerical modeling follows. (This outline

does not purport to be an exhaustive listing. )

2.4.3.1 Ocean Modeling

The outstanding institution in large-scale ocean modeling is
the Geophysical Fluid Dynamics Laboratory, of the National Oceano-
graphic and Atmospheric Administration, Princeton, New Jersey,
The director of this laboratory is Dr., J. Smagorinsky. ''In charge"
of ocean modeling is Dr. K. Bryan. (Part of the laboratory is devoted
to atmospheric modeling, discussed below.) Dr. Bryan has been one
of the world's leading figures in the development of numcrical modeling
of the oceans. The model which has been developed by his group uses
the ''rigid 1id" approximation, and an ad-hoc parameterization of the
thermocline. It is felt that verification of the model is essential, and
may be forthcoming from GEOSECS data, as well as from conventional
oceanographic measurements such as MODE will make. Regions re-
quiring verification most may be the deep sea near-bottom currents,
and thermocline vertical-transport phenomena.

Dr. W. Holland, at the Geophysical Fluid Dynamics Laboratory,
has been involved in the application of numerical models to ocean tracer
distributions. This work will be most useful to the Numerical Modeling

Section.
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Other institutions doing important work in numerical modeling
of the oceans include the University of California at Los Angeles, the
National Center for Atmospheric Research in Boulder, Colorado, and

Yale University, in New Haven, Connecticut.

2.4.3.2 Atmospheric Modeling

The Geophysical Fluid Dynamics Laboratory is also a leading
institution in numerical modeling of the atm?sphere. Dr. Manabe is
"in charge'" of the atmospheric modeling. He and Dr. Bryan work
closely together, and are presently developi;g a coupled ocean-atmos-
phere model. |

The National Center for Atmospheric Research has done

)

pioneering work in numerical modeling of the atmosphere, and is also

concerned with coupled uvcean-atmosphere models.

2.4,3.3 Smaller-Scale Water €irculation Models

*

Studies of numerical modeling of coastal upwelling have been
made at Florida State Unive rsit;, the University of Connecticut, and
New York University. Estuarine and river studies have been made by
tiie Environmental Protection Administration, Oregon State University,

the Federal Water Quality Agency, and Johns Hopkins University.

t .
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2.4.3.4 Smaller-Scale Atmospheric Circulation Models

Studies of urban and local dispersion of air pollution have been

made by the Environmenta! Protection Agency, Pennsylvania State

University, New York University, and many others.
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2.5 Data Management Section

2.5.1 Introduction

The development of an Environmental Impact Prediction Program
includes the development of a facility which can collect, process and
evaluate environmental data which are obtained from DoD facilities and
activities. This information is used to evaluate the environmental impact
of existing facilities and to establish numerical models to predict the im-
pact of future facilities and activities. This facility, termed the Data
Management Section, will work in close coordination with the Numerical
Modeling Section and the Sensor/Instrumentation Section to obtain the
most reliable and up-to-date data on environmental pollution factors.

As a functioning entity, the main goals of the Data Management
Section will be:

Data Collection, Collection of pollution data
from sensors at DoD facilities; assimilation of
pollution data from non-DoD sources such as
EPA and NOAA wher these sources contain in-
formation which relate to DoD activities: and
assimilation of data comprising state and

federal standards and regulations which relate
to the pollutants under observation.

Data Evaluation. Evaluation of the environ-
mental impact of existing and future DoD facili-
ties; notification to DoD facilities of available
methods to improve or correct their pollution
endeavors; and evaluation of pollution abate-
ment procedures, both short-term and long-term.
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Data Processing. Standardization of collected
data; storage of data required for evaluation and
updating of environmental models; and dissemi-
nation of data to interested partiez.

As discussed in Section 2, 4, the goals of the Numerical Modeling
Section are met by use of the ILLIAC IV computer as accessed through
the ARPA Net. Extending this idea, the ARPA Net will handle data com-
munications between the sensors deployed by the Sensor/Instrumentation
Section and the data collection group. This technique will take advantage
of the long distance reliable data linl;s that are already in existence in
that net. Furthermore, storage of data in the data bank facility, which
is required for model evaluation by the Numerical Modeling Section, can

also take place over the ARPA Net.

2.5.2 The ARPA Net

The ARPA Net is a nationwide network of computers connected
so that any program available to a user at one location is also available
at any other remote location which is connected into the net, Thus, a
user may access any computer in the net and execute a program on that
computer as if it were at the user's own location.

This concept is not restricted to program usage. Data files
may be transferred between locations over the net. Thus, a user at
Location A can access the computer at Location B to execute a program

using data stored in a computer at Location C. The results/output of
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the program are then transmitted back to the user at Location A,

2.5.2.1 Network Facilities

At present, there are 29 operational facilities connected to the
net. Seven of these facilities intend to offer computing services to the
other users. These are:

1. Massachusetts Institute of Technology -

Honeywell 645
2. Stanford Research Institute - PDP-10

3. University of California at Los Angeles -
IBM 360/91

4. University of California at Santa Barbara -
IBM 360/75

5. Bolt Beranek and Newman - PDP-.10
6. Lincoln Laboratories - IBM 360/67

7. Ames Air Force Base - ILLIAC v

Figure 2.1 indicates the present configuration of the ARPA Network.

Of all these facilities, the ILLIAC IV promises to be the most
useful for the purposes of the Environmenta! Impact Prediction Facility.
First, the II.LLIAC IV has been specially designed for processing large
matrices/arrays of data such as those found in meteorology, oceano-
graphy, etc. Secondly, the ILLIAC IV will eventually contain a one
trillion bit mass storage capability using laser techniques. Eventually,

this storage capability will serve as both storage for program: being
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executed on the ILLIAC IV as well as an archive storage for the users
oi the ARPA Net. This tremendous storage capability now brings into
the realm of possibility the execution of complex models for wide area

oceanographic, atmospheric, or other natural phenomena hsretofore

rendered impossible by existing limitations on computer size and speed.

2.5.2.2 Network Interconnection

To provide the reliable data link needed for computer-to-
computer communication, a store-and-forward concept was implemented,
The data communication process is handled by a number of devices called
Interface Message Processors (IMP). Each of the network computers,
termed a HOST, is connected directly to an IMP located at the HOST's
site. Lach IMF is connected to two or more IMPsg through 50 kilo bit/
second dedicated leased lines. To transmit a message from one HOST to
another, the HOST sends its message to its IMP. The IMP then breaks
the inessage into smaller pieces termed packets.

Each packet is transmitted through the network from IMP to
IMP along the path that is the least busy., Then, the packets are re-
assembled at the destination IMP and presented to the destination HOST
as a complete message. In this manner, operation of the communica-
tions net is basically invisible to the HOST computers. Conversely,
any IMP can function independently of its HOST, thereby rendering the

communications net immune to a HOST computer's inoperability.
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Furthermore, by requiring each IMP to be connected to two or more
IMPs, the failing of one IMP does not seriously impair the functioning
of the NET as the redundancy provides at least two separate paths be-
tween every pair cf IMPs.

In addition to the IMP, there exists a device called 2 Terminal
Interface Processor (TIP). Up to 64 terminals and various I/0 equip-
ment can be connected to the TIP, A TIP is used in those locations

that do not have a HOST computer,

2.5.2,3 Network Utilization

Of prime importance in any computer system is the ability of
the software to facilitate the utilization of that system. In the case of
the ARPA Net, such utilization implies software development which
can facilitate the sharing of computer systems and the transfer of data
and commands throughout the network. The ultimate goal is to make

the net seem invisible to the user.

The software developed to Jate for the ARD Net is reflected
in the generation of a number of protocols; i.e., a set of specified
rules or commands which computers and/or programmers must utilize
when conversing with each other. The highest level protocol under
development is the TELNET which allows users to directly access any
of the HOST serving computers in the net. Such connection is first

preceded by use of an ICP (Initial Connection Protocol) which establishes
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a connection with the desired HOST computers. In addition, two other
high level protocols exist. These are the Data Transfer Protocol and
File Transfer Protocol, and they allow the transfer of structured data

and/or programs between HCST computers.

2.5.3 Data Management Section Configuration

The Data Management Section comprises three basic areas:
a centralized data collection and evaluation group; a data bank; and the
data transmission facilities required for remote monitoring. By uti-
lizing the ARPA Net for data tran:mission and interactive processing,
these three areas may be conveniently tied tbgether into a cohesive

system.

2.5.3.1 Data Collection Group

Centrally located with the other sections of the Environmental
Impact Prediction Facility, the Data Collection Group will coordinate

efforts of procurement of pollution data from all sources including:

1. Data from DoD facilities and activities.
2. Data from non-DoD facilities (NOAA, EPA)
which reflect DoD's impact.
The collection of data from non-DoD agencies will be linked to
these facilities by a high speed reliable data transmission network.

Indeed, NOAA is already linked to the ARPA Net. The collection of
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data from DoD facilities will also use the ARPA Net as the reliable high
speed data link for long distance transmission to the Data Collection
Group. Since a large number of DoD facilities will be monitored, each
facility will not be an additional mode in the ARPA Net. A number of
such facilities will be concentrated, possibly by geographic location,
and controlled by a single HOST in the ARPA Net. Discussion of this

configuration is presented in Section 2. 5. 4.

2.5.3.2 Data Evaluation Group

For this facility to be of any use to DoD, an accurate evaluation
of the monitored data must be made to determine if:

1. Pollutant levels are within the existing standards

for the locality of the DoD site being monitored.

2. Predicted pollutant levels for planned facilities

or activities will fall within existing standards
for the locality.

In Item 1, the direct monitoring of pollutants, whenever possible,
yields straightforward comparison with allowable levels for the locality.
However, when direct monitoring is not possible (air pollution near jet-
ports) or when more than one source may be contributing (airplanes and
automobiles) to the overall pollution level, a more complex approach is
required to determine the amount of the pollutant which is contributed by

the DoD facility.
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For a given pollutant being emitted into a medium (e. g., the
atmosphere), a model representing the dynamics of the medium for the
region of interest can be devised. Based on actual monitored values
of the medium, the dispersion of the pollutant can be determined and its
value at any given point, space or time, calculated.

As an example, consider gaseous emissions due to aircraft at
a jetport. A model of the atmospheric dynamics in the surrounding
region can be evaluated by using monitored parameters of the locality,
e.g., local terrain configuration, wind velocity and direction, tempera-
ture, humidity, local dispersion/diffusion characteristics, etc. Based
on the characteristic properties of the pollutants, the quantity which is
emitted per aircraft, the number of planes taking off and landing in a
given time period, and the atmospheric parameters which are pertinent
to the jetport, the resultant pollution levels at the jetport can be deter-
mined for any point on the ground and a pollution contour map calculated
and plotted.

The same procedure can also be used to predict pollution levels
for planned or future facilities or DoD activities. The expected environ-
mental impact would then be based on evaluation of a model which uses
data from a similar activity or facility. Thus, with a constant update
of data from following operations, the numerical model for the facility/
activity can be improved so that, with each succedding action, the
numerical model's prediction is more accurate and thus can more readily

predict the total environmental impact.
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2.5.3.3 The Data Bank

Of utmost importance in evaluating the environmental impact
of various activities is the accurate modeling of the processes involved
and the resultant predictive capability which is obtained from the numeri-
cal model. The accuracy of these models is due, in small part, to the
goodness of the data used in verifying the model's behavior.

Thus, all sections in the Environmental Impact Prediction
Facility will evaluate the data for accuracy, will assist in formating
and analyzing the data for use in programming, and will submit the data
to the data bank for use in the modeling effort.

The size, speed and location of the data bank are dependent on
the modeling processes to be undertaken. For modeling of entire ocean
basins or global atmospheric models, a large computing complex is re-
quired. The ILLIAC IV has been designed just for such applications.
Eventuaally, the ILLIAC IV is to have a one trillion bit mass storage
capability. A small portion of this capacity could probably serve as the
data bank required for the Environmental Impact Prediction Facility.
In the interim period, a mass storage device using discs and associated
high speed magnetic core or solid state buffers could serve. This storage
device, see Fig, 2.2, is tied directly through high data rate leased lines
to the ILLIAC IV processor. In addition, a conventional computer system,
acting as a HOST, is connected to the ARPA Net, This serves as the

intermediary between the mass storage facility and the ARFA Net.
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Control of the linked operation between the mass storage facility and
the ILLIAC IV can also be handled by this HOST.
Clearly, three modes of operation are possible,

l. The ILLIAC IV utilizes the mass storage for
large scale modeling efforts.

2. New data for the mass storage are sent alony
the ARPA Net to the HOST in the data bank
and then to the mass storage.

3. Data in the mass storage facility can be
accessed anywhere in the ARPA Net through
the HOST. Thus environmental problems
which can be handled by other computers in
the ARPA Net can use data stored in the mass
storage facility.

The software for implementing Items 2 and 3 for the ARPA Net

already exists in the form of the Data Transfer Protocol.

2.5.3.4 Remote Monitored Facilities

Assuming that a large number of DoD facilities will be monitored,
these facilities must be serviced by the ARPA Net without substantially
increasing the number of nodes. The low sampling rate required for
most pollution sensors implies that a large number of sensors can be
concentrated into one high speed data link. Therefore, a typical concen-

tration scheme is shown in Fig. 2. 3.
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Referring to Fig. 2.3, for a given regional area (e.g., Northeast,
Middle Atlantic), a special purpose computer is connected to the ARPA
Net as a HOST through an existing IMP, if possible*, or by adding an
additional node to the net. This computer, termed a Regional Monitoring
HOST, serves as a temporary data storage area and data concentrator.
The data inputs to the Regional Monitoring Host are leased tje lines ema-
nating from subregions within the region being serviced. At a central
location within this subregion, the tie line branches out at a multiplexing
station to a number of short leased tie lines. These are connected to all
the DoD facilities being monitored within the subregion.

The actual configuration is dependent on a number of parameters
including the number and type of sensors being deployed, sampling rates
required, area distribution and total number of Dol facilities being moni-
tored within a given geographical configuration, etc., Clearly, a study
would be required to determine the optimum configuration in terms of
reliability and cost,

A standard mode of operation of the Remote Monitoring Network
would be to periodically sample the sensors at all facilities at predeter-
mined sampling rates consistent with the process being monitored. The

Regional Monitoring HOST can act as the main control in this mode by

Existing IMP designs can handle up to four HOST computers.

)
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selecting the appropriate facility and sensor, when required, and
transferring the data to their own storage area. The schedule listing
all facilities and sensors along with associated sampling rates or

times would be stored in this HOST. The HOST notifies the Data Col-

%

lection Group when a block of data has been compiled and is ready for
transfer. The data are then transferred over the ARPA Net using the
standard Data Transfer Protocol.

Another mode of operation would be a more intensive monitoring
of selected facilities or sensors. Thus, the Data Collection Group
specifies the desired facility or facilities, the sensors to be monitored,
the sampling time, rate and total sampling interval required. These
parameters are sent as commands via the ARPA Net to the Regional
Monitoring HOST in command of the facility or facilities in question,
This HOST then assembles the data as requested. The data can be re-
transmitted either as they become available or at the end of the specified
sampling interval,

The Remote Monitoring Network can also be extended to include
temporary monitoring of facilities or regions. By configuring the
multiplexing system to include additional channels, the facility to be
monitored can be connected to an unused channel of the nearest multi-
plexing system. The facility would then be monitored through commands

from the Data Collection Group.



2.6 Environmental Impact Prediction Example - High Flying Aircraft

The possibility of environmental modification resulting from
the long-term operation of fleets of high-flying aircraft has been a sub-

12) .
However, we are not yet able to assess in

ject of wide interest.
detail what consequences, if any, to the environment might accompany
such operations. While Mmany programs are now underway to study this
question, considerable additional effort will eventually be required to
settle the issues definitively. This effort must include instrumentation,

data collection and numerical models of atmospheric photochemistry,

radiation and dynamics.

2.6.1 Introduction

The regions of the atmosphere in which most high-flying jet
aircraft, both conventional and supersonic, cruise are the upper tropo-
sphere and the stratosphere. The troposphere, % which is the region of
the atmosphere that reaches to an altitude of about 11 km in the polar
regions and about 15km in the tropics, is char:cterized by a relatively
high concentration of water vapor. This region exhibits a rapidly de-
creasing temperature profile with altitude. This temperature profile
is primarily the result of the solar heating of the earth's surface com-
bined with the infrared radiation cooling of the upper and middle layers
of the troposphere. The heating of the troposphere from below often

creates a buoyant instability which enhances vertical mixing processes,
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This is the region of the atmosphere in which rnost of our weather
occurs. The stratosphere, which is the region of the atmosphere
directly above the troposphere (the transition zone from troposphere
to stratosphere being called the tropopause), is characterized by a
relatively low water vapor concentration but exhibits a high ozone
concentration, > Ozone which absorbs radiation in the ultra-violet
part of the solar spectrum is primarily responsible for producing a
vertical temperature profile that increases with altitude. Thus, the
stratosphere is a region of stable density stratification and therefore,
mixing processes are much slower than in the troposphere. This,
combined with the absence of any precipitation processes to cleanse
the air, means that any trace substances introduced into the strato-
sphere will remain there for a much longe. time than in the tropo-
sphere. The residence time of a trace gas or aerosol introduced just
above the tropopause varies from about six months at high latitudes to
a year at low latitudes; and at 20 to 30 km the residence time is two to
three years, increasing to about five years at 50 km. o Thus, a
contamination of the stratosphere will be more long lasting than a cor-
responding contamsination of the troposphere where effective removal
processes are constantly at work. There are two important cases to
consider: contamination by large volcanic eruptions, and contamination
by high-flying jet aircraft. The first is a well-recognired natural phe-

nomenon that has occurred many times, while the la:ter is now only a

source of possible concern.
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Another important consequence of the presence of ozone in the
atmosphere is its ability to absorb a significant portion of the ultraviolet
part of the incoming solar spectrum, since radiation at these frequencies
has a significant effect on biological processes. ¢ The concentration of
ozone depends in a complex way on photochemical reactions among
varicus atmospheric constituents such as O,, H,0, NO,, etc. 9 Since
exhaust emissions from high-flying aircraft include some of these gases,
it is essential that the photochemical and transport processes that deter-
mine the distribution of ozone be better understood,

Another widely Jebated consequence of atmospheric contamination
by high-flying aircraft is the possibility of inadvertent modification to the
climate. The climate of the earth is ultimately determined by the radia-
tion balance of the earth-atmosphere system (by which we mean the
atmosphere and underlying surface taken together). 10 This balance is
between the incoming solar radiation and the outgoing terrestrial infrared
radiation fluxes. These fluxes depend upon the optical properties of the
atmosphere - which are rclated to the distribution of optically active
gases (e.g., carbon dioxide, water vapor and ozone), suspended atmos-
pheric dust particles, and clouds.

Clouds are extremely important factors in the earth's radiation
balance, because they both reflect a large percentage of the incoming
solar flux and also because they are efficient absorbers of terrestrial
infrared radiation. Thus, a change in the long-term amount of cloud

1 .
cover could have a significant effect on climate. ! Observations of
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cirrus cloud cover over certain American cities indicate that there may
be a connection between the amount of cirrus clouds and the density of
Jjet aircraft traffic. 12 However, the effect of changes in cirrus cloudi-
ness on the surface temperature has not been predicted unambiguously
with existing radiation models,

Atmospheric dust particles (or aerosols) can also affect the
transfer of both solar and infrared radiation, and increases in atmos-
pheric aerosols may have consequences on the surface temperature.

The effect of increases in stratospheric ot;st loadings on the
stratospheric heating rates and temperatures are suggested from our
experience on the effect of volcanic dust injected into the stratosphere.
However, modeling studies are still uncertain as to the magnitude and
even in some cases, the sign of possible effects of increases in particle

14
loading on radiative heating rates.

Since exhaust emission from jet aircraft could involve changes
in the levels of atmospheric water vapor, particle loading and cloudiness
(particularly high cirrus clouds), it is again essential that the effects of

changes in these constituents on the climate be well understood.

2.6.2 Procedure of Impact Assessment

In order to ascertain the possible impact of high-flying jet
aircraft on the environment, as outlined in the Introduction, we must
first evaluate the projected exhaust emissions from various types of

aircraft, based on estimates of fleet size, flight frequency and domain,
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and emission levels for each class of aircraft, Then, the magnitude
of projected injections of exhaust products (or changes in other con-
stituents that interact with these products) must be compared with
natural background levels of the relevant atmospheric constituents, on
detailed spatial and temporal scales. The residence times and trans-
port and removal processes for various contaminants must then be
evaluated, so that numerical modelirg studies of the possible effects
of these contaminants can be made. These studies should include
photochemical, radiative, and dynamical simulations.

2,6.3 Effects (known and unknown) of Some
Individual Contaminants

In this section, we will summarize briefly what the effects of
some of the individual contaminants might be on the composition, dis-
tribution, and optical properties of the atmosphere. More details on
these effects can be found in references 1, 2, and 3,

The presence of water vapor has a direct effect on the radiation
balance and also on the formation of clouds. Additional effects through
stratospheric photochemistry involving the distribution and concentration
of ozone are possible,

Oxides of nitrogen apparently have a negligible direct radiation
effect, but their effect on ozone photochemistry is currently a subject
of much controversy. An important indirect effect would be the conver-

sion of these gases to particles in the form of nitrate salts which could
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alter the optical properties of the atmosphere.

The addition of sulphur dioxide gas appears to have no significant
direct radiation effect. However, the particle effect could be significant
from photochemical conversion to sulphate particles.

Particle injection in the form of photochemically converted
particles from unburned hydrocarbons and direct soot particle injections
may affect the radiation field, and can also indirectly affect it through
changes in cloudiness. This is because particles act as condensation
nuclei or ice nuclei upon which cloud droplets or ice crystals are formed.

Additional carbon dioxide injected into the atmosphere from jet
aircraft would have a direct radiative effect, but this is probably not
significant since the concentrations appear to be small in comparison

to the natural flux of CO2 into the stratosphere through the tropopause.

2.6.4 Research Programs

In order to implement the procedure outlined in Section 2. 6.2,
a large research effort is required. First, a detailed description of the

exhaust emissions of each type of aircraft must be compiled, so that

future projections of contaminant injections can be made.

Then, an in situ monitoring program should be implemented,

to determine the natural background concentrations of constituents listed
in the preceding section, with adequate spatial and time resolution. At
the same time, monitoring of radiation fluxes, the optical properties of

certain constituents, and atmospheric motions cshould be conducted to:
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a. improve our understanding of the relationships
between the radiation energy input and atmos-
pheric motions

b. improve our knowledge of stratospheric trans-
port processes

c. determine if any long-term trends in atmospheric
radiation or dynamics will accompany any observed
long-term trends in the concentration of atmos-
pheric constituents related to high-flying aircraft,

A program of laboratory measurements concomitant with the

in situ atmospheric monitoring effort should also be pursued. The re-
action rate coefficients for various chemical constituents involved in
the processes of photochemical production or destruction of ozone are
often poorly defined, or even unknown. In addition, the radiation ab-
sorption cross sections for ozone and related stratospheric constituents
may need additional laboratory measurements to improve the reliability
of the presently assumed values. Also, laboratory determination of the
optical properties (i.e., complex index of refraction and size distribu-
tion) of botls dust particles and ice crystals in cirrus clouds would be
useful to modeling studies.

The fourth area of basic research needed to assess the impact
of high-flying aircraft on the environment is the computation of these

possible effects by numerical models. First, a coupled set of chemical

equations must be solved to simulate the photochemical processes in
the stratospheric production of ozone. This photochemical model must

then be coupled to a dynamical model of the atmosphere, to include the
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important effects of atmospheric diffusion and transport processes on
the distribution of ozone. The dynamical model will need realistic
values of eddy diffusion coefficients in order to simulate the transport
processes correctly. Such a combined model should first be able to
predict the currently observed distribution of ozone. If this is possible,
the combined model can subsequently be used to study the effects of the
injection of various contaminants on the amount of ozone. Then a radia-
tion model that determines the detailed effect of ozone on the transmission
of ultraviolet radiation can be uscd to determine the effect of various
contaminants on the ultraviolet radiation reaching thc¢ biosphere.

To study the possible climatic impact of high-flying aircraft,
the effect of contaminant injections on the radiation fluxes, both solar
and infrared must be computed. This effort should include calculations
of both the direct effect of changes in COZ' water vapor, cloudiness and
aerosols on the radiation field, as well as the possible indirect effects
of particle contaminants on the cloud-forming microphysical processes
per se. Modified radiative-convective models of the earth-atmosphere
system can be used initially for such a study, where data on the optical
properties of the radiation scatterers and absorbers should be taken
‘rom the latest available measurements. Finally, the effect of any pos-
sible changes to the radiation fields will have to be coupled to a large
scale dynamical model of the atmosphere to determine what the ultimate
effect, if any, on climate from the injection of exhaust emission products

might be.
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2.6.5 Proposed Effort for the High-Flying Aircraft
Impact Program

Various aspects o'f the research program outlined above are
under way by many groups througho;.lt the world. For example, since
the development time for large scale dynamical models of the general
circulation of the atmosphere is large, those groups already possessing
such modeling capability are the logical places to develop the coupled
photochemical-dynamical simulation of ozone production. However,
there are still many important unanswered questions about the possible
effects of increases in atmospheric dust or cirrus cloudiness on the
temperature of the stratosphere and the temperature near the earth's
surface that can be studied at smaller installations.' These questions
should be studied by using a radiative-convective model of the earth-
atmosphere system to detern ine how increases in aerosols ar cirrus
cloudiness might affect the atmospheric heating rates. While some work
has been done in the past in this regard, M these models were based
upon global averages and assumed values of optical properties of aero-
sols and cirrus clouds. Thus, their results might not be applicable
(1) for the mid-latitude regions where the bulk of high-flying jet aircraft
operate, and (2) because the observational and experimental data for the
optical properties of cirrus clouds and aerosols are being updated at
this time. An existing radiative-convective model could be modified to

study the effects on the atmospheric heating rates of increases in cirrus

cloudiness and atmospheric aerosols as a function of geographic position

2-85



and season as well as for global averaging. This model should utilize
the latest available data for the optical properties of cirrus clouds and
stratospheric aerosols, and at the very least try to show what the

effect on the atmospheric radiation fluxes from increa ses in cirrus
clouds and stratospheric aerosols would be, for the range of uncertainty
inherent in current observations of the value of the optical propertics

of these constituents. This sort of calculation can then be easily in-
corporated in a general circulation model to eventually assess the

impact of possible changes in cirrus cloudiness or stratospheric acrosols

on the earth's climate.
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3.0 Model Base/Energx Resources

3.1 Introduction

A useful microcosm in which community energy supply and
pollution control may be studied is the military base. The advantage is
that, in addition to being a relatively isola.ted community, directives
issued by the base commander regarding use of power resources will be
obeyed. In such a situation it will be possible to specify optimim con-
ditions for power use and pollution control.

The following a‘ssumptions are made concerning the model
base:

1. The total personnel complement is approximately

1000 men.

2. The model base has its own power generating

plant, waste disposal plant, and sewage disposal

plant.

3. The fresh water for the model base is supplied
from the nearest municipal facility.

4. All food supplies are delivered to the base,
5. The model base is geographically located near a
river or other scurce of water for use in cooling

of the power generator.

6. The base consists of administration buildings
and private residences for the personnel,
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Considerations of power usage and pollution control have been

classified into four areas:

1. the power generator

2. the construction of buildings and the use
of appliances

3. waste disposal and sewage disposal

4. transportation.

Each of these four areas is discussed.

3.2 Electrical Generating Power Plant

The electrical power necessary to supply the model base will be
provided by a generating Plant located on the base. Two different types
of power plants will be considered: fossil fuel and nuclear reactors.

Fossil fuels are coal, oil, and natural gas. The cleanest fuel,
from the standpoint of pollution, is natural gas. The reserves of natural
gas, however, have been dwindling at an alarming rate in the U.S. Since
1968 (aside from the Alaskan discoveries), the U.S. has been using natural
gas twice as fast as it has been finding it. In many parts of the country
gas companies are forcing some industrial users to shift back to oil when
home heating demand is high.

Coal and oil deposits, like those of natural gas, are becoming
increasingly diffi'cult to locate. The demand for oil in the U.S. is such

that ten billion barrels of proved reserves at Prudhoe Bay in Alaska
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represent only two years consumjsion,. ; In addition, the combustion
of fossil fuels releases relatively large amounts of carbon dioxide into
the atmosphere. Carbon dioxide buildup could conceivably raise the
atmospheric temperature through the greenhouse effect - the trapping
of part of the sun's radiation that would otherwise be reflected to
outer space. |

Sulphur dioxide is also released in the combustion of coal,
Buildup of sulphur dioxide in a concentration as low as 0.11 parts per
million can cause damage to the health of the exposed population after
three or four days. . Sulphur" can be removed froin gas and oil prior
to burning, but methods of refining coal are still in the development
stage. The problem of the removal of sulphur dioxide from stack
emissions (after burning) has not, as yet, been solved. Thus, while
coal deposits are more plentiful in the U.S. tran are oil and natural
gas deposits, many utilities have switched from coal to low sulphur oil
in an effort to meet the requirements of the Federal Environmental
Protection Agency set for 1975, Such use of petroleum aggravates the
energy-resource problem.

A solution to the sulphur problem may be to convert coal to
clean-burning sulphur-free gas. Assuming that methods are found to
convert coal to ''clean' gas, electric utilities have calculated that it
would not pay to transport the gas over long distances. The coal could
be transported by train and corverted to gas at the generating plant it-

self. Emissions of fly ash and other particulate matter could be
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reduced by as much as 99% by the use of electrostatic precipitators,
However, these control devices are costly. In addition, the use of
these devices consumes more than 5% of the generating capacity3 and
the cost of the power generation is proportionally higher.

Present day fossil-fuel plants function in the range of 40 - 45%
efficiency. ¢ Most fossil-fuel utilities make use of simple gas-turbine
generators, which have relatively low thermal efficiencies. A combined
cycle gas and steam generator is in the process of development and
offers great promise for obtaining more electricity from fossil fuel.

In view of the expected shortages of natural gas and petroleum, the most
effective fossil-fuel generator may be one in which coal is converted to
low-sulphur gas, and the gas used in a combined cycle gas and steam

generator,

3.3 Nuclear Generators

Present-day nuclear reactors operate at a thermal efficiency
between 20 and 34%. g Conventional reactors operate at a lower thermal
efficiency than fossil-fuel generating plants and create about 50% more
waste heat for every kilowatt hour produced. Thus, thermal pollution is
a major problem in nuclear reactors. Large amounts of cooling water
are required for use in nuclear reactors. For example, the temperature
rigse from a 500-MW nuclear plant in a river whose flow rate is 1000 ft3
per second can be 8 to 10°C. * According to some marine biologists

and ecologists, because of the reduced oxygen content of the heated water,
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beneficial indigenous marine life can be killed or driven away from a
river habitat. In the U.S. today, 30 states have temperature standards
and the utility companies are attempting to meet the requirements by
using cooling ponds and cooling towers. From the standpoint of over-
all efficiency, it is possible that the very high water temperatures gener-
ated in the nuclear reactors could be used to heat houses or buildings in
close proximity to the power plant.

Of all the advanced sources of power, the fast hbreeder reactor
is closest to realization. The fast breeder converts the U-238 isotope,
which makes up 99. 3% of uranium, into fissionable plutonium. Whereas
the ordinary reactor produces less of this new fuel than it consumes,
the fast breeder produces more. Development of the fast breeder re-
actor is proceeding rapidly in the U.S. under the auspices of the Atomic
Energy Commission (AEC) and the electric utility industry. The type
of breeder chosen by the AEC uses liquid sodium as a coolant to transfer
heat from the reacior core to a steam-producing boiler. Since hot liquid
sodium reacts violently on contact with air or water, it needs to be com-
pletely shiclded with metal as an inert gas.

About 2% of the breeder reactor's waste, by weight, will con-
sist of plutonium, a radioactive material with a half-life of 24,000 years,
At present, the only safe method of containing the waste material is to

store it in concrete vaults,
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There has been great disagreement among the experts on the
dangers of radioactive wastes to the environment. A respectable por-
tion of scientific thought and opinion believes that radioactive waste is
so potentially hazardous that there should be a moratorium cn the
construction of all nuclear fission generating plants, unless they are

built underground with all the necessary operational precautions,

3.4 Proposed Future Energy Sources

At present, there are several energy sources still in the
development stage and these are discussed in the following sections.
All of these sources produce no environmental pollution and are there-
fore attractive alternatives to the power generators which are presently
operational. The proposed sources make use of the energy which is
potentially available in natural phenomena - e. g., the steady westerly

winds that sweep over the Atlantic Ocean, solar radiation, and tides.

3.4.1 Tidal Energx

In recent years there has been a resurgence of interest in tidal
energy. Tidal energy is the cleanest energy of all and its production
uses no land. There have been many ideas proposed for the harnessing
of tidal energy. {

Recent studies of possible tidal scheme: have led to‘the con-
clusion that the most economical energy will come from single-effect

schen.es. This is a scheme where the high tide waters fill up a basin

3-6



through large sluice gates and the turbine water passages. The water

is retained at its highest level until the sea level beyond the barrier

dam has fallen to around mean sea lcvel. The water is then released

and the gencration of electrical power begins as the outrushing water
churns the giant watcr wheels that activate electricity-generating turbines.

A tidal power plant generates energy for periods of limited
duration and, naturally, at times related to the tides. This does not
occur at the same time cach day. The amount of energy per tide varies
with the cyclic variation of tidal range between springs and ncaps. In
order to meet the demand for power, it is generally necessary to retime
delivery of the major part of the tidal cnergy by some form of energy
storage. One retiming facility presently being considered is an under-
ground compressed air storage system for subsequent gas turbine
generation,

There are differences of opinion as to when t‘idal power plants
will be both operational and practical. Some scientists predict that tidal
power generators will not be practical before the next century. : A
pilot plant tidal power generator was built in Russia in 1968 in the
Kislayaguba Inlet in the White Sea. In LaRance in 1966, the French
constructed a pilot plant which is no longer operated as a power producer,
but as an energy producer.

Despite difficultics and expenses, the potential advantages of
tidal power generation warrant the large amount of research and develop-

ment which is currently being conducted.



3.4.2 Wind Power

Proposals to harness the winds envision huge windmills located
10 or more miles off the coast of New England and New York. The
windmills would be fixed atop 150-foot steel towers rising from stationary
floating platforms or anchored directly to the seabed of the continental
shelf. The windmills, propelled by steady westerly winds that sweep
over the Atlantic Ocean, would produce electricity that is used to con-
vert ocean water into hydrogen. The hydrogen would be shipped ashore
where it would bc in fuel with readily available oxygen in a manner that
produces electricity. Fresh water is a byproduct of the reaction.
Proposal estimates are that the wind power generaior would produce

enough electricity to supply all of New England and New York.

3.4.3 Solar Farms

Proposals have been made for generating =lectricity on vast
solar "farms'' that would be located in unpopulated desert regions. The
farms consist of thousands of acres of arid land covered with an array
of hollow tubes which is coated with a special chemical film and filled
with a heat exchange fluid. The tubes absorb the sun's radiatlion and
retain most of it; the heat exchange fluid converts the radiation to heat
which is used to produce electricity-generating steam.

Some work has been done on solar power plants; the National

Science Foundation has awarded nearly half a million dollars for work



On a process that could achieve a conversion efficiency of 20%.

One serious drawback is that solar power would require vast
amounts of land. Even at 207 efficiency, solar farms capable of sup-
plying the nation's current electrical needs would consume 6,000 square
miles,

It is believed that a solar power plant pilot facility could be

built before 1980, 4

3.5 House and Building Construction

One of the great drains on the electrical power supply in any
complex, even a base, is created by the use of air conditioners. The
modern thin-walled glass and steel construction, which is so prevelant,
has increased the demand for electrical power in order to pump out the
sun's heat during the summer months. Conversely, in the winter, the
amount of fuel consumption for heating has increased due to the fact
that the modern buildings exchange heat readily with their surroundings,

Buildings which have thicker walls, proper insulation, and a
reflecting top surface, use less power, both for heating and air con-
ditioning. In addition, a saving of fuel might be effected, as mentioned
in the section on power generation, by using the cooling water of power
plants to heat homes. It is also possible that conversion of solar energy
to electricity or conservation of solar heat might provide extra power
for heating and air conditioning, thereby lowering the demand on the
power generator.

3-9



Electrical power used in home appliances, such as refrigerators,
might be reduced by more efficient design. In addition, a study of dif-
ferent types of air conditioning systems might indicate a more efficient
method than the present cold air system. Heat exhausted from air con-
ditioning might supply hot water instead of heating up the atmosphere,
Considering the expected limitations on the availability of power, the
study of methods to use power more efficiently is quite important in the

design of any future complex,

3.6 Waste Disposal

The problems caused by the generation of solid wastes are quite
formidable. The complexity and cost of collecting these materials con-
tributes io the difficulties. Two thirds of the cost of solid waste handling
and disposal is incurred in the first fifty feet, or in the period of time
from pickup to transfer in the collection vehicle,

The composition of home 1'efuse has changed in the last decade,
There are less ashes and garba ge, and more plastic and paper. Volume,
rather than weight is becoming critical. Solutions to the waste problems
must be considered either on the basis of volume reduction (elimination
of void space) and/or rapid turnover - i.e., reuse of these materials
from a salvage standpoint. Any system which is used to reclaim or re-
duce volume must be capable of handling an array of materials ranging .

from metals to garbage, to plastic and glass, etc.
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For personnel on the model base, it will be possible to demand
separation of types of waste material before the waste is collected. There
are systems currently being investigated which involve coarse dry grinding
of the total mass of solid wastes followed by air classification of the various
material components. This method separates plastics from paper and
metal from both paper and plastic. 11 Researchers at the 'niversity of
Chicago are considering a process which involves coarse grinding and the
ultimate incineration of the material in a fluid state. Incinerating at temp-
eratures of ZZOOOF, a molten slag is produced which, when quenched in
water, can be used to produce a glass-type material, The material can
be turned into marketable items (fiberglass, highway aggregate, etc.).
Another process, which has progressed to the pilot plant stage, is one in
which dry grinding is followed by a liquid classification process, in which
centrifugal force is used to segregate materials into various density classi-
fications.

Wet grinding, or pulping of the solid wastes, is currently being
investigated and has many attractive features. Metals can be recovered
in a relatively pure state as well as glass and paper fibers. It has been
estimated that the value of the metal recovered, and the glass and paper

11
pulp, should make the process self-sustaining.
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3.7 A Combined Waste Removal and Supplementary Power
Generation Process

A system for the recovery of thermal energy by burning shredded
residential solid waste as supplementary fuel in boiler furnaces was
initiated in 1970 under the auspices of the U, S, Environmental Protection
Agency, the Office of Ajr Programs, the city of St. Louis, and the Union
Electric Compvany. 12 The system was operational in April 1972,

Domestic solid waste, collected from residential areas of
St. Louis, is ground up in a large hammermill, Magnetic materials
are removed, and the remainder of the material is fired pneumatically
to one or both of two existing boilers in the Union Electric Company sys-
tem, The quantity of ground-up refuse used for fuel is only a small per-
centage (about 10%) of the fossil fuel normally fired to the boilers. At
the 10% burning rate, cach of the two moderate size boilers can consume
about 300 tons of waste materjal per day. This tonnage is equivalent to
the residential solid waste generated by 170,000 people, 12

Residential solid waste, in its raw state, is heterogeneous in
appearance. However, after milling, the refuse becomes more homo-
geneous, in both appearance and consistency. Within reasonable limits,
the analyses of refuse from different parts of the country have been
found to be consistent, Thus, the system will be applicable t_q areas
other than the St. Lauis region, such as a base facility in any part of the

Country,



The original investigations were confined to pulverized coal-
burning boilers. Hewever, the test boilers are fitted to burn natural
gas as well as coa) and are therefore capable of burning solid waste
with gas.

The capability of existing suspension-fired boilers to consume
municipal solid waste as supplementary fuel is great enough to permit
the process to serve as a principal means of solid waste dispesal for
many metropolitan areas. Assuming that the supplementary fuel is
fired as only 10% of the total fuel requirement, a 600-megawatt unit
could, at full load, consume about 1200 tons of solid waste per day,
By 1973, the suspension-fired boilers in the St. Louis area will have
the potentjal capability of consuming over twice the amount of municipal
solid waste which could be Produced by a rnetropolitan area with a popu-
lation of over 2,500,000. 13 Thus, the solid waste produced in a base
facility of 1000 men could be easily disposed of by such a system,

The pollution generated by burning fossil fuels and milled
refuse in combination has not yet been studied. It is expected that
some increased particulate loading may occur in the boiler exhaust
gases. Air pollution tests are to be conducted on the stack gases. It
is expecied that the combustion of refuse and coal, for example, will
not produce discernible increases in either gaseous or particulate
em’: sions when compared to burning coal alcne. Whether the same
statement will be valid for the combustion of refuse and natural gas

has yet to be determined.
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3.8 Sewg_gg

The conventional sewage treatment plant, when properly
designed and operated, can produce an effluent that places a marginally
acceptable demand on the oxygen resources of the receiving water and
generally results in some surface discoloration and turbidity. However,
when su;:h effluents are discharged into lakes, small streams and poorly
flushed estuaries, the nutrients, phosphorous, nitrogen, and biostimu-
lants, which contribute to the growth of green plants (especially algae),

lead to eutrophication.
There are three types of treatment systems which are capable

of meeting almost any reasonable effluent requirement:

a. Traditional or modified biological systems
followed by tertiary treatment processes.
The conventional secondary treatment is aug-
mented by appending physical and chemical
processes. This approach is probably in-
appropriate and uneconomic for new or
greatly expanded installations.

b. Chemical-physical systems witliout bio-
logical treatment. The physico-chemical
approach is increasing in popularity because
of the greater reliability of such systems
compared to the well-known instability of
biological processes.

c. Integrated biological-chemical systems.
The almost unique capability of biological
systems to separate simple organics from
solution makes it attractive to consider them
in combination with chemical precipitation
and sorption processes. For example, by
integrating a modified biological process
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with phosphate precipitation, it is possibie

to achieve a high degree of degradable carbon,
suspended imatter, and phosphorous removal
at a lower cost than with cither system. Of
the various scwage constituents believed to
contribute 1o cutrophication, the several comr -
pounds of nitrogen may posc the most difficult
removal problem. In some cases, only nomi-
nal nitrogen removal may be required; in
others, biological or chemical or a suitable
integrated combination of both niay be necessary.

It is necessary to mention the extensive solids handling facilities
required to stabilize, dewater, and in some instances reclaim the large
volumes of organic-chemical sludge produced. Considerable progress is
being made in this area and it is likely that chemical-physical processes
will replacc aneroi..c biological digestion as the principal step in solids
handling. In a conventional biological treatment plant followed by chemical
processing, a lime precipitation unit is incorporated for phosphorous re-
moval and ion exchange. Carbon columns are used for ammonia separation
and furthc. v unics removal, especially color. Disinfection is by chlori-
nation which may also serve the function of degrading organics, including
color. Ozonation is showing promise in performing these functions.

A chemical-physical treatment system depends entirely on chemical
Precipitation and sorption for the removal of phosphorous, nitrogen, organic
carbon and suspended matter. Herc the principal burden of suspended solids
removal is placed on a phosphorous precipitation unit, Again, disinfection

is accomplished by chlorine.



Both biological and cheniical processes have advantages as well
as disadvantages. Combining the best of both systems should prove
feasible.

Sewage facility loads can be reduced by the use of new concepts.
For example, "Sanivac'', a revolutionary new vacuum toilet, requires
only a quart of water per flush (conventional units use five to seven
gallons) and thus will reduce sewage facility loads, as well as conserve

water.

3.9 Transportation

It 1s assumed that transportation on the base will be by means
of piston engine automobiles, gas turbine or steam-driven automobiles,
or electrical vehicles, in which the power is supplied by overhead wires
or curbside electrical outlets.

In the conventional automobile, crankcase emissions represent
2U% of the hydrocarbons emitted. These are the blowby gases, which
pass from the engine cylinder into the crankcase of the engine. Evapora-
tive emissions represent another 20% of the hydrocarbon emissions and
are primarily from the carburetor and the fuel tank. The rerﬁaining 60%
of the hydrocarbons come from the exhaust along with all of the carbon
monoxide and oxides of nitrogen emissions. =

The emission control systems planned for automobiles should

reduce hydrocarbons and carbon monoxide emission from all sources.
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Exhaust control systems were first introduced nationwide in 1968.

A carbon monoxide reduction of 657 has been achieved. A system

has been developed for control of emissions from used cars. The
system involves a leaner carhuretor idle mixture for reduced carbon
monoxide, an increased idle speed for reduced hydrocarbons, ignition
timing sct to the manufacturer's specification, and an inoperative
vacuum advance unit during normal operation to provide reduced hydro-
carbon and oxides of nitrogen emissions. The system was used on 194
cars and it displayed an ability to control exhaust emissions with approxi-
mately a 50% reduction in hydrocarbons, a4 30% reduction in carbon
monoxide, and a 30% reduction in oxides of nitrogen. = Aside from

the control systems, other changes, such as fuel modification, can be
effective in reducing emissions, Fuel volatility can give a 50% reduction
in evaporative emissions from uncontrolled cars. Removal of lead from
gasoline can give a reduction of hydrocarbon emission,

Proposed Federal standards for automotive exhaust emissions
call for strict control of hydrocarbons, carbon monoxide, oxides of
nitrogen, and particulates. Future controls for the piston engine could
take several forms. One promising method is a combination of electronic
fuel injection to provide lean mixturc operation for low carbon monoxide,
recirculation of exhaust gas to provide low oxides of nitrogen, and an
oxidizing catalytic converter which would further lower the hydrocarbons

and carbon monoxide that escape from the engine.



One way of providing lean mixtures is through the use of gaseous
fuelsl. Liquified petroleum gas and natural gas can provide very lean
mixturces and low carbon monoxide emissions., When combined with other
controls they can provide the control of all three ma jor pollutants.

Alternate power sources have bcen considered to replace the
piston engine. Some of these are gas turbines, steam engines, and
electric systems. The gas turbine and steam engine have difficulty in
controlling the oxides of nitrogen.

The electric car depends on the stationary power generator for
its source of energy. Thus, the emission problem becomes one of
controlling the sulphur dioxide emission level of the power (fossil-fuel)
plant.

Wher. comparing the most promising systems for controlling
the present piston engine as well as the most promising alternate power
sources, it appears that the proposed Federal requirements can be met

by all of these approaches.

3,10 Recommendation

As a result of this initial contract study, the military base
appears to be a useful model with which to evaluate the various pollutant
abatement and energy resource conservation techniques. Thus, it is
recommended that a small facility be operated as the model base and a

pilot study be conducted to evaluate the aforementioned techniques, plus
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others not yet specified, so that data will be available to ascertain the

"'ultimate' in pollution control and abatement.,

3.11
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4.0 Sensors

4,1 Introduction

Of prime importance to any environmental research and moni-
toring facility is the availability and proper use of sensors which can
accurately and repeatedly detect the qualitative and quantitative nature
of the pollutant., The following sections detail the theory, operation,
sensitivity, availability, and cost of the pertinent sophisticated environ-
mental pollution sensors.

The scnsors and techniques which were investigated are:

Atomic Absorption Analysis
Chromatography

Electronic Spectrophotometry (Absorption and
Fluorescence)

Infrared Spectrophotometry

Ion-Selective Electrodes

Mass Spectrometry

Polarography
The usefulness and application of these sensors to the various pollutants
of both air and water are given in Tables 4.1 and 4. 2, respectively,

Standard sensors to measure the physical and biological compo-

sition of pollution within the oceans, rivers, and estuaries, and the

atmosphere are explored in Section 2.3, Instrumentation/Sensors.



TABLE 4.1 AIR POLLUTANTS / SENSORS

SENSORS
RaTtec(G) PRESENTLY cAN MEABURE AT ALL £MSTING CONCENTRATIONS .
TrricAL Conc.(PPM) Rareo (W) wiLL BE 500N ABLE To MEASURE (N ALL EXISTING CONCENTRATIONS .

AR PoLLutanTs City Rurar IR UV VIS FL GC LC MS ES AA NAA DOL ISE XRF OTHERS

co 50 0.1 G
CO:z
SO, 0:2 o0.002
NO 0.2 0.002
NOz (o] 0.001
O, 0.3 o.0!
METHANE 3.0 1.4
ETHYLENE 0.05 0.c0!
AceTYLENE 0.07 0.00¢
Pan 0.03 0.00
HicHer OLEFINS 0.0z 0.0!

TovaL HyorocARBONS
(EXCL. METHANE) 2.0 0.005

NHa 0.0l 0.0
H2S 0.004 0.002 w G
FORMALDEHYOE 0.05 0001 w G

PARTICULATES (MUCH DEVELOPMENT NEEDED HERE IN CRITERIA § METHODS)

PorvnucLEar W W G G G GC/MS

A i TLC/FI

T
526 W & W W Ge/Ms
Be
Pb
Cd
As G
Ne
F'
\"
Mn
Cr
Se w
Cl;
HCI
Cu w
Zn
) G
Pa
Sn
P
AEROALLERGENS Microscosy
Reactive OrGANIcs w w GC/IR
PesTiciDES GC/MS

RADIOACTIVE 6 +Y
MATERIALS SCANNING

ELECTR -
CHEMICAL
(G)

ELECTRO-
CHEM

ZEET O ETSITOQNETLEOOO
OEZ O O00QC0O =STS000

OEQQ

NMR

000 o oo

o000 O
000 0o O

w MICRO
CovLOMETRY

00 oo

& 0 00
O==
£

(a¥A}
£=
£

REVERSE
NOTES: Crurion
l. IR:InFRA Rep, UV=ULtraVioLeT, VIS=VisieLe, FL=FLuorescENCE,
GC =GAS CHROMATOGRAPH , LC=Li1QUID CHROMATOGRAPHY, M9 = Mass SPECTROMETRY,
ES=Emission SpecTroscory, AA= Atomic ABSORPTION (ALSO EmissiON AND FLUORESCENCE),
NAA=NEUTRON ACTIVATION ANALYSIS, POL= PoLaROGRAPHY, [SE= lon SeLective ELecrroos,

XRF= X-RAy FLUORESCENCE.

2. IR's Promise WitH FIXEDp GASES 15 LARGELY Due To DEVELOPMENT OF LASER TECHNIGUES.
MosT Air PoLLuTion Worw EMPLOYS CORRELATION METHODS, NDIR SiMPLEST.
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TasLe 4.2 WATER PoLLuTanTs / Sensors

1. WATER POLLUTANTS INCLUDES INDUSTRIAL WASTES, INDUSTRIAL CHEMICALS (INORGANIC 4 ORGANIC)

IR W VIS FL GC LC MC ES AA NAA DOL ISE XRF OTHERS

GC
s
TLC

T

PESTICIDES
CHLORINATED G
CARBAMATE G
ORGANOPHOSPHORUS, G

O =Xz

SYNTRETIC DETERGENTS w w

Hyprocareons G G w GC/IR
AROMATICS G G GC/MS

INDUSTRIAL WASTES
PHENOLS G W G Ww

INDUSTRIAL CHEMICALS
PoLrMERS
SoLvENTS
MINERAL AciDS

G REACTION
To SALT, isE

123

Heavy METALS
Cu
As G G
Pb
Hg G G

PCB SEE AR POLLUTION SECTION

(aNAlA

NITRATES G
NITRATES G

PO SPHATES G

(1A

I. Soil

PESTICIDES
Pb
Cuw EssenTiaLLy Same As Apove Exceer Foe -
As SAMPLING METHODS
CHLORINATED
ORGANOPHOSPHORUS >
(MALATHION,, ETc )
CARBAMATE

FERTILIZERS
NITRATES

PHOSPHATES J
PCc®

"For Leceno NotaTion' ~ RerFer To TaeLe 4.
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4.2 Atomic Absorption Analysis

Atomic absorption analysis is one of the best known instruments

employed for the detection of chemical pollutants.

4.2.1 Theory of Operation

Basically, the principle of operation of an atomic absorption
analyzer is the passage of a beam of light through an atomic vapor and
into a monochromator and detector. This light contains frequencies
which can be absorbed by the substance to be analyzed if its atoms
appear in the vapor. When this absorption occurs, the intensity of the
light at these frequencies is diminished, and this causes a decrease
in detector output. The light beam is generated, usually, by a hollow
cathode tube which emits the spectral lines of the atoms to be analyzed.
An atomic vapor is produced by aspirating a solution into a burner
flame or by vaporizing the substance from a hot surface. The mono-
chromator reduces light noise by eliminating all frequencies except the
absorption frequency. The detector is a photomultiplier tube with

associated electronics and display.

4.2.2 Special Features

Reproducibility and reliability of results are excellent. How-
ever, the absolute determination of element concentration depends to

some extent on the structure of the aspirated solution. Therefore,
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calibration standards must be reasonably similar to the solution con-
taining the unknown so that different investigations can obtain similar
results.

Atomic absorption instlruments have been considered off-line
up to the present time because of the need for a flame for atomization
purposes. However, in cases where the pollutant exists in a gaseous
atomic state, such as mercury vapor, attachments are available in
which in situ operation is feasible. Recently, other flameless AA
techniques*, such as the graphite rod method have been developed.
This could make on-line use of the instrument possible.

In the case of most elements handled by atomic absorption,
the detection sensitivity is greater than that of other methods. There-
fore, pollution standards can be set as low as these levels as the
minimum quantity of contaminant that can be introduced into the en-

vironment. To speak of even lower emissions would be meaningless

since they would be undetectable.

4.2.3 Detection Capabilities

Table 4.3 presents the minimum concentrations of pollutants

which are measurable by atomic absorption. The sensitivity limits are

* Mercury detection by flameless atomic absorption (utilizes the
Hatch and Ott procedure). Instrument = C‘oleman MAS-50,
approximate cost is $ 900 - this is the best method available.



given in parts per million (ppm)

Element Limit (ppm) Element Limit (ppm)
Aluminum 6.0 Mercury 0.1
Antimony 1.0 M~lybdenum 1.5
Arsenic 0.2 Nickel 0.1
Barium 5.0 Niobium 250
Bismuth 1.0 Potassium 0.03
Cadmium 0. 04 Rhodium 0.3
Calcium 0.1 Rubidium 0.1
Cesium 0.5 Ruthenium 0.25
Chromium 0.1 Scandium 5.0
Cobalt 0.1 Selenium 3.0
Copper 0.02 Silver 0.1
Gallium 3.0 Sodium 0.05
Gold 0.3 Strontium 0.2
Indium 0.05 Tellurium 1.5
Iron 0. 04 Tin 1.0
Lead 0.1 Titanium 1.0
Lithium 0. 07 Zinc 0. 005
Magnesium 0.001 Beryllium 0.2 ‘
Manganese 0.005

Table 4.3 Pollutants and Minimum Detectable

Limit for Atomic Absorption
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4.2.4 Instrumentation Sources

Given below are several of the manufacturers that produce
atomic absorption analyzers. Their instruments are available off-the-

shelf in most cases,

Instrumentation Laboratory
113 Hartwell Avenue
Lexington, Massachusetts 02173

Bausch and Lomb
Analytical Systems Division
1108-28 Linden Avenue
Rochester, New York 14625

Varian Techtron
Walnut Creek
California 94598

Perkin Elmer
Main Avenue
Norwalk, Connecticut 06851

Philips Electronic Instruments
750 South Fulton Avenue
Mount Vernon, New York 10550

Fisher Scientific Company

711 Forbes Avenue
Pittsburgh, Pennsylvinia 15219
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4.3 Chromatography

Various chromatographic techniques are useful in separating,
identifying and quantitatively measaring pollutants of all types. Gas
chromatography, including gas liquid partition chromatography and gas
adsorption chromatography, and liquid chromatography, including ad-
sorption, partition, ion exchange and gel permeation, are the most
versatile and reproducible qualitative and quantitative chemical tech-
niques. Thin layerl and paper chromatogra;phy are sensitive and ex-
tremely useful though not as amenable to automation or on-line operation.

Modern gas and liquid chromatography techniques are comple-
mentary in that heat sensitive and non-volatile materials that cannot be
analyzed by gas chromatography can be handled effectively by liquid
chromatographic methods. Also, there is a substantial overlap between
the methods and there is considerable similarity in sampling, detection

and recording techniques.

2,3
4.3.1 Gas Chromatography ~ , (GC) Theory of Operation

In gas liquid chromatography (GL&J), separation is obtained by
a partitioning of the sample mixture between a non-volatile liquid coating
(stationary phase) of the column packing and the carrier gas (usually
helium or nitrogen). GLC is most frequently used with liquid and vola-
tile solid organic compounds. The great number of stationary phases

that can be employed allow optimum separation conditions to be
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established for almost any sample mixture. In gas solid chromatography,

the column is packed with a solid adsorbent material such as alumina,

silica gel or molecular sieves. The separaticn is effected by differences

in adsorption of the sample components by the column packing. This

method is most widely used for the analysis of gas mixtures, such as air

samples and engine exhausts. Often adsorption and partition columns are

connzcted in series to effect analysis of complex samples, particularly in

air pollution studies.

4.3.1.1 Operation of a GC

Referring to Fig. 4.1, the gas chromatograph consists of:

;v

Gas source (multiple gas sources in the case
of ionization detectors).

Sample inlet (heated to ensure vaporization).
Sample can be injected or valved in and can
be automated.

Column (usually stainless steel or glass).
The column packing may consist of liquid-
coated refractory material or of solid ad-
sorbent. Special packing of fluropolymers
and polar aromatic polymers are being used
increasingly.

Oven (necessary to maintain optimum
temperature for specific separations).
Temperature can be programmed in many
instruments.



e. Detector (many typel in current use). Some
have specific responses such as the clectron
capture detector which can be extremely use-
ful in detecting halogenated pollutarnts (PCB,
DDT, DDE, etc.)

f. Recorder

g. Exit port (gas and sample exits here). Sample
can be collected for structure determination
by IR, UV, mass spectrometry, NMR and for
further chemical treatment. Direct inter-
facing with IR% and mass spectrometers” is
possible.

FIG. 4. - GAS CHROMATOGRAPH

It may be instructive to follow a typical gas chromatograph
separation:

A sample, suspected of containing a PCB6, is injected into the
sample inlet through a silicone septum, using a microliter syringe. The
sample is vaporized and swept onto the packed column by a stream of

helium gas. A clean separation is effected by the successive dissolution
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in the stationary phase and vaporization into the helium stream of the
sample. Each component will be eluted at a different rate because of
differences in volatility and solubility in the stationary phase. Each
component passes through the detector where its presence and quantity
are signaled to the recorder. The PCB can be identified by the elapsed
time from injection to detection, by the volume of gas necessary to
elute it, or by comparison with a pure sample of the same material,
Alternately, the sample may be collected at the exit port and identified

by the methods described previously.

4,3.1.2 GC Detectors

While the temp.rature flow rate and type of column used
determine the efficacy of a separation, the detector almost completely
determines the selectivity, sensitivity, reliability and precision of any
GC analysis. Table 4.4 presents the advantages, disadvantages, and
special characteristics of most modern detectors.

For most analyses for pollutants, detectors such as Thermal
Conductivity (TC), Flame Ionization (FID) and Electron Capture (EC)
give comprehensive coverage. The TC detector is the most rugged and
reliable and is therefore excellent for general purpose, off-line and
''in situ' operation. For irace analyses of atmospheric pollutants, it
may be necessary to use FID supplemented by a Helium detector for
fixed gases. The entire range of pesticides' and other related pollutants
can be covered by Electron Capture and Alkali Flame down to trace

quantities.
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Besides sensitivity, selectivity and reliability, price is an
important consideration. While a basic research GC with TC detector
costs $4000 each, every additional detector adds $ 500 to $ 2000 to the
price. The outstanding companies are Hewlett Packard, Perkin-Elmer
and Varian-Aerograph. They all offer a full range of detectors and
equipment options and will modify equipment for special applications.
There are inexpensive GCs (approximately $ 1000) that are reliable,
effective and available. 8 All research GCs can be interfaced with mass
spectrometers and computer systems resulting in extremely potent auto-
mated analysis of trace quantities of complex mixtures.

A very important new development is the design of portable gas
chromatographs with TC, EC or FID detectors that are completely self-
contained for on-site work. Excellent results have been obtained in the
field analysis of pollutants of various types. 10,11

The time required for an analysis can vary from a few minutes
to hours depending on the complexity of the mixture, the types of column,
flow rate and temperature used. Multi-column and multi-detector instru-
ments can be used to good advantage to cut overall times. Separations

can be improved and total analysis time greatly reduced by temperature

programming.
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4.3.1.3 Interfacing with Mass Spectrometer or Infrared

As previously indicated, more positive identification of sample
components can be achieved by collecting the sample as it is eluted and
subjecting it to various chemical, physical or spectral analyses. Of
greatest utility is direct interfacing of the GC with a mass spectrometer
or an infrared spectrophotometer. The GC/IR4 combination is less
successful than GC/MS5 as the IR requires approximately 100 micro-
grams of sample and fairly high scan times. Mass spectrometers give
good results with sub-microgram quantities and some have scan times

< 0.1 second. Each separated component can be characterized by its
molecular weight and fragmentation pattern. The entire procedure can
be automated and the mass spectrometer can be interfaced with a com-

puter, such as a PDP-8 or PDP-12, to process the GC/MS output.

4.3.1.4 GC Manufacturers

The following is a tabulation of some manufacturers of Gas

Chromatographs and the special features of their instruments.

A. Hewlett Packard Co.
Route 41
Avondale, Pennsylvania 19311

Model 4750: medium price research gas
chromatograph, approx. $4000, ~
with Flame lonization Detector (FID),
temperature programming, dual
column, etc.

Other models range from $ 1500 to $ 8000,
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Varian Aerograph
2700 Mitchell Drive
Walnut Creek, California 94598

Model 1420: Low cost, dual column, thermal
conductivity detector (TC, - $ 2000+

Model 2440: Low cost, dual column, flame
ionization detector (FID) - $2000%

Model 2700/2800: Moduline research gas
chromatograph - $4000%

Perkin-Elmer Corp.
702-6 Main Avenue
Norwalk, Connecticut 06852

Model 900: Full range research gas chroma-
tograph - $5000"
Mark II: Inexpensive, versatile - $3000+

Carle Instruments Inc.
1141 E. Ash Avenue
Fullerton, California 92631

Model 6500: $415°
Flame Ionization Detector - $ 800
(rugged, simple instruments)

+

Gow-Mac Instruments Co.
100 Kings Road
Madison, New Jersey 07940

69-100 rugged, simple TC and FID gas
chromatographs from $ 600 - $ 1000,
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4.3.2 High Performance Liquid Chromagg:;éphy (HPLC)12

High Performance Liquid Chromatography (HPLC) is a refine-
ment of older column chromatographic methods. Its current development
owes much to gas chromatography. As in GC, small sample sizes, long
narrow columns and sensitive detectors are used in a highly automated
procedure with a liquid mobile phase. For effective and rapid separations,
finely divided homogeneous supports are used, making high operating pres-
sures necessary (2 - 3000 psi). The mobile Phase is generally a controlled
mixture of solvents (gradient elution),

The four principal types of liquid chromatography are different.-
iated by the column packing used.

A. Liquid-Liquid Separation by partition between

mobile and stationary liquid phases.
[Most frequently used and most use-
ful for pollution work. ]

B. Liquid-Solid Adsorption on solid adsorbent.

C. Ion-Exchange Ionic sample components separated

by selective exchange with ion-

exchange resin support,

D. Gel-Permeation Separations with a permeable gel-
based on molecular size.

While HPLC is not as versatile or as sensitive as GC, it is
capable of treating heat sensitive and non-volatile compounds, not

amenable to GC, as no elevated temperatures are required. High



molecular weight materials, biological compounds and polymers are
readily handled. Another advantage is that by controlled polarity changes
in gradient elution, an additional variable for improving separations is
available. The key disadvantages of HHPLC, relative to GC, are lower
sensitivity and lower separating power for complex mixtures due to
limited peak capacity.

A modern liquid chromatograph is similar to a gas chromato-
graph in many respects. The carrier gas source is replaced by solvent
reservoirs, a mixing control (for gradient elution) and a high pressure
pump. A pre-column is used to attain equilibrium between the moving
and stationary liquid phases. As in GC, there is a wide selection of
column packings used.,

The most commonly used detectorsl3 are the photometric
(usually UV) and the differential refractometer types. The UV detector
has an average sensitivity of about 10-7g/m1 which makes it the most
sensitive type presently used. Its disadvantages include possible inter-
ference from solvents having UV absorption and detection only of sub-
stancee absorbing in the UV region.

The Differential Refractometer detector has a sensitivity of
about 10~ 5g/m1 and is quite rugged. However, it has the severe dis-
advantage of working poorly when gradient elution is being carried out.

The Phase-transformation or wire detector14 is the most

-10 . .
versatile and sensitive (10 ~ g/ml). Its operation is complex, involving
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evaporation, oxidation to COZ’ reduction to CH4, and detection by a
flame ionization detector. It is also, by far, the most expensive. Any
solvent or mixture of solvents can be used, providing they are volatile.

Very reproducible results are achieved.

4.3.2.1 Applications

For studies of pollutants, HPLC's most important applications
are where molecules are heat-sensitive, have a high molecular weight
(including polymers), or possess a high polarity (including ionic
materials). HPLC represents the only good way of carrying out these
separations and identification. With the further development of the
wire-detector, peak capacity can be improved to the extent that HPLC
can be more competitive with GC.

Because of the liquid solvent, direct interfacing with a mass

spectrometer is not possible.

4.3.2.2 Instrumentation and Manufacturers

A basic HPLC instrument with UV detector costs about $4000,
a good part of which is the cost of the detector ($ 1500 - $2000). A
Refractive Index (RI) detector costs about $2000. The wire detectors
are considerably more expensive, HPLCs are offered by most GC
manufacturers (DuPont, Waters15 and others). The elapsed time for
an analysis can be as low as 45 seconds but limited peak capacity re-

duces the complexity of the mixtures that can be handled,
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LC Manufacturers

The following is a short tabulation of Liquid Chromatograph

manufacturers and the special features of their instruments.

A. Waters Associates, Inc.
61 Fountain Street
Framingham, Massachusetts 01701

Good source for HPLC equipment and
accessories, complete range of instruments.

B. Pye Unicam Ltd.
York Street
Cambridge, England

Only HPLC manufacturer with a commercial
phase sensitive detector.

C. Tracor Inc.
6500 Tracor Lane
Austin, Texas 78721

Model UFC-1000: High performance
(German-made). Six
different detector options
up to 3700 psi.

Price range $ 8000t
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4.3.3 References

1. For an introduction and descriptive survey of TLC and paper
chromatography, see Bobbit, J., et al. , "'Introduction to
Chromatography', Reinhold Publishing Co., New York, 1968.

2, An excellent introduction to GC is: Mc Nair, A.M. and Bonelli,
E.J., "Basic Gas Chromatography", Varian Aerograph (1967).

3. A more technical and detailed book is Dal, Nogare, S. and
Juvet, R.S., ""Gas-Liquid Chromatography', Interscience,
New York, 1968,

4. A description of interfacing techniques is in: Roboz, J. ,
"Introduction to Mass Spectrometry'', pp. 364-368, Interscience,
New York, 1968.

5. A typical GC/IR system is offered by Wilks Scientific Corp.,
140 Water Street, South Norwalk, Connecticut 06856. It scans
a vapor sample, as eluted, in less than two minutes. Price,
less the GC, is approximately $ 6000,

6. Bonelli, E.J., American Laboratory 3, pp. 27-37, 1971.
7. Reference 2 p.
8. For example, Carle Instruments, Gow Mac, and other companies,

manufacture low cost TC and FID models that are rugged and easy
to operate.

\
N

9. Binks, R. et al., Chem. Britain 7, 8, 1971.

10, Debrecht, F.J. and Neel, E. M., American Laboratory 3, 39, 1971.
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11.

8

13,

14,

15,

Debrecht, F.J. et al., American Laboratory 4, 47, 1972.
Excellent potential for these instruments.

Scott, R. P.W., "Contemporary Liquid Chromatography',
Analabs Research Notes 11, 2, 1971, Excellent review.

Fallich, G.J. and Waters, J. L. , American Laboratory 4, 21,
1972, Excellent overall review.

Scott, R.P.W., J. Chromatﬂraphy Science, February 1970,

Waters seems best in overall innovation, comprehensiveness,
and reliability.
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4.4 Electronic Spectrophotometry (Absorption and Fluorescence)

4.4.1 Theory of Operation

Electronic spectra result from the absorption and/or emission
of radiation due to transitions between electronic energy levels of atoms
and molecules. The energy absorbed or emitted is quantized and is

related to the frequency of the radiation by Planck's equation:
E = hvy = he/) -

The transition energics involved give rise to radiation which
ranges from the ultra violet to the beginning of the near infrared
region., Most commercial instruments used in pollutant analysis
cover the region 200-800 nm. (Below 200 nm, oxygen and water
must be purged from the instrument,)

Two of the commonly used methods are a.bsorptionl and fluor-
escence spectrophotometry.2 The techniques are related and
complementary,

Each electronic energy level has associated vibrational energy
lcvels that are also quantized. Excitation of an electron in the ground
clectronic state to a vibrational level of a higher electronic state
follows absorption of radiant energy. This radiant energy is subse-
quently recemitted from the lowest vibrational level of the excited

electronic state or by transfer to other vibrational and rotational



modes of the molecule before return to the ground state. The first
type of emission is fluorescence; the second, phosphorescence. They
are distinguished by the measurable time lag in phosphorescent
emission,

In electronic absorption spectrophotometry (200-400) (400-800)
nanometers, uv visible light is passed through a sample and the intensity
difference between the incident and transmitted light is proportional to
the concentration of the sample, The wavelength of the absorbed
radiation is dependent on the molecular structure and the electronic
spectrum is used for identification, as well as for quantitative deter-
minations, The intensity of the transmitted light depends on the
number of atoms, molecules, or ion in the light beam. Beer's Law

(Beer-Lambert-Bouger) states that:

log IO/I = A = abe

where
A = absorbance
a = absorption (extinction coefficient)
b = cell length
c = concentration

: -8
Generally, Beer's law holds well for low concentration ranges (<210 ~M);

but it is subject to deviations due to reflection sample nonhomogeneities,



Scattering, solution changes, fluorescence, ectc, Therefore, it is
important to check on conformity to Beer's law in new analyses or
methods, Usually, the absorption of radiant energy by one species
will be unaffected by the presence of othe:r species. If two or more
species are present, their absorbances will add to form a total

observed value:

A = Z a.bc,
1

1

Uv visible absorption spectrophotometry is applicable to the

' study of many organic and inorganic pollutants, ’ With organic material,
it is most useful if the compound in question contains chromophores for
uv or visible light (these are structural features, such as conjugated
double bands or atoms with nonbonding electrons, that lead to excitation
energies low enough to fall into the uv visible region). For example,
alkanes such as methane, ethane, etc. » do not have absorption maxima

in the uv visible region due to lack of requisite chromophores. Aldehydes
and ketones contain the carbonyl group where oXygen non-bonding elec-
trons are excited by radiation of approximately 270 nm. (uv) to a higher
electronic level, [n- tra'nsit;ion].1 In general, the greater the
degree of conjugation, the longer the wavelength(s) of the absorbed

radiation, An example of visible radiation absorption is an azo dye
NeN —@-— SO3H
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such as methyl orange which possesses an extended conjugated struc-
ture. All aromatic systems including PCBs and polynuclear aromatics
are analyzable by uv-visible spectrophotometry.

Inorganic pollutants, such as trace metals and various anions,
are generally analyzed by methods which involve forming a complex
that absorbs in the uv or visible region with a suitable reagent, 3 Care
must be taken to exclude interferences from other metals or ions,
depending on the specificity of the reagent., For cxample, mercury
can be determined by the complex formed between the mercuric ion
and the thiocyanate ion.4 This complex has a maximum absorbence
at 281 nm and can be utilized for parts per million determinations.
Colored complexes used for analysis include the Cu(I) - 2, 2' - Biquinoline
complex5 which has a maximum absorption at 545 nm (e=3. 2x103);

detection limit of approximately 2 nanograms.

4.4.2 Sampling Methods

Most commercial instruments are double beam and automatic
recording, although quantitative work can be done very well at fixed
wavelengths with instruments such as the work-horse, Beckman DU.
Uv determinations require a uv source, such as a deuterium discharge
lamp and quartz sa;‘nple cells, For visible spectrophotometry, a :

tungsten lamp and glass sample cells are sufficient. For all work
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at low levels, it is essential to use pure solvents, ultraclean glassware,
and careful techniques. Contamination from glass and plastic sample
containers can be an insidious factor. A calibration curve to check

adherence to Beer's law should be run in any new circumstance.

4.4.3 Spectrophotometry Instrurnents

Commercial instruments that can be used range from the very

simple, inexpensive, but, surprisingly, reliable models to fairly com-
plex research instruments. A few examples follow in Table 4. 5.
Shimadzu offers an interesting, self-zeroing, completely automatic

instrument for $4500 that should be very useful for on-line modification,

1. Perkin Elmer Corporation
702-G Main Avenue
Norwalk, Connecticut 06856

Many models including 356, 602, and 323

2. Coleman Instruments Division
Perkin Elmer Corporation
42 West Madison Street
Maywood, Illinois 60153

Coleman (Hitachi) Model 101; inexpensive, rugged, uv visible;
approximately, $1700; simple to operate.

3. Bausch & Lomb
128 Linden Avenue
Rochester, New York 14625

Snectronic 20 work horse for simple, reliable operation;

240-950 nm range; cost, $400; can adapt to fluorescence
measurements.
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4, Varian Instrument Division
611 Hansen Way
Palo Alto, California 94303

Cary uv visible, including the Cary 14, Cary 17,

5. Beckman Instruments, Inc.
2500 Harbor Blvd.
Fullerton, California 92634

Many models besides the DU, including the DB-GT
and the high performance Century ACTA series.

6. Cary Instruments
A Varian Subsidiary
2724 South Peck Road
Monrovia, California 91016

(including the Cary 14 and Cary 17)
7. Shimadzu Seisakusho, Ltd.
Foreign Trade Dept., 14-5

Unchikanda 1 - Chrome
Chiyoda, Tokyo, JAPAN

4.4.4 Fluorescence, 2 Theory

A molecule in a higher vibrational level of an excited state
quickly returns to the lowest vibrational level of that state by non-
radiative energy transfer. Then, the molecule emits radiation to
return to the ground state. The light emitted is of a longer wave-
length than the incident light because some energy has been given up
in the higher level befors the fluorescent transition to the ground

state. (Phosphorescence involves the excited molecule passing from

4-25



its lowest single excited state to a vibrational level of a triplet state.
The triplet —» singlet ground state transition is forbidden and occurs
after a time delay. i

The fluorescence equation can be expressed as: ,

P = kP_(1- 1072P¢,

where
p = radiant power of the fluorescent light
Po = radiant power of the incident light
k = fraction of incident light absorbed
a = constant dependent on the material
b =  path length
c = concentration
For dilute solutions: P = 2,3k Po abc

At constant excitation and emission wavelengths, Pa = Kc where
Pa is the indicated fluorescence and Kc is a constant derived by cali-

bration with standards.

A fluorometer consists of a source (usually uv) to excite the

sample and a monochromator which allows only the emitted fluorescence

to reach the detector. Hydrogen (or deuterium) lamps, mercury lamps,
or xenon arcs are use. . Photocells or photomultiplier detectors are

used with dial, oscilloscope, or potentiometric recorder output.
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Fluorescence techniques are very sensitive for several reasons.
One is the dependence of sensitivity on the intensity of the excitation light
source. Very intense excitation sources are used in fluorometers.
The main reason for high sensitivity stems from the direct measure-
ment of the emitted fluorescent light by the detector. This can be
amplified easier than in spectrophotometry, where the difference between
incident and transmitted light is measured.

Commercial spectrofluorometers can be used with liquid samples,

7
for the reflectance fluorescence of solids (especially useful for direct

measurements of thin layer chromatogram separated compounds) and
for phosphorescence measurements.

An example of a fluorescence analysis is the determination of
Selenium8 by complexing with 2, 3-diaminonaphthalene ()} max, 520 nm)

in cyclohexane. The sensitivity is 0.1ug with EDTA as masking agent.

4.4.5 Spectrofluorometer Instruments

Fluorescence attachments for the Cary Model 14, Beckman DU
and other spectrophotometers, are available as well as several excellent
spectrofluorometers (Aminco and Perkin Elmer). While fluorometric
methods are generally more sensitive than photometric meth: s, they

are more subject to error (5-10%).
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American Instrument Company
Division of Travenol Labs, Inc.
8030 Georgia Avenue

Silver Spring, Maryland 20910

Best source of entire range of fluorometers ranging
from inexpensive fluoro/colorimeter to SPF 1000
spectrophotofluorometer in $20, 000 range.

Perkin Elmmer Corporation
702-G Main Avenue
Norwalk, Connecticut 06852

Models 203, 204, and MPF-3; medium to high performance
instruments; MPF-3 useful for TLC analysis.
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4.4.6

].c

References

An excellent and simple introduction to uv visible spectro-
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Absorption Spectroscopy of Organic Compounds, "
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Markle, G. E., Boltz, D, F., Anal. Chem. , 28, p. 459,
(1956).

Cheng, K. L. and Bray, R, H.,, Anal. Chem., 25, p, 655,
(1953),

See references 2 and 3.

Aminco SPF 1000 and Perkin Elmer MPF-3 are very
useful for TLC work,

Cukor, P., et al,, Anal. Chem. Acta 30, p. 473,
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4.5 Infra-Red Spectrophotometryl

Infra-red spectrophotometry (IR) is a primary tool for identifying
known poll\utants.2 While IR is most useful with pure samples, a great
deal of information about the structures and functional groups of the com-
ponents of a mixture can be obtained as well. Since the intensities of
infra-red absorption bands vary widely and are often weak, IR is not as
sensitive or reliable for quantitative determinations as ultra violet visible
spectrophotometry. However, it does afford an enormous amount of

structural information,

4,5,1 Theory of Operation

The basis for IR spectroscopy is the quantization of the vibrational
and rotational energy of molecules. The spacing of these levels is such
that transitions between levels are promoted by the absorption of IR radi-
ation. A complex molecule will absorb IR radiation of several different
frequencies related to the transition energies of the allowed vibrational
and rotational modes. The frequency of the radiation is related to the

transition energy by Planck's Law:

What makes IR a particularly powerful method is that functional groups,

such as C=0, C=C, O-H, >CH etc., have fairly constant vibrational

2}

transitional energies which are largely independent of the rest of the
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molecules to which they are attached. For example, the C=O stretching
frequency is 1720 cm_l for cyclohexanone and 1725-1700 cm-1 for acyclic
ketones such as acetone. Relatively minor shifts are caused by conjuga-
tion and electronegative substituents. In many cases, the IR absorption

spectrum alone can yield extensive structural information leading to posi-
tive identification of pollutants.

Pure samples can be obtained by Gas Chromatography (GC), High
Performance Liquid Chromatography (HPLC), and Thin Layer Chromato-
graphy (TLC) and subsequently analyzed by IR. The most attractive
technique is direct access from GC. Since the eluted vapor can be
scanned directly, the limiting factor is scanning speed. These have
been reduced to below 30 seconds in some new instruments,3 leaving
the relative large sample requirement (approximately 20ug) as the major
problem, However, this instrument technique should become very attrac-
tive in the near future.

The IR spectrum of a compound can be determined in the liquid,
solid, or vapor state. The technique of preparing the sample varies
with its state; for example:

1. Solid samples can be observed as melts between NaCl

plates, as solutions in solvents such as carbon disulfide
and carbon tetrachloride, as films (useful for polymers),
dispersed in a mulling [luid (such as mineral oil or per-
fluorokerosenc), and as dispersions in solid KBr pcllets,
Another option for solids is Attenuated Total Reflectance

(ATR) or similar methods. ATR produces a reflectance
spectrum and is useful [or investigating samples ol



crystals, fibers, viscous liquids, and surface coatings
(including polymers) with little or no sample preparation.
Most IR spectrophotometers can be adapted to ATR measure-
ments. Solutions are handled in sealed cells made of IR
transparent materials such as NaCl, KBr, or AgCl. The

cell plates are spaced between 0. 05 -2 mm apart. Compen-
sation for solvent absorption is achieved by running a matched
cell with pure solvent in a double beam instrument.

2. Liquid samples can be run as a film between two salt
plates or in sealed, spaced cells for more precise measure-
ments. In general, liquid samples are easiest to analyze.

Vapor samples must be run in cells having much longer
optical paths than condensed phase samples. These ''gas
cells'" have optical paths of several meters if low pres-
sures or trace quantitics are involved. The path length

can be extended by multiple reflection of the radiation.

Gas cells are extremely important in studying organic

and inorganic gascous pollutants of the atmosphere.
Inexpensive and effective gas cells for pollution work have
been prepared from large polyethylene bags with salt plates
at each end.

(93}
.

Microtechniques have been developed for handling very small gas,
liquid, and solid samples. Thesc techniques yield good spectra with
less than 0.2pul of liquid, 0.1 mg solid, and very small gas samples,
In addition, they are useful in examining components which have been

scparated by GC, HPLC, and TLC.

4,5,2 Instruments and Manufacturers

The most useful and most widely studied region of the IR
spectrum extends from 4000 crn-1 to 625 cm-l. Most major bands

fall within this region and can be handled using NaCl optics. The



far IR region, 625 cm-1 to 250 cm-l, is being investigated intensively,
(The grating spectrophotomecter makes study of this region less expen-
sive and more accessible.) This region includes sulfur, nitrogen, and
phosphorus bonds to other atoms that are important in the study of
pesticide residues and other contaminants.

The basic IR spectrophotometer contains: a source of IR radia-
tion (covering the entire IR spectrum); a monochromator that disperses
the radiation and isolates a narrow frequency range which is split into
a2 double beam by a mirror arrangement; sample holders which position
the sample and reference cells in their respective beams; and a detector
that measures the difference in energy between the two beams thereby
producing an electrical signal that is amplified and recorded. The fre-
quency which is varied continuously, gives rise to a recorded IR
absorption spectrum,

The usual sources are Nernst filaments or Globars (SiC rods)
heated electrically, The detectnrs are usually thermopiles, thermo-
couples or Golay pneumatic detectors. Many refinements and optional
attachments are available from com:ncrcial sources. Automatic
recording IR double-beam spectrophotometers range in price from $3000
for the basic, simplified models up to $25,000 - $30,000 for precision
research instruments,

Simple models such as the Perkin-Elmer 137 (Infracord) are

very reliable and ecasy to operate. They are useful for routine work
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and have good potential for modification for trouble-free "in-situ'" moni-
toring. The Beckman IR-20 grating spectrophotometer is a useful medium
priced instrument that is fairly rugged, has excellent resolution, has con-
siderable versatility, and can cover the IR range from 4000 cm-l to

250 cm-l. Comparable instruments are manufactured by Perkin-Elmer
(Model 457). The Perkin-Elmer 621 and the Beckman IR-12 are expen-
sive ($20,000+), multipurpose precision instruments with wide capabilities.

The important criteria for IR spectrophotometers are maximum

resolution, wave number accvracy and reproducibility, and percent trans-

mittance accuracy and reproducibility.

1. Perkin Elmer Corporation
702-G Main Avenue
Norwalk, Connecticut 06852

Complete IR line from the inexpensive Model 727 ($3000+)
to the super high performance Model 180 at $20, 000+
(4000 to 180 cm-! range).

2, Barnes Engineering Co.
30 Commerce Road
Stamford, Connecticut 06902

a. Multispec IR analyzer; continuous analysis of gases,
liquids, and mobile solids from 1-20u; multicomponent
measurements.

b. ATR and specular reflectance attachments among full
line of accessories for commercial IR.

3. Beckman Instrument, Inc.
2500 Harbor Bilvd.
Fullerton, California 92634

4, Wilks Scientific Corporation

140 Water Street
South Norwalk, Cormecticut 06856
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4.5.3  Specialized IR Techniques

Specialized IR techniques are particularly useful for direct
examination of gascous atmospheric pollutants. They include dispersive

and non-dispersive optical correlation methods. The dispersive technique

uses a filter, whose transmission characteristics matches the spectrum
of the compound to be detected, placed in the focal surface of the spec-
trometer. If the filter is a close match to the desired spectrum, the
instrument will show high selectivity, even with complex mistures. These
instruments are highly sensitive, selective, and useful for continuous

monitoring. Non-dispersive corrclation instruments” use an absorption

cell containing the gas to be measured as a matching filter.

. . 2 .
The cross-correlating instruments” give good results in the

open atmosphere and with short or long path cells. Standard double
beam IR instruments can be madified for optical correlating tcchniques
in the non-scanning mode with high sensitivity and selectivity for most
stable air pollutants,

For complete spectra of mixtures, GC/IR is most promising.
Spectroscopy of low concéntrations of materials can be improved by long
path methods. For sclective monitoring, the use of laser beams is very
promising as path lengths can be extended tremendously with very little
energy loss and cellimation is easy because of the beam's coherence,  Tunable
lasers enhance the power and versatility of this technique.  Portable IR spec
trophotometers are marketed by Barnes and by Wilks and by other

manufacturers.
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(rapid scan IR, 5 sec. scan, sample size as low as

20 g).
Supplied by Barnes Engineering and other firms,
Reference 2, pp. 154-155,
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1
4,6 Ion Selective Electrodes ’ 2

The most attractive features of Ion Selective Electrodes are their
specificity, rapid response, and potential for "in-situ' measurement.
They are often fairly rugged and their output is readily transmitted,

stored, or measured. Although they are highly sensitive, their accu-

racy is relatively low. They have great potential for remote monitoring

of rivers, lakes, and sea water,

4.6.1 Theory of Operation

In an Ion-Selective Electrode, a potential is developed across a
membrane that (ideally) is permeable only to a specific ion. The mem-
brance may be glass, solid, a liquid ion exchange or heterogeneous,
The membrane contacts the sample on one side and a reference solu-
tion on its other side. The reference solution is of fixed activity,
Using a rcference electrode, the potential across the membrane is

measured (potentiometry) using the Nernst Equation:
E = EO + 2.3RT/ZF log a

Eo is determined by standardizing the electrode in an appropriate solution
of known activity, a. In most cases, the response is close to theory which
leads to a precision of about +0.2 mV for direct potentiometric work or 0, 8%
relative error for univalent ions. In field use, temperature variation and

4
infrequent standardization can lead to errors in the range of 10-15%,
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Speed of Response depends on the ion concentration, extent of

concentration change, and amount of ionic interferences. For small

concentration changes, only seconds are required; but usually 2-15 min-

N

utes are required for full response. Dilute solutions near the limit of

detection may require hours for accurate results. In most cases, the
instrument shows low drift (2-3%) over extended time periods,
iembrane electrodes respond to the activity of the free ion in
solution. The activity of the specific ion will be decreased in solu-
tions of high ionic strengths. For sea water and similar complex
ionic mixtures, the approximate composition must be known so that
the total concentration of the specific ion can be obtained from the
sum of the free ion concentration and the complexed ion concentration,

The free ion concentration can be calculated if its activity coefficient

(#n ) is known,

c . . where a is the known activity
free ion

In some cases, PH changes will affect clectrode response by shifting

ionic equilibria.

4,6.2 Selectivity and Sensativity

Since very few membranes are completely selective, great care
must be taken to avoid interfering ions in concentrations large enough

] 5 . .
to be measured. Liquid membranes  are more susceptible to interference
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by ions of high activity, but corrections for interference can be often
applied successfully.

Solid membrane electrodes are affected by interferences reacting
chemically with their surface, changing the surface from the desired com-
pound; e.g., silver-bromide to another species, such as silver thiocynate
(both solids). The ion ratio for this change depends on the ratio of
solubility products of the insoluble compounds,

Currently available electrodes, their pH range, limits of detec-
tion and interfering ions are listed in the attached table,3 Table 4.6
and 4.7. The successful application of these electrodes for in-situ

work is dependent on the lack of significant interierences. For labo-

ratory work, samples may be treated with masking agents or separations
can be effected before measurement. The result is higher sensitivity
and accuracy. However, temperature effects still remain a serious
problem in most in-situ work.

Many modifications, possible in laboratory work, can lead to very

high accuracy and greatly increased sensitivity. Concentration cell techniques
permit measurements on very small samples; e.g., determination of nano-
gram quantities of F  and }‘g+ in samples as small as 10 M1l with less
than 1% error. ! Microelectrodes have been developed for use with living
species (in vivo) in their env‘ronments.8 The important problem of total
ion concentration of specific ions when substantial complexing is present

can be treated effectively by known-addition techniques. ?
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Table 4.6

Properties of Commercially Available Solid-State or Duttusion Electrodes® 3

Intectfering lons
Blectrode Co in Minisum
Concentretion Seawater pH Seavater Cy C, Vaetul
lon Range (M) ™) Radge Ion 1 c, 00 Max. Determinedble ln Situ?
™) ™)
Asmontie 1o 1078 0.4 to &x10"® HMuet acjust Volatile amines Very low PR cvace No
ll’ to fixed p{ m®may interfere
or ebove 11 - "
Bromide 1 to Sx10-6 8x10°% 0-14 s* 0 (oot 107°M e "o
anoxic)
T c1 0.5 400 Co
o ceee- trece
) & axig-® trace
on” 10° Ix10%C,
Codium 1 to 1077 1x10? 1-14 Ag® 4x10-10 10- ™ No
cae g 2x10°10 1007 eeees
Cw* sx1078 10" M P
ra*** very low Coq = eeeee
Pb** 2x10710 co 2x10°10
Chloride 1 to Sx10°5 s.5x10"1 0-14 s* 0 10°7n ceea- Maybe
c1 | TN sx1o4 Ix10-3 to
3x10°5c, 2 to 0.2
cN- RO trace = --eca-
1 sx10-8 tu;:: csmas
$30,° PP 1072¢,
rm:'] 3.5x1078 1/8 Co Ix10°3
OH* 1078 16°3¢, 1x10710
Cupric 1 to 1077 sx10-8 0-14 5= 0 100 s No
ug*t 2x10710 10° ST
c** At 4x10-10 1977w .m-ae
c1 0.5% high ?
| Naad very lov 0.1Co cecan
| 1 8x107% high ?
Cyanide 10-20 10°¢ Lov 0-14 5" 0 1000 ceee- No
cr c1 0.5% 108 ¢, sx10-7
(T sx107é 5000 Co  2x10°7
r ax10°9 0.1¢c,  sxi0”?
setel complexants
Pluortide 1 to 10°¢ 7x10°3 0-8.9 on- 10°¢ 10 Cy 10°7 Yas
r
Iodide 1 to 2x10°7 sx10°8 o-14 3" 0 10= ™ aeeee No
- - 0.3 106¢c,  sxi0°?
| T 8x10 5000 C,  2x10°7
o afl 0.6 Cq  =esee
Legd 1 to 10°7 2x10°10 2-14 st 4x10-i8 10° ™ coeee No
" cut sx10-8 10" coeen
gt 2x10°10 10" S
rett Lov Co .eeee
cat 1x10°? Co 1x10°?
Stjver 11077 4x10°10 0-14 'Pad 2x10°18 10 ceeen Mo
Sulftde 1 to 1077 0 to 6x10°% 0-16 Nona - cesee - Yes
b
Thiocysnate 1 to Sx10-¢ Lov o-14 on” 10-8 100 1x10°10 No
scw | T x10~¢ Ix10°3c,  Ix10°?
c1- sx10-1 20 C, xl0™?
- 4x10-® 0.13 C,  3x10°3
323,- a1l 0.01 C;  =eeee
cw Nl 7x10°3Cy  a....
I° sx10°8 10°7 u cceee
5" Nl 1007 u SR,

*Cel. 2 gives the concentretion range in which electrode is usaful; Col. 3 gives C, tha concamiretion of the given ion in seawatar; Col. 4 gives
the useful pH rengs of the alectrode: Col. 6 gives C;, the concantration of interfaring ion i im seawatar; Col. 7 gives maximum permissible **.
relative to C,, i.e., the siectrode siectivity for ion i; and Col. 8 gives m'nimum Cq determivable in seawater due to presence of ion 1 as a!
interference. interfering concentrations given for NMq* and NO7" in seaweter erc ot the high en. uf the normally encountered rangs. Ali units

in moles/liter or gram-etoms/iiter.
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Table 4.7
Properties of Cornmercially Available Electrodes with Liquid and Glass fon Exchange Membranes®>

interiering fons
Blectrodx ¢, In 0g/2y
Cooceatrxtion  jrawxter PH Sasveter kedy Usstul
Ioa Range (M) ™) Range lon 1 L1 C M) (nee® text) In Qltu?
ssmoniwm™ 1071 £0 10°6 0.4 to 4x10"® not e 3x10-1 10710 1077 o
et specified  K* 1.5x10°1 1x10-2 7x10"3
1154 1.2x10°! 2x10°6 1x10°7
At $x10-2 4x10-10 2e10-11
Ne* 1.7x1973 sx10°1 sx107%
™ 1.10°* 10-7 1070
cut 1x10% sx10°8 4x10°9
n* 1074 1x10-10 sxl0-10
ce** 7x1073 1x10°2 4x10°4
R 7x10° sx10°2 Ix10°6
ne 7x10°3 1078 &x10"%
2ot 7x10°3 x10-7 x10-8
Celeiwm 1 te 1073 102 5.5-11 In* 3.2 10°? x10°7 Tes
cet* Tt 0.8 < 22107 < sx10°8
1504 2.6) 1x10°10 2l0° 11
gt 0.016 5x10°2 3x10°%
o™ 0.0l 2x10°7 6x10-10
et 0.00) 0.5 4x10"%
Chleride 10"1ce 1073 0.5 2-10 1° 17 sx10-0 10°¢ Tex
c1* 0,” 4.2 4xl0”3 1x107%
(T 1.6 8x19-% 9x10°%
om- 1.0 10” 10-6
Qileride lm" 0.19 2.3x10°3 4x10°4
(contiaued) 0, 0.14 2.8x19°2 1x10-2
r- 0.1 7a10” sx10°¢
Pivelent 1 te 1078 cx**-1x10°2 ~ 5,5-11 Zo* 1 m10-7 6x10°8 Tes
Cxtlon Mg+t tx10°2 nt 1 1077 sxlo-®
03" & Ca™ K 1
ce* 1
net 1x10°2 sz10-! 1x10-3
{34 1x10°2 1x10°2 es10”7
Plusroberete 0.5 to 10°7(0F,0), | _4 o #0e 2-12 1- 0.13 sx10-¢ #x10~? [
w, 4:3x1074(3) woy” 1072 4x10-3 61077
” 1x10°2 0.2x10° 6x107®
a- sx10-4 sx10°2 m10-3
r m10-4 1073 1x10-*
0, 25104 <Jxi07® < 1x107®
" 1x10"% 0 —
®,* sx10~$ < axlo°) 1a10°7
20, < 1x10°% Ix10-2 axlo-0
Cl0y", C10,°, O0A.", CN°, '!(CN)6' are low
Ntrate 10°1 eo 1% 0 to 4x10°3  2-12 clo,° 1000 low ceeee »e
w0y° 1 20 sa10°0 171074
” 1s10°} 0.2x10°%  6x10°3
w0," 42102 % <04 < axioet
¥iccate 1% 4x10-) sxi0°1 1x10-?
(coatinued) ®,° 210°4 < x10-3 < 4x10°®
r ox10”3 7x10-3 Ixl0°?
»° 3xlo~3 x10°2 Ix10°4
Perchlorete 107! te 1073  low 41l 1 1.2x10°2 0x10-8 7x10°10 »
c10," my° 1.5x10°? 4x1073 P
»r S.6x107 0.2x107% o7
r 2.5x10°% 721073 1x10-8
a- 2.2x10°% 0.3 sx10°4
Pgtasstum 1 to sxl0°¢ 102 ~2-11 194 2.2 law . Yes
| M Ce* sx10°1 4x10°? 2x10°?
+ 1.4x19°2 < 4x10°® < 6x10-8
' 210" 4x10°10 6x10°13
ut Ix10°4 x10°3 4x1o-?
1 1074 ~10°0 - x10°12
re* < 23107 sx10°! < 721073
% se10-3 sx10°8 6x10°?
ce™* &x10-3 1x10-2 * 2x1076
[ 3ad 4x10-3 sx10"2 S21074
Sedtum 1 e 3070 2 3-12 * 350 wx1g°10 =108 Yoo
net :‘ 100 ~10° 1x10°%
Lt x107) 2107 3xl0-0
Sodiwm cet 1.mg'3 ex10°? sx10°12
(countfoned) (a4 1a10° 1x10°2 711074
l(Czlz)" sx10°¢ lov ceeee
Tl :m10°4 low cnoee
e Je10°3 <4el0°¢ < emionit
S Ix10 low P

®Col. § gives k;the mlectiv ty ratio for interfering ion i listed in

Col. 8. If the kh:Zi/<0 + = in Col. B is «—ail ralrtive 20 Cy in

Cel, 3, then interference cue to this ion is neghigible.
*9A solid organic membrane (Cosgrove, Mask, and Krull, 1970},
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One of the most important areas to be developed is the wider

application of ion-selective elecirodes for "in-situ'" analyses. The
- ++ .

selectivity of Cu electrodes and others hampered by interferences

should be capable of improvement by electrode membrane design or

by developments in masking techniques for in-situ work.

4,6,.3 Instruments and Manufacturers

Several commercial firms offer ion selective electrodes and
. X ++ .
accessories. For example, Orion sells a Cu seclective electrode
. ips -7 ++ ‘s

for about $300 that is sensitive to 10 ' M (molar) Cu . In addition,
Orion offers a complete range of other ion-selective electrodes and
accessories. Leeds and Northrup, Corning, Beckman, and London
are other excellent sources. Special apparatus can be ordered from
these and many other sources.

1. Orion Research

11 Blackstone Street
Cambridge, Massachusetts 02139

Complete line of electrodes including F and Cu++ ($250);

also, meters and reference electrodes.

2. Leeds and Northrup Company
Sumneytown Pike
North Wales, Pennsylvania 19454

Fairly complete line of ion selective electrodes.
3. Corning Glass Works

Houghton Park
Corning, New York 14830
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4.6.4

9.

The London Company

811 Sharon Drive

Cleveland, Ohio 44145

Selectrodes - claim excellent selectivity and response

for C1°, Br~, and Cu'?; also, new types using electro-
active materiais on graphite rod surfaces.

References

Excellent source: Durst, R, A., '"Ion Selective
Electrodes,'' NBS special publication 314, (1969);
contains contributions on all aspects of the field.
Buck, R. P, in Physical Methods of Chemistry,
Part [IA, Electrochemical Methods (edited by Weiss-
burger, A.), pp. 61-162, Wiley, New York, 1971,
Excellent survey of principles and applications,
Warner, T, B., MTS Journal 6, pp. 24-32, (1972).
Ross, (1969), in reference 3.

Reference 2, page 149, Table 2.19,

Reference 2, pp. 141-142,

Reference 1, pp. 371-379,

Walker, (1971), in reference 3.

Bauman, E. W., Anal. Chem. Acta 42, pp. 127-132,
(1968).
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4,7 Mass Spectrometry

In the last few years, there has been remarkable growth in the
application of mass spectrometry to a very wide range of problems in
analysis and structure determina»,tion.l Mass spectrometry is useful in
the analysis of gas, liquid, and solid inorganic and organic pollutants, ’
Because the instrument needs only a very small sample and is highly
sensitive, it is well suited for analysis of trace materials (and for
coupling with Gas Chromotography).

Recently, the reliability, sensitivity, and resolving power of
inexpensive mass spectrometers have been increased by significant

I €519 These low and medium resolution

improvements in design.
instruments (especially quadrupole types) are much more reliable and
troublefree than in the past. High resolution instruments have also

increased in resolving power and reliability but are still very expen-

sive and require expert attention for proper operation,

4.7.1 Theory of Operation

The main purpose of a mass spectrometer is the measurement
of the mass/charge ratio of ions in order to identify them. There are
four major parameters in mass spectrometry: mass, charge, velocity,
and intensity (mass and charge are determined as a ratio m/e). The
resolution of an ion beam of mass m from a beam of very similar

mass m + Am, and the maximization of the resolved ion intensities
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are the principal objectives of a mass spectrometer. These can be
compared to the action of prisms (dispersion) and lenses (focusing) in
optical systems and are carried out by magnetic and electric fields.
Momentum, energy, and velocity are the three most important
properties of charged particles. Only two are needed to determine
m/e ratios. All mass analyzers utilize one or more of three basic
principles: (a) magnetic analysis, (b) electrostatic analysis, and
(c) time of flight analysis. The many types of mass spectrometers
including single and double focusing magnetic analyzers, cycloidal,
cyclotron resonance, time of flight, quadrupole and f mass filter

instruments all operate on the above principles.

4,7.1.1 Magnetic Analysis

In the simple magnetic analyzer illustrated m Fig, 4.2, an
electrostatic accelerator is used to obtain an ion beam homogeneous
in energy, and a homogeneous magnetic field effects mass dispersion.
Under these conditions the radius of curvature for an ion in cm will

be given by:

= 4
r 144 (1/B) / MV/e
Where

B = magnetic flux density in Gauss, G,
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For example, an i N ion accelerated to 2000 eV will be bent-
by a 100 G magnetic field into a curved path of approximately a 24 cm
radius, An 15N+ ion will have a radius of approximately 25 cm under
the same conditions. In the Fig. 4.2, the ion collector is shown in
a fixed position which corresponds to a fixed value of r Successive
ions of increa‘sing M/e are brought onto the collector by scanning

methods involving varying V with B fixed or B with V fixed (voltage

and magnetic scanning).

\l°\‘° ;o\cﬂ X - T P M3

P~°°°\\\"\\o N BER ;' s~ SR COLLECTOR
\\ V- ’“\;0%,( S, e }
-7\ VENER M, CURRENT

FIG. 4.2 MAGNETIC ANALYZER

A single focusing instrument of this type has a maximum resolving

power of about 3000, which is adequate for most pollutant analyses.

Higher resolution with magnetic instruments requires double focusing

with attendant increases in price, complexity, difficulty of operation

and down time.
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4,7.1.2 Electrostatic Analysis

Electrostatic analysis involves the use of radial electrostatic
fields as energy filters for ion beams. If positive ions of various
masses and energies are injected midway between the plates of two
coaxial sector shaped electrodes, some of the ions will describe an
exactly circular trajectory along the equipotential curve, PQ; these
ions must have an energy such that the centrifugal force is exactly

balanced by the acting electrostatic force:

mvzlr = ek
e
since
2 2 .
K.E. = mv /2 = eE and v = 2eV/m
then
m(2eV/m) = T eE
and
r = 2V/E.
e

Therefore, the electrostatic analyzer does not analyze mass but rather

analyzes energy in terms of V (potential difference). Only ions with
a predetermined energy can follow a circular path of radius re, and
these ions can be passed through a small aperture in the exit plane

yielding an ion beam nearly homogeneous in energy. Ions with other
energies will follow more complex trajections resulting in an energy
spectrum at the exit plane. The prism action of the electrostatic

field is illustrated below in Fig. 4. 3.

4-47



- ;XIT PLANE

NOTE THAT THE BEAM FROM THE SOURCE IS NOT MADE HOMOGENEOUS

FIG. 4.3 ELECTROSTATIC FIELD ANALYZER

4,7.1.3 Time of Flight Analysis

Time of flight analysis achieves dispersion by the velocity differ-
ences between ions of different masses in a homogeneous energy beam.,
A short pulse will disperse, as it moves through a 'drift" tube, into
groups of ions having the same mass. No rnagnetic fields are needed
in a linear path instrument.

The velocity acquired by an ion passed through an electrostatic

analyzer (to get a homogeneous energy heam) is given by:
v=/2eV/m
and the time of flight:

tf = d/v = d/ 1/2v / m/e
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where

where d = linear path distance,

With d and v constant:

tf v/ m/e

For example the time of flight for 15N+ in a 1 meter drift tube
is 6. 1lysec. 14N+ will then have a time of flight = 6.1 / 14/15 = 5, 8usec.
At higher masses, good resolution requires tremendously sophisticated elec-
tronics as the mass ratios approach 1. Instruments using magnetic fields
in conjunction with time of flight methods show greatly improved resolution
(ion cyclotron methods), Time of flight methods are simple and permit
very rapid scanning. However, linear time of flight is limited to resolu-
tion lessi than 700. Their best application has been in Gas Chromotograph-
Mass Spectrometer (GC-MS) where they are being displaced by quadrupolelo

and low resolution magnetic analyzers.

4,7.2 Operation of Simple Mass Spectrometer

Every mass spectrometer has 4 functional elements:
3

l, The source, where the ion beam representative of the
sample is generated;

2. The analyzer, in which the separation is effected
either in space or in time;

3. The detector, where the reso'ved ions are detected
and their number is counted; and
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4, The vacuum system, where all the processes
occur,

The sample inlets can be considered as part of the vacuum system,

4.7, 2 Sources

(1) Electron impact is the most frequently used source type.

The sample is introduced in gaseous fcrm into an evacuated chamber
where it is bombarded by a stream of electrons perpendicular to the
direction of gas flow. The energy and intensity of the team is closely
regulated. Energies of 70 - 80 V are generally used. Ions are sepa- °
rated from electrons and removed bty a repeller voltage and a “drawing
out field. Since samples must be gaseous, vaporization for very low
vapor pressure materials (<10-1 torr @ ZSOOC) must be provided for

in the source. Vaporization can be achieved by heating in a crucible,
arc-imaging, laser beam heating, etc.

(2) Thermal sources involve evaporation of the sample in

solution or as a slurry from a filament. It is generally imaged by
an adjacent filament at higher temperature.

(3) Ion bombardment by energetic positive ions (20-1800 eV)

of a solid sample leads to removal of charged particles from the sur-
face of the sample (sputtering), Argon ions are often used as bombard-

ment particles (very useful for surface studies).
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(4) Vacuum discharge sources involve building up a potential

between electrodes until discharge occurs. Ions are produced by the
resulting spark,

The electron impact and thermal emission sources produce an
ion beam with a low energy spread, allowing higher resolution with
single focusing instruments.

The basic types of analyzers have been described previously,
Resolution (R = m/Am) varies with the analyzer type. Double focusing

instruments can achieve R > 120, 000.

4.7.4 Ion Detectors

Detection can be achieved by electrical or photographic means.
Sensitivity and speed of response are the vital parameters; one can
only be increased at the expense of the other. The lower limit of ion
current detection is near 2 x 10-19 amperes. (One ion/sec,)

Both electrometers and multipliers are used in detection.
Vibrating reed (VR) electrometers can detect 10-6 amperes or a
response time of ~ 1 sec. Secondary electron multipliers can be
used to achieve high detection sensitivity or rapid recording measure-
ment to 10-18 amperes has been accomplished, Photographic techniques

are still useful detectors, especially with spark sources as they are

integral detectors,
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4.7.5 Applications

Mass spectrometry is still used for trace analysis of gases,
where it functions Letter when linked with a Gas Chromotograph. Parts
per billion (ppb) analyses of good accuracy can be achieved with pre-
concentratiom.l Trace metals and particulates in the atmosphere,
water, sediments, and solids can be readily handled.3 Complex mix-
tures can be analyzed directly by the potent GC/MS/computer combina-
tion.5 or by preseparation by GC, HPLC or TLC followed by mass
spectrometry. The fragmentation patterns obtained with organic com-
pounds, coupled with the molecular weight given by the parent ion can
be used in elucidating the structure of new compounds as ''fingerprints"
in identification, 4 Quantitative results of high accuracy are possible
as well., Pesticide residues, PCBs and other important pollutants are
best treated by the GS/MS combina,tion.8 The problems of coupling
GC and MS (reduction of effluent pressure to 10-5 torr; i.e., removal
~f carrier gas) have been solved by several methods including those of

Watson and Biemann.

4,7.6 Instrumment and Manufacturers

At present, there are many mass spectrometer manufacturers,
The price of the instrument depends mainly on the performance attained

and, generally, upon the resolution,
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|
Residual gas analyzers are the least expensive ranging from

i
$3,000-$5,000 with a resolution up t:;o 80. Quadrupole types with reso-

!
lution to 500 are selling for $8,000-$13,000. These do not have full
vacuum and inlet systems. The full mass spectrometer versions of
these sell as high as $25,000. An .}exception is the low price Varian
EM 600, which is a full ma.gnetic-rriass spectrometer (each $6, 000),
mass to 350 Atomic?; Mass Units (AI\;;IU).

General purpose medium resti)lution instruments (23000) and time
of flight instruments (R<700) are in the $30,000-$50,000 range. High
resolution, double fi)cusing instruments run to $100,000 or more. Many
optional accessories; are available wlith these instruments and special
modifications can bé ordered. |

An excellentiguide to selectirig instruments is given by Roboz,
see Table 4.8. Most analytical wolk with inorganic or organic ions
can be handled by lpw and medium resolution instruments. An impor-
tant consideration fé)r GC/MS is rapidity of scanning and response.

However, time of flight and quadrupole instruments do better and

these are obtainable from Bendix and Finnigan, respectively.
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Table 4.8

Instrument Manufacturers and Representatives

Company*

Address

Specialty

Aera Vac Corp.

AEl: Associatec Electrical Indus-
tries, Ltd. Marketed in USA by
Picker X-Ray Carp.

AVCO Corp., Electronies Division

Bendix: The Bendix Corp., Cin-
cinnati Division

CEC: Conwlidated Eleetrody-
namies Corp. A subsidiary of
Bell & Howell Corp.

EAL: Electronie Associates, Ine.

Finnigan Instruments Corp.

GCA Corp., Technology Division
Gl General Eleetrie Co. Vacuum
Products Division

Granville-Phillips Co.
Hitachi: Hitachi Ltd.
Marketed in USA Ly Perkin-

“Elmer Corp. .
JEOL: Japan Electron Optics
Laboratory Co.

LKB Instruments, Inc.

NUCLIDE: Nuclide Analysis As-
sociates
The Perkin-Elmer Corp.

Process & Instruments Co.

Sloan Instruments Corp.

Thomson-Houston Corp.

Ultek Corp., subsidiary of The
Perkin-Elmer Corp.

Vacuum Electronies Corp.

Varian Associates

Varian/MAT, formerly Fried.
Krupp Mess und Analysen
Technik

Troy, N.Y.

Manchester, England, 1275 Mamaroneck
Ave., White Plains, N.Y.

10700 E. Independence St., Tulsa, Oklnhoma

3130 Wasson Road, Cincinnati, Ohio

1500 8. Shamrock Ave., Monrovia, Calif.

4151 Middlefield Rd., Palo Alto, Calif,

2625 Hanover St., Stanford Industrial Park,
Palo Alto, California

Bedford, Mass.
Scheneetady, N.Y.

5675 East Arapahoe Ave., Boulder, Colo.
Tokyo, Japan

Main Ave.. Norwalk, Conn.

477 Riverside Ave., Medford, Mass.

1221 Parklawn Drive, Rbckville, Maryland
642 E. College Ave., State College, Pa,
M=rin Ave., Norwalk, Conn. .,

15 Stone Ave., Brooklyn, N.Y.

P.0. Box 4608, Santa Barbara, Calif.

173 Bd Haussmann, Paris, France

Box 10920, Palo Alto, Calif.

Terminal Drive, Plainview, N.Y.
611 Hansen Way, Palo Alto, Calif.

Wolterhauser Str. 442, Bremen, Germany

Single-focusing magnetic; magnetie re-
sidual

Full live single/double focusing mag-
netic

Custom-made 90° single-focusing mag-
netic with varicty of sources
TOF instruments

Full line single/double’ focusing mag-
nctic; magnetic residual

Quadrupole

Quadrupole

Double-focusing ion microprobe
Monapole residual
\'a nctie re-.dual

Quadrupole residual
Full line single/double focusing mag-
netic

Full line single/double focusing mag-
netic

60° single-focusing magnetic for gas
chromatography work

Full line single/double focusing mag-
netic; custom-made instruments

Nier-Johnson intermediate-resolution
double-focusing

Custom-made 60° deflection magnetic

Omegatrons

Full line single-focusing magnetic

Quadrupole residual

Magnetic deflection residual

Cycloidal, intermediate-resolution; sy-
rotron; quadrupole residual

Full line single/double focusing mug-
netic; quadrupole residual

* Abbreviations preceding full names are used in text to identify manufacturers
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4.7.7

10.

References

An excellent book on recent developments: Roboz, J.,
"Introduction to Mass Spectrometry, " Interscience,
New York, 1968.

White, F. A., "Mass Spectrometry in Science and Tech-
nology, " Wiley, New York, 1968.

Roboz, J, in "Trace Analysis: Physical Methods, "
edited by Morrison, G, H.

Rhapman, R. L., "Environmental Pollution Instrumentation, "
ISA, Pittsburgh, 1969,

Binks, R., Chem. Britain, 7, p. 8 (1971), "Real Time
Processing of Low Resolution Mass Spectra, "

See Sections on GC and HPLC and Bobbit, J., "Introduction
to Chromotography. "

For examples, see Budzukiewicz, H., Djerassi, C., and
Williams, D. H,, "Interpretation of Mass Spectra of
Organic Compounds, " Holden-Day, San Francisco, 1964.

Bonelli, E, J., American Laboratory, 3, pp. 27-37,
(1971), (Finnigan model 1015 used),

Watson, J. T. and Biemann, K., Anal., Chem., 37, p. 849,
(1965),

NOTE: An excellent introduction to the important new
developments in Radio Frequency (RF) quadrupole mass
spectrometry., Lawson, G. and Todd, J, F. J., Chem.
Britain, 8, p. 373, (1972). While resolution is approxi-
mately 500, they are highly sensitive, rugged, and have
very fast scans, and are much cheaper than time of
flight instruments. (May get down to approximately
$5,000. May be best for monitoring alone and with GC
for all pollution work, )
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4.8 Polarography

Polarography is the most generally useful electrochemical
method for the determination of inorganic and organic pollut:a.nts.l
It is a highly sensitive technique of wide applicability, Polarography
is a combination technique: current vs. potential (voltammetry).
Other electrochemical techniques are chronopotentiometry (potential
vs. time) and coulometry (current vs. time). Coulometry has found
considerable application in analysis and microcoulometry is a useful
technique for Gas Chromatograph detection, particularly for pesticide
determinations,

All electrochemical methods involve an oxidation or reduction,
at an electrode, of the species of interest. The high precision with
which current and voltage can be controlled and measured permits
extremely precise and sensitive techniques. Voltammetric methods,
including the various forms of polarography work best when the con-

stituent being determined is present in low concentration,

4.8.1 Conventional Polarography

Voltammetry with the dropping mercury electrode (DME) is
known as polarvgraphy, Conventional polarography employs a DME
emitting 10-30 drops/minute, with masses of 6-20 mg. The current-

voltage curves obtained with these electrodes show portions of low
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slope, about 0.3 ,A/V, upon which steps of magnitude depending upon
the concentration of electrolyzable material are superimposed. The
steps are a measure of the diffusion current which is usually about

6 WA/meg/1 (meg of reactive species present). The residual current
usually amounts to 0,1-0, 2 MA. (Refer to Fig., 4.4 for a typical

polarographic curve,)

iy i

v i

HALF WAVE POTENTIAL (CHARACTERISTIC OF A
PARTICULAR SPECIES)

FIG. 4.4 TYPICAL POLAROGRAPHIC CURVE

b

VOLTAGE

'

While a considerable theoretical basis describing the nature of the
limiting current and the diffusion current has been developed, results
have been unsatisfactory for work based on the various diffusion cur-
rent equations, 3 For this reason, almost all analytical werk depends
on empirical calibration with standards.

Solutions as dilute as lO-sM (molar) can be analyzed using only
a few tenths of a milliliter. Other polarographic methods are con-

. -2
siderably more sensitive. The upper range is approximately 10 “ M,
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Many refinements in conventional polarograpny have led to
improved sensitivity. Improvements in the design of the DME, includ-
ing shock mounting and tapered base capillance, have extended measure-
ments to the 10-7 M range.4 If the trace amounts are to be determined
in the presence of large quantities of more easily electrolyzable mate-
rials, the interfering materials must be removed by pre-separations or
by complexing. Separation techniques that are often useful in concen-
trating a trace component so that it surpasses the limits of detection
include ion-exchange, solvent extraction, and electrolysis at controlled
potentials,

Other types of polarography include:

4,8.2 Derivative Polarography

Derivative polarography involves differentiation of the current-
voltage curve as it is being recorded, yielding a serics of sharp peaks,
Its main advantage is very high resolution of peaks with similar half-
wave potentials (characteristic potential for a species) as no significant

improvement in sensitivity results,

4.8.3 Cathode Ray Polarography

Cathode ray polarography is a dc method using a high rate of
voltage scan and an oscilloscope for current measuring. This method

is very rapid and somewhat more sensitive than conventional polarography.
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It has been used for a wide range of determination of trace metals and
organic pollutants in many different matrices. A pertinent example is
the determination of lead in blood to a limit of 0. 05 ug/ml, > Several
commercial instruments are available while others can readily be assem-

bled from components,

4.8.4  Alternating Current Polarography

Alternating current polarography involves superimposing a small
alternating potential on the slow scan of conventional polarography.
Derivative polarograms are obtained with peaks corresponding to the
half-wave potentials. This is a very sensitive, high resolution tech-
nique. The most important modifications of AC polarography are square

wave and pulse polarography. In the first modification, a conventional

DME is used and a square wave is applied at the end of the drop-life
cycle. Sensitivity is high enough to determine minor constituents
present at approximately 0.001% in 20 mg samples. High resolution
is also attained. Pulse polarography involves a 40 ms pulse applied
two times after the start of growgh of a drop. Measurement takes
place during the last 20 ms of the pulse. Sensitivity to concentrations

as low as 10-8M has been reported,
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4.8.5 Applications

Inorganic and organic pollutants in liquids and solid matrices are
readily determined. Organic polarography has been treated extensively
by Zuman, 7 The following table, Table 4.9, covers a wide range of

applications,

4.8.6 Manufacturers

Commercial instruments are, in general, moderately priced
with many options available. Some of the manufacturers, include Leeds
and Northrup, Beckman Instruments, and Sargent-Welch. N

1. Beckman Instruments, Inc.

2500 Harbor Blvd,
Fullerton, California 92634

2, Leeds and Northrup
Sumneytown Pike
North Wales, Pennsylvania 19454

3. Sargent-Welch Scientific Company
7300 North Linder Avenue
Skokie, Illinois 60076
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4.9 Recommendations: New Instruments and Methods

4,9,1 Air Pollution - Solids

A major need is for reliable solid state sensors for detection
and measurement of particulates, The technology is available and is
starting to be employed. An example of a newly developed solid-state
method is the application of energy dispersive X-ray fluorescence
spectroscopy to direct analysis of particulates collected oa filter paper
by Hi-Vol samplers.1 Extension of this technique to most of the metal
particulates should be possible. The method is rapid and sensitive,

Particulates collected by the same sampling method could be
analyzed by spark source mass spectrometry.2 This could be accom-
plished directly or by first dissolving the collected metal and then
transferring the metal ions to a high purity electrode. The technique
is very sensitive,

Organic particulates collected on the same filter paper could
be determined directly by applying pyrolysis gas liquid chromatography. 2
The lower molecular weight ma;terials would be measured iﬁtact while
higher molecular weight materials would pyrolyze, decomposing in a
reproducible imz2aner giving a pyrolysis '"fingerprint," Contributions from
the pyrolysis of the paper can be corrected for.

Linkage with a mauss spectrometer/computer is a logical exten-

sion that would multiply the power of the method. Less accurate but
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still acceptable analyses for organic air particulates could be achieved

by solvent extraction of the paper and subsequent GC/MS or TLC/scan.
TLC/scan methods can involve IR reflectance, UV absorption, or spectro-
fluorometric techniques. The last technique has seen rapid improvement,
However, HPLC methods may be preferable to the above in some

instances.

4.9.2  Air Pollution - Hydrocarbons and Volatile Organics

Methods for determining very low levels of hydrocarbons (includ-
ing olefins) are desirable. By preconcentrating on chromatographic
column materials, such as porapak Q4, at very low temperatures
(liquid NZ) and subsequently isothermally distilling into a GC gas
sampling inlet or by other methods, such as carrier gas sweeping
at elevated temperature, input into a gas chromatograph or GC/MS
or GC/IR combination can be achieved. This method could be adapted
to automated sampling and analysis,

Specific column packings such as the porapaks and silver
nitrate/benzyl cyanide can be used to trap particular hydrocarbon
constituents preferentially, Many modifications are possible,

A similz;tr but indirect method has been described for MS ana-
lysis of bis-chloromethyl ether in air samples, i An advantage of the
above methods; i.e., MS, GC, GC/IR, GC/MS, is that collected data
can be stored or sent from remote locations by interfacing with com-

puter systems. -
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Low concentrations of NOI, NOZ’ CO and SO3 have been ana-
lyzed by reaction GC, g This method, which requires column reactors
to bring about reductions, oxidations, etc., achieves high sensitivity
and can be extended readily to many classes of inorganic and organic
pollutants,

In general, the applications of GC/MS/computer systems should
be explored exhaustively, particularly since many inorganics can Le
handled by GC by conversion to volatile stable complexes. The develop-
ment of completely automatic GC/MS/computer systems, including
automatic sampling, should be feasible, particularly with simple, rugged
instruments such as the rf/quadrupole types.

Automatic sampling techniques based on a sequernce of trapping,
dissolving,ﬂ and inputing samples reproducibly, must be perfected. They
could be used with the entire range of high sensitivity methods including
mass spectrometry (including spark source), emission methods, AA,
polarography, ion selective electrodes and potentiometry (in general,
GC/MS, GC/IR and spectrophotometric methods). Multiple collectors
could be used sequentially to increase data output. Completely portable

GCs have been developed (see GC section, Section 4, 3),

4,9.3 Waier

The application of pyrolysis GC to aqueous pollutants, such as

surfactants and other non-volatile organics, is a method with great
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potential. Automatic sampling and extraction-concentration techniques
should be improved.

Continuous monitoring of water pollutants of many types is
possible with the newly developed multipie internal reflection probe
which dips into the sample to be analyzed. Some type of masking
or correlation technique may be possible to enhance the method. Ion
selective electrodes are very useful for monitoring waters but are
susceptible to interferences. It may be possible to develop a con-
tainer into which the sample flows, is masked by aﬁtomatic addition
of an appropriate reagent to remove interferences, and measurement
is made. Upon achieving a stable reading the container opens, is
flushed by the aqueous environment, and is ready to read again at
a preset interval.

Since many polz'a.rographic methods can simultaneously determine
several inorganic pollutants with high sensitivity and can handle a con-
siderable range of organics, much effort should he focused on developing
them for applications in pollution werk., (Stripping meth?ds appear
to be particularly promising,)

TLC/fluorometry meihods are capable of analyzing very low
concentrations of pesticides and other pollutants (see Section 4.4.4,
fluorescence). This is a high potential technique that is inexpensive
yet powerful. Fluorescence methods involving complexes of the

inorganics are very sensitive in some instances.
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Magnetic resonance methods, including Nuclear Magnetic
Resonance and Electron Spin Resonance, are potentiaily useful for
some inorganics. For example, Cu++ can be determined as the
ethylene diamine complex by electron spin resonance methods,

The continuous improvement in detectors for GC and HPLC
suggests th;t these methods will be among the most generally useful
for handling all types of organic pollutants. Specific detectors, such
as electron capture and phosphorus and microcoulometric detectors,
are extremely sensitive for specific types of pollutants, while the con-
tinuing development of phase transformation detectors gref;.tly enhances
the utility of HPLC methods for urganics, l\

Determinations of pollutauts in soil must, in general, involve
an extraction step unless adsorbed voiatiles are present. Pyrolysis
and selective adsorption of interfering materials could precede GC or
MS or GC/MS analysis; thereby dispensing with the extraction step.
Automated sampling of soils is possible, but complicated. (Some

aspects were realized on the Apollo missions.) After extraction,

analysis is similar to the previously discussed instances.
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5.0 Critical Materials

There is a need to identify the critical materials that directly
influence the activities of DoD and to evaluate the environmental pollution
problem associated with each of these materials to be assured that these
materials will always be available to DoD. At the present time, any
supplier or manufacturer could have a cease and desist order placed
upon their plant as a consequence of a legal action brought about by an
environmental pollution problem. This injunction could have a serious
impact on DoD's efforts.

Thus, OAS's effort has been directed toward identifying:

1. The critical materials and sole source

manufacturers.

2. The local, state, and federal regulations and

standards that are applicable to the materials

from the mining stage to the finished product.

3. The sensors and instrumentation that are re-
quired to monitor the pollution emission levels.

4. The areas where additional technology and
instrumentation are needed.

With this information available, DoD will then be able to avoid
future environmental difficulties by providing technological assistance
and expertise to any supplier or producer whose techniques might re-

quire updating to meet the present or future standards.
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5.1 Stockpiling of Critical Materials

5.1.1 Introduction

The Director of the Office of Emergency Preparedness was
directed, by Presidential Executive Order 11051, to determine tte
critical and strategic materials and to establish the quality and quanti-
ties of each material for stockpiling to meet the nation's security re-

quirements. Basically, the dual goals of the stockpile are:

1. to protect the national security

2. to minimize the cost of stockpiling.

As of 31 December 1971, the total dollar amount of materials

held in the government stockpile was 6. 7 billion.

5.2 Stockpile Objectives

"The stockpile objectives of the United States are based on the
planning assumption of a three-year war estimated to begin not less than
one or more than two years in the future. nl The Office of Emergency
Preparedness then estimates the gross national product for several
years prior to the armed conflict and for each of the three war years
to estimate the consumption level of the materials.

In addition, the trend in material consumption is monitored
to be assured that all strategic and critical materials are available to

the nation in times of emergency. As of December 1971, seventy-two (72)
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materials were stockpiled. The stockpile statistics are given in the

following tables, Table 5.1a, b, and c.2 The more important mineral
materials have been chosen for our investigation of the environmental
factors involved in the mining, purification, handling, and finishing of -

the metals.

5.2 Materials and Their Impact on the Environment

In the past, very little attention has been paid to our material
resources. The United States appeared to have been blessed with
seemingly endless supplies and thus, the materials were taken for
granted and the energy and material resources were assumed to be
infinite.

However, with the economic and industrial increase in our
nation of the past few decades, the national supplies are diminishing
and 1nore and more materials must be qob‘tained from foreign countries
to fulfill our need. The United States does not produce enough of nu-
merous mateirials to supply industry with the required quantity,
Table 5. 23 provides information about imnineral materials as they are
actually sold, exported and imported in the minerals industry. Table
5. 35 presents the projected U.S. primary demand for 91 mineral
materials in the year 2000,

At the present rate of national consumption, the possibility of

having zero-supply of a material within our own nation's boundaries is
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Table 5, 1a

2
Basic Stockpile Materials

SUMMARY OF GOVERNMENT INVENTORIES, OBJECTIVES,
EXCESSES AND BALANCE OF DISPOSAL AUTHORIZATIONS

Basic Stockpile Materials
December 31, 1971
(Market Val:¢ - $ Millions)
Balance of
Total Market Uncommitted Market Disposal
Commodity Unit Objective Inventory’ Value? Excess Value? Authorization
1. Aluminum ................... ST 450,000 1,279,017 $741.8 829,017 $480.8 829,017*
2. Aluminum Oxide, Fused ........ ST 300,000 427,475 704 127,475 179 127,475
J.Antimony.................... ST 40,700 46,747 52.7 6,047 6.3 6,047
4. Asbestos, Amosite ............. ST 18,400 58,659 14.5 40,259 9.9 40,259
S. Asbestos, Chrysotile . ........... ST 13,700 11,835 6.1 892 0.1 879
6. Bauxite, Metal, Jamaica ........ LDT 5,000,000 8,858,881 120.3 3,858,8814 524 714,000
7. Bauxite, Metal, Surinam ........ LDT 5,300,000 5,300,000 543 0 0 0
8. Bauxite, Refractory ........... LCT 173,000 173,000 8.8 0 0 0
9.Beryl ..ot ST 28,000 40,247 784 12,474 ¢ 26.9 2451
10.Bismuth ..................... LB 2,100,000 2,335,457 8.2 235,457 08 235,457
11.Cadmium .................... LB 6,000,000 10,147,904 15.2 4,147,904 6.2 4,147,904
12.Castor Ol . .............0.ee LB 50,000,000 50,206,400 11.2 206,400 0.04 182,158
13. Chromite, Chemlcal ........... SDT 250,000 570,449 12.7 320,449 7.2 320,449
14. Chromite, Metallurgical ........ SDT 3,086,800 5,311,462 580.5 2,244,662¢ 142.1 930,589
15. Chromite, Refractory .......... SDT 368,000 1,176,961 316 808,961 21.7 777,001
16. Chromlum Metal .............. ST 3,778 8,012 19.5 4,237 9.7 4,237
17.Cobalt ...................... LB 38,200,000 77,345,269 167.9 39,145,269 83.9 39,145,269
18. Columbium .................. LB 1,176,000 9,413,090 14.1 5,841,5317 7.4 5,753.691
19.Copper ........ccvvvvnnn.... ST 775,000 258,688 264.8 0 0 0
20. Cordage Fibers, Abaca .......... LB 25,000,000 53,616,820 129 28,616,820 6.9 27.320,258
21. Cordage Fibers, Sisal ........... LB 100,000,000 165,768,663 149 65,768,663 59 65,768,663
22. Diamond Dies, Small ........... PC 25,000 25473 1.0 473 0.02 0
23. Diamond, Industrial Bort . .. ... .. KT 23,700,000 42,611 479 101.4 18,911,479 42.6 18,911,479
24. Diamond, Industrial Stones . ..... KT 20,000,000 25,141,634 3116 5,141,634 78.0 5,141,634
28. Feathersand Down ............ LB 3,000,000 3,000,000 10.9 0 0 0
26. Fluorspar, AcidGrade ......... SDT 540,000 890,000 69.9 o* 0 0
27. Fluorspar, Metallurgical ... ... .. SDT 850,000 411,788 28.2 0 0 0
28. Graphite, Natural, Ceylon ....... ST 5,500 5,499 1.0 0 0 0
29. Graphite, Natural, Malagasy . .. ... ST 18,000 28,386 34 10,446 1.3 10,446
30. Graphite, Other ............... ST 2,800 2,800 0.6 0 0 0
Mlodine....................... LB 8,000,000 8,011,814 16.5 11,814 0.02 0
32. Jewel Bearings ................ PC 57,500,000 60,110,058 19.5 14,726,698° 0.4 0
3. Lead................ RERRERPS ST 530,000 1,127,440 315.7 597,440 167.3 98,973
34. Manganese, Battery, Natural . . . .. SDT 135,000 308,350 27.3 173,350 14.5 173,350
35. Manganese, Battery,
Synthetic Dioxide ......... SDT 1,900 18,520 8.6 16,620 1.6 16,620




Table 5,1b

2
Basic Stockpile Materials

SUMMARY OF GOVERNMENT INVENTORIES, OBJECTIVES,
EXCESS.:S AND BALANCE OF DISPOSAL AUTHORIZATIONS (Continued)

Basic Stockpile Materials
December 31, 1971
(Market Value - $ Millions)
Balance of
Total Market Uncommitted Market Disposal
Commodity Unit Objective Inventory? Valye!? Excess Value? Authorization

36. Manganese Ore, Chemical A .. ... SDT 35,000 146914 § 103 111,914 $ 78 111914
37. Maiganese Ore, Chemical B . ... . SDT 35,000 100,838 7Y 65,838 4.6 65,838
38. Manganese, Metallurgical ....... SDT 4,000,000 11,189,973 413.2 7,243,597 225.0 6,659,570
39.Mercury ........ ...oeuu..... FL 126,500 200,108 45.0 73,6054 16.6 0

40. Mica, Muscovite Block
St/better ................. LB 6,000,000 14,175,156 §7.0 7.415,656%° 21.2 7,415,656

41. Mica, Muscovite Film,
1&2quality .............. LB 2,000,000 1,468,980 16.5 640 0 640
42. Mica, Muscovite Splittings ....... LB 19,000,000 42,310,273 45.3 23,310,273 22.5 23,310,273
43, Mica, Phlogopite Block . . .. ...... LB 150,000 153,476 0.04 136,758 0.03 136,758
44. Mica, Phlogopite Splittings ... .. .. LB 950,000 4,641,808 56 3,691,805 44 3,691,805
45. Molybdenum ................. LB 0 42,603,508 76.9 42,603,508¢ 76.9 6,090,723
46. Nickel....................... ST 0 38857 103.0 38,857¢ 103.0 0
47.Opium ...... T iox. . L AvLB 143,000 141,602 14.0 88 0.005 0
48. Platinum Group, Iridium ....... TrOz 17,000 17,176 26 184 0.03 184
49. Platinum Group, Palladium .. ... TrOz 1,300,000 1,254,994 464 0 0 0
$50. Platinum Group, Platinum . .. ... TrOz 555,000 452,645 54.3 0 0 0
S1L.Pyrethrum ................... LB 63,375 0 0 0 0 0
$2.QuartzCrystals. . .............. LB 320,000 4,852,953 §3.1 4,532,953 494 4,532,953
$3.Quinidine .................... 0z 2,000,000 1,800,377 43 0 0 0
$4.Quiaine ..................... 0z 4,130,000 3,548,161 6.2 0 0 0
SS.Rubber...................... LT 200,000 305,924 123.3 105,924 427 105,924
§6. Rutile .. ..... T SDT 100,000 56,525 10.5 0 0 0
57. Sapphire & Ruby .............. KT 18,000,000 16,305,502 0.2 0 0 0
$8.Shellac, ..............oiuvunn. LB 1,000,000 5,393,131 2. 4,393,131 2.0 4,393,131
$59. Silicon Carbide, Crude .. ........ ST 30,000 196,453 426 166,453¢ 36.1 0
60.Silver ................. (fine)TrOz 139,500,000 139,500,000 191.0 0 0 0
61.SpermQil .................... LB 23,400,000 23,402,645 6.8 2,645 0 0
62. Talc, Steatite Block & Lump ..... ST 200 1,204 04 1,004 0.3 1,004
63. Tantalum .................... 1B 3,400,000 4,180,504 39.2 967,52211 8.0 0
64. Thorium Oxide . . .............,. ST 40 4013 03 0 0 0
65.Tin ............ovovvvinnnn, LT 232,000 250,866 966.5 18,866 72.7 18,866
66. Titanium Sponge .............. ST 33,500 35,015 85.6 8,514 18.0 8,514
67. Tungsten .................... LB 60,000,000 129,141,844 455.5 69,142,661 2415 68,886,097
68. Vanadium.................... ST 540 3,307 21.2 2,767 18.3 2,767
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Table 5.1c

Basic Stockpile Ma.teria.ls2

SUMMARY OF GOVERNMENT INVENTORIES, OBJECTIVES,

EXCESSES AND BALANCE OF DISPOSAL AUTHORIZATIONS (Continued)

Busic Stockpile Materials

December 31, 1971

(Market Value - $ Millions)

Balance of
Totat Market Uncommitted Market Disposal
Commodity Unit Objective Inventory? Value? Excess Value? Authorization
69. Vegetable Tannin, Chestnut . ... .. LT 9,500 26,147 § 1.2 16,647 $ 46 16,567
70. Vegetatle Tannin, Quebracho ... LT 50,600 185,818 524 135,218 38.2 135,218
71. Vegetable Tannin, Wattle . .. ..... LT 9,500 32,529 84 23,029 59 23,029
T2.2inc ..........ooiiie ST 560,000 1,117,913 380.1 557.913¢ 189.7 42,677
FOOTNOTES

1 Total inventory consists of stockpile and nonstockpile grades and reflects uncommitted balance.
?Market values are estimated from prices at which similar materials are being traded; or in the absence of trading data, at an estimate of
the price which would prevail in the market. Prices used are unadjusted for normal premiums and discounts relating to contained
qualities or normal freight allowances. The market values do not necessarily reflect the amount that would be realized at time of sale.
3Committed for sale but undelivered under long-term contracts,
“Balance of excess; disposal planning deferred due to market conditions.

*Excess quantity includes 3,617 ST in beryllium copper master alloy and 3,160 ST in beryllium metal.

¢ Balance of excess deferred by the Congress.

TExcludes that quantity represented by tantalum contained in columbium minerals.

SExcludes 350,000 SDT credited to metallurgical fluorspar.

*Factory inspecting feasibility of reworking bearings to meet stockpile specifications.
19Excludes 759,500 LBS credited to .nica, muscovite tilm.

11 Material required in upgrading.

12Thorium nitrate credited as 40 ST thorium oxide, $0.3 million market value.

FL - Flask
KT - Carat
LB - Pound

LCT - Long Calcined Ton
LDT - LongDry Ton
LT - LongTon

ABBREVIATIONS

0Z - Ounce

PC - Piece

SDT - Short Dry Ton
ST - Short Ton
TrOz - Troy Ounce
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definitely real. In addition, every time that a material is removed

from the earth or the ocean and made into a saleable product, the nation,
which might not experience an environmental problem during the initial
stages in the development of the product, eventually winds up with the
waste removal and disposal problem when the product is no longer
rseful and is discarded. Until recently, our production and consumption
system operated solely on a one-time use basis. This policy generates
large quantities of solid waste. While some of the discarded material
eventually returns to nature, a very large quantity remains to mar the
landscape and degrade the total environment.

Lately, it has become a national goal to set a balance between
material needs and environmental quality. To do so, the aforementioned
business and production policy must change to a closed cycle of use,
salvage, reclaim/reprocess, and reuse. This will not only help the
environment but alleviate some of the drain on our raw materials supply.

This closed loop materials policy can help our nations's environ-
mental effort and our nation's natural resources depletion problem. To
this end, the National Commissicn on Materials Policy was established
by Congress under Title II of the Resource Recovery Act of 1970. Some
of the Commission's tasks are to make a determination of:

"1, National and international materials require-

ments, priorities, and objectives, both current
and future, including economic projections.
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The relationship of materizls policy to:

a. national and international popu-
lation size, and

b. the enhancement of environ-
mental quality.

Recommended means for the extraction,
development, and use of materials which
are susceptible to recycling, reuse or

self destruction, in order to enhance en-
vironmental quality and conserve materials.

Means of zxploiting existing scientific know-
ledge in the supply, use, recovery, and
disposal of materials and encouraging fur-
ther research and education in this field.

Means to enhance coordination and coopera-
tion among Federal departments and agencies
in materials usage so that such usage might
best serve the national materials policy.

The feasibility and desirability of establishing
computer inventories of national and inter-
national materials requirements, supplies,
and alternatives.

Which Federal agency or agencies shall be
assigned continuing responsibility for the
implementation of the national materials
policy." 4
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5.3 Critical Materials and Environmental Factors

Several of the materials which are critical to DoD have been
evaluated and their impact upon the environment in every stage from the
ore in the eurth to the finished product has been assessed. A brief
environmental impact description is presented for a few of the critical

materials.

5.3.1 Aluminum

To reduce the aluminum metal from its oxide
requires an extensive amount of energy. Naturally,
this produces all the general pollution problems that
are associated with electrical power generation.

"Additional problems can be created by fluorine-
containing dust and gases emitted from alumina re-
duction cells. The disposal of waste red muds from
present-day Bayer planis treating bauxite poses a
problem that will become more critical with time.
However, land use conflicts also would accompany
any large-scale employment of domestic clays as a .
Primary source of aluminum. '

5.3,2 Anti.mony

Environmental considerations for domestic
production of antimony relate to mining and processing
lead or lead-silver ores, inasmuch as antimony is a
minor byproduct.

In the largest domestic antimony smelter, the
fumes and flue dusts from all reverberatory furnaces
are collected in bag houses.

5.3.3 Asbertos
Inhalation of different chemical and physical

types of asbestos results in the development of asbes-
tosis of the lungs. Since the hazard has been known,
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pPrecautionary measures have been taken to filter
the air and properly ventilate the mines and pro-
cessing plants,

There do not appear to be any land use prob-
lems associated with asbestos. Most of the as-
bestos deposits are on privately owned or leased
lands which are far away from the major populated
areas,

Dust control is very important in the asbestos
industry., For example, water sprays allay the
dust as the tailings are discharged. In the proces-
sing plants, asbestos is vsually milled as a dry
operation and all the screens are hooded and operate
under a slightly negative pressure for dust control.

5.3.4 Berzllium

After World War II it was discovered that
beryllium dust and fumes even in small quantities
can causie ‘in susceptible persons a serious chronic
lung disorder called beryllioris.

To prevent new occurrences, working places
are kept clean, workers are required to wash their
hands regularly, clothing is laundered regularly,
fumes and mist are caught at source and deposited
in dust collectors. Numerous other precautions
including medical programs have been adopted to
make working conditions safe. Avoidance of the
health hazards adds significantly to costs. No
one is known to have been poisoned from ingestion
of beryllium compounds or to have contracted
dermatitis or pneumonitis {from handling or mecha-
nically working low beryllium alloys such as beryl-
lium-copper alloys.

The two major producers of beryllium have
arranged with the National Center for Urban and
Industrial Health of the U.S. Public Health Service
to make a comprehensive study of the entire health
question,
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5.3.5 Bismuth

By itself, bismuth has o impact on the environ-
ment except when and where it is mined in association
with other metals, e. g., copper, tin or silver,

5.3.6 Cadmium

The fumes of cadmium and its compounds are
extremely toxic, so that extreme care must be taken
during Processing to prevent inhalation of the fames.
The recommended maximum allowable cc_.zentration
for cadmium in air has been set at 0. 1 milligrams
per cubic meter of air by the American Standards
Association. Death due to ingesting cadmium is rare,
and usually not enough cadmium is absorbed to cause
serious damage.

5.3.7 Chromium

The processing of chromium ore to a ferro-
chrome product generates objectionable emissions,
which now are largely collected and the process meets
air pollution standards. However, the collected dust
is a solid waste disposal problem as is the slag gener-
ated during smelting. Refractory and chemical uses
of chromium ore cause solid waste disposal problems
in the form of burned out refractories and iron sludge.

5.3.8 Cobalt

No known problems exigt, to date, in the United
States.

5.3.9 Columbium

Mining, which is open pit mining, is the only
environmental problem that exists with this material.
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5.3.10 COEEE

"Emission of sulfur compounds to the atmosphere
during smelting is the most pressing immediate prob-
lem facing the domestic copper industry. New tech-
nology and large capital investments will be required
to either modify existing pyrometallurgical practices
or adopt new chemical-process techniques as a solution
to the problem if the United States is to maintain a viable
copper industry.

The domestic extraction industry also faces poten-
tially critical land-use conflicts. Unless opposing views
on surface restoration standards, waste disposal, and
pollution issues are reconciled without excessive in-
creases in operating costs, the competitive position of
the U.S. supplies will deteriorate sharply.

The Wilderness program and public works de-
signed to conserve essential land and water resources
will increase confrontations with the industry and will
present increasingly difficult problems for reconciliation.

Because approximately one ton of makeup water is
required per ton of ore processed in the concentrator,
and with population increases and industry expansions,
conflicts for sufficient water to process increasing
quantities of ore can be anticipated in the Western States
where much of the production is obtained. Decreased
water requirements could result from research on the
beneficiation step."

5.3.11 Iron

Air, water, and waste disposal problems beset the
entire process of iron and steelmaking from ore to
shipped steel products. Air pollution problems are
associated with blast furnace, coke plant and steel
melting operations, and captive power plants. Water
problems arise from the discharge of large volumes of
cooling water and from the disposal of waste products,
such as spent liquors and used oil. Solid waste problems
include disposal of mine overburden, concentrate tailings,
sludges, and slags.
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5.3.12 Lead

"Lead mines are essentially located in remote
areas populated mainly be people dependent upon the
mines, or in the Missouri area by farming communi-
ties. The mines are underground with a small sur-
face area required for mine plani and disposal of
waste materials. In fact, utilization of waste for
highway and other uses has extensively reduced land
use required for waste disposal. Conflicting land
use is thus small or negligible, and landscape beauti-
fication is of minimal consequence. Mir.e wastes
where not commercially utilized are to a large extent
returned to the underground-workings as backfill or
are dewatered and impounded, thus minimizing stream
and atmospheric pollution.

Lead smelters are equipped with efficient dust
and fume collection systems to maintain the 98-per-
cent recovery factor and are equipped with protective
devices to prevent lead poisoning. The smelters are
also equipped with or in the process of installing
smoke purification devices for collection and manu-
facture of sulfur fume into sulfuric acid.

Lead poisoning may occur by ingestion of lead
or by exposure to lead vapors. The danger is well
recognized in smelters, foundries, and other lead
plants; with proper worker precautions, ample dust
and fume collections, and ventilation properly in-
stalled, lead poisoning has not been a health hazard.
Periodic medical checks are usually insisted upon at
lead plants to permit early detection and treatment.
The possible harmful effect of lead compounds in ex-
haust emissions from gasoline-powered engines and
the degree of contribution to air pollution in industrial
areas are being extensively investigated by public
health agencies and the lead industry.

One of the current objections to the use of lead
in gasolines is that it contributes to the poisoning of
catalysts in some devices now being developed to re-
duce air pollution from internal combustion engines, "

5-15



5.3.13 Manganese

Very little miining is done in the U.S. for
manganese; the associated environmental problems
are minor. The U.S. does process the imported
ore to ferroalloy; however, the environmental con-
siderations associated with this metallurgical pro-
cess are also ninor.

5.3.14 Mercurx

"The major loss of mercury during extraction
occurs in the stack gases, with minor losses in the
calcine, soot, and spillage. Furnace plants are
equipped with dust-collection units so air pollution
from particulates is not a major problem. The
small quantily of dust is either discarded or pro-
cessed to recover the contained mercury.

Poisoning of workers caused by exposure to
mercury may occur in mining and retorting metallic
mercury and in any industry in which mercury is
used. Therefore, precautions such as proper venti-
lation, use of respirators cr masks, personal clean-
liness, use of mercury vapor detectors are required.

Much of the mercury consumed is for dissipative
uses which may ultimately lead to environmental pol-
lution. Spent catalysts, in the form of inorganic
mercury compounds from plastic manufacturing,
can contaminate natural waters. Mercury losses
from mercury cells in the caustic soda and chlorine
industries contribute to air and water pollution. Other
uses of mercury giving rise to environmental concern
are in agriculture, amalgamation, paints and pulp
and paper.

In March 1971, mercury was designated a hazard-
ous air pollutant by the Environmental Protective
Agency. According to the Clean Air Act of 1970,
emission standards will now be promulgated for
mercury. " 9
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5.3.15 Molzbdenu.m

'""The mining of molybdenum primary ores
entails the disturbance of some land areas which
in the future may require reclamation. The prob-
lem is minimal, however, because of the very few
acres involved per unit of production. Molybdenum
recovered in conjunction with copper production
entials the disturbance of significantly larger land
areas.

The conversion of molybdenum to molybdic
oxide involves roasting which releases sulfur that
is exhausted as sulfur oxides into the atmosphere,
Pollution from roasting is more widespread be-
cause molybdenite is shipped to a number of sub-
sidiary companies and other consumers in many
parts of the country for processing. The growing
national concern for air poliution will probably al-
ter molybdenite processing practices in the future.

There are undoubtedly other pollution con-
siderations that must be resolved in the recovery
of molybdenum. The problems at present arc
relatively local, however, and undefined, ''10

5.3.16 Nickel

The emission of sulphur dioxide during the
process of smelting the nickel sulphide ores appears
to be the major environmental problem associated
with the mining and refinement of nickel ore. How-
ever, this problem appears to be under control.
Open pit mining for the material has, so far. taken
place in tropical areas where the land recovers
quickly, or in remote areas.

5.3.17 Radium and Uranium

"Uranium will be used primarily for gener-
ation of electricity, The fissioning of the uranium
will generate relatively small volumes of highly radio-
active materials. Only a minute portion of this radio-
activity will reach the environment. The bulk of the
radioactive wastes will be separated during recovery
of the nuclear fuel for eventual storage in solid form
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in a Federal repository that will effectively isolate
it from man's environment.

Waste heat from nuclear plants is higher than
from some modern fossil plants because of lower
thermal efficiency. Careful plantsiting and use of
cooling devices can minimize the environmental
effects of the waste heat. In addition, advanced re-
actor designs will be of higher thermal efficiency,
reducing the heat to be dissipated.

Recycling -- Since only a small portion of the
uranium in a reactor core is consumed during a
reactor cycle, reprocessing of wastes and irradiated
cores is planned as a normal operational procedure.
In addition, plutonium, generated in the reactor will
be recovered at the same time. While special tech-
niques are required, the technology is well developed. " -

5.3.18 Silver

"For more than 50 years, tailings from Idaho
silver operations were discharged into streams that
ultimately lead to the Coeur d'Alene River and then
to Coeur d'Alene Lake. Current programs for tailings
disposal will impound the mill tails so that only clear
water will overflow into the river. The Bunker Hill
lead-silver smelter has installed facilities to re-
cover SO2 gas, alleviating the air pollution problem.

There is an increasing mutual awareness of
hoth mine management and the public for a better
environment and recent actions such as those taken
at Coeur d'Alene have begun to remedy the situation.
However, much needs to be done in solving the over-
all environmental problems of the primary industries
which produce silver as their coproduct or byproduct.
More detailed coverage of environmental consideration
for these resources may be found in the Copper, Lead,
and Zinc chanters." 12
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5.3.19 Tantalum

""The two small tantalum-bearing pegmatite
domestic mining operations disturb very little land.
No land use conflict is expected if the Idaho placer
deposits are developed because of their remote lo-
cation. Dredging these deposits would muddy, but
not pollute the downstream waters and this could be
minimized by the use of settling ponds and floccula-
ting agents. Even so, complaints could be expected
from sport fishermen. In one known case, however,
a dredging operation in Idaho actually improved the
fishing. It proved to be easier to catch trout and
other sport fish in the slightly milky water caused
by the dredging than in the previously crystal clear
stream. Heavy rains and spring runoff of melting
snow cause the streams to carry more sediments
than properly controlled dredging operations that
comply with the Federal Water Quality Act of 1965,

Stack exhaust fumes, gases, and dust from
tantalum extraction plants are easily controlled.
Tantalum is an inert metal. There are no known
health hazards connected with its production or
fabrication. "

5.3.20 Tin

""Because 99 percent or more of the primary
tin consumed by the United States reaches this
country ready to use, mining and smelting pollution
problems are Practically nonexistent. In any second-
ary detinning operation, tin-containing muds are
generated as waste material. Waste water from
the rinsing of detinned steel may contain small
amounts of caustic, sodium nitrate and tin., Drosses
and dusts accumulate in industrial centers, especially
on the east coast, but these eventually become sources
of secondary tin and do not constitute an environ-
mental problem during the periods of accumulation.
Organotin compounds, known for over 100 years,
have taken on new importance as agricultural bio-
cidal chemicals as a result of concern over mercury.,
Certain organotins decompose during natural weather-
ing to nontoxic compounds.
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In Southeast £ icularly Malaysia,
restrictions are in.po.. o ugainrst abandoning
dredged ground until it has been returned to a
productive capability. No restriction of sup-
plies of tim appear likely because of these laws,
but the cost of such rehabilitation might be passed
along to the consumer. "

5.3.21 Titanium

"Operating factors in the titanium production
cycle that relate to the environment include dis-
posal of solid and liquid wastes. Significant quanti-
ties of mud and slimes, resulting from dredging
and concentrating titanium minerals from some
sand deposits, constitute a serious and growing
problem of disposal for some operations. The mud
and slimes, which contain approximately 50 per-
cent kaolin and considerable organic matter, are
acidified and permitted to settle in large mud lakes
on land which must be purchased by the mining
company. The small quantity of clear water re-
sulting from the settling must be neutralized with
lime before it is fed back into nearby streams.

The principal solid waste generated at plants
using the sulfate process to make titanium pigments
are copperas (FeSO4. 7H20) and the monohydrate
(FeSO4. HO). About 1.1 million tons of byproduct
copperas and 0.4 million tons of the monohydrate
are generated annually at domestic plants. About
one-fifth of the copperas is utilized in making iron
oxide pigments, ferrites, and fertilizers, and in
water ireatment plants. The remainder, containing
a small quantity of entrained sulfuric acid, is neu-
tralized and dumped on land, in streams, in the ocean,
or stockpiled. Apparently all of the monohydrate,
containing entrained acid, is dumped in the same
manner. "'15
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5.3.22 Tungsten

The environmental factors of concern with the
refinement of the material tungsten is the disposal
of the tailings from mining and the purification of
the water used in the solvent extraction plants.
However, these environmental consgiderations are
local in nature.

5.3.23 Vanadium

Vanadium, which is mined by both open pit or
underground methods, presents scme problems in
land use and disposal of solid waste. It is a co-
product with uranium production and is subject to
the same environmental problems that originate
from the uranium,

Production of various vanadium products from
the ore or their use in metal or chemical production,
cause no serious environmental problems.

5.3.24 Zinc

Zinc is usually mined as an underground
operation. As such, there are no objectionable
environmental factors such as open pit mining or
waste stripping. However, the underground waste
and mill tailings present a land-use conflict prob-
lem in some areas.

In addition, when zinc sulfide concentrates
are converted to zinc oxide via smelting or electro-
lytic refining processes, a pollution problem exists
in the release of sulfur dioxide and other fumes.
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5.4 Conclusion

This initial contract study has identified the need of DoD to be
assured of materials which are critical for their activities. Not only
must the total supply and location of the natural resource be known, but
the material must be handled/processed in a manner which will comply
with all Federal, State and local ordinances and standards.

Thus, a study should be initiated to positively identify the
critical materials, to determine the total environmental impact of their
refinement, to identify the necessary instrumentation to be assured of
non-polluting processes and compliance with all applicable standards,
and to ascertain the void in the instrumentation/monitoring or the
metallurgical process itself so that improved state-of-the-art technology

can be applied to correct any deficiency.
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6.0 Management for Environmental Impact

The conclusion that OAS has drawn is that an effort should
be funded to evaluate the management and administrative require-
ments of pollution problems related to DoD activities. This conclu-
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