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The North Atlantic Regional Water Resources (NAR) Study examined
a wide variety of water and related land resources, needs and devices
in formulating a broad, coordinated program to guide future resource
development and management in the North Atlantic Region. The Study
was authorized by the 1965 Water Resources Planning Act (PL 89-80)
and the 1965 Flood Control Act (PL 89-298), and carried out under
guidelines set by the Water Resources Council.

The recommended program and alternatives developed for the North
Atlantic Region were prepared under the direction of the NAR Study
Coordinating Committee, a partnership of resource planners represent-
ing some 25 Federal, regional and State agencies. The NAR Study
Report presents this program and the alternatives as a framework for
future action based on a planning period running through 2020, with
bench mark planning years of 1980 and 2000.

The planning partners focused on three major objectives -- Nat-
ional Income, Regional Development and Environmental Quality -- in
developing and documenting the information which decision-makers will
need for managing water and related land resources in the interest of
the people of the North Atlantic Region.

In addition to the NAR Study Main Report and Annexes, there are
the following 22 Appendices:

A. History of Study

B. Economic Base

C. Climate, Meteorology and Hydrology

D. Geology and Ground Water

E. Flood Damage Reduction and Water
Management for Major Rivers and

Sy L Coastal Areas
Viils Sestis F. Upstream Flood Prevention and

Water Management
G. Land Use and Management
H, Minerals
I. Irrigation
J. Land Drainage
K. Navigation
L. Water Quality and Pollution
M. Outdoor Recreation
N. Visual and Cultural Environment
0., Fish and Wildlife
P, Power
Q. Erosion and Sedimentation
R. Water Supply
S, Legal and Institutional Environment

T, Plan Formulation
U. Coastal and Estuarine Areas
V. Health Aspects
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I. INTRODUCTION

The Division of Water Hygiene of the Environmental Protection
Agency (formerly the Bureau of Water Hygiene of the U. S. Public Heelth
Service) is the primary Federal agency responsible for the input of
public health aspects into water resources planning and related land
use development studies. Within this context the Regional Offices of
the Division of Water Hygiene serving the North Atlantic Region with
the assistance of the Division of Water Hygiene headquarters in
Rockville, Maryland, and the National Communicable Disease Center in
Atlanta, Georgla, have jointly prepared the following report: Appendix V -
Health Aspects. This report is intended to give a broad overview of
water resource-related health problems that are occurring or could
occur in the North Atlantic Regional study area.

Environmental conditions which may affect the public health must
be considered very closely in developing any workable water resources
plan. The North Atlantic Regional Water Resources Study is no excep-
tion. Without the proper cognizance of the health implications, these
implications could act as major constrain to the development and
utilization of a water resources facility. 'his appencix wil: identify
some of ??gge areas of health needs for the water resources planner.

The diversity of geographical, socioecoriomic, and political
aspects in the North Atlantic Region leads to many varied health con-
siderations which must be taken into account during water resources
planning. This report will deal with these considerations through
a discussion of the following:

1. Epidemiological Assessment|
II. Health Aspects of watervsﬁpply;
IIIy VeCtoerontrols A -A
IV. Phvironmental Health Ahalysis . includ ing
A. Air Pollution fontrol
B. Radiation Control,
C. Recreation . fanitation

D. $hellfish Sanitation, arcl
E. 8olid Waste Management ,

]
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I1. CONCLUSIONS

The following conclusions identify major areas of need that should
be acted upon in order to sustain and improve the health and wellabeing
of the people of the North Atlantic Region concurrently with water
resource and related land use development.

There has been little attempt in this Appendix to break down these
health needs into the 21 planning areas used in the other sections of
the North Atlantic Regional Water Resources Study. In general, it could
be said that most of the identified health needs would apply to all
21 basins although these needs would certainly vary in each basin. To
quantify these specific health needs would require studies which would
be beyond the scope of a framework study such as the N.A.R..

The conclusions which are deemed most significant are as follows:

1. There is a lack of comprehensive water quality monitoring pro-
grams to identify future water supply sources. This is mwost
needed in areas where metropolitan areas will have to go to
local surface water sources which may have questionable water
quality from a chemical standpoint.

2. Insufficient information is available on the quality of water
being delivered by individual water supplies in the North
Atlantic Region.

3. Research on the effect on human beings of trace metals, pesti-
cides, or viruses is insufficient, and treatment methods now
available for the removal of these constituents are inadequate.

4., Complementary use of water supply reservoirs for recreation
purposes will require close study for each proposed recreational
site.

5. Federal and state water supply programs require vastly expanded
budgets and staff to carry out their responsibility of providing
surveillance, research, and technical assistance to local water
supplies in order to maintain the high level drinking water
quality throughout the North Atlantic Region.

6. There is a lack of adequate data on the occurrence of waterborne
diseases in the North Atlantic Region, especially on borderline
epidemics.

7. A need exists for more extensive mosquito control programs to
control vector borne disease and annoyance conditions. This is

especially needed in recreational areas where there has been
past histories of encephalitis outbreaks.




8.

10.
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Continuous surveillance of recreation facilities from a healch
standpoint is not practiced to the extent necessary to provide
adequate health protection.

Pollution abatement programs will do much to benefit estuarine
areas, particularly from the standpoint of the shellfish indus-
try where much revenue could be gained for the economy

through the opening of the now closed shellfish growing areas.
The water quality needed for water supply and recreational
areas will also be benefitted by these abatement programs.

Adequate controls over pollution from boats are presently
lacking, and there is a need for more adequate regulation of

sewage discharges from boats.




III. EPIDFMIOLOGICAL ASSESSMENT

Epidemiology is a science that deals with the incidence, distrib-
ution, and control of disease in a population. FEpidemiological data
within the North Atlantic Region are somewhat limited with regard to
the health damages resulting from waterborne diseases. The U. S.
Public Health Service Communicable Disease Center does compile data
for same of the diseases which could be waterborne. This information
is collected weekly with yearly totals printed in their Morbidity
and Mortality annual supplements.

Water has long been recognized as a potential vehicle for the
transmission of organisms of various human enteric diseases. There
are & number of diseases potentially transmitted by this route, but
six are of greater significance in the United States. These are
hepatitis, salmornellosis, shigellosis (bacillary dysentery), amebiasis
(amebic dysentery), typhoid fever, and encephalitis. They are among
the group of diseases which theoretically is regularly reported to
the local health agencies. There are less acute gastroenteric dis-
orders which are probably more prevalent than these six but they are
emong the group of optionally reported diseases so their incidence
is unknown. The estimated number of reported cases of the six diseases
during 1965-68 in the Region is shown in Table V=l.

TABLE V=1
Estimated Number of Reported Cases

of Potentially Waterborne Diseases
in the North Atlanti~ Region (1965-68)

Disease 1965 1966 1967 1968 4 Year Total
Amebiasis 1,329 2,5C% 1,837 1,786 6,355
Fncephalitis 695 615 512 360 2,182
Hepatitis 7,496 7,234 9,31k 11,066 35,110
Salmonellosis L, 816 5,106 4,390 L, 767 19,079
Shigellosis 1,453 2,318 2,779 2,559 9,190
Typhoid Fever T3 871 57 65 282

15,862 16,763 18, 889 20,603 78,117

Approximately 25 percent of the Nation's population resides
within the North Atlantic Region. The total number of reported cases
of the six diseases for the Region is also about 25 percent of the
total for the Nation so from an overall view there is no abnormal
pattern of disease incidence. Amebiasis is the one disease that
varies significantly from the normal incidence pattern. During the
four year period, nearly 55 percent of the reported cases in the
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Nation occurred in the North Atlantic Region. This is due to the
large number of reported cases in . _w York City, where more than 85
pereent of the cases of amebiasis reported in the North Atlantic
Region occurred.

Amebiasis can be expected in economically depressed areas of a
city where good sanitation practices are sometimes neglected
resulting in a situation conducive to the spread of the disease.
Acute cases tend to became chronic and, in the transient population
common to this type of environment, immigrants to an endemic area
often contract the disease. Malnutrition also is common to an area
of this type and contributes to the severity and frequency of the
disease. Medical clinics operating in these areas are quite familiar
with the disease thereby resulting in early diagnosis and have
established procedures for reporting any cases. These varied factors
contributed to the large number of reported cases in New York City.
The lack of these particular circumstances results in a small number
of reported cases in rural areas.

It must be remembered that an unknown portion of these cases
of the six diseases involved are transmitted by food or personal
contact rather than by water. However, one should realize that
many outbresks go unreported and, therefore, are not listed in the
Morbidity and Mortality annual publications. An example is the

estimated 18,000 cases of salmonellosis that occurred in Riverside County,
California, in May and June of 1965 during a waterborne outbreak.

The entire United States total was listed as only slightly more

than 17,000 cases — approximately 1,000 less than the Riverside

epidemic produced. One has only to wonder how many more unreported
waterborne epidemics occur to realize the need for constant sur-
veillance and correction of envirommental health problems.

There have been serious outbreaks in the North Atlantic Region.
The folliowing waterborne disease cases are highlighted to show how
these diseases can be transmitted and that even in this modern day
and age there are still problems.

One of the more serious outbreaks was the infectious hepatitis
incident which put an end to the 1969 Holy Cross College football
season after only two games. Epidemiologic investigations failed
to incriminate any foods which could be responsible for the outbreak,
so attention was directed to the field used for football practice.
Examination of the area located a water line that supplied the
irrigation system and the equipment house. Further investigation
found that some children - four of wham had hepatitis - often used
the sprinklers to cool off and many times were seen urinating on
the nozzles and in the meter pits. Wwith the very high coliform
counts in water taken from the meter pits, it is theorized that a
negative pressure was created in the system when water was diverted
to fight a fire in another part of the city one day in late August.
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This negative pressure drew contaminated water fram the pits into the
system and the water was delivered to the tap in the equipment house

that supplied drinking water for the players during practice. These

conditions resulted in the outbreak of infectious hepatitis.(1)

In November, 1963, over 300 cases of gastroenteritis were reported
in Island Pond, Vermont. Epidemiological investigations strongly
implicated the untreated water supply of Island Pond as the source of
the disease organisms. Since then, there have been reports that a
substantial number of "stomach ailments" arise in school children
after strong rainstorms. Water quality of the water supply source
is observed to deteriorate after these storms due to increased
runoff from surrounding land, indicating a possible cause-effect
relationship.(2)

In July, 1969, over 130 cases of gastroenteritis were reported
at a girl's camp in Vermont. Water taps with contaminated lake water
as a source were implicated as the source of transmission of this
outbreak. Whil the source of the regular drinking water was a protected
spring, these unsafe waters were easily available through a number of
faucets throughout the camp.(2)

An outbreak of 477 cases of gastro-intestinal disturbances was
experienced following major flooding during the spring of 1968 in
northern New Jersey. The source of the transmitting vehicle was
traced to a flooded well field owned by a large private water company
in New Jersey. The threat of an infectious hepatitis outbreak required
the administering of 47,870 doses of gamma globulin.

Infectious hepatitis has been shown to be transmitted through
the consumption of raw or partially cooked shellfish. The following
cases are highlighted to point this out. The first outbreak occurred
in 1963 in Fairfield City, Connecticut, where 15 cases of infectious
hepatitis were traced to the consumption of raw or inadequately
cooked hard-shelled clams (Mercenaria mercenaria). These clams were
found to have been illegally harvested from a closed growing area
in Greenwich Cove, Connecticut. The cove had been closed for a
number of years because of pollution from shoreline communities.

The second disease outbreak was more extensive. (Cixty-nine cases
of infectious hepatitis which were atrributed to the consumption of
contaminated shellfish occurred in New Haven County in early 196L.
The source again was hard-shelled clams; however, this time they
were believed to have been harvested from commercial channels in
Narragansett Bay.

The preceding cases are well-documented in the literature;
however it should be reemphasized that many disease cases occur
of which the source of transmission is never detected because of

(1) Reference numbers refer to bibliography
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& low incident number or dispersion of related cases. Stronger
epidemiological programs and more intensive investigations will be
required to obtain better information on these borderline epidemics.




IV. HEALTH ASPECTS OF WATER SUPPLY

INTRODUCTION

In any discussion of water supplies, special attention must be
given to health protection for the ultimate users and intended
beneficiaries — the people. As municipal water supplies are used
for the domestic purpose of drinking and cooking, health and safety
considerations are directly associated with those supplies.

One of the most significant achievements in the past 100 years
in the United States has been the provision of safe and potable
community water supplies. This initial achievement, however, was
followed by a sense of complacency, and deficiencies and inadequacies
now exist in many water supplies. The solution to present domestic
water supply problems has two aspects. First, data gathering must
be improved so that present and potential problems, their scopes,
and their dangers can be better defined; and second, the necessary
steps must be taken to reduce or eliminate known health hazards in
our water systems.

In 1969 the Bureau of Water Hygiene, Envirommental Protection
Agency, conducted a Community Weter Supply Study of 969 representative
public water supply systems located in nine areas of the Nation.

Water was delivered to over 18 million people in the study areas. The
study was undertaken to answer two questions about the Nation's water
supplies: (1) Are well-established standards of good practices

being applied to assure the quality and dependability of water being
delivered to consumer's faucets today? and (2) What needs to be done
to assure adequate quantities of safe drinking water in the future

on a National scale?

In the "Significance of National Findings" report(3), the section
entitled National Significance of the Study Findings presents a
thoughtful discussion of the study findings and the problems facing
the waterworks industry; therefore, it is included in this section.

NATIONAL SIGNIFTCANCE OF THE STUDY FINDINGS

Well-established standards of good practice, in terms of the
full application of existing technology, are not being uniformly
practiced today to assure good quality drinking water. While most
professionals hold the U.S. Public Health Service Drinking Water
Standards in high esteem, the study shows that an unexpectedly high
number of supplies, particularly those serving fewer than 100,000
people, exceeded either the mandatory or recammended constituent
levels of bacterial or chemical content, and a surprising larger
number of systems evidenced deficiencies in facilities, operation,
and surveillance.
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The National significance can be placed in perspective by con-
sldering the size-distribution of municipel water supply systems that
were the subject of comprehensive facilities census conducted during
1963. At that time, 150 million Americans were being served by
19,236 public water supply systems including 73 million people dependent
upon 18,837 small systems, each serving communities of less than
100,000 people. When these statistics are compared with the fact
that over 4O percent of the small systems investigated during the
current study evidenced current quality deficiciences on the average
and both large and small communities were judged to be giving inadequate
attention to quality control factors, there can be little doubt that
this situation warrants major National concern.

Most of our municipal water supply systems were constructed over
20 years ago. Since they were built, the populations that many of
them serve have increased rapidly — thus placing a greater and
greater strain on plent and distribution system capacity. Many
systems are already plagued by an insufficient supply, inadequate
transmission or pumping capacity, and other known deficiencies that
become most evident during peak water demand periods. Moreover, when
these systems were built, not enough was known to design a facility for
the removal of toxic chemical or virus conteminants. They were designed
solely to treat raw water of high quality for the removal of coliform
bacteria. Such facilities are rapidly becoming obsolete as demands
rise for water. The task in the future for our water treatment
plants can be visualized by examining our population tremd. By the
year 2000 — only 30 years fram now — our present population of
about 205 million is expected to spurt to 300 million. By that time
it 1s expected that 187 million people (the total U. S. Population
Jjust eight years ago) will be concentrated in four urban egglomerations —
on the Atlantic Coast, the Pacific Coast, on the Coast of the Gulf
of Mexico, and on the shores of the Creat Lakes. Most of the re-
maining population will be living in cities of 100,000 or more.

In the past, coomnities and industries were in the favorable
position of being able to select the best source of supply consistent
with their quantity and quality requirements. The demand for more
water to quench the thirst of a growing population and meet the
needs of expanding industry have led many people to ask how future
quantity requirements will be satisfied. Concurrently, expanding
water use comes at a time of greatly increased pollution of ground
water aquifers, as well as streams, lakes, and rivers. Historically
and traditionally, ground water coming from its natural environment
has been considered of good sanitary quality — safe to drink, if
pelatable. Nevertheless, 9 percent of the wells sampled during this
survey showed coliform bacterial contamination. It seems fair to
say that a similar situation prevails nationwide.

Chemical contaminants in our enviromment have been on the increase
for about 25 years, dueto the dramatic expension in the use of
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chemical compounds for agricultural, industrial, institutional and
domestic purposes. There are about 12,000 different toxic chemical
campounds in industrial use today, and more than 500 new chemicals
are developed each year. Wastes from these chemicals — synthetics,
adhesives, surface coatings, solvents, and pesticides — already are
entering our ground and surface waters, and this trend will increase.
We know very little aboutthe environmental and health impacts of
these chemicals. For example, we know very little about possible
genetic effects. We have difficulty in sampling and analyzing them;
we have much greater difficulties in determining their contribution
to the total permissible body burden from all envirommental insults.

Consideration of the findings of this study leaves no doubt
that many systems are delivering drinking water of marginal quality
in one or more areas of their water distribution systems today. To
add to this quality problem, the deficiencies identified with most
water systems justifies real concern over the ability of most systems
to deliver adequate quantities of safe water in the future."

Water supply systems in the North Atlantic Region are as varied
as they are throughout the Nation. Therefore, the problems enumerated
above are indicative of those confronting waterworks officials in
the Region.
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WATER QUALITY FOR WATER SUPPLY

The quality of water can act as a constraint to a specific
water use. At times quality might be a total constraint on the
quantity available. For example, if a large water supply reservoir
were constructed for a 20 year projected demand and it was discovered
upon completion that levels of a parameter with a mandatory drinking
water limit were high in the raw water and could not be removed by
any available treatment, use of this reservoir for potable water
would be completely negated.

There are two types of water usages which must be analyzed
for constraints. These are withdrawal used and in-stream used.
Withdrawal used include drinking and industrial use while in-stream
use would include swimming, boating, fishing, etc.. In general,
the most stringent requirements for water quality are those that must
be met for water supply for both drinking and industrial used.
Public health standards must be met for drinking water since a direct
consumption of the product will occur.(4) Water quality requirements
for industrial water use will vary based on the processes involved.
Some industries might require a higher water quality than is usually
produced by domestic water treatment. Other uses such as frrigatfon,
power cooling, and industrial cooling do not have the quality con-
straints usually required for potable water.(5)

For in-stream use, water quality requirements are usually less
than thote required for withdrawal uses; however, these quality
needs will vary depending on the type of in-stream use proposed.
Recreation aspects are usually associated with specific water
quality needs for in-stream use. Of these aspects the water-contract
sports -- swimming, wading, water skiing, and surfing -- demand the
highest water quality. Other in-stream uses such as boating can
usually tolerate a lesser quality.

When a need for water for either withdrawal or in-stream
purposes arieses, it would be desirable if this water could he supplied
from a local source. The ideal situation would be for this local
source to have not only a sufficient quantity of water but also
have an existing water quality suitable for the use intended without
requiring further treatment. As with ideal situations, this situation
is the exception rather than the rule especially in the MNorth Atlantic
Region. The urban areas of the North Atlantic Region which have the
highest demand for water supply usually have local water sources with
low quality. Examples of these are: New York - Hudson River; Boston -
Charles River; Hartford - Connecticut River: Philadelphia - Delaware
River; and Washington, D. C. - Potomac River. Three of these five
cities -- New York, Hartford, and Boston -- have solved their
immediate problems by obtaining their water from other cleaner upland
sources that require minimal treatment. Philadelphia and Washington,
D. C., on the other hand, have chosen or been forced by economic or
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political constraints to use their local sources and provide sophis-
ticated treatment to produce drinking water. The three former cities
along with many others are now in this same position of being forced
to use or consider for use these local sources of lower water quality
for future demands.

Thus the big problem of the future is not the quantity of water
alond but also its quality. Conventional water treatment plants
which are now disigned for the removal of turbidity, color, and
pathogenic bacteria will be unable to produce a product that meets
human health standards in the not too distant future. Evidence for
this may be seen in Table V-2 taken from the Report on Water Quality
Criteria, Department of the Interior, Washington, D. C., 1968.(6) As
indicated at the bottom of the bale, the removal of approximately
80% of the constituents listed is insignificant in the process of
conventional treatment. Conventional treatment is defined as that
which might include coagulation (less than about 50 ppm alum, ferric
sulfate, or copperas with alkali addition as necessary but without
coagulant aids or activated carbon), sedimentation (6 hours or less),
rapid sand filtration (3 gal/sq.ft./ min or less) and disinfection
with chlorine (without cansideration to concentration or form of
chlorine residual). Thus, as water quality decreases and the limits
for the constituents listed in Table V-2 are exceeded, new me thods
of water treatment will have to be developed. It would be desirable
if pollution abatement programs gave more consideration to the water
quality requirements for drinking water supplies. This is especially
important in view of the fact that conventional wastewater treatment
plants are primarily designed to remove organic materials, settleable
solids, and bacteria; however, this treatment has little or no effect
on the many chemicals present in today's wastes.

Water quality also exerts a large degree of control over in-stream
uses when health aspects are a consideration. Domestic wastewater
treatment plants, in general, can improve a water's quality to the
point where water contact recreation can be practiced. This is
generally true when the industrial waste loads are not too great or
are under strict control.

The point is: Conventional wastewater treatment as practiced
today does not have the capability for removing many hazardous sub-
stances that are in the wastewater before it enters a watercourse,
nor does conventional water treatment have this ability when water
is withdrawn for use as drinking water.

It may be said that we do not have to worry about removing most
of the consituents listed in Table V-2 from our drinking water since
they are not present to any degree in our water sources. In most

cases this is basically true, but the recent discovery of mercury
contamination of rivers and lakes across the country should not give

comfort to thos who feel that there are no problems.
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TAGLE Ve8 Surface Water Criteria for Public Water Supplies

Prrmissible Desirable

Constituent or characteristic criteria critcria Paragraph

Ph/s.c.xl

Color (color units) o -ocoomeeameeeee 79 - e A 0 ) el e S I W, S T il

QU e mcm e s e S e Narrative — - ... Vnrtu‘l'y absent ..-ec-cceeee 2

Temperature ® o eemmecemmmeceaccemcmmeaee do oo S S PR Narrative .. oo 3

Turbldify o mere e i R ONEL S T T et Virtually absent _____.____.4
Nicrobivlegical:

Coliform Organisms ..o cmeanmommen——om 10.000/100 MY - ccerae -2 2004100 MY e 5

Fecal cOlfOrMS .o oue-emimmarasmmmammmm—ae v oo a0 s o S IC ARSI B BRI =T 7 e T 057 ¢ (| PR R R fE
Inorganic chemicals: (mg/1) (mg/1)

F TET (T Lo e Do s i SR SR e e NarraliVe .. ccocussmooesess MBETALING o cicoammmmmemmma

BIORIOMA e en et a S A s O O e

Arsenic ? 0.05 Absent __ ___

Bt el e v ) L0 St S N S BT S (s [0y o S

OO S e e L O e o Ao e

CaiheY ol LN Lk A LS sl 0.01
Chloride *
C-‘rcmlum * hexavalent ____.. 0009
Goppests Sk T e Bt T

Virtually absent

Dissolved ozynen ___________________________ >4 (monthly mean) . ________ Near saturation
>3 (individual samplfe)

Fluoride * Narrative Narrative

Handness ™ o an il - N Rt e O e e do

lron (filterable) ... ___ 25 A e R S Virtually absent _

0T e e S S SRR
Mangancse 3 (fitterable)
Nitrates plus nitrites *

_______________________ Absent

Virtually absent ___f ...... 13

pH (range) o i Narrative
Phosphorus * e Narrative _._____ .- I el e o on L
Salenium * ADSENE e e s
SN e e OO do
Sulfate ™ 0o o o (e ST T
Total dissolved solids ®-ocooooooncaanaaaaie (570]0 1 RN Sl WY TS, <2001 e e
(mteruble residue).
Uranyllion™® o L [+ R LR RO o S S Lt SR e S 17
PHAE Lmaiee o Folbrmoms oo it s S s e Virtually absent ____ . ____ 8
Qiganic chemicals:

Carboun ciloroform extract * (CCE)____...__ NES) el L RSO 0 0 S SN S g S S 18
Cyanide ™ __._._ PSR » [/ R i e ADSENE. o ceas e 8
Methylene blue active substances *_________ 05 mm e emen e VIFRUAIY ADSEOL o onaeaaa 19
Ol and grease .. oo Vurtunlly absent __ __________Absent
Pesticides:

(T S S e S R P s = 0.017

CHRITIRANE® . e o amsuas v anEn 0.003

3, 1] T e aeenu-0:042

DN ® e s s inn e 0.017

100 L) P RSN S B S ()1

HeEEEhIOr™ o cvvunnn it s Ba e s 0.018

Heptacillor epoxide ®* __ .. ______ 0 018
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Added to the possibility of unknown contaminants in our water
supplies is the fact that future water supply will undoubvedly
come f{rom sources of lesser quality. This will increase the chances
of encountering hazsrdous substances which are "untreatable by
present day conventional treatment.

The time for action is now. Water quality monitoring for water
supply must be intensified for all existing and potential water
supply sources. Constituents to be measured should include all those
listed in the 1962 P.H.S. Drinking Water Standards and the P.H.S.
Manual for Evaluating Public Drinking Water Supplies. Intensive
water quality monitoring programs are essential in order to show what
trends may be occurring for the various constituents found in drinking
water. Today very few water campanies are analyzing for all of the
constituents listed in the Drinking Water Standards. This is usually
due to the complexity and high cost of the test techniques for many of
the chemical constituents. If a number of strategically located
water supplies throughout the North Atlantic Region were to do an
adequate analysis of their raw and finished water, this would at
least give an indication of the trends that may be taking place in
the various parts of the Region. At the present time there is in-
sufficient research on the toxic effects to humans from the ingestion
of minute amounts of inorganic or organic chemicals through drinking

water. Research is also desperately needed on effective and econamically

feasible methods of water treatment for the removal of these trace
elements in order to produce potable water.
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PROBLEM AREAS AND TREATMENT NEEDS

In this section some of the water quality problem areas in water
supply around the North Atlantic Region will be discussed. Many of
these water quality problems lead to a need for more extensive
treatment of the water supply in order to produce a potable water.
This section will not be all inclusive of the water supply problems
of the North Atlantic Region; it will only highlight same of the
major ones.

Yermont

A camunity water supply study done in the State of Vermont by
the Bureau of Water Hygiene, U.S.P.H.S., in the summer of 1969
confirmed the Vermont State Health Department's contention that a
number of water supplies in Vermont were contaminated with pollution-
indicating bacterial organisms. Plagued by & major understaffing
problem for a number of years, the water supply program of the
Vermont State Heelth Department had been unable to provide adequate
surveillance and assistance to the 216 community water supply systems
of the state.

The Bureau of Water Hygiene study revealed that approximately
30 percent of the water systems in Vermont evidenced coliform
organisms in excess of that allowed by the PHS Drinking Water
Standards. In most cases this contamination resulted from the
use of a surface supply or springs which had no treatment or marginal
treatment. The sources were usually very poorly protected allowing
intrusion of animals and the supposedly more civilized segment of
our population. Operation of these systems in accordance with
proper management practices of the water supply field was minimal.
As can be expected, most of these contaminated supplies were quite
small(serving less than 1000 people). These small systems do not
have the capital to make necessary improvements or to hire campetent
water supply managers. Training of the operators of these systems
was minimal.

The problems in Vermont are a classic example of what can occur
when a state water supply program is unable to provide the needed
surveillance and assistance to all of its water supplies. Progress
is now being made in Vermont to assist those water systems which
continually evidence contamination, but it will be a long uphill
fight to upgrade these systems. A combination of the lack of staff
in the state water supply program, the lack of capital in the water
supplies' funds to provide necessary improvements in the system, and
the general lack of interest or appreciation of the very real problems
on the part of the people of Vermont as a whole add to the complexity
of the problem.

It does not necessarily follow that Vermont is the only state
which has problems with its water supplies. The situation in Vermont
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probable typifies many similar conditions which exist in many rural
water supplies in the United States.

Burlington, Massachusetts

Burlington, Massachusetts, has experienced a rather drastic bufldup
in chlorides in a number of its wells over the past five years. The
predominant source of these chlorides is from the salt used by state
and local public works departments for ice and snow control on the
complex system of streets and highways of the area. The chloride
content of the wells has risen from around 30-50 mg/l in 1965 to
100-200 mg/1 in 1970. The recommended drinking water stnadard is
250 mg/l. This standard is based on the Threshold taste of chlorides
in water.

The nature of chlorides in water make this a fiddicult situation
to rectify. There are no relatively economic treatment processes
available for removing chlorides from drinking water; therefore, it
usually boils down to a question of limiting salt usage in the area
which could be hazardous for motorists during icy conditions or of
switching to a new water source. Salt contamination might be
lessened and costs reduced by using a salt/sand mixture with a
minimum salt/sand ratio. Stopping the use of salt is not the entire
answer since a residuval of salt will remain in the soil and cause
contamination until it is leached out of the soil after a period of years.

Burlington is not the only community that has evidenced chloride
buildup in its well supplies from highway runocff. Other communities
in the Northeast have also been affected. With the ever-increasing
network of highways with the associated use of salt for ice control,
salt contamination of ground and surface supplies may become a very
serious problem of the future {f proper controls and precautionary
measures are not taken.

Fall River, Massachusetts

During the month of August, 1970, a widespread contamination of
the water in the distribution system of the Fall River water supply
was experienced. Coliform counts as high as 204 per 100 ml of sample,
were found in finished water samples. Boil water notices were issued
to the 100,000 inhabitants of Fall River as a result.

The problem was alleviated by building up the chlorine residual
in the distribution system. As a result of this corrective action,
boil water orders were lifted on August 27, 1970, after having been
in effect for a one week period. The source of the contamination
was not clearly evident. Since the treatment for Fail River consists
of simple chlorination, a heavier than usual contamination in the

major surface source may have overwhelmed the effectiveness of the
chlorination process.




One thing is clear. Contaminated water is not just limited to
small rural water supplies like those in Vermont. Large metropolitan
areas can also encounter problems with the quality of their finished
product.

Long Island, New York

The water for the communities on Long Island is derived exclusively
from a ground water acquifer which underlies the entire island. 1In
general, the quality of the water is good and the quantity is adequate.
Presently most of the island is unsewered so that disposal of domestic
wastes is accomplished by individual disposal systems such as septic
tanks and cesspools. This has resulted in an increase in the nitrate
concentrations of the ground water, espccially in the central area of
the island. Some water supplies have found their entire well fields
with nitrate levels exceeding the State and Public Health Service
Drinking Water Standards. Past practicc has been a blending of the
high nitrate water with a low nitrate water to obtain an acceptable
water. When entire wellfields have this high nitrate problem, this
solution is no longer feasible.

Same water companies are now considering the use of zeolite
exchangers to bring the nitrate level down; however, these exchangers
have &« high initial cost and are expensive to operate. Until associated
problems such as the disposal of the brine fram regeneration are solved,
their use will be delayed. Here, as in Vermont, there is more than
adequate water for damestic water supply, but the quality limits the use
of this water.

In Suffolk County there has been a record of problems with deter-

gent pollution of ground water. The possibility of this pollution
increasing because of the disposal of househoid sewage through
oftentimes inefficient individual disposal systems has created questions
in the minds of the Suffolk County health authorities. As a result

of this concern, in the latter part of 1970, the county legislature
passed an ordinance outlawing the sale of certain detergents throughout
the country. This will be a difficult regulation to enforce, but again
a needed one to help maintain the good jquality of the groundwater

of Suffolk County.

New York City, New York

New York City's water sources are made up of a number of fairly
isolated upland surface reservoirs which in the past have required
only chlorination in order to produce a potable water. These reservoirs
resulted fram very farsighted planning in the early 1900's. However,
in this day and age the population explosion and encroaching suburbia
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have made the task of identifying new reservoir sites for New York
City's water supply very difficult.

Indications now point toward the use of the Hudson River as a
source of water for the metropolitan area in the not-too-distant future.
This use will require at least complete conventional treatment which
will add significantly to the cost of water for the consumer. The
quality of the Hudson River is such that conventional treatment would
probably be sufficient unless it is found that the exotic chemical
levels, either organic or inorganic, exceed the New York State Drink-
ing Water Standards. The added possibility of a spill from a tanker
or the release of a slug of hazardous chemicels from an upstream
industry camplicate this problem. This problem of varying water
quality in the raw water source is going to increase in importance as
more metropolitan areas furn for their water sourece to nearby rivers
which support a high degree of upstream industrial usage.

Northern New Jersey

Studies have shown that certain areas of northern New Jersey
will have severe water shortages before the next century begins. This
is due to the rapid urbanization of this area by the people who commute
to work in the Newark or New York City area. Heavy industrialization
and ferming of the area also add to this high demand for water.

There are also problems of the present. One of these is the
deterioration of the water quality in existing surface water supply
reservoirs serving the large cities of northern New Jersey. Several
of these cities are served by surface supplies on which the only
treatment provided is chlorination. Expanding subdivisions in the
upstream watersheds of these reservoirs have caused a deterioration
in the water quality to the point where complete conventional treat-
ment is required in order to produce an aesthetically acceptible
finished produet. However, the cost for providing filtration for
this water will put a very serious strain on the already overburdened
budgets of the cities involved.

Southern New Jersey

Southern New Jersey, on the other hand, is primarily served by
ground water. Although there is an adequate supply of groundwater,
the quality of some of the water is less than desirable. This ground
water oftentimes has excessive quantities of iron and manganese
which gives the water a brownish tinge and causes staining of bathroom
fixtures. Clothes washed with chlorine bleach in this type of water
usually come out stained.

Iron and manganese in the water is an aesthetic problem rather
than a health hazard. Treatment of this water high in iron or manganese
usually consists of some type of aeration or coagulation and then
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filtration. For the smaller water companies with a wellfield, the cost
for installing and operating this type of treatment is many times pro-
hibitive. This leaves the consumer with choice of using the rather
unaesthetic public water or resorting to the use of a backyard dug

well which, although appearing clearer, may have bacterial contamination.

Philadelphia, Pennsylvania

The water supply of the City of Philadelphia is derived from the
Delaware River and the Schuylkill River. These rivers have low water
quality because of discharges of municipal and industrial wastes in
the upstream reaches; however, this water company is able to produce a
safe drinking water by a rather sophisticated conventional water treat-
ment process. This system is an example of a large metropolitan area which
has already gone to nearby large rivers and provided extensive treat-
ment to produce drinking water.

Although Philadlphia's water supply meets the 1962 U. S. Public
Health Service Drinking Water Standards and is not considered to be a
problem area, the water produces by this conventional treatment is not
as palatable as water from higher quality sources which require lesser
treatment. This can lead people to the use of bottled water for
drinking purposes which, in itself, is not necessarily undesirable
although the use of bottled water is a very expensive way to get drink-
ing water. This is an area where research may be needed to find a way
to produce a more palatable water when extensive treatment is involved.
Since this use of water sources requiring more complex treatment will
be much more prevalent in the future, it would seem like this is an
area of research that is needed.

Pennsylvania

A special sort of pollution problem is encountered in the coal
mining areas of Pennsylvania which can directly affect water supplies.
This problem is the contamination of raw water sources by acid mine
drainage. Surface water supplies whose sources are contaminated with
mine acids usually exhibit high levels of iron in the water and a low
pH which tends to make the water aggressive. This aggressive or
corrosive water has a tendency to deteriorate metals in the distribution
or domestic plumbing systems. High contents of phenols are oftentimes
associated with aggressive waters caused by acid mine contamination.
An example of a community in this situation is Altoona, Pennsylvania.
One of Altoona's three water sources comes from a surface supply that
is contaminated with mine acids. Since Altoona's treatment in the
past was only chlorination, problems with high iron concentrations
were encountered in certain parts of the distribution system. A
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State demonstration project involving the construction of a water
treatment plant for this contaminated source was begun in 1969, and
it is hoped that this treatment plant will prove effective enough
to be used as a model for other water supplies in the area that
have this problem of mine acid contamination.

This i{s an area where both specialized waste treatment and water
treatment are needed to gain the maximum utilization of this type
of water for water supply.

Cambridge, Maryland

A different kind of chloride problem has hit a number of wells
in the Cambridge, Maryland, area. This contamination is due to salt
water intrusion, a process where ocean water invades a fresh water
acquifer. This usually results from overpumping an acquifer so
that there is an insufficient fresh water barrier to keep the salt
water out.

This same problem has occurred on Long Island, New York. An
experimental station has been set up in the Bayshore area to inject
tertiary treated wastewater effluent back into the aquifer to
stabilize the interface between the fresh and salt water so that
water supplies confronted with this problem is to blend waters of
lesser salt content with that from the contaminated wells. This
is not, however, a very long-lasting solution; as the population in
these shore areas increases and water demands rise, many overtaxed
wells will become contaminated with salt water. The only answers,
other than abandonment of the wells, seem to be a stabilization of
the interface by ground water injection or possibly the development
of an inexpensive treatment method for the removal of chlorides
from water.

Discussion

The singling out of the various areas discussed in this section
does not imply that these are the only areas with problems. There
are undoubtedly other areas with similar problems and in some isolated
instances, more serious problems. Needless to say, the problems in
the Northeast are indicative of the need for stronger water supply
programs on both the state and federal levels to help the local water
companies solve their problems so that they may continue to provide
the public with the high quality water to which they are accustomed.
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USE OF WATER SUPPLY RESERVOIRS FOR RECREATION

In many basin of the North Atlantic Region, recreation studies,
both for fishing and water contact sports, have indicated unsatis-
fied demand for open bodies of fresh water. This unsatisfied demand
will probably increase with the public's sentiment being against the
construction of new large dams on rivers and streams. This opposition
to the construction of large dams plus the rising cost of land acquis-
ition for dams and surrounding recreation facilities have intensified
the desires of recreation planners to open up many existing water
supply reservoirs to various levels of recreation. In a number of the
basins this procedure would do much to satisfy the demand for open
water for various forms of recreation; however, it is not as simple a
solution as it appears to be.

Waterworks managers a&s a rule are very hesitant to endorse the
use of existing water supply reservoirs for recreation especially when
it is their own reservoir that is under 'discussion. The possibility
of water quality degradation, the possible necessity for additional water
treatment, and the aspect of who controls the recreation area are some
of the issues which must be resolved before a water works afficial can
consider such a proposal.

One area of conflict centers around the large number of surface
water supplies in the Northeast that provide only chlorination as their
main treatment i.e. Boston and New York. These large surface reservoirs
would seem to offer great potential for satisfying a portion of the
demand for open water by recreators. However, in most cases simple
chlorination does not provide sufficient protection for the water
system to allow water-contact recreation on the reservoir. The
recreation interests then counter by saying that in this day of environ-
mental pollution all surface water supplies should receive complete
treetment. (Ome of their feelings is that, even though & watershed is
isolated, it is not isolated from airborne contaminants fram air
pollution or wild animal contamination. On the other hand, many water
supply managers want to keep watershed isolation and/or protection as
long as possible so that they continue to be able to meet the drinking
water standards with just chlorination. They are not too anxious to
incur the tremendous expense of constructing and operating filtration
plants. The water supply managers want to know who will bear this
increased cost for treatment if recreation is allowed on their reser-
voirs.

The following is a list of pros and cons which are usually put
forth when any discussion of the recreational use of water supply
reservoirs takes place: (7T)

Pros

1. Water area for recreational use (particularly in some densely
populated states) is in short supply and great demand.
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cons

Creation of water areas exclusively for recreational purposes
is extremely costly and, except to a limited degree, is
beyond the financial ability of most agencies concerned with
this problem.

Use of reservoirs for both recreation and water supply
appears feasible under appropriate regulations. Such mul-
tiple use contributes substantially to lowered costs of
government services related to these uses.

Agencies in charge of water supplies should not reject the
possibility of recreational use of water supply sources be-
cause of lack of interest,prejudice, or inadequacy of funds
or authority. They should invite the shouldering of this
responsibility by agencies equipped for that purpose.

Since water-based recreation is one of the most satisfying

and healthful forms of recreation, some of the public may be
deprived of the means to recreate if multiple use is not made
of certain existing and future surface water supply reservoirs.

Modern water examination and treatment techniques, together
with medical advances in the diagnosis and cure of epidemic
diseases, have made the traditionally rigorous isolation of
the water supplies much less valid.

Many public water supply systems are open to multiple recrea-
tional use in varying degrees - from fishing only under a per-
mit system to virtual unrestricted use including swimming; a
history of at least 60 years reveals no outbreaks of disease
that can be attributed to those uses of the water supply.

The introduction of game fish such as bass, crappie, blue-
gills, etc. while ridding the reservoir of rough fish such

as carp, suckers, or bullheads can not only provide recreation-
el fishing but also bring about an improvement in raw water
quality.

The fostering of more favorable public opinion toward water
campanies may be realized when reservoirs are opened to recre-
ation.

The pollution load will be greater. It may possibly lead to
eutrophication in raw water sources. Accompanying algal blooms
will make the reservoir unusable if complete treatment is not
practiced.

wWater will be more difficult to treat leading to higher chem-
ical costs for proper taste and odor control.
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3.

7.

10.

11.

12.

13'

14,

’

The additional cost of policing grounds and maintaing the
recreational facilities (shelters, rest rooms, etc.) may be
too much. If the utility assumes the cost, the consumer pays.
If the recreational group assumes part or all of the cost,

the utility compromises control of the reservoir.

The public is entitled to and should have a reservoir that
is not littered or repulsive to the eye.

Public use creates fire hazards for the shore plantings which
are important in minimizing silting of the reservoirs.

The utility may be subject to large claims for accidents
occuring on the grounds and must either carry broard insurance

or chance expensive lawsuits.

Demands, contrary to the best interest of the water supply,
will be made by various groups who wish to increase the

rec reational value of the reservoir. These demands may

include limitations of shore line planting, restrictions on

the use of algicide, or maintainance of a constant water level.

Recreational privileges may bring a demand for cottage sites,
trailer parking, and overnight camping creating more pollution.

There will be an increased potential for vandalism of water
works property and equipment.

Public access to the water source may increase the risk or
pollution or contamination by sabotage.

Harassment of waterworks personnel who are attempting to
enforce rules and regulations will occur.

Drowings may occur in the reservoir creating adverse public
reaction concerning the potability of the drinking water
derived from this reservoir.

In a number of cases, it has been found that even when adequate
sanitary facilities are provided at these reservoirs open to
recreation, they are not utilized by the recreators to the
degree necessary to protect public health.

The opening of a water supply reservoir to recreation can bring
about a secondary reaction in that land in the surrounding area
will immediately become attractive to real estate developers
intent on establishing summer and vacation home developments that
would rely on the reservoir for water-based recreation. The
{ntense development of land in the watershed area of a water
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supply reservoir could lead to very serious water quality
degradation of the reservoir itself. This degradation could
lead to the destruction of the reservoir for water-based
recreation and, more importantly, could seriously impair the
water supply's capability to produce potable water from

that source.

PAST STUDIES ON USE OF WATER SUPPLY RESERVOIRS FOR RECREATION (7)

A number of studies have been done to determine the effect of
various forms of recreation on the water quality of water supply
reservoirs. Although definite conclusions were reached in each of the
studies, it would be unwise to try to translate these results into
condemnation or approval for the opening of water supply reservoirs to
recreation. Each reservoir for which recreation is proposed must be
studied individually bringing into account all the variables which could
affect the water supply. However, a review of these past studies may
help to give a clearer picture of some of the difficulties that one
may encounter in the North Atlantic Region.

California Department of Public Health Study

Twelve reservoirs were selected for the study. The reservoirs
selected represented three categories: (1) domestic water supply
reservoirs closed to all recreational activity, (2) domestic water
supply reservoirs open to controlled recreational activities, and (3)
multi-purpose reservoirs open to controlled recreational activities.

Recreational activities at the domestic water supply reservoirs
open to controlled public use included fishing from the shore and from
boats, pleasure boating, picnicking, and some overnight camping. Rec-
reational use of these reservoirs was, according to the report, not
extensive.

General conclusions reached in this study, paraphrased from the
1961 report, included:

1. Under the observed condition of limited patronage, restricted
uses, and supervision provided, the study revealed no serious
degradation of water quality attributable to recreational
activities.

2. At two of the reservoirs studied, laboratory analysis showed
more bacteria in the water where there was more recreational
use, though the increases in bacterial concentrations were
generally not large.
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3. Objectionable practices will occur and trash and fecal matter
may be deposited or washed into the reservoir whenever recrea-
tional activities are permitted.

4. As an additional safeguard against unusual circumstances or
the failure of recreational control measures, treatment facil-
ities for domestic water taken from these reservoirs must be
designed to protect against the worst potential hazard.

Forrest Lake, Missour{ Study

Forrest Lake, an impoundment of 702 acres with a shoreline of
17 miles serves as the raw water source for the water filtration plant
for the city of Kirksville, Missouri (population 13,300). The lake is
surrouneded by Thousand Hills State Park (3,152 acres), and area heavily
used for water-based and land-based recreation. Over 300,000 people
visited the park during the study period described herein. The most
popular recreational activities (in order of preference) were sight-
seeing, picnicking, swimming, fishing, motorboating, camping, and
water skiing. Over 700 boats were licensed to operate on the lake
during the study period.

From June, 1958, to May, 1960, a lake survey was conducted to
assess the possible effect of the recreational use of the watershed
on the bacteriological quality of the lake's waters.

The principael conclusions drawn from this study were:

"l. The high recreational use of the lake and watershed was
not reflected by the bacterial counts at the intake tower.

2. The pollution study of Forrest Lake has been of importance
to the City of Kirksville through better management of
raw waters for the filtration plant.

3. The pollution of Forrest Lake would need to increase con-
siderable before there would be additional costs for fil-
tration and treatment of the waters for the municipal water

supply."

Springfield, Massachusetts Study

In 1965, the effect of suspending fishing privileges on the water
quality of two water supply reservoirs in Springfield, Massachusetts,
was investigated. Ludlow Reservoir has a capacity of 1.8 billion
gallons and a watershed of 20.5 square miles. Reservoir water is
treated by slow sand filtration before delivery to the town of Ludlow
and a local industrial plant. Certain areas of the reservoir had been
opened to bank fishing in 19L8. Approximately 15,000 people fished in
the reservoir each year during the fishing season.
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In October, 1959, following 2 complaint by officials of the town
of Ludlow that the deposition of rubbish and human wastes along the
reservoir's shore were creating unsanitary conditions, the Springfield
Board of Water Commissioners reviewed their policy of permitting bank
fishing at Ludlow Reservoir. The Massachusetts State Department of
Public Health alsc examined this problem and recommended that more
stringent enforcement of the rules and regulations governing reservoir
use be accomplished. The Board concluded that, without large expenditures,
adequate supervision of the fishermen was impossible and voted in
October 1959, "A discontinuance of all fishing" to remedy the unsani-
tary conditions at the reservoir.

Many of the aame problems that occurred at Ludlow also occurred
at other reservoirs in the Springfield supply system where bank fish-
ing was permitted. The largest of these reservoirs, Cobble Mountain,
has & capacity of 2.8 billion gallons, a surface area of 1,13k acres,
and a watershed area of 48.5 square miles. This reservoir, completed
in 1932, was opened to bank fishing in 1950. Objectionable practices
of fishermen forced closure of this reservoir on January 1, 1962.

From their experiences with recreational activities at Spring-
field reservoirs, the authors concluded, "It is our deep conviction
and personal belief that water supply reservoirs should be used for
only water supply purposes at all times."

Hartford, Connecticut Study

Another report published in 1965 describes the experiences of the
Water Bureau of the Hartford Metropolitan District on the recreational
use of its Compensating and West Branch Reservoirs. Currently, neither
function is maintaining legally specified stream flows in the
Farmington River.

One of these, Barkhamstead, is strictly a water supply reservoir.
No recreational activities are allowed on it and trespassing on adjacent
District-owned lands is prohibited. The other reservoir, Compensating,
is used extensively for fishing, boating, and swimming. It serves no
water supply function as previously stated. These reservoirs have similar
watersheds and water from Barkhamstead is frequently discharged into the
Compensating Reservoir. Comparative bacteriological data was used to
show the effect of recreation on the Compensating Reservoir. Barkham-
stead Reservoir, with no recreation, shows a low and fairly consistent
coliform level throughout the year. Conversely, the Compensating
Reservoir, with heavy recreational use, shows a large increase in
coliform level each spring. The author concludes that, if depending
solely on simple chlorination for protection, use of this reservoir
as a wvater supply would be very risky.

Geist Reservoir Study

One of the more recently documented studies to date was reported
in May of 1966. It concerned the Geist Reservoir, a water storage
impoundment owned by the Indianapolis Water Company, and the site of
a 2-year study (1963-1964) of the effects of recreation on water quality.
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The reservoir stores rav water fer one of the water treatment
plants (coagulation, filtration, and disinfection) serving Indianapolis.
Limited recreational use, principally fishing, boating, and picnicking,
1s permitted. Water skiing and s¢imming are prohibited. The most
popular form of recreation practiced on this reservoir is fishing.
During 1964 over 500,000 man-hours were spent on these fishing activities.

The principal conclusions derived from the analysis of the physical,
chemical, and biological data collected during the study were as follows:

1. The fertile drainage area was supplying sufficient nutrients
and growth stimulants to Geist Reservoir for aquatic vegetation
development and that the effects of any nutrient increase result-
ing from currently proposed recreational use or adjacent land
development would be undetectable.

2. The nutrients and growth stimulants supplied from the drainage
area are contributed by agricultural run-off, municipal-
industrial discharges, and non-crop run-off. A reduction of the
agricultural, municipal, and industrial wastes could improve
the water quality of Geist Reservoir.

3. The future development of water-contact sports such a& cwim-
ming would be limited because of inadequate swimming beaches.

L. The natural die-off of bacteria that occurred in Ceist Res-
ervoir indicates that under existing conditions the develop-
ment of large bacterial populations within the reservoir
is remote.

5. Gross mineral analyses indicate an acceptable water qual-
ity for a public water supply.

6. .... the small amount of recreation present on Geist Feser-
voir has a minimum effect on the present water quality."

The Northwest Watershed Project

A study was conducted from December, 196€, through September, 1967,
by the Bureau of Water Hygiene, DHEW, to measure the physical, chem-
ical, and microbiological quality of water flowing from three water-
sheds in the northwestern part of the United States. These watersheds
were those of the Cedar and Green Rivers in Washington and the Clackamas
River in Oregon. The watersheds are similar in environmental factors
such as terrain, elevation, forest cover, and meteoriological con-
ditions but vary in their human use. The Cedar watershed is highly
patrolled, hereafter called well protected; the Green watershed has
some resident population and limited recreational uses; and the Clack-
amas watershed is open for unrestricted access and unlimited recreation.

The objectives of this study were to show the influence on water
quality from the different human population levels on the three water-
sheds and to characterize the quality of water fiowing from a well-
protected watershed.
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The results of this study show that increases in the human pop-
ulation on the Cedar (0.7 man-day/sq.mi. max.); Green (1.4 man-deys/

sq.mi. max.); and Clackamas watersheds (5.7 man-deys/sq.mi. max.)

were insufficient to produce an influence on water quality measurable
by present techniques. The animal pollution of the water was probably,
therefore, the dominant factor contributing to the low fecal coliform
bacterial densities found in the water flowing fraom all parts of the

watersheds.

Discussion

Although the conclusions from these various studies range from

an indication of little or no deterioration in water quality,
based on indicator organism densities, to a moderate rise in indi-
cator organism counts in the high recreational use areas, the pro-
tection afforded by natural dilution, die-off, and disinfection
following complete water treatment would seem to indicate that

safe finished water can be produced from a source in which water-
based recreation is permitted. The same confidence may not exist,
however, if disinfection without pretreatment is practiced.

These studies all suffer from several shortcomings; for
example: (1) no control was included in many of these studies; (. )
most of the studies were done when measurement of total coli-
form density was the only bacteriological pollutional indicator
system available; and (3) the studies were done before adequate
methods for assaying bacterial and viral-pathogen content of
the water were available, with the exception of the Northwest
Watershed Project.

Smnmagz

The six studies summarized in this paper indicate that little
or no deterioration in bacterial water quality occurs at the
water supply intake when recreation is permitted in or around
public water supplies. In those cases where some rise in indica-
tor organism did occur, it was localized within the high
recreational use areas. Even in these cases, the bacterial water
quality at the water supply intake was within the limits that
could be removed by existing water treatment technology. Other
factors, however, will continue to make the decision on whether
to permit recreation on public water supplies a local matter.
Problems of aesthetics, loss of control of utility property,
and concern over a deteriorating trend in water quality, even
though slight, will continue to cause some water supply utilities
to proceed cautiously in opening their reservoirs for recreation.

Conversely, sociological and political pressures, confidence
in dilution, natural die-off, and disinfection will cause other
water utilities to permit recreation in their reservoirs. The
purpose of future research by the Bureau of Water Hygiene will
be to provide additional evidence on the influence of recreation
on water quality, both for the water supply and for the recrea-
tionist, so that any water utility considering opening their
reservoirs to recreational activities will have the best possible
knowledge upon which to base their decision.
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RECREATIONAL USE OF WATER SUPPLY RESERVOIRS IN THE NORTH ATLANTIC REGION

We have now examined some studies which were done to show the
effects of recreational use on water supply reservoirs. Now the
question is: How do these studies apply to the North Atlantic Region?
Probably this question can most simply be answered by saying that there
is no direct relationship. For each reservoir which has potential for
recreation, a close look must be taken at the present conditions of
that reservoir and what the possible effects might be. There is no
general across-the-board statement that can be made on this subject.

One should note that of the studies previously discussed, that the
only ones which occurred in the North Atlantic Region (Hartford and
Springfield) were against the use of water supply reservoirs for
recreation. Again this should not be construed as a pattern thit
should be set :Ur the North Atlantic Region. For example, the

water system for the Portland, Maine area uses Sebago Lake for its
source. Treatment of the water is simple disinfection; however ex-
tensive recreation is practiced on Sebago Lake including water-con-
tact sporte. A number of factors make this multiple-use possible.
The Portland Water District controls the lake within a two mile
redius from its intake (no water contact in this area) and has a
strong surveillance program on the lake to locate pollution from
lakeside camps. The lake itself is blessed with high natural water
quality and hes a high dilution cepacity for any pollution that enters
it. So here is a case where harmony between water supply and recrea-
tional use seems to exist for the present time anyway.

There are three basic elements that must be satisfied when
recreational use of any reservoir is praecticed. These elements that
a recreational ares must have are: 1) adequate recreational develop-
ment or "physical plant" including sanitary facilities; 2) proper
maintenance of the facilities; and 3) sufficient personnel to super-
vise the public using the reservoir for recreation. All of these
conditions must be met or unsatisfactory results will occur. Not
only could the potability of the water supply be affected if these
measures are not taken, but also the health of the recreator within
the recreation area could be jeopardized.

If it can be established that these three objectives can be
met, the next important step would be to attempt to ascertain the
effect of this recreational use on the water quality of the reser-
voir. Since at best this will probably have to be a "best guess"
estimation, the water company should institute a comprehensive water
quality monitoring progrem in various parts of the reservoir to locate
any areas where water quality degradation may be occurring. Since
this could be somewhat of an "after-the-fact" monitoring program,
the water supply must retain the authority to limit or discontinue
recreation on their reservoir if it is felt the potability of the
finished water is being jeopardized. Since the risk of spreading
disease via the public water supply is increased, water supply man-
agement must have the final say as to how the recreation facility is
operated, regardless of who bears the cost for the recreational facil-
ity or for additional water treatment if required.
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INDIVIDUAL WATER SUPPLY

In any discussion of water supply, individual water supply must
share a significant part of this discussfon. Approximately 20 percent
of the nation's population is served by individual water supplies,
either in the form of a barkyard well, spring, cistern, pond, or
stream. Since surveillance and quality control and monitoring is
almost nonexistent with individual water supplies, most public health
authorities favor the connecting of these individually-served house-
holds to municipal or rural systems. Where this is economically
feasible, it certainly i{s most desirable that this be done, but in many
cases, georgraphical location, scattered households, or poor yield of
water sources make the cost o f rural water supply systems prohibitive
so the trends of increasing urbanization and regicnalization of water
supply systems will not eliminate individualy water supplies, and the
concern for the potability of these individual supplies will increase
among health authorities.

This discussion of individual water supplies will deal mainly
with water supply systems serving individual residential homes. In
the North Atlantic Region nearly 15 percent of the people are served
by individual supplies. One of the major problems with irndividual
water supplies is that not enough 1s known about the adequacy of
quantity or quality of the water produced by these supplies. In most
monitor adequately all the public water supplies; consequently health
authorities have had to rely on well drillers to construct safe and
adequate wells and also on the homeowner to maintain these wells in
good condition. This is not enough! In Pennsylvania it is estimated
that there are 300,000 unsafe or potentially unsafe individual water
supplies. A review of bacteriological records of individual water
supplies in Vermont indicated that over 35% of the wells produced
water that was bacteriologically unsafe.

Much information could be gained cancerning the quality of water
from individual supplies if the homeowner would have the water tested
for bacteriological quality. Two states, Maine and Vermont, provide
free laboratory services for individual water supply owners by law. The
state provides the sterile bottle, and the homeowner takes the sample
and sends it by mail to the laboratory for bacteriological analysis.
This system, however, has had drawbacks in both sates as follows:

(1) These individual system samples sometimes tend to overload the
laboratory, especially when public water supplies, which have a higher
priority, must be run, (2) Procedural methods dictate that the sample
should be analyzed within 30 hours after taking the sample. However,
many samples mailed to the laboratories do not reach their destination
within this time frame, (3) This service is strictly volumtary on the
homeowner's part so that many wells, possibly the worst ones, never

get tested, and (4) The major drawback is that when a bad sample is found,
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little followup actién is made other than to notify the homeowmer by
mail that his water is contaminated. There iz insufficient staff to go
out and look for problems with each well exhibiting high coliform ceunts.
Most state and local health agencies for individual water systems.
Consequently, the homeowner must have his water tested at a private
laboratory. The homeowner, after finding the large expense invelved, is
less likely to have the test performed, so that many people drink

water from backyard wells without knowing its quality. They can

judge the quality of the water only on the basis of that it looks amd
tastes good.

Adequate and well-enforced well codes are essential to the cem-
struction of safe supplies; however, many existing wells were dug
before well codes came into existence. Consequently, wells may be
too close to septic tanks, manure piles, or other sources of ground
water contamination. Many wells were not sealed properly so that
surface runoff can go directly into the well.

The magnitude of the problem of contamination of individual water
supplies in the North Atlantic Region is not known at this time. It
is of sufficient cancern in the State of Pennsylvania that the S:tate
Department of Environmental Resources has established a permanent
section within its department to assess and deal with individual states
of the North Atlantic Region. After such studies, if areas commect
these households to existing central water supplies or provide new
rural supplies so that the resulting surveillance and water quality
testing will assure a deliverance of a safe and adequate water supply.
If this is economically unfeasible, steps must be taken by health
authorities to guide the homeowner in protectingand maintaining his
well, reconstruction or relocating the well, or providing seme type
of treatment to solve the problem. If these steps are not pessible,
strong recommendations must be made to the homeowner to boil all
water from his well intended for drinking.

One should not infer from this section that the surveillance of
individual water supplies should take precedence over that of public
water supplies. The fact that a larger number of people can be
affected by unsafe water supplies establishes as the first priority
the necessity for having adequately staffed programs to survey and
assist public water supplies; however, it is also felt that the
total effort should not be in public water supply surveillance alone.
The individual water supply user has been neglected for too lone in

too many states.
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OPERATOR QUALIFICATION

Jne of the major problems confronting the waterworks industry
is the scarcity of qualified water treatment plant operators. This
lack of trained personnel is the result of various factors but two
are prominent: (1) the fairly universal low pay scale of waterworks
employees and (2) the deficiency in extensive training programs for
water treatment plant operators.

The first problem area, the low apy scale, will be overcome
only when the public realizes the tremendous need for qualified per-
sonnel in water supply operations. The provision of potable water is
not an automatic process but rather one resulting from knowledgeable
and careful operation of the water system. The training and experience
of the water treatment plant operator must be used every day to prcduce
the highest quality finished water possible. Since many water supplies
are municipally owned, the pay scale for waterworks employees must
fit into improving the waterworks operational budget has been minimal
resulting in meager increases in the salaries of plant operators.

During 1969, the Bureau of Water Hygiene, Environmental Health
Service of the U. S. Public Health Service, with the cooperation of
State and local health departments and water utilities, conducted a
nationwide Community Water Supply Study (CWSS) in eight geographically
distributed Standard Metropolitan Statistical Area and the State of
Vermont. The study included 969 water supply systems serving about
18.2 million people. One of the findings of this study was that 84
percent of the plant operators received a salary of $7,500 or less while
37 percent received less that $2,000 per year. The individuals in the
latter category were primarily part-time operators.

The American Water Words Association committee report "Water
Utility 3alaries and Wages'" cited low salaries paid by wutilities as
a significant reason for the problem of attracting qualified personnel.
This is especially true in the publicly owned water utilities. The
report points out that, "in many instances water utilities are
being manned by unqualified personnel, simply because their low wage
policy cannot attract or retain qualified and technically trained
people in today's competitive labor market."

The second area of concern involves the need for training
programs for treatment plant operators. Information collected in
the Bureau of Water Hygiene (CWSS) study previously mentioned showed
that basic education level is relatively high. Only 16 percent
failed to finish high school. However, 61 percent reported they
had no water treatment training at the water treatment plant operator
short school level or higher. Training was markedly lakcing in micro-
biology and chemistry. Assuming that on-the-job training is how-to-
do-1t rather than the learning of fundamental why-we-do-it concepts,
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77 percent were deficeint in microbiological training and 72 percent
(overall) in chemistry. Chemistry training responses from facilities
having more than disinfection treatment are more meaningful than
overall figures. Forty-six percent of those operators were deficient
in chemical training. The dangers of this situation is that untrained
personnel are often unaware of the hazards to the consuming public
that might result where water of substandard quality is produced.

There is a wide variation in water supply operator training
programs among the states in the North Atlantic Region. Vermont did
not have any training program for water supply operators at the time
of the CWSS; most of the water supplies of the 216 visited during
the CWSS in 1969 were operated by persons without any formal water
supply training. What training there has been by equipment salesmen
except for one or two communities which have sent someone to a New
England Water Works training course. Recently, however, a pilot
training program for water plant operators was initiated by the
Vermont State Health Department under funding from the U. S. Environ-
mental Protection Agency.

New York State, on the other hand, has a very comprehensive
water supply training program sponsored by the Office of Environmental
Health Manpower of the State Health Department in connection with
their water treatment plant operators certification program. Courses
for Grade II and III licenses are offered at Syracuse University, New
York University, and State University College at Buffalo. A textbook -
Manual of Instruction for Water Treatment Plant Operators - prepared
by the State Health Department provides basic information for all
phases of water supply and treatment. This well-written, easy to
understand manual could form the foundation for basic water supply
courses in any of the states of the North Atlantic Region. There
are a number of county health department training programs set up
to prepare operators for taking their examinations for state licenses.
The New England Water Works Association in cooperation with state
health departments sponsors a training course on basic water treatment.
This course, which covers all aspects of water supply, is usually
given in two hour night sessions, once a week for about 10 weeks.
If there is sufficient interest in this course, it is hoped that it
can be given semi-annually in various parts of New England. There
is also some indication of expaznding this program to include courses
on advanced water, laboratory techniques, etc..

One way of promoting increased training activity would be for all
the states within the North Atlantic Region to enact legislation
establishing a water treatment plant operator certification program,
either mandatory or voluntary. New Jersey was the first state in the
country to adopt mandatory certification of water plant operators in 1919.
An Advisory Committee on Operator Training and Certification consisting
of representatives of state, educational, and professional organizations
was establised to provide basic and advanced courses for the training of
operators. New York State has had a mandatory certification program
since 1937 which, in part, explains the degree to which their training
programs have developed. Table V-3 provides information on the status
of state certification programs.
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TABLE V-3
Status of Certification Programs for Water Treatment
Plant Operators for States in the North Atlantic Region

Required Voluntary None
Connecticut X
Delaware X
District of Columbia X
Maine X
Maryland X
Massachusetts X
New Hampshire X
New Jersey X
New York X
Pennsylvania X
Rhode Island
Vermont X X
Virginia X
West Virginia X
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RESEARCH NEEDS

There are many sreas in the water supply field that could greatly
benefit from further research. This section will not attempt to dis-
cuss all of these needs but rather to propose areas concerned with
the health aspects of municipal drinking water supply.

One of the more notable problems in the water supply field is the
identification and characterization of potentially toxic organic and
inorganic agents that may be found in wyater. To date the acute toxici-
ty of most of the agents that may be discharged in water is known,
but there is & paucity of information on the chronic effects of man's
exposure to small quanities for long periods of time. Modern analyti-
cal instrumentation has provided the opportunity for the development
of sensitive. precise, and specific assay methods for extremely small
quantities of organic and inorgenic compounds in water. However, there
is the need for development of adequate methods for the recovery of
organics from water and a scheme to partition these into identifiable
groups so that quantification of the public health implication of
these materials micht be obtained. Acute toxicity, and in some cases
chronic effects, can be determined by currently available assay 'ethods
which, however, are often cumbersome and involved. Rapld screening
tests are needed.

Avenues of investigation for solution of these problems would in-
clude the development of instrumentation and methodology for the
recovery, concentrations, partitioning, identification, and gquantifi-
cation of potential acute or chronic organic and inorganic agents in
water supplies. Also development of chemical and bioassay methods
to determine the toxicity of these agents 1s a necessity. These
achivements would allow for the development of processes for the re-
moval of these agents from water that is to be rendered potable.

Another area for investigation involves the examination of water
reuse treatment processes to assure that they are reliable and effective
in producing potable water that is safe for human consumption. Compon-
ents of such a project would include the development of water quality
criteria for the safe reuse of waste water as a potable water source,
development of water treatment processes to remove the health-related
contaminants from waste water and the development of control and mon-
itoring systems to assure the continued safety of treated reused water.

A third area of concern involves the determination of the signif-
icance of man's contact with water as a source of viral diseases.
Presently methodology for the recovery and identification of virus in
water hes imuroved. However, there is insufficient evidence necessary
for an anderstanding of the role of water as a source of viral dis-
eases in man. Therefore a project that would investigate the fate and
survival of virus in water, the extent to which currently used bacterial
indicator organisms reveal potentially hazardous occurrences of virus
in water and the effectiveness of water treatment methods in removal or
destruction of virus is especially needed.
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STATE WATER SUPPLY PROGRAMS

One of the primary purposes of a water supply program in a state
health or natural resources department is the surveillance of public
water supplies. This surveillance should include inspection of water
supplies and water quality monitoring to insure that the wat~~
delivered to the consumer is potable. Herein lies one of the main
problems with laboratory support to provide adequate coverage of both
the public and private water supplies.

Water supplies which should be visited once a year sometimes go
uninspected for as long as a 10-year period. Many of the state water
supply programs are able to work only with those water supplies that
have emergency situations. Routine surveillance and technical
assistance to help the water supplies prevent problems before they
occur is oftentimes neglected because of lack of staffing in the
state program and the need to deal with the emergency situations that
come up.

Some state agencies do not have a separate, clearly identifiable
program for water supply. Some water supply programs exist in divisions
where the engineers work in other areas such as solid wastes management,
air pollution control, food establishment licensing programs, etc.
besides in the area of water supply. This does not lend itself to
efficiency of operation in that this sort of arrangement encourages
the situation where only the surveillance of water supplies with
emergency conditions is practiced.

The emphasis on water pollution control has much of the manpower
and budget away from water supply protection programs. This
has resulted especially with health departments where water supply
and pollution control were previously in one program but are now
separated in order to focus attention and action on the very important
pollution control aspects. The fact that the water supply programs
have done an excellent job in lowering the death and sickness rate
associated with water supplies over the years is not sufficient reason
to diminish the importance of water supply programs. The increasing
amounts of exotic chemicals and pesticides in our waters and the need
for improved water treatment methods, better surveillance, and more
intensive water quality monitoring are but a few reasons why our
water supply programs should be strengthened, not weakened, in order
to carry out their mission of assuring safe and potable water to all
of the people.




FEDERAL WATER SUPPLY PROGRAM

The Bureau of Water Hyglene, Envirommental Protection Agency,
is the Federal agency whose program goal is to promote the safety
and good quality of community water supply systems and indiwidual
home supplies as well as water used for shellfish production, recrea-
tion and other healthful purposes.

Legal suthority for the activities of the Bureau of Water Hygiene
are contained in Sections 301, 311, and 361 of the PHS Act, as amended.
The legislation authorized the Department of Health, Education, and
Welfare to conduct research and studies relating to the cause, control
and prevention of diseases of man, including water purification and
pollution of lakes and streams. Reorganization Plan #3 of 1970
transferred the Bureau and all its functions from the Department of
Health, Education, and Welfare to the Environmental Protection Agency.

The Bureeu participates in the prevention of interestate disease
transmission by certifying the safety of water supplies servin: inter-
state carriers (planes, trains, and buses). It should be noted that
these 660 plus water supplies also serve an estimated 32 millicn
residents of the communities in which these supplies are locat«d.

The Bureau of Water Hygiene 1s concerned with water resources
development because of its activities promoting the health interests
of the public in the development of water and related land uses. It
also provides technical consultation to various Federal agencies
and the review of specific project plans in areas related to water
resources development.

The Bureau is attempting to provide an effective basic and applied
research program on health effects of chemical and biological agents
found in water and deweloping effective means for their treatment.

The finding of this research will enable the Bureau to up-date the
1962 U.S. Public Health Service's Drinking Water Standards. Also the
Bureau is carryingout, cooperatively with the States, the provisions
of the Interstate Quarantine Regulations with regard to interstate
carrier water supplies and conducting joint surveys with the various
State health departments on the quality of community water supplies.
In addition the Bureau is providing specialized technical services
including training assistance on a request basis to States regarding
public drinking water supplies. With regard to water resources, the
Bureau is advancing and implementing the public health and water supply
aspects of water resources. This includes the provision of Health
Aspects of Water Resources appendices for the various framework and
river basin studies alorngwlth Municipal and Industrial Water Use
appendices for many of these studies. The Buresu aleo reviews the
Type 3 projects and environmental impact statements prepared by indi-

vidual agencies for health aspects considerations. This is important
as projects having health protection factors incorporated in then
from the beginning, will have obvious beneficial effects over the
long term snd reduce the need for expensive remedi measures whicl

might be required at a later time.
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FEDERAL ASSISTANCE FOR WATER SYSTEMS

Federal assistance for municipal water treatment plants and
distribution systems is available, primarily, through the Farmers
Home Administration (FHA), Department of Agriculture and the Communi-
ty Resources Development Administration, Department of Housing and
Urbsn Development. The Economic Development Administration, Depart-
ment of Commerce also provides grants but such funds are primarily
directed toward industrial service and water supply, and only indirect¥
contribute to domestic water supply.

The Farmers Home Administration is engaged in providing financial
assistance along with technical guidance to rural communities for the
development of community water supplies. At present the FHA makes
grants to States, regional authorities, and counties for the prepara-
tion of comprehensive area water functional plans. It also makes
grants %0 organizations of rural residents such as municipalities,
authorities, districts, and non-profit corporations for the installa-
tion of comrunity water facilities., FHA grants for installation of
water facilities are made only to communities which are unable to
finance their facilities through conventional sources and limited to
communities with a population under 5,500,

The Department of Housing and Urban De;glopment program provides
grants to construct community water facilities that are basic to
orderly areawide community growth and development. Grants cover up
to 50 percent of land and construction costs for new water facilities.

The projects assisted must  be in conformance with the applicable
State and Regional/Metropolitan heelth plans. Grants are limited to
publicly owned systems serving 5,500 or more people.

The primary mission of the Economic Development Administration,
Department of Commerce, is to alleviate economic distress in designated
areas of the nation through job creation and the raising of income lev-
els. This is done through a package of grant and loan programs, and
often include involvement in the development of municipal water sup-
plies, largely in rural areas of the nation. The program provides
grants up to 50 percent of the development cost of such facilities.
Severely depressed areas that cannot match Federal funds may receive
supplementary grants to bring the Federal contribution up to 80
percent of the project cost.

These programs were all designed with an excellent mission - that
of upgrading today's water supply systems; however, these programs
have not been provided with sufficient budgets to meet the demand so
that the burden for paying for improved treatment or an expanded
system usually falls on the water consumer. These inadequately funded
financial assistance programs may be self-defeating in that communities
may have a tendency to wait on needed construction in the hopes of
obtaining Federal funding rather than proceeding at their own expense.
This could create problems in the future {f the Federal funding does

not materialize.
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FLUORIDATION

Fluoridation is the deliberate adjustment of the fluoride content
of public water supplies to a level of approximately one part per
miliion of fluoride for the purpose of reducing tooth decay. Some
10 million Americans have a naturally fluoridated water supply, and
in the past twenty-five years over 4,000 communities have adjusted
the fluoride content of their water.

Size and Nature of Problem

Tooth decay attacks 95% of the U. S. population, and it results in
over four million days of restricted activity per year. More than
half of the time of the 90,000 active non-Federal dentists is devoted
to treatment of dental caries at a cost of more than two billion
dollars annually. Yet, the current backlog of dental traeatment needs
overwhelms the present and foresceable supply of dentists and
auxiliaries.

Prevention of dental caries through fluoridation of water supplies
is the most direct way of attacking this growing problem. Twenty-five
years of experience shows fluoridation to be safe and capable of
reducing the incidence of dental caries as much as 65 percent. It is
the most effective and least expensive action available to decrease
the dental caries problem, and its effectiveness as a caries preven-
tive is not dependent on the economic means, knowledge, or motivation
of the individual, or on the availability of dentists.

While eighty-eight million people drink fluoridated water, more
than seventy million people, served by 12,000 water systems, do not.
The cost of supplementing water supplies with fluoride is low on a
per capita basis, but small communities, particularly, often find
the cost beyond their means. As evidence of this problem, only
one-half of the communities having populations between 10 and 25
thousand persons have controlled fluoridation, and the proportion
of fluoridation communities decreases to the point that only
one-fourth of the communities of 2,500 to 4,999 population and
one-sixth of those with 1,000 to 2,499 population are benefiting
from fluorfdation.

In a recent survey, State Dental Directors, indicated that,
although the cost to fluoridate {8 minimal, cost is significant
impediment to the adoption of fluoridation particularly in small
communities. Dental health, especially the prevention of dental
disease, receives low priority in competition with other needed
services when public budgets are developed.

Coupled with the cost of initiating fluoridation, a small but
active and vocal group of antifluoridationists have deterred the
progress of fluoridation. They have argued against fluoridation on the
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basis of safety, effectiveness, religion and civil liberties. Every

national health organization in the United States that speaks with

authority on the benefits and safety of fluoridation has adopted

policies favorable to the measure, Study after study in this 1
country and abroad have demonstrated its effectiveness beyond

question in the scientific community. Fluoridation is not mass treat-

ment of disease, but is a method for adjusting the fluoride level in

fluoride-deficient water up to the level that will permit the normal

development of tooth enamel. And finally, the courts repeatedly have

ruled that fluoridation is not a violation of individual civil liberties.

All arguments to the contrary, the incidence of dental caries can
be reduced by as much as 65 percent in complete safety through the
adjustment of fluoride-deficient water supplies with concomitant
reductions in the costs of dental services. Specifically, comprehensive
dental service costs for children reared on fluoride-bearing water #
can be reduced by more than half. 1In addition to the cost savings,
treatment time can be reduced one-third. Through such savings, dental
manpower can provide more comprehensive dental services to persons
of all ages.

Cost/Benefits

In a recent study, the New York State Department of Health
compared the time and cost factors involved in providing regular,
periodic dental care to five and sic year-old children in two cities:
Newburgh, fluoridated since 1945, and Kingston, not fluoridated. The
children were selected on the basis of residence in the poorest
socio-economic areas of each city. In fluoridated Newburgh, the group
was further limited to children who had resided in the city
continuously from birth. During the first year, treatment of the
backlog of accumulated dental neglect was completed in both cities.

Newburg children required on the average less than half as
many dental services as did the Kingston children, and further, more
than twice as many children in the fluoridated city, Newburgh, needed
no dental treatment at all.

The children in the nonfluoridated city needed many more two-
surface fillings and many more extractions than the children in the
fluoridated city. As a result, there was a savings in the fluoridated
city of one-third the time needed to provide dental care for children.

The cost difference were dramatic. Data from the study indicates
that the cost of providing incremental dental care for five-year-old
children in Kingston fro a five-year period was $101.22 per child
while it was $48.50 in Newburgh. The cost of fluoridation in Newburgh
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for this five-year period was approximately $30,000, but the

savings in dental care cost for just the five-year-old cohort of
children was over $35,000. Thus, the savings in just this one cohort
was greater than the cost of providing the benefits of fluoridation
to the total community.

Nationwide estimates of the savings that would accrue from
fluoridation cannot be made with precision. However, a conservative¥*
estimate of the relative return on each dollar expended for fluori-
dation can be made by generalizing from data on national dental caries
experience, costs of treatment services, benefits known to be
derived fluoridation, and per capita costs of fluoridation. The
estimate assumes that:

Each child by age 15 has 12 decayed teeth in an unfluoridated
community.

Cost of restorative services at $12 per tooth equals $144.

Fluoridation reduces caries by 60%. Therefore, treatment
for dental caries would cost only $58 over 15 years or
A SAVINGS OF $86 PER CHILD.

Cost of fluoridation per capita for 15 years, based on a cost
of 16 cents per capita per year equals $2.40.

Therefore, on this basis SAVINGS IN CHILDREN'S TREATMENT COSTS
FOR DENTAL CARIES WOULD BE $36 FOR EVERY $1 EXPENDED, A RATIO OF 36:1.

Current Response and Existing Programs

The primary Federal responsibility for promoting community water
fluoridation rests with the Division of Dental Health of NIH-DHEW.
Their efforts are limited to consultation and technical assistance to
States and communities wishing to organize for fluoridation promotion.
This effort is estimated at less than $200,000 per year. The Division
of Water Hygiene of the Environmental Protection Agency provides
limited training and technical assistance for water suppliers. Some
promotional activities are canducted also by the Department of
Agriculture Extension Service.

Since 1965, seven States, two of which are in the North Atlantic
Region, have enacted laws requireing community water fluoridation.
Connecticut tn 1965 was the first state to pass a fluoridation act. The
act states that a public water supply serving 20,000 or more people
with a fluoride level less than 0.8 ppm fluoride must add sufficient

* The estimate does not take into account the benefits to primary
teeth, the benefits derived throughout life after age 15, or
reduced need for certain diagnostic services, e.g. X-rays.




fluoride to maintain a level between 0.8 and 1.2 ppm fluoride. The
Delaware law which was passed in 1968 delegates the responsibility of
requiring and regulating fluoridation of all public water supplies

to the State Board of Health.

The following table gives the percentage of population on public
water supplies served with fluoridated water as well as the percentage
of total population served with fluoridated water for each state in
the North Atlantic Region as of December 31, 1969. Total state figures
are used instead of the portions of the state within the Region.

Percent of Population Served with Natural and
Controlled Fluoridated Water, December 31, 1969

State 1* 2%* KLt
Connecticut 3,020,000 90.4 72.2
Delaware 529,000 54.1 40.0
District of Columbia 792,986 100.0 100.0
Maine 976,000 49 .4 29.6
Maryland 3,770,000 97.7 76.3
Massachusetts 5,450,000 10.0 9.3
New Hampshire 727,000 13.4 8.8
New Jersey 7,170,000 14.5 12.7
New York 18,470,000 75.1 65.8
Pennsylvania 11,760,000 49.0 39.4
Rhode Island 910,000 89.8 80.3
Vermont 446,000 45.1 26.3
Virginia 4,700,000 93.2 59.6
West Virginia 1,825,000 80.9 50.0
Entire United States 205,800,000 55.9 43.0

*]1 Estimated Total Population

**2 Percentage of Population on Public Water Supplies
Served with Fluoridated Water

*%x*3 Percentage of Total Population Served with Fluoridated Water




V. VECTOR CONTROL

INTRODUCTION

Vector is here defined as an insect or other arthropod thet directly
or indirectly transmits a disease agent to man or causes annoyance

or irritation. Such a broad use of the term vector is in accordance
with the World Health Organization's definition of health -- "a state
of complete physical, mental, and social well-being and not merely
the absence of disease or infirmity."

This report has been prepared to summarize information on: (1) the
present status of vector problems in the North Atlantic Region;
(2) the status of vector control programs; (3) existing vector
control needs; (4) future needs; and (5) a proposed plan to meet
Region needs.

Mosquitoes are the vectors of primary concern and therefore receive
ma jor consideration in this report. Other types of biting and
pestiferous insect* problems are considered because of their public
health importance in localized areas of the Region.

PRESENT STATUS OF VECTOR PROBLEMS

Vector-borne diseases that are a problem in the North Atlantic Region
or are potentially important include: malaria, viral encephalitis,
and Rocky Mountain spotted fever.

The following groups of insects are of public health importance because
they cause serious annoyance and discomfort to the resident and transient
population in many areas and are a major deterrent to full development
and use of the recreational features in many parts of the Region:
salt-marsh mosquitoes, fresh-water mosquitoes, black flies, horse flies
and deer flies, biting and non-biting midges, ear-invading beetles, and
tleks.

Vector-Borne Diseases

Malaria Historically, malaria was considered to be an endemic
disease in the southern portion of the Region. However, for a number
of years this disease has been virtually eradicated from the United
States. Even though Anopheles quadrimaculatus (common malaria mosquito)

*The term insect as used here includes ticks.
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breeds in impounded waters in the Region, it is concluded that malaria
constitutes only a minor public health threat in the area. The
prinicpal threat is associated with introduced cases of malaria, {.e.,
acquired by mosquito transmission from imported cases, such as military
personnel from Vietnam.

Viral Encephalitis Viral encephalitis ('"sleeping sickness") is
potentially the most important mosquite-borne disease in the North
Atlantic Region. It ic a serious disease because it has a high epidemic
potential, there is no specific treatment, and the disease may damage
the brain permanently.

The four principal types of mosquito-borne encephalitis in the United
States are Eastern (EE), Western (WE), St. Louis (SLE), and
California (CE).

Present knowledge concerning the natural history of the encephalitis
viruses indicates that there are two basic groups -- bird reservoir

(EE, EW, SLE) nad rodent-rabbit reservoir (CE). Normally, the infection
chain is limited to birds and small mammals and mosquitoes. Under
certain conditions tte virus spills over to horses and humans.

Two types of the viruses have caused outbreaks of disease in the Region,
viz, Eastern encephalitis and St. Louis encephalitis. There have been
no reported human or equine cases of California encephalitis--one in
Rockland County, New York in 1966 and in 1970, three cases in
Pennsylvania in the counties of Lawrence, Erie, and Clearfield.

Eastern encephalitis Outbreaks of Eastern encephalitis in the
Region have involved humans, horses, and birds including captive
ring-necked pheasants and chukar partridges, feral pigeons, and domestic
ducklings.

Human cases of Eastern encephalitis occur rather infrequently, the total
number reported for the United States for the period of record 1938-68
being 161 cases; but 103 of these cases have been reported from four
states of the Region -- Massachusetts 50, New Jersey 46, Maryland 6,

and Delaware 1.




A summarization of the reported human cases of Eastern encephalitis
by State and year is as follows:

Massachusetts Maryland New Jersey Delaware
1938 3k 1956 2 1959 32 1956 1
1955 L 1950 1 1965 i
1956 12 1960 2 1967 i

1965 1 1968 12

It should be stressed that the importance of Eastern encephalitis

is not that of numbers per se but rather it lies in hysteria or panic
which frequently accompanies the unpredictable outbreak, especially
when children are involved.

Notable outbreaks of Eastern encephalitis occurred in Massachusetts

in 1938 and in New Jersey in 1959. 1In 1938 it was learned for the
first time that humans, especially children, are susceptible to the
virus of Eastern encephalitis. Thirty-four cases were identified

in southeastern Massachusetts (Fig. V-2) of which 75 percent terminated
fatally. Of the nine survivors, at least six showed signs of
permanent brain damage.
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DISTRIBUTION OF EASTERN ENCEPHALITIS
IN MAN IN MASSACHUSETTS, 1938

@ Single case
A Three cases

Source:

Getting, V.A.: Equine Encephalomyelitis in
Massachusetts. An Analysis of the 1938 Outbreak,
a Follow~up of Cases, and a Report of a Mosquito
Survey. New Eng. J. Med. 224(24): 1001, 1941.

FIGURE V-2
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New Jersey experienced its first human outbreak of Eastern encephalitis
in August-October 1959. This epidemic, with 32 reported cases and

22 fatalities, constituted the second greatest recorded epidemic in
the United States. The human cases and deaths were reported from

five counties in the southern half of the State (Fig. V-8). The patients
lived in rural wooded areas adjacent to both salt marshec and fresh-
water swamps inland from the Atlantic coast where mosquito populations
were high during the summer months. The 1959 outbreak had far-reaching
economic and social effects, particularly on the resort business. It
was estimated that hotels in Atlantic City alone suffered a $2 million
loss.

New Jersey's most recent episode of Eastern encephalitis was in 1968,

when 12 human cases with six deaths were reported. The cases occurred
in six southern counties and were concentrated along the coast within

10 miles of salt-marsh and fresh-water mosquito breeding sources.

Recent studies on the vectors of Eastern encephalitis have implicated
the bog or swamp mosquito, Culiseta melanura, as the primary vector for
maintaining the basic chain in nature (bird-mosguito-bird), and the
salt-marsh mosquito, Aedes sollicitans, as the principal transmitter

of the virus to humans.

St. Louis encephalitis. An outbreak of St. Louis encephalitis
in the Delaware Valley in 1964 constituted the first report of this
disease for the Northeastern States. During August-October, a total
of 117 cases were reported, 97 in New Jersey and 20 in the Philadelphia
metropolitan area. Eleven patients died. The involved area was
centered in Camden County (Fig V-4). The epidemic was attributed to
three chief factors -- an excessive buildup of Culex pipiens (northern
house mosquito) due to sewage pollution in several creeks and stresms
of the area; heavy spring rains followed by hot dry weather; and the
lack of a balanced program of preventive mosquito control.
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Rocky Mountain Spotted Fever. The principal focus of Rocky
Mountain spotted fever in the United States at present is the
southern portion of the Region. This disease has been reported
from areas where the Americen dog tick (Dermacentor !griabilis)
is common, particularly the eestern Piedmont section of Virginia,
the Baltimore area of Maryland, southeastern Pennsylvania, southern
and central New Jersey, and Long Island, New York. Data on
reported cases for the 5-year period 1963-67 are shown in table
V- 4 and Figure V-§. 1In the East, the incidence of the disease has
been highest among vacationists and picknickers, particularly
among children.

Vector-Annoyance Problems

Salt-Marsh Mosquitoes. The most formidable biting insects
in coastal tidewater areas of the North Atlantic Region are the
so-called salt-marsh mosquitoes, particularly Aedes sollicitans.
Other important salt-marsh or brackish-water species include
Aedes cantator and Culex salinarius (also breeds in fresh water).

At times A. sollicitans (the "Jersey Mosquito") occurs in such
overwhelming numbers that outdoor activities during the day or night
are practically impossible. The bites of these mosquitoes result

in numerous cases of secondary infection in children. Furthermore,
scourges of salt-marsh mosquitoes are an impediment to industrial
and recreational developments along the coast. Invasions of these
mosquitoes are generally an aftermath of unusually high tides and
heavy rains that inundate the higher marsh areas that normally sare
not subjected to daily tides.

Another important habitat is standing water in cracks of hydraulic
fills. This problem has been experienced recently in Cecil County,
Maryland, in connection with Corps of Engineers' dredging activities
of the Chesapeake and Delaware Canal.

Two factors are particularly significant in considering the salt
mersh mosquito problem: viz, the extent of the total breeding areas
is tremendous (especially after periods of prolonged droughts) and
the flight range of these mosquitoes is exceptionally great. Salt-
marsh mosquitoes commonly fly 10 miles and under certein wind
conditions frequently migrate 20 miles or more.
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HUMAN CASES OF ROCKY MOUNTAIN SPOTTED FEVER BY STATE AND YEAR

TABLE V-4

State 1963 1964 1965 1966 1967 qecale
Maine 0 0 0 0 0] 0
New Hampshire 0 0 0 0 0 0
Vermont 0 0 0 0 0 0]
Massachusetts 0 2 0 g 3 6
Rhode Island 0 0 0 0 0 (0]
Connecticut 0 0 0 Z 0 2'
New York 2 - 9 1k 9 36
New Jersey 1 16 17 13 0 L7
Pennsylvania 6 15 27 20 8 76
Delaware 0 2 1 2 0 5
Maryland 10 18 el 25 21 95
District of Columbia 2 3 1 0 0 6
West Virginia 2 (0} 0 o 0 2
Virginia 35 33 Lo 28 28 164
Total 58 91 116 105 69 439
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FIGURE V-5

COUNTIES OR INDEPENDENT CITIES REPORTING ONE OR
MORE HUMAN CASES OF Rocky MOUNTAIN SPOTTED FEVER

1967

DURING A 5 —YEAR PERIOD 1963 -
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Fresh-Water Mosquitoes. These mosquitoes may be classified
ecologically into four groups: early-spring, woodland-pool Aedes;
summer floodwater; domestic or house; and aguatic plant.

Early-spring, woodland-pool Aedes species. Mosquitoes of
this group (Aedes abserratus, A. canadensis, A. cinereus, A. communis,
A. excruciens, A. fitchii, A. intrudens, A. punctor, end A. stimulans)
are typically forest species, and many of them develop in melting snow
pools in the spring of the year. These woodland-pocl breeding
species constitute the major mosquito ennoyance problem in many areas
of the New England States. A. canadensis is common throughout the

Region.

Floodwater mosquitoes. Aedes vexens is especially troublesome
thrcughout the Region because of its general abundance, 1ts aggressive
biting haebits during the day and night, its attraction to lights in
urban areas, and its long flight range of from 5 to 10 miles. Floodwater
mosquitoes are so-called because they breed frequently in overflow
areass along streams and rivers.

Domestic mosquitoes. Culex pipiens (northern house mosquito)
is widely distributed throughout the Region, particularly in urben
areas. This mosquito breeds profusely in polluted water areas,
including both organic (sewage) and inorganic meterials, such as
effluent from industriel plants. Other significant sources are
street catch basins and clogged drainage ditches. Because of the
high industrialization and high urbanization in many areas of the
Region, the C. pipiens problem is increasing each year. This non-
aggressive mosquito is annoying principally indoors after dark.

Aquatic plant mosquitoes. Mansonia perturbans occurs throughout
the Region, but in localized situations. This is correlated with
the restriction of its breeding to water areas containing heavy
emergent vegetation, such as cattail rooted in soft silt. The larvae
and pupae of Mansonia mosquitoes are unique in that they are attached
to the roots and submerged stems of plants, from which they obtain
their oxygen. M. perturbans bites at night and is an important pest
in communities near permanent shallow-water areas infested with cattail
and other types of emergent vegetation.

Black Flies. It is probable that next to mosquitoes, black flies
(Prosimulium hirtipes, Simulium venustum, S. tuberosum) ere the most
annoying pests of men in New York State, Vermont, New Hampshire and g
Maine. In some of the mountainous areas of the Northeast, especially
in the White Mountains of New Hampshire and the Adirondacks of New York,
certain species are a serious menace to campers, fishermen, hunters,
and vacationistas. They annoy man both by biting and flying about
the face. The toxic effects of black fly bites are much more serious
than those of mosquitoes. The larvae of these insects are found
primarily in fast-flowing streams, shallow mountain creeks being
favored breeding places.
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Horse Flies and Deer Flies (Tabanids). Species of horse flies

commonly called salt-marsh greenheads (Tabanus nigrovittatus) are

the second most important biting pests of man in the coastal areas.

In general, the number of greenhead flies is related to the amount

of salt-marsh cord grass, Spartina alterniflora, in the immedieste
vicinity. Greenhead flies attack humans readily and are of particuler
concern in resort areas.

Deer flies (Chrysops species) by virtue of their biting and
persistence cause great annoyance to humans in the field. Localized
deer fly problems occur throughout the Region. Their breeding
grounds include salt marshes, fresh-water marshes, and margins of
ponds and streams. Frequently, the adult flies do not remain on the
maersh, but move to adjacent uplands, especially into wooded areas,
where they constitute a real daytime pest. Some of the most annoying
species to humans in the Region are: Chrysops atlantica, C. callida,
C. callidula, C. carbonaria, C. excitans, C. flavida, C. fuliginosa,

C. obsoleta, and C. vittata.

Biting Midges. Biting midges ("punkies" or "no-see-ums") are
serious blood-sucking pests of man in many inland communities and
recreational areas and are a localized problem along coastal areas.
The dominant species of the Adirondacks and other wooded areas of the
Northeast is the vicious biter, Culicoides sanguisuge (obsoletus).
The predominant man-biting species in coastal areas are the br:ckish-
water breeders (larvae develop in the mud on the salt marsh) C.
canithorax, C. furens, and C. melleus. Biting midges are so small
that they can readily pass through ordinary window screens.

Non-Biting Midges. Problems with chironomid midges ("fuzz bills")
are of growing importance in the North Atlantic Region. The larvae,
commonly called blood worms, breed in the bottom detritus of shallow
lakes and ponds, of slow-moving streams, and of brackish-water habitats.
Water containing a heavy load of organic wastes favors midge production.
During periods of peak emergence, adult midges by their sheer numbers
can be terribly annoying when they swarm on buildings and around lights.

A number of severe chironomid midge problems have been reported in the
Northeast during recent years, and the principal sources of these
problems were: sewage lagoons at Denton, Maryland; a 750-acre brackish-
water sunken meadow in Bergen County, N.J.; Clear Water Reservoir in
Trenton, N. J.; Moriches Bay and its tidal creeks, Long Island, Suffolk
County, N.Y.; tidal coves and fresh-water ponds, shore of South Cove,
0ld Saybrook, Conn.; and a Th-acre brackish water Musquashiat Pond,
town of Scituate, Plymouth County. Mass.
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Ear-Invading Beetles. Human ear invasions by the Asistic gerden
beetle, Maladera castanee, were a serious problem at the 1957 and 1964
National Boy Scout Jamborees, Valley Fcrge National Park, Chester
County, Pa. In 1957, 186 ear invasions were recorded, and in 196k,

39 cases. Most of the ear invasions occurred while the scouts were
sleeping on the ground. Although much is known about this beetle --
it was first recognized in America (in New Jersey) in 1922, and is now
located at widely scattered points along the Atlantic seaboard -- more
information is needed on its control as related to public health in
mass encampments.

Ticks. The American dog tick (Dermacentor variabilis) is locally
esbundant in the Cape Cod-Plymouth County and the nearby islends of
Martha's Vineyard and Nantucket in Massachusetts, portions of the
Rhode Island coast, southeastern Pennsylvania, Long Island, New York,
the lower two-thirds of New Jersey, and all of Delawsre, Maryland,
and Virginia. The heaviest concentrations of this tick appear to
center in two ecological settings: (1) recreational areas, and (2)
suburban developments intermixed with abandoned farm lands, where
small field rodents are sbundant. The dog tick is s three-host
tick: Larvae and nymphs are frequently found on meadow mice znd
white-footed mice, while adult ticks commonly attach themselves to
racoons, foxes, rabbits, dogs, and humans.

The American dog tick is of public heelth significance in the Region
because it transmits Rocky Mountain spotted fever, and it 1s feared
because of its bite. 1In rare instances, attachment of the dog tick
over the spinal cord or at the base of the skull results in illness
called tick paralysis. In July 1968, a case of tick paralysis was
identified in Oregon in a 6-year-old girl, who had just returned
from a camp in New York. Her physician found a D. variabilis tick
at the base of her hairline on the back of her neck.

A problem that appears to be expanding in New Jersey is that caused

by the lone-star tick, Amblyomma americanum. Large concentrations of
these ticks have been found in the Cumberlend-Atlantic-Cape May County
area, where deer are plentiful. It is probably that this species was
introduced into the area on imported deer and found the environment
favorable. The lone-star tick is a recognized vector of Rocky Mountain
spotted fever in certain parts of the United States. In contrast to
the dog tick, the immature stages bite man, and quite often chiggers
are blamed for the intense itching dermatitis produced by their bite.
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PRESENT STATUS OF VECTOR CONTROL PROGRAMS

Mosquito Control Programs

Information in this section pertains principally to organized

mosquito control programs (Fig. V-6). Some cities carry on "unorganized"
mosquito control activities during the summer. This type of work is
usually based upon citizen complaints rather than entomological data,

and operations are usually limited to chemical control methods --
particularly fogging. This type of activity is not included in

this report.

Virginia. Cooperative, State-local mosquito control commission-
type programs operate principally in the southeastern portion of the
State, where mosquito problems are most severe. The Virginia State
Department of Health, through its Bureau of Solid Waste and Vector
Control, provides leadership, guidance, technical support, surveillance
services, and State-aild funds in the amount of $126,000 per year.

The Director of the Bureau of Solid Waste and Vector Control serves
as the Chairmen of each of the 26 mosquito control commissions.
Each commission is under a well-qualified director, who operates
programs with emphasis on source reduction and larviciding. These
operations are supplemented by adulticiding.

A few municipalities operate organized mosquito control progrems

that are not commissions. (Virginia is unique in having municipalities
that are not included in any county.) These programs are more

limited, end State influence is more indirect.

Table V- §indicates the name, general geographic area covered, and

approximate annual budget of each mosquito control commission and
program in Virginia.
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FIGURE V-6

COUNTIES HAVING COUNTYWIDE OR PARTIAL CUUNTY ORGANIZED

MOSQUITO CONTROL PROGRAM ACTIVITY AS OF Dec, 1968 (@)

v-58




[o BN o NV, N < L)
.

O
.

10.

11.
12.
13.
14,
15,

16.
ii.
18.
19.
20.
21.
22,
23,

24,
25.
26.

*27.
*28.

TABLE V- §

MOSQUITO CONTROL PROGRAMS IN VIRGINIA

Approximate Area Involved
Budget
Kempsville-Bayside $120,000 Two boroughs in City of Virginia
Beach
Virginia Beach=- 120,000 Two boroughs in City of Virginia
Lynnhaven Beach
Washington 35,000 One borough in City of Chesapeake
Deep Creek 15,000 One borough in City of Chesapeake
Great Bridge 10,000 One borough in City of Chesapeake
South Norfolk 40,000 One borough in City of Chesapeake
Western Branch 20,000 One borough in City of Chesapeake
Portsmouth 40,000 Area of original City of Ports-
mouth
West Portsmouth 40,000 Area annexed in 1960 by Ports-
mouth City
Churchland 40,000 Area annexed in 1967 by Ports-
mouth City
‘Suffolk 6,000 All of City of Suffolk
Courtland -- All of Town of Courtland
Franklin 15,000 All of City of Franklin
Hopewell 38,000 All of City of Hopewell
Newport News 60,000 Original area of City of Newport
News
Warwick 60,000 Area of old City of Warwick
East Hampton 50,000 One-half of City of Hampton
West Hampton 50,000 One-half of City of Hampton
Poquoson 12,000 All of Town of Poquoson
York County 65,000 All of York County
Williamsburg 4,000 All of City of Williamsburg
Chincoteague 6,000 All area on Chincoteague Island
Manassas 10,000 A portion of Prince William County
adjacent to Town of Manassas
Woodbridge 20,000 A portion of Prince William County
in the Woodbridge Area
Dale City 8,000 A portion of Prince William County
in the Dale City Area
James City County 5,000 All of James City County
Norfolk City 150,000 All of Norfolk City
Richmond 20,000 All of City of Richmond
TOTAL $1,059,000

*Work performed as a Health Department function == not a mosquito
control district.

The above figures include $126,000 State aid.
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New Jersey. New Jersey was a pioneer state in controlling
mosquitoes. Organized control programs started more than 55 years
ago. At present a cooperative State-County mosquito control
commission-type program is active in 20 counties of New Jersey --
all but Hunterdon County (Table V-6). The State program is
administered by a group of scientists at the New Jersey Agricultural
Experiment Station. The chief mosquitc control scientist is
the Secretary of the State Mosquito Control Commission, which is
a part of the State Department of Conservation and Economic
Development. The State Mosquito Control Commission has several
functions, all of which are conducted through the Rutgers University
group:

(1) Provides inter-departmental coordination at the State level.
(2) Determines broad statewide policy.
(3) Provides State-aid funds including:

(a) $250,000 snnually to counties for water management
projects.

(b) $100,000 annually for a State-operated aerial adulti-
ciding program, most of which is spent on salt-marsh
mosquito control.

(c) $25,000 annually for mosquito control work on State-
and federally-owned lands.

(4) Conducts statewide mosquito surveillance activities.
(5) Conducts needed mosguito research.

Each county mosquito control commission conducts a program of water
management , larviciding, and supplemental sdulticiding.

About 70 cents of each budgeted dollar is spent on water management
activities. In addition, several of these commissions have additional
county funds for use in providing maintenance work on county drainage
channels and streams.
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TABLE V-6

NEW JERSEY COUNTY MOSQUITO EXTERMINATION COMMISSIONS REGULAR BUDGET

APPROPRIATIONS, 1968
County Received 1968%* % Water Management
1. Bergen $ 524,000 70
2. Essex 434,000 65
3. Ocean 368,000 80
4, Morris 312,000 60
5. Hudson 298,000 50
6. Union 293,000 75
7. Cape May 246,000 75
8. Passaic 244,000 70
9. Middlesex 238,000 75
10. Mercer 226,000 75
11. Burlington 156,000 65
12, Atlantic 154,000 60
13, Camden 150,000 70
14. Monmouth 141,000 80
15. ‘Cumberland 103,000 90
16. Somerset 97,000 70
17. Gloucester 80,000 80
18. Salem 63,000 30
19. Warren 10,000 80
20. Sussex , 3,000 70

21. Hunterdon - ——

Total $4,140,000

State Mosquito Control

Commission 275,000 70
Municipal
300 @ $1000 avg. 300,000 30
Grand total State $4,715,000

*Figures do not include accessory budgets.
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The New Jersey State Department of Health is actively engaged in

encephalitis surveillance and investigation work and cooperates

closely with the mosquito control programs. Since four major types

of encephalitis viruses have been reported in the State, encephalitis

surveillance is of great importance. ;

Mosquito problems in this highly urbanized megalopolis are changing.
State mosquito suthorities state that the "effluence of the affluence
favors more mosquitoes and disease." This is exemplified by intensified
breeding of Culex pipiens mosguitoes in the increasing amounts of
heavily polluted waters and the backysrd breeding habitats such as

old vehicles, tires, appliances, swimming and wading pools, and

single use drink containers.

New York. Organized mosquito control was started in Nasseau
County, New York over 50 yesrs ego. Prior to 1966, the principal
programs in the State were in the New York City-Long Island arec.
The 1968 budgets for these programs were as follows:

Program Budget
Nassau County Mosquito Control Division $ 1,027,000
Department of Public Works
Suffolk County Mosquito Control Commission 990,000
New York City Mosguito Control Program 250,000
Total $ 2,267,000

In 1966, a nev cooperative health depasrtment, State-County mosguito

control program vas initiated which will supplement several existing

programs. Mosquito control competence is in the process of being

provided at the Central office and at each of five Regional Offices.

This group works with counties by making detailed pre-program surveys

and then assisting county-wide programs with technical end finencial

support. Stete-aid funds can be provided on a 50% matching basis up

to a maximum of $25,000. Each perticipating county must have a well- 4
qualified program director and follow the State-approved methods and 3
materials. Programs of this type are now in operation in Rockland

and Dutchess Counties.

In the past, the State entomologist and his staff of the New York
State Science Service have provided considerable technical assistance
to communities throughout New York.

The New York State Science Service, the State Health Department, and
the Suffolk County Mosquito Control Commission have collaborated in
research on potential mosquito vectors of arboviruses on Long Island.

v-62




Maryland. A cooperative State-local mosquito control program
is in operation in 817 towns, located in 19 counties in Maryland.
This control work is a joint program of the University of Maryland
and the Maryland State Department of Agriculture, with headquarters
at the University. The State provides leadership, technical guidance,
direct supervision of all field personnel, and State-aid funds in
the amount of $350,000 annually. Cities, through county government,
contribute about $204,000 annually, yielding a total of about
$554 ,000 annually. The control program consists of source reduction,
larviciding, and adulticiding. Control effort is concentrated in
counties having salt-marsh mosquitoes. Earth-moving and insecticide-
application equipment is moved from county to county as priorities
and needs dictete.

A few towns operate small mosquito control programs with their own
funds and limited influence from the State group.

Delaware. A statewide mosguito control program, operated in the
three counties of Delaware, is administered within the State Highwaoy
Department. The program consists of source reduction, water management,
larviciding of fresh-water and salt-marsh mosquito breeding sources,
and adulticiding for the countrol of salt-marsh mosquitoes. The budget
for 1968 was $267,000. In 1965, a special appropriation of $2,000,000
vas made for exclusive use on source reduction work. These funds are
being spent during a 5-yesr period.

A group of scientists at the University of Delaware, Department of
Entomoclogy and Applied Ecology, provides technical assistance end
guidance to the program, close cooperation, considerable surveillance
of important mosquito species, end conducts research on specisl
problems. Of particular interest, is their present research work
with slow-releasing Abate button-size pellets, using polyvinyl
chloride, for use in se2lt marshes. Their investigations cover both
effect on mosaguitoes and non-target organisms in salt marshes. In
considering any alteration of the marshes or insecticidal treatment,
the potential effects upon the total environment are considered.

District of Columbia. The District of Columbia Department of
Sanitaty Engineering conducts a continuing mosquite control program,
with a budget of about $80,000 per year. Stream clearance and main-
tenance are the principal activities. Some lariciding is done,
especially in sewer catch basins, which at times are heavy breeders
of domestic mosquitoes.
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Pennsylvania

A cooperative State and County Mosquito Control Program has been
in existence since 1966. Surveys, technical training and consultation,
evaluation, encephalitis surveillance and emergency control are being
provided from the cencral office in the Department of Environmental
Resources, as well as at each of seven regional offices. Vector control
personnel of the Department has completed 22 county-wide mosquito
surveys, nine locally supported mosquito control programs have been
started.

A regional type approach involving eight northwestern counties is
being formed into a control program.

The emphasis of the control programs is primarily on the elimination
or biologically altering breeding areas, and on the reviews of plans
for recreational areas, highway construction and similar development to
prevent the creation of new breeding areas.

The following tabulation shows the programs and estimated budget
for mosquito control in 1970:

Program Estimated Budget
Media $ 3,095
Northhampton County 14,150
Tinicum Township 1,265
Royersford 1,195
Moshannon Valley Mosquito Control Commission 10,455
Blair County Mosquito Control Commission 10,000
Grove City 10,000
Bucks County Mosquito Commission 168,000
Lansdale 860
Chambersburg 675
Meadville 1,000
Sunbury 2,900
Norristown 625
Upper Moreland Township 1,530
Upper Merion Township N 1,425
Ambler ‘ 890
Gettysburg 5,835
Hatboro 1,045
Hursham 25 129
York 8,540
Pottstown 4,915
Gettysburg National Military Park 308
Maple Township 1,000
Delaware County 63,090
Philadelphis : 110,000
h = $ 424,995
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Massachusetts. In Massachusetts, the State level agency
that has the responsibility for the supervision of all organized
mosquito control projects in the Commonwealth is the State
Reclamation Board.

The organized proJjects are es follows:

Mosquito Projects

Cape Cod Mosquito Control Project
Norfolk County Mosquito Control Project
Plymouth County Mosquito Control Project
Berkshire County Mosquito Control Project
Essex County Mosquito Control Project
Bristol County Mosguito Control Project
East Middlesex Mosguito Control Project
South Shore Mosquito Contrel Project
(portions of Norfolk and Plymouth Counties)

O~ O\ FWw N+

Total

The first six ere county projects, each organized under special acts

of the Legislature.

The State Reclamation Board is responsible for maintenance of salt-
marsh ditches, and annual assessments are made by the Board upon the
Most of the ditches
were installed between 1931 and 1933, with State and Federal funds,

several towns involved in proJjects of this type.

largely as an unemployment relief measure.

Annual assessments for salt-mersh ditch maintenance are as follows:

South Shore $31,300
Bristol-South Plymouth 17,900
North GShore 9,200
Martha's Vineyard 3,715

Total $62,115

A cooperative study on the ecology of Eastern encephalitis was initiated
in 1957 by the Massachusetts Department of Public Health and the
Communicable Disease Center of the U.S5. Public Health Service.

study is still being continued by the State.

Annual

Assessments

$ 155,232
117,760
111,895
107,L441
107,032
102,327

91,LLT
79,089

$ 872,223



Connecticut. In Connecticut, with the exception of salt-marsh
mosquitoes, the problem on mosguito control has been left to the
individual towns for solution. Up to the present, very few towns
have developed programs to deal with the problem.

In the control of sslt-marsh moscuitoes, the Mosquito Control Section
of the State Depsrtment of Health carries out a program involving

the maintenance of approximately 1,000 miles of ditches installed on
10,000 acres of selt marsh. These ditches were originelly installed
by 16 shore towns (prior to WPA dsys) and accepted by the State for
meintenance by the former State Board of Mosquito Control. The
Mosquito Control Section also carries out chemical control operations
as needed along the shore area. The Section's budget is opproximately
$80,000,

Rhode Island. Formerly, the State provided financiel assistance
to several cities and towns for carrying on a mosquito suppression
program under supervision of the State Department of Agriculture, =zll
on a voluntary basis. For example, in 1965 the State Legislature
appropriated $20,000 for State subsidy, which allowed & reimburse-
ment payment of 18{% on the money spent by 24 municipelities. However,
since 1965, there has been no appropriation for State subsidy. A
few towns are operating limited programs with theilr own funds.

The State's program at present is restricted to State-owned lands, such
as parks, bird sanctuaries, and airports. The principal activity is
maintenance of salt-marsh ditching.

Other States. There is little State activity in mosquito control
in Maine, New Hampshire, Vermont, or West Virginia. At the local
level, many towns conduct modest control work in the summertime. This
work consists of larviciding open ditches and ponds within the city
limits and operating fog machines or power sprayers. These progrems
are generally motivated by citizen complaints and not upon entomological
surveillance. Rockingham County in coastal New Hampshire needs a
county-wide mosquito district and has been close several times to
starting such a district.

v-66




Control of Black Flies, Greenhead Flies, Midges, and Ticks

Black Flies. The principal black fly control activities in the
Region are conducted in Hamilton and Herkimer Counties in the Adirondacks
of northeastern New York. The amount spent in these two counties is
about $75,000 per year. The control program is directed at the
larvee which have their heaviest concentration in streams containing
rocks and rippling water. At present, the chemical of choice is
methoxychlor, which is usually applied by one airplane swath
across the streams every quarter of a mile out to a distance of
5 to 10 miles from towns and resorts to be protected. No water
management or source reduction work is being done; however, it is
technically feasible to gain considerable benefit below dems by
shutting off the flow of water for a few days at the appropriate
time in the spring, thus lowering the water level in streams and
causing the larvae to detach themselves from rocks and other
obJjects in the water.

Excellent research on the control of black flies has been conducted
by the New York State Science Service and the Department of Entomology
at Cornell University.

Greenhead Flies. In Massachusetts, specific enabling legislation
permits the establishment of greenhead fly control projects and districts.
With the approval of the State Reclamation Board, any city or town
along the sea coast may establish a greenhead fly control project
within its area, and two or more adjoining cities or towns may form a
district within their combined areas. Where districts are formed,
one-third of the cost is borne by the State.

Greenhead fly control programs are in operation in several communities
of coastal Massachusetts. These programs are listed below:

Annual Assessments for Greenhead Fly Control Programs

Cape Cod (district) $ 7,200
Scituate 1,928
Marshfield 1,800
Plymouth 1,600
Duxbury 1,500
Kingston 1,500
North Shore 1,000

Total $16,528




At present no highly effective control exists for greenheads.
Considerable research in developing control methods has been conducted
in several areas including Essex County and Cape Cod, Massachusetts,
and Long Island, New York.

Biting Midges (Culicoides species). Problems with these
pestiferous insects, also known as 'sand flies", "no-see-ums", and
"punkies," have been studied in several areas, but effective control
measures are not yet available. Consequently, no programs have been
undertaken to control this group. It has been noted that their
number can be decreased in areas where fogging operations are used
for control of adult mosquitoes. Although interest in the control
of biting midges is growing in many communities of the Region, relief
from these pests is predicated on further research on the biology
and contrcl of the species involved.

Chironomid Midges. Several mosquito control commissions snd
other agencies eopply chemicals to kill midge lervee. Fenthion
(Baytex), Abate, 2nd other organophosphorous toxicants are precently
in use. Occasionally, space treatments are applied to kill adult
midges down wind from their breeding source.

In Massachusetts, special acts of the Legislature have given the State
Reclamation Board authority to carry out programs to control “Animal
and Vegetable Nuisances" in two specifically named salt-water ponds
having severe midge and algae nuisance problems. These impoundments
are Straits Pond in Hull and Cohasset and Musquashait Pond in Scituate.
The control procedures used involved periodic salinity adjustments in
the ponds by allowing high tides to flow into the brackish ponds for a
short period of time. This was accomplished by opening tidal gates at
the outlet of the pond and allowing clean sea water to flow in. This
procedure of increasing the salinity of the ponds drastically reduced
the numbers of Chironomid midges breeding in the ponds; however, the
procedure of allowing sea water to flow into the ponds for midge
control must be repeated periodically in order to keep the midge
population down. Algae control and weed removal were also factors in
reducing the midge population of Straits Pond. Assessments for the midge-
algae control programs are $3,000 and $4,500 respectively.

Ticks. There are no organized tick control programs in the North
Atlantic Region, even though there is a need for them.

In Mossachusetts certain "nuisance insects,” including the /merican
dog tick, may be controlled by the Bureau of Insect Pest Control :
the Department of Natural Resources. The control activities are
concentrated in the Cape Cod area.
Because oI the concern abou he use of DDT and other chlorinate
hvdrocarbon insecticides azs area controls, research 1S presently
1irected toward the development znd use of less persistent insecticides
in tick eontrol.
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EXISTING VECTCOR CONTROL NEEDS

The need for strengthening vector control activities is increasing
repidly in the North Atlantic Region as elsewhere due to such
factors as: (1) the ropid population increaces; (2) the development
of suburban arezs in close proximity to vector breeding sources; (3)
the inadequate control of moscuitoes that have their genesis on
Federal and State wetland aress; (4) the exposure of man to insects
of public health importance due to expanded public use of water-
related recreationsl areas; (5) the growing concern over pesticide
residues in food and water; (6) the development of resistance to
various insecticides exhibited by many species of mosquitoes, and
(7) the ever-increasing demand by the public for relief from annoyance
and the threat of vector-borne diseases.

Research

Research on the eccology of the more important vectors, on vector
population threchold studies with respect to the transmission of
disease agents, on the epidemioclogy of vector-borne diseases -
particularly encephalitis, and on non-chemical abatement methods is
urgently needed to develop more eff'ective prevention and control
measures. At present, there is too much reliance on chemical pesticides
to control mosquitoes, ticks, black flies, and other vectors.
Consequently, there is a great need for expansion of research activity,
particularly in developing new ecologic, genetic, and biologic control
methods. In the future, more consideration must be given to the
ecology of the totel environment in developing improved methods of
vector control.

Surveillance

The nature and scope of vector problems vary greatly in different
parts of the North Atlantic Region.

Consequently, continuous surveillance of these problems is required
to: (1) determine prevalence and major sources of important vector
species, (2) evaluate factors responsible for the vector problems,

(3) ascertain the most appropriate control measures, and (4) determine
the need for emergency control measures in time of threatened
outbreaks of vector-borne disease.




At present, surveillance activities are conducted by some of the
State health departments, usually in conjunction with environmental
health programs. The U.S. Public Health Service provides assistance
in surveillance and survey activities when requested to do so by
State health departments and other interested agencies. Because of
limited personnel and the magnitude of problem areas, surveillance
activities relating to vector control problems are greatly deficient
in many areas of the Region. Surveillance activities should be
increased to better define the type and scope of vector problems

in this Region.

Technical Assistance

Appropriate Federal and State health agencies should provide technical
assistance and basic information relative to vector control problems

to all of the various agencies concerned with water resource developments
and groups of people residing in affected urban, rural and outdoor
recreation areas. Assistance of this nature should include participation
in surveys of problem areas, consultation on appropriate control
practices, and tralning of control personnel. This type of assistance
must be greatly increased to help close the gap between existing
knowledge on vector control and the application of this knowledge in
problem areas.

Legislation

During recent years, the need for organized mosquito and other vector
control by specific enabling legislation has been given increasing
consideration. Because of the importance of adequate financing in
relation to the development and operation of control programs, a need
exists for State enabling legislation to provide for the establishment
of successful vector control programs in States which do not have this
kind of legislation.
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FUTURE NEEDS

This is a generalized discussion of vector problems and needs likely
to develop by the years 1980, 2000, and 2020, as a result of
projected future water resource developments, water usage patterns,
and other expected ecological changes.

A review of trends over the past 25 years indicates that changes in
vector problems occur only very slowly. Among the slow-moving trends
noted in the past are the following:

(1) An intensification of the Culex pipiens (northern house
mosquitc) problem due to increased polluted waters as a
concomitant of our increasingly urbanized society.

(2) A gradual increase in the size, number, and scope of
mosguito control commissions and programs.

(3) More emphasis in mosquito control programs on water
management and source reduction.

(4) Better communication and cooperative effort between all
affected departments and interests in regard to decisions
involving water resources management and vector control
technology.

In looking forward to the years 1980, 2000, and 2020, experience
would seem to indicate that vector control problems as related to
water resource development and associated lands will not change
radically. The four slow-moving trends noted above will probably
continue. In addition, the following projections are made:

(1) The expected increase in size and number of on-stream
and pumped-storage reservoirs for drinking water purposes
will be generally beneficial to mosquito control, and adverse
effects will be minimal.

(2) The expected increase in dams and reservoirs for flood
control purposes will be beneficial to mosquito control, and
adverse eflects will be greatly overweighed by the beneficial
effects.
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(3) Few large dams for power generation purposes will be built
and thus the effect on vector control will be minimal.

(4) 1Increases in temperature in impoundments and streams due

to atomic energy plants are expected to produce some ecological
changes. However, vector problems will probably not be affected
in magnitude.

(5) The greatly increased irrigation of crops will be largely
accomplished with overhead sprinklers and will not significantly
affect vector problems.

(6) The projected large increases in water-oriented recreation
participation will tend to increase vector control needs.
However, these needs should be effectively and efficiently
handled by in-line Stete-county or district vector control
programs. Tick and black fly control districts or programs
will graduelly become more numerous and better balanced
ecologically.

(7) The projected incresse in organic pollution of reservoirs,
lakes, and streams will lead to increased chironomid midge
problems, which should be adequately controlled by vector
control districts or programs.

(8) The incidence of encephalitis, Rocky Mountain spotted
fever, malaria, and other vector-borne diseases will probably
not change radically.

(9) The research on, and the use of genetic methods in
vector control will probably incresse.

(10) Many county and metropolitan esrea officials are now
looking to regional orgasnizations to solve problems and reduce
costs. There is little doubt that regional approaches will
soon be too small in many portions of the N.A.R. Accordingly,
the principal thrust in the future must be toward state-wide
approaches, with Federal leadership and coordination, if
effective progress is to be made in the management of the
nation's water and related land resources.
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VI. ENRVIRONMENTAL HEALTH ANALYSIS

This section entitled "Environmental Health Analysis" will give
recognition and evaluation of the environmenteal health factors which
may be affected by or affect the development, maintainance, or utiliza-
tion of water and related land uses.

This chapter will cover:

A. Air Pollution Control
B

Radiation Control

«Q

Recreation Sanitation
D. Shellfish Sanitation

E. Solid Waste Disposal




AIR POLLUTION

SOURCES FRODUCED OR AFFECTED BY WATER RESOURCE DEVELCPMENT

Power Generation Stations

In providing heat energy necessary for the generation of electric
power, the combustion of coal, oil, or gas will result in the
preduction of variocus air pollutants. In contrast with other cases
of combustion related sir pollution, power plant air pollution is
produced by efficient, rather than inefficient, burning operations.

The common air pollutants produced by the burning of coal for power
generation are: solid particles of flyssh, and the gases: sulfur
dioxide and the oxides of nitrogen. The combustion of oil will also
produce sulfur dioxide and the oxides of nitrogen, but very little
particulate matter. The only pollutants of consequence from gas
burning are the oxides of nitrogen.

Pollutent control equipment for flyash is, of course, an integral

part of the modern power plant. The electrostatic precipitators
typically used have theoretical control efficiencies approximating

99% by weight, although actual working efficiencies may be

appreciably léwer. Control equipment for capturing stack gas

sulfur dioxide is still early in the development stage, and use of

low sulfur content fuels is, at present, the only widely applied

means for minimizing sulfur dioxide emissions from combustion
processes. There are, at this time, no methods in practice, or

even in the serious proposal stage, for controlling oxides of nitrogen.

The following table lists the approximate gquantities of pollutants
generated, per million BTU's of heat input, for the major power
plant fuels. The values in the table are based on the assumption
that no control techniques have been applied.
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TYPICAL QUANTITIES OF GENERATED POLLUTANTS*
FOR POWER PLANT COMBUSTION PROCESSES PER
MILLICON BTU'S OF HEAT INPUT (In Pounds)

Fuel Particulates Sulfur Dioxide Oxides of Nitrogen
Pulverized Coal .59 % Ash 1.41 x Sulfur 67
(General) Percentage*¥ Percentage*¥
011 .053 1.05 x Sulfur .69

Percentage**

Gas 0.14 .0006 37

* Assumptions
1. Heat Content of Coal = 23-27 million BTU/ton
2. Heat Content of 0il = 150,000 million BTU/galilon
3. Heat Content of Natural gas = 1,050 BTU/SCF

**Agh percentage and sulfur percentage refer to the content by weight
in the fuel. The percentage figure should be used in calculations
as a whole number. Thus, the "sulfur percentage' factor for a 2.00%
oil would be the digit 2, rather than the decimal fraction .02.

Nuclear generating plants will produce no air pollutants, under normal
operating conditions. If all power generating stations were to produce
electricity by nuclear means, the power plant would no longer be
considered a source of air pollution. However, despite accelerating

use of nuclear energy, the consumption of fossil fuels for the generation
of electricity is expected to remain at high levels for the near

future. As long as fossil-fuel capacity remains competitive with nuclear
and "other" fuels, continued use of fossil fuels for generation in the
N.A.R. and other coal-producing areas of the market may be expected.

Water Based Industry

Certain industries use large volumes of water for process purposes, while
others depend upon inexpensive water transportation for bulk raw materials
or bulk finished products. Chemical, metallurgical, and mineral industries
often fit into either or both of these categories and are, also, often
associated with air pollution problems. The pollutants of concern vary
across a wide spectrum, dependent upon the process involved. Commonly,
fuel combusion is an integral part of industrial operations, and particulate
matter, sulfur dioxide, and/or oxides of nitrogen may be emitted. These
industrial combustion emissions can be locally important, in and of
themselves, but they more often cause concern as part of a greater pollu-
tant summation affection a widespread area. This summation is of like
pollutants from domestic space heating, or power generation, or any of a

number of burning operations.




Other air pollution emissions from chemical, metallurgical, or

mineral industry processes may be much more unique and have & much
more =cute and concentrated effect. The ammonia emissions from an
ammonia producing plant, located in one of our large cities, may have
little overall impact upon the metropolitan area, but it very possibly
could have an acute effect upon the plant's immediate surroundings.

The number of process industries with air pollution potential can almost
be eguated with the number of process industries dependent upon water.
The development of water resources to encourage the growth of industry
can also be expected to stimulate the growth of a potential for air
pollution, unless anticipatory steps are undertaken to insure adeguate
air pollution control actions.

Disposal of Construction Wastes and Cleared Debris

The disposal problem for construction wastes and cleared debris is often
a problem of the disposal of bulky, oversized items, in quentities
locally small but, perhaps, collectively great. Typically, these
materials are piled and burned on-site, or are consumed in make-shift
incinerators. In either event, inefficient combustion is almost
guaranteed, and great quantities of black smoke, aldehydes, organic

acid gases, etc., will be emitted. It is estimated that 17 pounds of
particulate matter will be emitted, to enter the atmosphere, from the
open burning of each ton of landscape or agricultural refuse.

General Industry

The development of water resources will not only stimulete the growth
of water based industry in the pertinent geographic region, but will
likely stimulate the growth of all industry because of a genersl
beneficial impact upon the area's economy. This overall commercial
growth is likely to expand the potential for air pollution beyond that
eerlier discussed with regard to water based industry. This is
particularly true with regard to combustion emissions and to pollutents
arising from the general use of evaporative materials. By way of
example, solvent usage, with its ensuing hydrocarbon evaporation,
contributes significantly to the quantity of rsw material involved in
the formation of Los Angeles type, photochemicel, "smog". Consequently,
an assessment of the air pollution problems which might ensue, as =a
result of water resource development, must include problems associated
with all of industry, not only water based processes.
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STATUS OF AIR QUALITY

The air pollution problems which affect the grestest numbers of
citizens today sre those associated with major urban aress. In
great measure, these arise because people and their related
activities are concentrated in relatively limited geographical
areas. Very often, these activities result in the emission of

air pollutants, particularly when combustion processes are involved.
In general, these emission sources contribute relatively smesll
amounts of pollutants as individual entities but, in total, the
sumation of all pollution contributors may grossly overload the
atmosphere over the metropolitan region.

In the event that stagnant meteorological conditions, and/or
restralning topographic features, are present with a regional
concentration of emission sources, air pollution problems can be
compounded to a very serious degree.

The following brief descriptions concern a number of the primary
air pollution problems which presently concern the Northeastern
United States.

Sulfur Dioxide

The oxidation of sulfur, taking place usually because the element

occurs as an impurity in fuel oil or coal, produces a gas which is 4
at once en irritant to respiratory tissue, an attacker of susceptible

vegetation, and a raw material which can further react to form

sulfuric or sulfurous acid. In this acid form, of course, the

pollutant can damage mineral or metal surfaces. Any adverse effects,

naturally, are dependent upon the atmospheric concentrations of '
sulfur dioxide present.

An illustration can be given to indicate the relationship between
desired limits for sulfur dioxide concentrations in the atmosphere
and actual concentretions measured. The State of New York Division
of Air Resources recommends that atmospheric levels of sulfur dioxide
in New York City not exceed 0.10 parts per million parts of air, by
volume, as 2 24 hour average, more than one day out of one hundred.
Actual measurements at the New York City Department of Air Pollution
Control's sampling station in Upper Manhattan, for the period 1957
through 1966, showed that the average winter's day sulfur dioxide
concentration, in the ambient atmosphere, was in excess of 0.20 parts

per million. Higher than desired concentrations, such as the case
Just described, can occur whenever sulfur bearing fuels are burned in
large quantities. It has been estimated that over 735,000 tons of

6 ]
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sulfur dioxide were emitted into New York City's atmosphere during
1965. Approximately 40% of this total was believed to be the
contribution of power generation sources; a slightly lesser percentage
resulted from domestic fuel consumption.

Particulate Matter

—

This category concerns all of the solid materials which can be found
in the atmosphere. Much of this particulate matter occurs naturally,
as in the case of pollens or wind erosion materials, but much of the
solid pollutants result from man's own processes. Particulate matter
produces atmospheric haze because of its interference with light
transmission; it soiled surfaces, and it can cause adverse health
effects -- directly because of its own nature or indirectly because
of its capability to absorb and concentrate pollutant gases.

Particulate matter pollution can result from inefficient combustion,

as black smoke, or it can result from efficient combusion, as in the
case of flyash from coal burning power plants. Industrial processes,
such as those of the mineral and metallurgical industries, can

produce large quantities of particles. The table below lists the
estimated percentage contributions for each major ‘_a of atmospheric
particulate matter, in the New York metropolitan area.

ESTIMATED PERCENTAGE CONTRIBUTIONS, BY WEIGHT OF
ATMOSPHERIC PARTICULATE MATTER FOR
NEW YORK METROPOLITAN AREA SOURCES

Source Percentage Contribution
1. Residential Fuel 17.8%
2. Power Generation Ered
3. Industrial Fuel 4.5
4, Motor Vehicles Ut
5. Municipal Incineration QT
6. On Site Incineration 8.7
7. Industrial Processes 8.6
8. Commercial and Government Fuel 8.5
9. Open Burning 0.6
0. Aircraft and Shipping 0.6
100. 0%
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The table above is for only one metropolitan area, and the percentage
figures listed would vary for another urban center. The Chicago
Metropolitan Area, for example, with its vast steel making complex,
would be expected to have a much greater industrial process contribution.

The Federal Government has, for many years, operated sampling stations
throughout the country to measure levels of that portion of atmospheric
particulate matter which tends to remain suspended, rather than settling
out under gravitational influences. These smaller particles are the ones
most directly involved in haze formation, and soiling, and offer the
greatest potential threst to health. In 1965, results from this
National Air Sampling Network indicated the following particulate
pollution levels for some of our major cities in the Northesst.

MEASURED SUSPENDED PARTICULATE CONCENTRATIONS AT
SAMPLING STATIONS LOCATED IN URBAN AREAS
MICROGRAMS PER CUBIC METER 1965

City* 24 Hour Average Concentrations
Maximum Geometric Mesn
1. New York City 395 164
2. Philadelphia 212 170
3. Providence 286 117
L. Newark 285 1355

*It must be emphasized that the values listed are for a single
station in each city. It would be a gross over-simplification to
assume that the indicated value represented pollution conditions
throughout the entire city. The figure does indicate, however,
the levels which can be found in our urban centers. By way of
comparison, the maximum 24 hour suspended particulate concentration
measured in Yellowstone Park, Wyoming, during 1965, was only 21
micrograms per cubic meter of air.
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Automobile Ixhaust Gases

The chief primary pollutant resulting from the automobile's internal
combustion engine is, of course, casrbon monoxide. The demasge potentizl
of this pollutant is alth related because of the propensity for
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carbon monoxide to ti
the transfer of oxygen from the lungs to tissue cells in the body.
The automobile is, for all practical purposes, the only significant

source of carbon monoxide. In New York City, for 1965, it was
estimated that 1,628,536 tons of carbon monoxide vwere emitted to the
atmosphere, with 1 ,070 tons coming from the sutomobile.

The State of New York recommends that carbon monoxide concentrations

of 15 parts per million for 8 consecutive hours should not be exceeded
more than l“ﬁ of the time; actual measurements in mid-town Manhattan
have indicated that carbon monoxide concentrations exceed 15 ppm almost
continuously during the business day.

Secondary pollution problems stemming from automobile exhaust gases,
primarily photochemical "smog" problems, can occur in urban centers
other than Los Angeles. Ozone damege to vegetation, apparently the
result of photochemical reaction and identical to damage found in
Stuthcrn Cali Ldrnlu, has been demonstrated in the New York Metropolitan
Area. This "smog" reaction of pollutants is between reactive
hydrocarbons and oxides of nitrogen in the air. Automoblle exhaust
gases serve as the chief contributor of the hydrocarbons, although
gasoline storage, solvent, and paint vehicle evaporation can contribute
significant quantities. Oxides of nitrogen are commonly produced in
all combustion operations, with the automobile exhaust contribution
being a very large one.

The air pollution problems described are common to all urban areas.
It must also be stated that localized, special, problems can be a
source of serious concern, as well. This is especially true with
regard to industrial process emissions, which can involve effects
ranging from the nuisance of an unpleasant odor to the serious health
hazard of a toxicant.
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REGULATORY CAPABILITY - THE RESPONSIBILITIES OF GOVERNMENT

The Federal Clean Air Act as Amended emphasizes the fact that all
levels of Government have roles to play in the proper management of
our atmosphere. In this piece of legislation, it is stated that:

"The Congress finds...that the prevention and control of air pollution
at its source is the primary respcnsibility of States and Local
Governments; and that Federal financial assistance and leadership

is essential for the development of cooperative Federal, State,
Regional, and Locsl programs to prevent and control air pollution."

During the 1960'3, because of the actions of responsible State and
Local authorities and with Federal technical and financial support,
strong air pollution control programs have become common in the
Northeast. Almost without exception, each State and each major urben
center has obtained legal authority to control air pollution within
its boundaries and has moved to establish a workable enforcement
program designed to implement its legal authority.

The Federal Government has moved to reinforce its technical and
financial assistance by obtaining the right, again under the Clean
Air Act as Amended, to designate Air Quality Control Regions for
pertinent urbsn areas. These Regions would be designated for the
purpose of having the involved state, or states, adopt setisfactory
air quality standards and, also, control plans for achieving those
standards.

The Federal Government, as well as some of the stronger state and
local agencies, also maintains comprehensive research, development,
and training efforts.

DEVELOPMENT OF ACTIONS TO PREVENT WATER RESOURCE RELATED AIR POLLUTION
PROBLEMS

The principal requirement for avoiding air pollution problems which
might result from water resource development is to anticipate those
problems and plen for necessary control actions. At times these
control actions might involve land use planning for such things as
buffer zones around major individual sources, but more likely they
would involve the choice of direct controls at the source. Most
positively, these direct controls would result in the elimination,
or minimization, of pollutant generation through a process of raw

v-81




material chenge. Other forms of direct controls, of course, would
involve capturing the pollutants after they have been generated, but
before they are releassed to the atmosphere.

In either event, the required problem anticipation and control action
planning should be accomplished through coordination between those

engaged in the water resource development program and the erea's air
pollution control authorities. This coordination must be established

at the earliest possible moment. Almost all of the major control

agencies in the Northeast have existing plen examination and certification,
or similar problem anticipatory programs. The structure for coordination
is there and should be utilized if air pollution problems are not to
result from water resource development.




RADIATION CONTROL

Radiation control is very closely linked with water resources
planning with respect to the design and operation of nuclear power
generating plants. The large amounts of cooling water used in the
generation of steam to produce electricity are not only important from
the standpoint that there is a water consumption in open cycle systems
but also because there is a potential, though very slight, of
releasing radioactive materials back into the environment through the
discharge water.

SAFETY CONTKOL (8)

Through the efforts of the Atomic Energy Commission and industry
initiative, the nuclear power industry has one of the best safety
records of any industry, both for in-plant personnel and for the
surrounding environment as a whole. The atomic power industry is one
of the few industries into which safety and control were built concur-
rently with the development of the industry itself. Nuclear power
plants are designed so that even if the 'maximum design basis accident"
occurs, the release of radioactive materials to the surrounding
environment will still be below the levels at which harm to humans
could occur.

As a further safety factor, comprehensive monitoring systems are
built into nuclear power plants which keep a close check on the amount
of radiocactivity present in the discharge water. Monitoring devices
should be designed to keep a continuous monitoring check. The monitoring
requirements for on-site surveillance are established and enforced by
the Atomic Energy Commission. The testing itself is carried on by
qualified personnel of the power company under the guidance of the AEC.
Monitoring near the site is done by the state health department.

AREAS OF CONCERN .

A growing concern centers around what effect thermal pollution
originating from the discharge waters of these plants will have on the
ecological balance of the watercourse into which the heated water is
being discharged. This concern also applies to discharges from fossil
fuel plants which also can create thermal pollution. The generally
accepted feeling is that a bried exposure of aguatic life to a temperature
rise of 1° - 3° F will probable not have any detrimental effects con
the balance of the stream or river. However, when the temperature of
the water rises more sharply due to thermal pollution, it could cause the
dieout of a particular plant or animal which could be part of a food
chain. All species of plant and animal including man may be affected by
the loss of a vital link in the food chain creating an ecological dis-
ruption in the water environment.




Usually nuclear power plants are designed so that the cooling
water will be discharged into large receiving bodies such as river,
lakes, reservoirs, or the ocean. If it is deemed that lower discharge
temperatures are needed, present technology offers the use of holding
ponds and/or cooling towers as a means of doing this. However, there
are problems associated with cooling towers which include the necessity
of having fairly large land areas on which to site them, possible
creation of fog problems in the immediate area, possibility of noise
problems, and the 'visual misfit" potential.

Another problem area involves the reprocessing of spent fuel
from nuclear power plants and also the disposal of radioactive waste
materials from medical, industrial, and research sources. Reprocessing
of spent fuel is a task which can be accomplished only through sophis-
ticated technology and by highly specialized personnel. Processing
consists of: (1) de-jacketing the clad; (2) dissolving the fuel;
(3) recovering uranium and plutonium and separating these elements from
the radioactive fission products; (4) reducing the liquid volume of
the fission products; (5) solidifying the reduced volume; (6) immobil-
izing the reduced volume; and (7) effecting ultimate disposal in a
non-leachable medium in a stable seismic zone. The waste products are
stored in protective containers at one of 4 or 5 landfill sites in the
United States set aside for this purpose.

When there are water supply intakes downstream from a nuclear
power plant, it is a necessity to have a contingency plan set up
whereby, should an accident occur and radioactive material were re-
leased to the receiving stream, immediate notification of the down-
stream water supplies should be accomplished. It is realized that
the possibility of such accidents occuring is extremely remote; however,
if one should occur, it is possible that in all the confusion
accompanying an incident that the downstream water companies might
not hear about it until it was too late if there were not a contingency
plan in effect.




RECREATION SANITATION

INTRODUCTION

A major factor in the overall planning, development, and operation :

of recreational areas is that proper health protection of individuals |
visiting or residing in such areas will be provided and maintained.
These requisites include development of safe water supply and sewage .
disposal systems; proper storage, collection, and disposal of solid :
wastes; control of insects and rodents; and the design and operation
of safe outdoor bathing areas and swimming pools. (8)(9)

These recreational activities may be separated into two broadly
defined areas of "urban" and "out-of-doors'". Urban recreation relates
directly to health in terms of mental and physical well-being but only
indirectly in terms of water resources development. This relationship
is in the area of land use in providing necessary space for close-in
parks, golf courses, etc.. "Out-of-doors" recreation, however, covers
the whole range of envirommental health aspects of water resources
development.

The demand of the North Atlantic Region for recreational develop-
ment is great in the future because of projected development of meg-
alopolis stretching fram Boston to Washington, D. C. Proper long-range
planning of recreational areas for meeting these demands is a necessity
80 that present recreation areas (same of which are now overcrowded and
future areas will not create a health menace, both physical and mental, ]
rather than an enjoyable recreation site.

PUBLIC HEALTH ASPECTS

From the public health standpoint, one of the most critical forms
of outdoor recreation is the water contact sports such as swimming,
l water skiing, and wading. This is one area where the potential for
human disease and suffering can be great through contact with deteri-
orated water quality in bathing areas, the chance of contracting disease
through water-associated vectors, and substandard sanitary facilities 1
(water supply and waste disposals at recreation areas. With the potentisal
for all these varied problems occurring, it is essential that foresight
and camprehensive planning be given to the development of any water-
oriented recreation area.

While there is no specific epidemiological evidence that people
who swim in polluted water suffer a greater occurrence of disease than
those who swim in clean water, health authorities would not want to 1
Jeopardize the recreator's health by not setting standards for recre-
ational water quality. The main criteria for the water quality of
water contact recreation waters is the bacteriological quality of the
bathing water which should be measured by the fecal coliform density.
The U. S. Public Health Service's recommended bacteriological, chemical
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and physical standards are as follows:

Bacteriological

The fecal coliform density should not exceed an arithmetic
mean of 200/ 100 mli with a sampling frequency of 5 samples per
30-day period taken during peak recreational use. Not more
than 10 percent of the samples' fecal coliform densities during
any 30 day period should exceed 400/100 ml.

Chemical

The water should contain no chemical which could cause
toxic reaction if ingested or irritation to the skin or eyes.
The water's pH should be within the range of 6.5 to 8.3.

Physical

The water's color should not exceed 15 standard units and
its turbidity should not exceed 30 standard units. Maximum
water temperatures should not exceed 85°F (30°C)

The recreational water quality standards adopted by the states of
the North Atlantic Region follow the U.S.P.H.S. recommended standards
with the exception of the bacteriological standard. Most states use
the total coliform criteria rather than the fecal coliform at the
present time.

The vector-caused waterborne diseases and proper design of recre-
ational sanitation facilities are covered in the Disease Vector Section
of this report and the Health Guidelines for Water Resource and Related
Land Use Management in the addendum.

PROBLEM AREAS

One of the potential problems facing the North Atlantic area is

the degradation of natural ponds and lakes to the point where they

will be unfit for water contact recreation. This is occurring in areas
of Northern New England where these lakes and ponds presented many
opportunities for recreation as little as 10 or 20 years ago. One cause
of this degradation of water quality stems from the deterioraeted quality
of the rivers and streams feeding these bodies of water. A potentially
more dangerous cause results from the indiscriminate divieion of camp
lots around lakes where there is insufficient land available for septic
tank disposal of wastes or an individual water supply. With the large
demand for lakeside property it is very tempting for the land developer
to subdivide land into smaller lots in order to increase his financial
gain. 1In doing so, hovever, he does not give much thought to the amount
of land needed for a septic tank system or the distance required between
the septic tank and an on-site well. Usually there is insufficient land




for the waste disposal system alone creating a pussible contamination
problem with both ground and nearby surface water.

In many states there is insufficient legislation or personnel
for surveillance to control this situation. Strong lobbying tactics
have prevented state health departments from gaining this Jurisdiction
and control over lakeside development. This control should include
site inspection by state or local health authorities and the author-
ity to require land developers to provide suitable planning for sani-
tary facilities so that contamination of ground and surface water will
not occur.

The ideal solution would be to incorporate a sewer system into the
development plan with the resulting wastewater being treated in a local
municipal system. This would especially be desirable where soil con-
ditions were not suitable for septic tanks or where existing or planned
lot sizes were too small for adequate on-site disposal. This would be
ideal but it is sometimes impractical since many lakeshore developments
are too far from municipal sewerage systems. A possible alternative in
this case would be to have the waste treated in a local package plant de-
signed for the lakeside community.

One of the ultimate threats to a seashore recreation area is the
large oil spills fraom oil tanker accidents or intentional dumping of
flushings of leftover oil from holding tanks. With all the public
interest on this subject, it is felt that tighter regulations and better
spill prevention and cleanup will minimize the dangers associated with
pollution from this source.

Along with the pollution of our coastal and inland waters from
domestic and tndustrial sources, another area of growing concern is
pollution from recreational and commercial boats. This pollution may
result from the spillage of gas or oil, the discharge of sewage, or
fram rubbish or garbage being thrown overboard by "unthinking humans".
In coastal areas, where boats are usually larger than those on inland
water and more often have on-board toilets, the pollution of waters
by sewage disposal can be a real problem. This has prompted the State
of New York to enact legislation recently to prohibit the dumping of
sewage, either treated or untreated, from boats into the coastal waters
of New York. Their regulations require that a holding tank be installed
on all boats with on-board toilets. The sewage is then to be pumped
out at approved dockside facilities and treated. Their studies indicate
that on-board treatment such as macerstor-chlorinators is not suffici-
ent to eliminate water pollution. The question now remains as to wheth-
er or not there will be sufficient dockside pumping and treatment fac-
ilities to handle the demand.

Under recently enacted federal legislation, the Secretary of the
Department in which the Coast Guard is operating is required to promul-
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gate federal standards of performance for marine sanitation devices
which shall be designed to prevent the discharge of untreated or
inadequately treated sewage to navigable waters. These standards
will became effective for new vessels two years after promulgation
and for existing vessels five years after promulgation.

The inland waters which usually cater to smaller pleasure boats
will probably not be plagued by this problem of wastewater pollution
from boats. Gas and oil pollution, either from spillage or fram
exhaust waste products, however, may be a consideration. This may
especially be so in multi-use recreation facilities where boat launch-
ings take place near bathing areas.

The inconsiderate dumping of solid waste materials from boats is
a difficult problem to control. Stricter laws and enforcement may be
part of the answer,but the solution probably lies in educating the
public on the damage done by these acts and how it could so easily be
prevented.

SURVEILLANCE

The survéillance and regulation of water-contact recreationsl
areas usually falls under the jurisdiction of state or local health
departments with the exception of the National Park System on the fed-
erel level. Surveillance of these areas usually takes the form of
an inspection of the recreation facility by qualified personnel before
the season begins. A number of bathing beach water samples are taken
at that time to ascertain if the area is safe to open for the summer.
Licenses are then issued to those recreational areas that pass the
inspection.

Unfortunately, in most cases surveillance through the recreation
season is usually limited to a somewhat spoardic’ bathing beach water
sampling program. Due to manpower and laboratory facility shortages,
it is almost impossible for state and local health departments to carry
on any extensive surveillance programs throughout the summer season.
This is also due to program pressures which place other responsibilities
ahead of recreation facility surveillance. This is somewhat dis-
hartening to health authorities since the latter part of the summer
(July and August) brings the highest use of water contact facilities
by the public. This high use could create a possible degradation of
the bathing water quality especially sinc this maximum use period will
often correspond with low flows in tributaries leading to the recrea-
tional waters.

It also should be recognized that not only the bathing water but
also the drinking water at these recreation areas should be tested
more consistently during the summer season in order to minimize the
threat of waterborne disease.
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STATE AND LOCAL PROGRAM NEEDS

The previous discussion on surveillance points out one of the
major needs of state and local health authorities - more emphasis on
surveillance throughout the recreation season. With increasing leisure
time and the growing demand for water-oriented recreation, it is
essential that recreation facility surveillance be made a top priority.
Increased staff and laboratory facilities will be required to meet this
objective for safe and healthful recreation. The proper development of
new recreation areas will require the close attention of the state
health departments.

A second area of need is stronger legislation for the regulation
of housing developments around leakes and rivers so that pollution from
on-site disposal will not occur.

HEALTH BENEFIT OF RECREATION

A monetary benefit that has not been incorporated thus far into
water resources and related land use planning is the health benefit
that will occur as a result of water-based recreation. As does flood
control structures, improvement in water quality, and the provision of
a safe and adequate source of water supply improve the health and well-
being of the people, so does recreation do much to improve the mental
and physical health of the participants and likewise result in an
‘increase in productivity for the national economy.

To appreciate these benefits, one must understand certain premises
of health and economics. First is the modern concept of health. The
following is paraphrased from the definition from the World Health Organ-
ization:

Health is not only the absence of disease but is also
the presence of a positive cheerful outlook on life.

The second premise is the long standing objective of public health,
namely the prevention of illness and death. 1In some ways this presents
a problem to the public health worker,for the public often does not
appreciate what it cannot see. The fact that a life is saved or a
case of disease prevented is hard to visualize. It i1s also admitted
that the estimating of the number of lives saved or diseases prevented
by water resources planning may be a difficult taks.

Thirdly, it can be demonstrated that productivity is a function
of health. Productivity is also a function of education; however,
the ability to learn is also health-related. By using graphical ana-
lyses, one could show these relationships by camparing data from
countries with varying levels of productivity and health. One can
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understand the relationship between productivity and health more simply
by the following two statements:

l. A sick person produces and learns less than a healthy one.
2. A dead person produces and learns nothing.

It has been shown that recreation can have a direct beneficial
effect on the populace by sustaining or improving health and productivity.

In view of this relationship, that there is a health benefit from
a day's recreation, the next step is to quantify this benefit. Past
studies have shown that by saving a life, an average dollar benefit
of $120,000. is realized and by preventing one case of disease, the
average value to the national economy is $2,500.. To translate this
information into a dollar value toward health for a day's recreation
is not an easy task. Such factors as the type of recreation involved,
recreation preference, the age and background of the participating recre-
ators, and the value of alternative forms of recreation (other than water-
based) are but a few items which must be considered before making an
estimate.

Preliminary estimates by this office indicate that the health
tenefit value to the national economy for one-man-day of recreation
is on the order of $3.00 to $7.00 per day. Our office is currently
working on a project to more clearly define all the factors and var-
iables involved so that this benefit can be positively established.

When we succeed in firmly establishing the actual dollar value,
the impact of this benefit on water resources planning could be sub-
stantial. It may be that we will find a significant dollar benefit
accruing fram water resource and related land use development which
previously has gone unrecognized and uncounted.
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SHELLFISH SANITATION

INTRODUCT ION

Shellfish growing areas directly reflect the success or failure of
water resources planning in many ways. Factors such as pollution,
nutrient levels, temperature changes, salinity fluctuations, and
ocean bottom characteristics which can be affected either beneficially
or adversely by water resources development play important roles in the
development of & harvestable shellfish product.

The shellfish that will be mainly discussed in this section
are the clams, mussels, and oysters. This is not to slight the
significance of the effects of water resources development on other
crustacea such as lobsters, crabs, et cetera; however, the clams,
mussels, and oysters are more severely affected by adverse environ-
mental conditions than are these crustacea. The main varieties
of shellfish found along the North Atlantic Coast are the soft chell
clam, hard shell clam, blue mussels, and oysters, which are found
in many estuaries where the salinity is lower than that of the ocean
itself. The se& or surf clam grows in offshore waters with the
bulk of the growing areas being within a 25-mile limit.

ot s i - a3

Why are we concerned about shellfish? Obviously, the main issue
is that they are marketable products which help promote both national
and local economies. If an area is closed due to pollution or |
other causes, this becomes a direct economic loss. From a public |
health standpoint, another more dangerous aspect is brought into
play. The fact that these shellfish are eaten whole and many times
raw offers a considerable chance for contracting disease when shell-
fish are taken from contaminated waters. The ability of the shell-
fish to concentrate the bacteria and other material from the over-
lying waters definitely aggravates the problem. This ability to
megnify their environment around them within their own bodies is of
the greatest concern to public health officials.

PROBLEMS ASSOCIATED WITH WATER RESOURCES DEVELOPMENT

There are two areas which we will consider under the Problem
category which are interrelated in several ways. We have entitled
these two areas '"Health Aspects of Water Pollution of Shellfish
Growing Areas'" and "Resource Availability." The topic of resource
availability may be inappropriate for a health aspects appendix;
however, the pollution of an estukry can affect both the health aspects
of growing areas and the resource availability from this growing area.
Furthermore, should pollution continue to increase in the estuaries
with a resulting closure of more areas to legal shellfish harvesting,
the tendency toward more illegal harvesting to fill the demend will
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likewise occur. The consequences to the public's health are
inescapable.

Health Aspects of Water Pollution of Shellfish Growing Areas.

The consumption of raw shellfish from polluted growing waters
can bring about the transmission of any of the known waterborne
diseases such as infectious hepatitis, typhoid fever, gastrointe.itis,
and food poisoning. This is exemplified by the infectious hepatitis
outbreak of 1961 in New Jersey during which there was 186 hepatitis
cases who had a history of eating raw clams in one or two restau-
rants, 85 of which were known to have eaten raw clams traced to
growing areas in the Raritan Bay. As a result, all of Raritan Bay
was closed to the taking of shellfish. This Raritan Bay area was
once & leading producer of commercial and sport fish and shellfish.
Under optimum water quality conditions the potential harvest of
soft and hard clams alone could be on the order of abour $22,000,000
annually. It has since been determined that the "probable" fource
of the New Jersey outbreak of 1961 was hard shell clams wiic'i had
been illegally taken from closed areas; however, because the bacterio-
logical quelity of the waters is marginal and with the potential
threat to public health, the entire Raritan Bay area is still closed
to the harvesting of shellfish. (10)

Resource Availability.

One of the prime functions of both the state and federal pro-
grams concerned with shellfish sanltation is to protect the shell-
fish resource and ensure that they continue to exist in a harvest-
able form. There are mainy factors which affect the shellfish grow-
ing capabilities of an area. These include salinity and temperature
of the overlying water, the character of the ocean bottom, and the
mutrient and pollutart level of the water. The nutrient and pollu-
tant level have bee.. included in the same phrase since in the proper
amounts they can be ccmplimentary and indeed, enhance the shellfish
resource. However, too much pollution can produce an area which is
incapable of supporting shellfish growth. 1let us also rremphasize
that pollution whi:h may not harm shellfish mAy cause & lLoss to
the economy due to the area having to be closed to protect the health
of consumers of shellfish.

Each of the factors previously named ca&n be affected either
beneficially or adversely by water resources development. A discussion
of these effects will now be summarized.

1) Salinity - A salinity increase in growing area in an estuary
can produce two mein adverse effects relative to shellfish survival.
The first obvious problem is that most shellfish thrive only in a

certain salinity range. If salinitv goes out of this range, the
shellfish may die. The second factor which results from a

salinity increase is an influx of predators to the shellfish




such as drills, starfish, crabs, and fish which have a higher salinity
range.

This increase in salinity could be brought about by cresating
an impoundment on the upper reaches of streams feeding into the
estuary. If fresh water is drawn from this impoundment for, drink-
ing water, the fresh water flow to the estuary will likewise be
decreased causing a movement of the salt water line further upstream.
This also could come about "if the pipeline to the sea" concept
were utilized where domestic and industrial wastes are diverted
from the river through a pipeline to an ocean outfall. This would
have the same effect in that the "fresh" water flow of the river
would be decreased. On the other hand, the estuary's water quality
could be tremendously improved by such a disposal system.

The salinity of an estuary could also be decreased by providing
more sewage treatment systems with the treated effluent going to the
streams in areas where on-site disposal methods such as septic tanks
were previously practiced.

2) Ocean Bottom Characteristics - Shellfish are usually quite
selective as to the type of ocean bottom that they will use as a
habitat. Oysters and mussels prefer rocky bottoms whereas the clam
family generally seeks & sandy environment.

Dredging in estuaries for nmavigation construction, or other
purposes could have the greatest impact on the disruption of shell-
fish growing areas by changing the ocean floor characteristics.
Dredging also could have an adverse effect in that silty material
in suspension could travel to shellfish growing areas. | This
material could be taken in by the shellfish through its normal
pumping action temporarily rendering the shellfish unfit for human

consumption.

Dredging in upstream fresh water could also cause problems with
growing areas by allowing suspended material to flow to the estuary
where the settling of this material could result in the destruction
of the shellfish beds since the faculty of the shellfish for moving
up through the increasing layer of silt is very limited; in the case
of oysters and mussels, it is impossible.

3) Temperature - If thermal effects become severe enough to be
a pollutant, they could do significant harm to shellfish areas.
However, temperature increases on a lower degree may have a beneficial
effect on shellfish. 1t has been shown to a certain degree that
increased temperatures can increase the growth rate of shellfish.
However, there is a limit to these temperature increases and fluctuations.

Thermal power generating plants could seriously upset this delicate

balance due to the large amount of cooling water that may be
discharged into a water course or estuarine area.
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L) Nutrients - Water resource development will probably have
no significant effect on the nutrient level required by shellfish
for growth. Pollution abatement may cause a decrease in estuarine
nutrient levels, but this decrease would not be great enough to
3 adversely affect snellfish growth.

| 5) Pollution - Pollution of an estuary can affect the resource

ki availability of shellfish through two channels; both of which cause

a loss to the shellfish market. The first occurs in grossly polluted

areas where the environment is not capable of supporting shellfich

growth. The second effect is the result of a smaller amount of

. pollution of an area where the shellfish do thrive but the bacterio-~

: logical quality of the overlying water necessitates the closing of
the area to harvesting in order to prevent the transmission of

E disease through the ingesting of raw contaminated shellfish.

‘here are ecthods available tor purifying shell‘isb v (n
~oderately pulluted or restricted areas. me metho' involves the
relaying of shellfish from a restricted area to an "Approved Grow-
ing Area" and keeping the shellfish there for a sufficient lenghth
of time to allow them to cleanse themselves by pumping the clean
water through their bodies. A second method involves the use of a
depuration plant which, in essence, is an artificial man-made
environment wherein shellfish harvested from restricted areas are
placed in shallow wire baskets. The baskets are then placed in tanks
through which clean sea water disinfected with ultraviclet light is
passed. This process increases the self-purification rate so that they
can cleanse themselves of bacteria and silt in a period of 48 hours.
The bacteriological and chemical quality required of a restricted
area is given in the Addendum on page 18. Although these two processes
would seem to lessen the need for pollution control in shellfish
areas, studies have indicated that the depuration and relaying
processes may not be as effective in chemical or virus removal as
they are with bacterial removal.

Proper water sesources planning and implementation can directly
tenefit the shellfish industry. The abatement of pollution in the
estuaries of the North Atlantic Region could do much to bring a
marketable product back into the economy; however, if development
and utilization of or conversely the abuse of our water resources
continues without the proper recognition of the shellfish industry
in our economy and heritage, the day may not be far away whem our
shellfish will have to be completely grown by artificial means.

The time is at hand to rectify this situation.
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SCLID WASTE MANAGFMENT

On October 20, 1965, Congress passed the Solid Waste Disposal Act

(Title II of Public Taw 89-272). Among other things, this Act

provides for grants meeting up to 50 percent of the cost to state

and interstate agencies for developing comprehensive state solid

waste disposal vplans, and, in conjunction with the plans, for conducting
surveys of solid waste disposal practices and problems.

On October 26, 1970, the Solid Water Disposal Act was amended by

the Resource Recovery Act of 1970. This new bill provides for the
initiation of new steps to promote demonstration projects, technical
and financial assistance, and research in the field of solid waste
reseurce recovery and recycling.

Prior to passage of the Solid Waste Disposal Act, few states had established

solid waste programs although solid waste planning was becomins
recognized as o desirsble and necessary activity., Tt wos 2180 becoming
evident that a thorough knowledge of solid waste conditions is a
prerequisite to developing comprehensive planning programs. But
because of a lack of experience and personnel, most states were unable
to develop and plan the required data-gathering activity. Thus the
states through the Conierence oi' State Sanicary Engineers in July 19.6,
recommended that the Solid Wastes Program ol the U.S. Public Health
Service prepare a list of essential data and guidelines for conducting
the statewide surveys. The response to this request resulted in the
formation ol the National Survey of Community Solid Waste Praoctices.

The data from this firsc surve;, have been compiled and published by tue
U.5. Public Heealth Service, Sclia Waste Program - now called the

5011d Waste Management Office, Fnvironmentsl Protection /gency - as the
"Preliminary Dota Analysis, 1968 National Survey of Community Solid
Waste Practices." The data are from 30 states and the District of
Columbia and presented on a regional basis established by the Federal
Government on e politicnl boundary division.

States in E. P. A. Regions I and II comprise more than 80 percent of the
population in the North Atlantic Study area; therefore, only data
from these two Regions will be used. The states involved in this
study along with their respective percent of popruletion surveyed

are: Connecticut (87.37), Delaware (79.49), New Jersey (40.8%),

New York (58.3%), Pennsylvania (100% ), and Rhode Island (oL,8%),

The survey included 23.1 percent of the estimated 1967 population
(12,000,000) of Region I and 67.4 percent of the estimated 37,000,000
residents of Region II. Only parts of some states in Region II are
within the North Atlantic Region. The data available were obtained
from 1361 1and disposal sites - 13% in Region I and 1207 in Region II.
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Over T0% of the sites were publicly operated while only 60% were
publicly owned. Approximately two-thirds were regulated by a health
agency.

The general character of the landfill disposal sites, the type of waste,
and the areas involved are presented in the following tables.

General Character of the Landfill
Disposal Sites

Land Type % of Sites
Quarry or borrow pit 12
Hillside 29
Gully-canyon 11
Marsh, tideland or flood plain 9
Level areas 28
Others 11

Type of Waste and % of Landfill
Disposal Sites Accepting Such Waste

Type of Waste % of Sites Accepting
Specific Type of Waste

Household 93
Cormercial 5k
Industrial 53
Agricultural 33
Institutional 39
Incinerator Residue 3

Area of Disposal Sites

Total Area per Site Land Disposal Area
(Acres) per Site (Acres)

Average Disposal Site 32.2 21.4

V-96




The mean anticipated life remaining for the disposal sites surveyed
was found to be about 20 years. Approximately one-third of the sites
provided daily soil cover s recommended for sanitary land fill
operations while only 12 percent of the sites maintained records
relating to the quantity of solid wastes received. Nearly 45 percent
of the sites will be controlled by a public agency upon completion of
site use.

Data was obtained concerning observed effects on the environment.
The potential problems are presented in Table

Summary of Environmental Factors Observed
at Survey Disposal Sites

Potential Environmental Problems Percent Sites
Reporting Problems

Surface Drainage 20

Leaching 1077

Fill in Water Table 16

About 30 percent of the land disposal sites surveyed could be identified
as true sanitary lendfill operations. While this figure is twice the
national average, it still indicates that potential health hazards

exist from substandard disposal practices and thus surface and ground
water could become contaminated.

STATE PROGRAMS

Planning for solid waste disposal in the North Atlantic Region will
be all important because of the dense population corridor extending
from Boston, Massachusetts, to Washington, D.C. Areas currently
avallable as potential landfill sites will be utilized to house the
increasing urban population. Possible solutions will be solid waste
reduction or disposal facilities. The types of facilities to be
considered include incinerators, grinders, crushers, and transfer
stations. Of course, these facilities do not eliminate the problem,
they merely reduce the volume of waste.
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As for the regulation of the design and operation of solid waste
management systems, state agencies usually have authority. The Bureau
of Solid Waste Management, Public Health Service, Department of Health,
Education, and Welfare, now called the Solid Waste Management Cffice,
Environmental Protection Agency, has published a report on the status
of state progrems. The report is entitled, "State Solid Waste Flanning
Grants, Agencies, end Progress...1970." In addition, the Bureeu has
also published an accompanying report, "Developing o State Solid Weste
Management Plan," which elaborates on the necessary compments of a
successful planning process and the methods for implementation of this
plan. This is a helpful guide for state planmers.

The following discussion is teken directly from the report, "Stste
Solid Waste Planning Grants, Agencies, and Progress...1970," and
describes the current status (1970) of the state programs in the
North Atlantic Region.

Connecticut - The survey is finished and much of the data are being
updated during quarterly site inspections. A special questionnaire
collected more detailed information about incinerators. Twelve
million dollars has been authorized for the construction of sanitary
landfills and incinerators. Two important ectivities are operator
training and public relations. "A Study of Refuse Disposal Methods in
Connecticut" was published in 1968. The State plan was to be completed
with the help of a consultant by June 197O.

Delaware - Survey data and other pertinent planning information were
compiled in a solid waste framework study. Although it represents only

5 percent of the total state plan effort, this study will guide the solid
waste planning for each of the state's three counties. Before county
planning begins, however, the intent of proposed state legislation to
finance these plans must be clarifi~d. When the county plans are finished,
the Board of Health will prepare e plan for administering its solid

waste responsibilities.

District of Columbia - Solid waste planning activities are shared by
two departments. The health department handles legislation, on-site
collection and disposal, private incineration, and hospital wastes.
The sanitary engineering department is responsible for other special
wastes, colleetion, public incinerators, and disposal sites. A good
waste management plan for the District of Columbia is complete.
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Meine - Two surveys of statewide solid waste practices preceded the
data collection work under this grant. All this information has now
been compiled and analyzed. More support for proposed legislation will
be fostered through a broader public relations program. Guidelines on
solid waste planning will be prepared for state agencies, regional
planning commissions, and municipalities. The state plan is keying on
solutiocns to six categories of problems. The scheduled completion date
wes June 1970.

Maryland - The survey is finished and much of the date are updated through

site inspections. This program is organized into the following three

sections: technical advice and assistance, planning and program eveluation, I
and special studies and research. Two populer publications, a pamphlet :
describing the state's solid waste problems and a monthly newsletter, ‘
receive wide distribution. New legislation requires a public hearing
prior to the operation of any disposal facility. A "Vaste Acceptance
Authority" is being considered by the 1970 legislature. Engineering

students are hired for summertime work as part of the agency's career
development program. / 10-year plan has already been developed. It

will serve as the basis for the state's solid waste management plen,

scheduled for publication in October 1970.

Maryland-Virginia Interstate - During the past decade, many studies
including some about solid wastes have been made in the Metropolitan
Washington ares. The findings of this work endorse a system of rail
hauling solid wastes to disposal sites. A strategy to implement this
system is now being planned. The Metropolitan Washington Waste Mesnagement
Agency, a subsidiary of the grantee, will be the operating agency for

the adopted plen.

Massachusetts ~ This project had to be postponed for nearly 3 years until
state administrative procedures were clarified. Now the solid waste
survey has begun and additional deleys are not expected. Recent
legislation authorized the department of public works to operate

disposal sites within the state. These operations must have the heslth
department's approval.

New Hampshire - This agency applied for s solid waste planning grant,
and the applicction is now being reviewed by the state's clearinghouse,
as required by the Bureau of the Budget circular A-95. The project is
expected to begin shortly.
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New Jersev - The statewide survey is complete including spot field
verification of some of the data. In sddition, representative

local comprehensive plens with solid waste data and plan elements have
been collected and evalusted. FExtensive public relations activities
have been conducted during the project period as well. Solid weste
program legisletive efforts have resulted in two new acts 2nd intro-
duction of fowr ~dditional bills now before the legislature.

Current efforts ore being placed upon development of the state plan for
solid waste management, which is about !0 percent complete. [ sysiems
appro~ch is being taken in planning for FNew Jersery. In =ddition, =
continuel planning process system is being installed -nd will include =
monagement information system to provide continual current and histcric
data. Once the basic planning process has been formulated,
implementation guildelines will be prep-red.

New York .- The state has completed its statewide survey of solid waste
practices. Additional data are being developed through severel regionsl
studies. Consider=ble interagency coordination snd public infor.ktion
activities have been conducted #s well.

New York is operating under Part 19 of the State Sanitery Cude, vhich
reouires that land disposal operations be conducted as sanitary landfills.

The state plan is approximately 85 percent complete =nd *3 being developed
in two phases. Phase I, sketch plan, is complete and phase II is
underway. Phese JI 1s being approached through system snalysis 2nd
development of models. Mathematical models are being developed that

can be applied to solid waste management throughout the state. The

state is studying the solid waste problem on a regional basis. Six
separate regional studies have been underway during the past two years,
covering nine counties and New York City. Plen reports resulting from
this statewide planning activity are designed to enhance implementation
of study recommendatiors.

Pennsylvania - The state has completed its statewide survey, which
included 100 percent of the total 2,559 political subdivisionsc. 1In
addition, an inductrisl-agricultural survey was conducted. *°
Significant legislation, the Pennsylvania Solid Waste Manazement Act
(Act 241), was signed into law by the Governor on July 31, 1968. The
Lect is broad in its management and planning scope. 2 unicue feature
requires municipalities to submit solid waste management plan to the
state for spproval. Reimbursement of up to 50 percent is available to
municipalities for the cost of preparing these plans. Extensive public
relations and information activities have continued throughout the
project. The Pennsylvania Solid Waste Management Plan has been completed
and printed.
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Fhode Tsland - The stotewide survey has beer completed »nd the solid
waste mann-ement plon is 80 percent complete. The plan will be finished
duri ng 1970. ]

Legislation for ~ 1loecal grant-in-aid program thet assists communities
in estrblichins volume reduction and disposzl facilities wss possed
during this progrom. The state's solid waste ~genc administers this
program. Gront funds are awarded only if the community's long-ronge
disposal plan is approved by the department of health. An incentive
is offered for resional operations by increasing the state's shore

of the grant.

Vermont - The state survey is being rechecked to evaluate the approved
sanitary landfill capacities. A full-time staff is preparing the

state plan. A special Governor's Task Force recommended regional
disposal sites and compacter container collection techniques. Over

80 percent of the solid waste is now going into approved disposal
sites. Approval permits are issued by district environmental commis-
sions after technical approvals are obtained and public environmental
hearings are held.

Virginia - Plans for the disposal of solid wastes during the next 20
vears have been prepared for T5 percent of Virginia's counties, cities,
and towns. Data for this planning were obtained through the statewide
survey. Reculations will not be promulgated for some time, but disposal
standards hove been distributed widely. £ special legislative committee
is studying the state's solid waste problem and will report its findings
to the 1970 2ssembly. / bimonthly newsletter promotes better solid
waste practices tc its TOO subscribers.

West Virginia - Data from the statewide survey are now being 2nalyzed
The grantee p“eu°r0i several county solid waste plans that have been
implemented. proposed solid waste law could not be accommodated

by the 1970 1egis‘“t‘rv‘: schedule, and the bill will be resubmitted ot
next year's session. Public education continues toc be one of this

agency's most important ~ctivities. The state plan is 20 percent complete

and will be finished by September 1970.

FUTURE PROBLEMS

It is anticipated that with the incrcase in population projected for
the Region, solid waste management will be one of mojor concern.

The total generation of solid waste will increase not only because of
increasing population but also because of an expected increase in per
capita generation rates. It has been estimated, on a national basis,
that the amount of solid waste material to be collected through
municipal and private agencies will
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rise to eight pounds per person per day by 1980. Using this figure
and applying it to the North Atlan..c Region, we could expect that
over 80 million tons of solid waste material will be collected in

the year 1980. Even if per capita output did not rise in the period
from 1980 to 2020, we could expect, based on estimated populations,
that approximately 100 million tons of solid waste would be generated
in the year 2000 and about 125 million tons in the year 2020. With
present disposal conditions, this would mean that by 2020, nearly
25,000 additionel acres of land would be needed each yesr for solid
waste disposal.

In looking to resolve future problems associated with solid waste
material in the North Atlantic Region, some acceptable degree of
control over the generation of such wastes must be developed along
with methods for collection, transportation, processing, recycling,
and efficient disposal of the waste. It appears that the ultimate
solution to solid waste management lies in efficient physical
handling procedures coupled with the recycling and reclamation of the
waste materials.
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HEALTH GUIDELINES FOR WATER RESOURCES AND RELATED LAND USE MANAGEMENT

et bt

The following report entitled "Health Guidelines for Water Resource
and Related Land Use Management'" is herein published in a final draft
form. These guidelines were initiated by the Water Supply and Sea
Resources Program of the U. S. Public Health Service (now the Division
of Water Hygiene of the Environmental Protection Agency) in 1967 under
partial funding from the North Atlantic Regional study with the purpose
of providing a useful document for guiding water resources planning
from a health standpoint.

The chapters included in this report are as follows:

CHAPTER TITLE
I Public Water Supply Systems 1
B Irrigation with Sewage Treatment Plant Effluent 11
III Shellfish Growing and Harvesting Waters 17
Iv Recreation Area Development 27
Vi Vector Control 45
VI Solid Waste Management 55
VII Radiological Health 63
VIII Air Pollution T1
|
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CHAPTER I - PUBLIC WATER SUPPLY SYSTEMS

In the PHS Drinking Water Standards(l), a water supply is defined
to include "the works and auxiliaries for collection, treatment, stor-
age, and distribution of the water from the source of supply to the
free-flowing outlet of the ultimate consumer." A public water supply
system is intended to furnish water for drinking, food processing, or
other intimate human uses as well as for a variety of commercial,
industrial, municipal, and other uses.

The exact definition of a public water supply system differs
from State to State, varying as to the number of families or custamers
served, but for purposes of this document, includes the idea of service
to a community and/or the availability of the system for service to
the general public.

The protection and safety of a public water supply system depends
upon the sanitary environment, quality and quantity of source waters,
the effectiveness and reliability of treatment processes, the integrity
and capacity of storage and distribution systems, quality control
surveillance, and the qualifications and effectiveness of the operating
personnel. Details regarding the sanitary maintenance and evaluation
for all aspects of public water supply systems is covered in the Manual
for Evaluating Public Drinking Water Supplies.(2)

DRINKING WATER AND HEALTR

Provision of adequate quantities of safe water for drinking and
other human uses is important to the public health both because con-
taminated water can produce disease and illness and because the
rcady availabilily of safe water can stimulate better personal hygiene
thereby resulting in improved health.

The association of health and water is usually connected with
massive outbreaks of Llyphoid fever and other waterborne diseases which
occurred over 50 years ago in the United Gtates and Western countries
but have since been largely eliminated by improved water treatment and
supply practices. lowever, it is seldom realized that disease outbreaks
still stem from contaminated drinking water; from 1946 to 1960, 228
outbreaks of diseasc or poisoning with 25,984 cases were attributed
to drinking water.(3) Additionally, a variety of significant outbreaks
affecting thousands of people have occurred more recently, including
111 health from hepatitis,(4) salmonellosis,(5) and gastroenteritis.(()
These outbreaks have been associated with breakdowns both in dis-
tribution and treatment processes.

The availability of safe water and modern sanitary facilities in
individual homes facilitates good personal hygiene practices and is

(1) Keference numbers refer to bibliography at the end of each
respective chapter.
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accepted as a key feature of modern life. However, many disadvanteged
persons in cities, small towns, and rural areas still do not have
adequate supplies of safe water and needed sanitary facilities in
their homes. A recent study of /mericnn Indian communities has shown
that the provision of safe water supply and sanitary facilities in

the home reduced the incidence of selected diseases.(7)

LFELATION OF PUBLIC WATER SUPPLY SYSTIMS TO WATER RESOURCES DEVELOPMENT

The planning and developmwent of reservoir pro,jects should include
consideration not only of the quantity needs of municipalities for
waler, but also the quality aspects. 'The effect of all water resource
developments upon existing public water supplies should also be con-
si¢.red, especially where the effect may be negative.

In choosing between waters of differing quality, preference should
be given to the use of the higher quality water for municipal and
drinking purposes. Quality ccnsiderations should include a sanitary
survey and analysis of the involved watershed, an evaluation of raw
water quality and an analysis of trends and forecasts regarding
future raw water quality and its relationship to planned water pollu-
tion control efforts.

The sanitary survey and analysis of the watershed should be
performed by sanitary engineers or other public health specialists
and should include examination and evaluation of all existing or
potential public health hazards and sources of contamination.
Elements to considered in the survey would include:

1. Possible develomment and activity on the watershed and
possible means for control thereof, such as: residential,
industrial, recreation, etc. development; and plans for
zoning controls and proposed ownership of the watershed
lands, particularly ad.jacent to the reservoir.

2. Ma,jor sources of natural contamination including animals,
drainage froam swamps, bogs, and mineral deposits, and
silt fram soil erosion.

3. Major -cources of man-made contamination including industrial,
farm, municipal, and individual home sources.

The determination of raw water quality is frequently difficult
because of lack of data on elements important to drinking water
quality, variable conditions in the stream which may cause temporal
changes in quality and uncertainty with regard to the effects of
impoundment on the water quality. (8) Sampling and analysis of a
stream should be planned to include the bacterial, chemical, physical,




and radiochemical measures which are important to drinking water
quality and should be of such frequency and timing as to give an
accurate portrayal of the stream's water quality. Samples should be
analyzed by methods described in Standard Methods for the Fxamination
o Vater and Wastewater(9) or by camparably recognized techniques.

Water pollution and river basin authorities should be contacted
with regard to trends in contaminant levels and forecasts for the
future. Such an analysis could indicate that current problems may
be solved prior to the time that stored waler would be used for
municipal purposes or that new problems would require new attention
and solutions.

RAW WATER QUALITY AND TREATMENT

The quality of the source waters will determine the treatment
processes required to produce a water that meets the PHS Drinking
Water Standards. ligh water quality may require minimal treatment
whereas lov qualily water may require extensive treatment to produce
8. potable water. In the economic analysis of reservoir pro.jects
consideration should be given to the costs of water treatment in
cvaluating alternate means for providing municipal water supply.
Municipal supply intalkes should be constructed with multi-level
inlets so that, where stratification occurs, the best quality water
can be taken into the system; or provision should be made for mixing
80 as to prevent stratification.

In the past many drinking water supplies fram protected well
sources have been served to custamers without any treatment. However,
instances of back-siphonage and contamination in distribution sytems
together with related disease outbreaks, have demonstrated the need
for maintaining residual levels of a disinfectant, usually chlorine,
throughout the system. Consequently, the minimum recommended
ireatment for all public water supply systems is disinfection.

Guides herein are for raw water quality which is to be given
iwo categories of treatment, "Disinfection Only" and "Conventional
Treatment." However, it is also recognized that certain waters
will require intermediate degrees of treatment between "Disinfection
Only" and "Conventional Treatmeni" and that others will require an
advanced level of treatment beyond "Conventional Treatment.'

A. Disinfection Only

Where ground waters are subject to only low levels of contamination,
treatment no greater than disinfection may be adequate.

The raw water quality considered satisfactory for this degree
of treatment should meet the following requirements: i
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1. Bacteriological:

a. Coliform Group - Less than 100/100 ml as measured by
a monthly arithmetic mean.

b. Fecal Coliform: If fecal coliform density is measured,
the above total coliform density may be exceeded, but
fecal coliform density should not exceed 20/100 ml as
measured by a monthly arithmetic mean.

2. Physical:

Should meet Public Health Service Drinking Water Standards,
including limits as follows:

Turbidity ------ - - 5 units
(500 oy SR SR T e O A S E e L L e b R C 15 units
Threshold Odor Number =-------==cc-ce-aaa 3

3. Chemical:

Chemicals present should not exceed the following concentrations:

Substance Concentration (mg/1)

Arsenic (As) 0.01
Barium (Ba)

Boron (B)

Cadmium (Cd)

Carbon Chloroform Extract (CCE)

Chloride (C1)

Chromium (hexavalent, Cr'6)

Copper (Cu)

Cyanide (CN)

Detergents (Methylene Blue Active Substances)
Fluoride (F)
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50-0’53-7°F
53.8-58.30F
58.4=63.80F
63.9-70.6°F
T0:7=T79.29F
T9.3-90.59F
Iron (Fe)
Lead (Pb)
Manganese (Mn)
Mercury (Hg)

Annual average of
maximm daily air
temperatures

Nitrogen (Nitrate + Nitrite) as N

Phenols
Selenium (Se)
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Substance Concentration (gg[l)

Silver (Ag) 0.05
Sulfate (50),) 250
Total Dissolved Solids 500
Uranyl ion (UOE**) 5
Zinc (Zn) 5
k. Radioactivity:
Should meet the Public Health Service Drinking Water Standards
including the following:
a. Radium-P26 —-----mmcmecemcmcmmmecceeoam 3 muc/liter
Strontium-90 =-------mmcccocccccnmancaa- 10 uuc/liter
(When these concentrations are exceeded, the water will
still be acceptable if surveillance of total intakes of
radioactivity from all sources indicates that such intakes
are within the limits reconmended by the Federal Radiation
Council for control action.)
b. In the absence of Strontium-90 and alpha emitters:
Gross beta concentrations --- 1000 amc/ liter
(When these concentrations are exceeded, the water will
be acceptable if more complete analysis indicates that
concentrations of nuclides are not likely to cause
exposures greater than the Radiation Protection Guides
as approved by the President on recommendation of the
Federal Radiation Council.)
5. Pesticides:
Should not exceed the following limits:
Pesticide Maximum Permissible
Concentration (mg/1)
Endrin 0.003
Aldrin* 0.01
Dieldrin 0.01
Lindane 0.1
Toxaphene 0.1
Heptachlor x x 0.0
lHeptachlor Epoxide *X 0.02
DDT 0.1l
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Pesticide Maximum Permissible
Concentration (mg/1)

Chlordane 0.01

Methoxychlor 0.5

Total Organophosphorous and Carbamate Compounds O-1
(expressed in terms of Parathion Equivalent
Cholinesterase inhibitions)

2,4,5-1P 0.2

2,h-D 1.0

*The concentration of aldrin and dieldrin in combination should
not exceed 0.0l mg/l.

**¥The concentration of heptachlor and heptachlor epoxide in
combination should not exceed 0.02 mg/l.

Disinfection will normelly be accomplished by chlorination with
a minimum residual to be maintained in distant parts of the distri-
bution system of 0.1 - 0.2 milligrams per liter for free chlorine
or 1.0 milligram per liter for chloramines. The Manual for Evaluating
Public Drinking Water Supplies gives details regarding chlorination
and regarding other types of disinfection treatment.

B. Intermediate Treatment

Many surface waters are of such a degree of purity as usually
to meet the recommended guide limits for "Disinfection Only". Such
waters would be derived fram grassy, wooded terrain including little
swemp land or land which is exposed or under cultivation. Wwhen
adequate storage is provided in reservoirs and strict control of
contamination is practiced on the catchment and storage areas, a high
quality raw water can usually be obtained.

However, all surface waters are aubject to temporary deterioration
in quality through increased levels of turbidity, algae growths, and
miscellaneous contaminants. Such contaminants will hinder the effect-
iveness of disinfection treatment and may reduce the aesthetic properties
of the water for drinking purposes. All surface waters, therefore,
should recelve some degree of treatment more extnesive than "Disinfection

Only."

Where surface waters meet or come close to meeting the recommended
guide limits for "Disinfection Only", they should be given a degree of
intermediate treatment such as flocculation, sedimentation, or fil-
tration or some combination of such treatments.

Some ground waters may contain chemicals or other substances which
are removable by less than "Conventional Treatment;" these should be
given an intermediate degree of treatment appropriate to the raw water
quality problem involved. 1In any case the objective of the treatment
will be to provide continuously an adequate quantity of safe water,
meeting the Public Health Service Drinking Water Standards.
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C. Conventional ‘1'rcatment

Waters which are too contaminated for treatment by intermediate
means will rcquire conventional treatment. This higher degree of
treatment is defined to mean pre-disinfection, coagulation, sedimen-
tation, rapid granular filtration, and post-disinfection.

Even though conventional treatment is to be provided, every
c¢ffort slhiould be made to prevent and control contamination of the
raw water source. Where recreational use is permitted on a reservoir,
such use should be accampanied by sanitary controls and should be
prohibited in a restricted area surrounding the water supply intake.
The design of water treatment plants will vary with local circumstances
ond should be based on quality problems in the water to be treated.

The raw water quality considered satisfactory for conventional
irecatment should (in addition to meeting the applicable State Water
(uality Standards) mcet the following"

1. Bacteriological:

a. Total Coliform Density: Less than 20,000/100 ml as
measured by & monthly geametric mean, or

b. Fecal Coliform Density: If fecal coliform is measured,
the above total coliform density may be exceeded but
fecal coliform should not exceed 4,000/100 ml as
measured by a monthly geametric mean.

2. Physical:

Elements of Color, Odor, and Turbidity contribute signifi-
cantly to the treatability and potability of the water.

(This limit applies only to non-industrial sources;
industrial concentrations of color should be handled
on a case-by-case basis and should not exceed levels
which are treatable by conventional means.

Threshold Odor Number =--~-=-=---- 5
TRIDARIEy  somcmncnmsuoyewme Variable

(Factors of nature, size, and electrical charge for the
different particles causing turbidity require a variable
limit. Turbidity should remain within a range which is
readily treatable by complete means; it should not overload
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the water treatment works; and it should not change rapidly
either in nature or in connection where such rapid shifts
would upset normal treatment operations.

3. Chemical:
Since conventional treatment generally produces little
reduction in chemical constituents, raw water should
meet the limits given for "Disinfection Only".

k. Radioactivity:

Should meet requirements for radioactivity as shown for
"Disinfection Only".

5. Pesticides:

Should meet requirements for pesticides as shown for
"Disinfection Only"

D. Advanced Treatment

Water of poorer quality (but not sewage) should receive advanced
treatment as determined by the user's engineer or consultant and should
only be used if no raw water supply of better quality is available.

The treated water should continuously meet 1imits of the Public Health
Service Drinking Water Standards unless an exception, related to
potability and aesthetic properties, is approved by the State agency
responsible for public water supply systems. Additional measurements
for constituents, not covered in the PHS Drinking Water Standards,

may be necessary under these circumstances.
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CHAPTER I1 - IRRIGATION WITH SEWAGE TREATMENT PLANT EFFLUENT

The use of effluents from municipal sewage treatment facilities
in irr-gation has long been practiced. Sewage "farming" in the
United States began in the late 19th century in Wyoming, Colorado,
California, Uteh, and Montana. At the present time, extensive sewage
farming is done in the arid western states. Because water availability
is critical, little atiention is given to the bacteriological quality
of' the water supply. In water-short areas, available streams are
subjected to sewage discharges from small communities, cattle feed
lot drainege, infrequent stormwater runoff, and return irrigation
weter. Since the strecams are frequently small, these pollution dis-
charges quickly exceed the normal self-purification capacity of the
stream and extend the zone of potential health hazard downstream to
other water users, generally farmers dependent upon irrigation water.
To prevent disease transmission, the use of raw, settled, or undisin-
fected sewage has been prohibited on vegetables grown for direct
human consumption (produce) in most of the States.

Past exrmerience with unrestricted sewage irrigation has demonstrated

that disease outbreaks and worm infestations can be caused by con-
taminated vegetables and fruits. Today, health department restrictions,
low levels of population infection, and curative medicine have pract-
ically eliminated disease or worm infestations from food contaminated

by irrigation practices in the United States. This does not mean,
however, that no threat exists from this source. Irrigation will

play an important role in providing the higher food production necessary
with an expanding population. As more acreage is developed for
irrigation, the demand for water will increase, but the quality of
water available will often be poor because of greater reuse.

It is well established that disease-causing bacteria, viruses,
protozoa, worms, and fungi are found in fecal material, sewage, and
sewage polluted water; consequently, they may contaminate the soil
and crops with which they come in contact. Animal as well as humau
wastes are implicated because many species of pathogens can infect
both man and animals. The consumption of uncooked foods contaminated
with fecal material may cause the spreéad of disease in livestock as
well as human beings. Microorganisms known to be pathogenic for plants
can also be isolated from polluted irrigation water, but the role that
water and sewage play in plant disease transmission is not yet com-
pletely understood.

The diseases most frequently linked with fecal contamination are
typhoid and paratyphoid fevers, Salmonella gastroenteritis, bacillary
dysentery, cholera, leptospirosis, infectious hepatitis, viral gastro-
enteritis, and amoebic dysentery. Typhoid fever, cholera, and amoebic
dysentery are now practically nonexistent in this country because of
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effective sanitation and water treatment practices. Less common
diseases associated with irrigation agriculture are brucellosis,
tuberculosis, tularemia, swine erysipelas, coccidiosis, ascariasis,
cysticercosis, fascioliasis, schistosomiasis, and hookworm and
tapeworm infections. Although the route of infection is usually by
ingestion, larvae of hookworms and flukes can enter the body directly
through the skin.

The only reliable means for preventing exposure of the public
from contaminated produce is prevention of such contamination from
occurring. This has been achieved in the past by health department
regulations prohibiting the use of night soil and municipal sewage for
the irrigation of produce. Improvements in sewage treatment practice
and the application of secondary treatment on a wide scale have
prompted efforts to obtain approval of the use of treated waters for
unlimited irrigation. Health authorities are generally reluctant to
accept such use due to the hazards associated with the source of the
waters, the unknown factors of pathogen survival, and the inconsistency
associated with many treatment plant operators. The conservative
approach adopted in these guidelines will generally assure a safe use
of the subject water.

The selection of agricultural irrigation water sources should not
be based principally on the availability of the water supply, but
should also take into full consideration the bacteriological and
chemical quality of the water. The scarcity of water supplies of
acceptable quality in irrigation areas is fully recognized. Unfort-
unately, surface waters in arid and semi-arid regions are often small
streams with disproportionately large pollutional additions from
domestic wastes, sugar beet lagoon discharges, feedlot drainage, and
irrigation returns. These additions of low quality water bring
varying numbers of pathogenic organisms to irrigation waters and
ultimately in contact with field crops. Practical reduction of the
public health hazard can be accomplished only through a concept of
multiple safeguards designed to prevent raw plant food from contact
with and retention of pathogens.

Inforcement of the bacteriological quality guidelines for
irrigation water, 1,000 fecal coliforms per 100 ml, recommended by the
National Technical Advisory Committee on Water Quality Criteria should
result in reduced exposure of raw plant foods to pathogens. Data
correlating fecal coliform levels to Salmonella occurrence indicate
that the proposed standard is realistic, providing the safeguard mea-
sures and sanitary practices described are observed along with the
use of water of this quality. The standard represents the best
scientific information presently available. Further refinement of
the fecal coliform limits for irrigation water awaits additional
microbiological and epidemiological studies. Standards have as their
primary objective the protection of public health, but may also
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recognize the importance of multiple use in water-short areas, and
talre into account the specific uses for which the water is needed.

The fecal coliform level suggested is attainable only at a cost of

adequate waste treatment by all stream users.

For special cases, when envirommental conditions are hospitable
to pathogens, and/or time of exposure to hostile conditions is short,
the local or State health departments should make an appropriate
determination regarding the water quality to be used for irrigation.

Because receiving streams may be small and of lesser volume than
the sewage effluent, secondary treatment and disinfection of domestic
sewages are necessary to ensure substantial reductions of pathogens
in irrigation waters. Wastes from food processing plants, meat
packing plants and sugar beet mills, and runoff from cattle feedlots
should be diverted to lagoons and held for 20 to 30 days to reduce the
number of pathogens prior to discharge.

The method of water application influences the amount of fecal
contamination to which farm crops are exposed. Flooding, spraying,
sub-irrigation, and furrow irrigation are used in various agricultural
comunities. Waterswhich are not of potable quality should be applied
to crops which may be consumed raw by furrow or sub-irrigation to
limit contacts of the disease-causing microorganisms with plant sur-
faces. The use of primary effluent for spray irrigation is not
acceptable.

As a Turther safeguard against exposure to pathogens and their
survival on raw plant foods, farm management of irrigation water
should include a program of selective application based on the
bacteriological quality of avaeilable water. Irrigation water from
nearby sources could be applied during the various stages of cultiv-
ation but should be discontinued four weeks prior to harvest to
further diminish the risk from waterborne pathogens. Water applied
after this period should be derived from ground water supplies or
farm holding ponds.

Preparation of fruits and vegetables at harvest time includes
fresh water rinses to remove soil particles and to maintain the
quality of leafy vegetables. Fram harvest to consumption, all water
applied to clean and to freshen raw produce must be of drinking
water quality. This water should be applied in a continuously
flowing stream or spray with no recirculation of spent water through
the system.

Equally important as the water quality are the sanitation
practices of the farm laborers who cultivate and harvest the crops
and of the produce workers who repackage these perishabtles for market.
Adequate toilet and washing facilities should be provided for both.
Every effort should be made to instruct the personnel in principles
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of hygiene for their own protection and for improvement of the produce.
FFarm workers must be made aware of the potential dangers of acquiring
or spreading disease when working near animals and animal wastes as
well as polluted water and soil. Kecurring leptospirosis outbreaks

in agricultural areas of Israel emphasize some of the hazards associated
with irrigation agriculture. In many areas, agricultural workers are

in contact with water far exceeding approved bacteriological limits

for recreational waters.

MINIMUM ReCOMMENDED GUIDELINES FOR USE OF SEWAGE LFFLULINTS FOR IIKICATION

The practice of irrigation of agricultural crops with sewage
effluents raises a number of health questions concerning the bacterial
water quality to be used and with regard to vector control. The
factors relating to mosquito and other vector problems are primarily
those of hydraulics and drainage. These factors are discussed under
Chapter V, Vector Control, of this guideline. Recommended water
quality criteria for polluted stream waters used for irrigation are
presented and adequately discussed in the "Report of the Committee on
Water Quality" published by the Department of the Interior and are
therefore not covered here.

The recommended guidelines presented below are considered to be
the minimum for the direct use of sewage or treated sewage for ir-
rigation. Local and state regulations regarding this usage should be
followed 1if more stringent than these recommendations.

A. Irrigation with Raw Sewage

Raw sewage should not be used for irrigation.

B. Irrigation with Effluent

1. The sewage to be used for irrigation should be treated by
stabilization ponds, in series, having a minimum detention
period of 20 days with a recommended detention of 30 days
or by a minimum of secondary sewage treatment and disinfection.

2. After being treated, the effluent should meet effluent
standards or other requirements as established by the State
or other agency having jurisdiction for water pollution
control but in no case should the bacterial quality ex-
ceed 1,000 fecal coliforms per 100 ml.

C. Precautions to be taken before irrigation

Before irrigation with effluent is carried out, the following
precautions should be taken:
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The areas to be irrigated should be clearly designatcd
with signs warning in clear and visible letters that
sewage cffluent irrigation is being carried out.

. The pipe network for this effluent irrigation should be

completely disconnected from any potable water supply
network.

MA11 necessary steps should be taken to prevent mosguito
and fly breeding in the area to be irrigated.

A)1 necessary steps should be taken to prevent the dis-
semination of odors which may reach residential areas,
recreation areas, or other areas in which the public is
likely to be present.

No spray irrigation with effluent should be carried out
less than 200 yards from a residential area or 50 yards
from a road.

. kidge and furrow irrigation with effluent may be carried

out if the distance to residential areas is greater than
100 yards and the distance to roads is greater than 25
yards.

Crop limitations for irrigation with effluent

1.

Those crops which may be consumed raw and pasture lands
should not be irrigated with sewage effluents.

. Those crops normally eaten cooked or having an outer

peel or husk which is normally removed and discarded,
crops for industrial use and not used for human con-
suniption, nursery trees, and fodder crops for harvesting
may be irrigated with sewage effluent.

Il Irrigation of lawns with effluent

Effluent should be used to irrigate lawns only where the
lawns are closed to the public when the effluent is being
applied and while the irrigated lawns remain wet from the
effluent application,
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CHAPTER I11 - SHYFLLFISH GROWING AND HARVESTING WATERS

In the production of shellfish for direct market harvesting,
the quality of waters over the shellfish growing areas is of public
health importance due to the ability of shelli{ish to concentrate
bacteriological, radiological, or chemical pollutants. The waters
of' areas approved for the direct market harvesting of sliellfish must
be free of potentially harmful concentrations of pathogenic micro-
organisms, radionuclides, heavy metals, pesticides, other potentiall,
toxic organic compounds, and marine toxins.

Sanitary control of shellfish in the United States is conducted
through the National Shellfish Sanitation Irogram, a cooperative
cuterprise with purticipation by the Public liealth Service, State
control agencies, and the shellfish industry. ‘he participants
Jointly have developed sanitation guidelines for the sanitary control
of shellfish growing areas and for harvesting and processing. Thesr
guidelines, titled the National Shellfish Sanitation Manual of
Operations(1), are revised and amended periodically at National Chell-
fish Sanitation Workshops. Interim revisions may be made througl
joint action of the participants in the program. Currently, the
program is coordinated by the Shellfish Janitation Branch, Division
of" Sanitation Control, Bureau of loods and Pesticides, U. S. Food
and Drug Administration.

CLASSIFICATION OI' GROWING AREAS

The sanitary quality of a shellfish growing area is delermincd by
a sanitary survey which includes:

l. A reconnaissance of the watershed to locate and quantify the
sources of domestic and industrial pollution that may
potentially affect the quality of the growing area.

2. Hydrographic surveys, supported by bacteriological and chemical
analyses to determine the course and fate of the pollutants
and the residual levels of pollutants in the water over Lhe
shellfish beds and the shellfish meats.

Based on the findings of these surveys, the shellfish asrea is
classified into one of four categories, defined in detail in the
Manual of Operations, Part I - Sanitation of Chellfish Growing Arcus.
The following is an abstract of the manual requirements for these
four categories:
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Jpproved Areas

Growing arcas may be desi naled as approved when (a) the sanitary
survey indicates that vathogenic microorganisms, radionuclides, and/or
harm il industrial wastes do not reach the areas in dangerous concen-
trations, and (b) this is verified by laboratory findings whenever
the sanitary survey indicates the need. Shellfish may be taken f{'rom
such areas (or direct marketing.

Catistactory Compliance - "his item will be satisfied when the
{following criteria are met:

1. The area is not so contaminated with fecal material that
consumption of the shellfish might be hazardous, und

The area is not so contaminated with radionuclides or
industrial wastes trat consumption of the shellfish might

be havardous, and

‘"he median coliform MPN of the water does not exceed (0/10C
ml, and not more than 10 percent of the samples ordinarily
exceed an PPN of £30/100 ml fcr a S-tube decimal dilution
(or <30/100 ml, where the 2-tute decinal dilution is used)
in Lthose portions of the area most probably exposed to

fecal contamination during the most unfavorable hydrographic

and pollution conditions.

The PN values are based on an assumed normal ratio of coliforms
to rathogens and would not be mpplicable to any situation in which
an atnormal ratio of coliforms to pathogens might be present. Con-
sideration must also be given to the possible presence of industrial
or agricultural wastes in which there is an abnormal coliform to

pathogen ratio.

Conditionally Approved Arecas

The suitabllity of some areas for harvesting shelltish tor direct
mart eting is dependent upon the attairment of an established perform-
ance standard by sewage treatment worls discharging effluent directly
or indirectly to the area. In other cases, the sanitary quality of
the area may be affected by seasonal population increases, runoff
from {arm lands, or sporadic use of a dock or harbor facility. When
not adversely aftected by these flactors, such areas may be classitied :

as conditionally approved.

Gtate shellfish control ageincies shall establish conditionally
approved areas only when satis(ied that (a) all necessary measurecs
have been taken to insure that performonce standards will be met and
(b) that precautions have been talen to assure that shellfish will
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not be marketed fram the areas subsequent to any failure to meet
performance standards and before the shellfish can purify themselves
of polluting microorgenisms or chemical pollutants.

Satisfactory Compliance - For information on satisfactory com-
pliance specifications for this classification, the National Shellfish
Canitation Manual of Operations, Part I, should be consulted.

Restricted Arca

An area may be classified as restricted when a sanitary survey
indicates a degree of pollution which would make it unsafe to harvest
the shellfish for direct marketing. Alternatively, the states may
classify such areas as prohibited. Shellfish from such areas may be
marketed after purification or relaying as provided for in Section D
of the Manual.

Galisfactory Campliance - This item will be satisfied when the
following water quality criteria are met in arecas designated by the
states as restricted:

1. The arca is o contaminated with fecal materials that direct
consumption of the shellfish might Le hazardous, but

2. The area is not so contaminated with radionuclides or industrial
wastes that consumption of the shellfish might be hazardous, and

3. The coliform median MPN of the water does not exceed 70C/100 ml
and not more than 10 percent of the samples exceed an MPN of
2300/100 m1 in those portions of the area most probably
cxposed to fecal contamination during the most unfavorable
hydrographic and pollution conditions.

li. Shellfish from restricted areas arc not marketed without

controlled purification or relaying.

Prohibited Areas

An area shall be classified prohibited if the sanitary survey
indicates that dangerous numbers of pathogenic microorganisms might
reach an area. 'he taking of shellfish from such areas for direct
marketing shall be carefully prohibited. Relaying or other salvage
operations shall be carefully supervised Lo insure against polluted
shellfish entering trade channels. Actual and potential growing areas

which have not been subjected to sanitary surveys shall autamatically
be classified as prohibited.

Satisfactory Compliance - This item will be satisfied when:

l. An erea is classified as prohibited if a sanitary survey
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indicates either of the following degrees of pollution:

a. The area is so contaminated with radionuclides or indusirial
wastes that consumption of the shellfish might be hazarious,
and/or

b. The median coliform MPN of the water exceeds 700/100 ml or
more than 10 percent of the samples have a coliform MPIl in
excess of 2300/100 ml.

n

. No market shellfish are taken from prohibited areas except by
special permit as described in Section D of the Manual.

3. Coastal areas in which sanitary surveys have not been made
shall be automatically classified as prohibited.

RADIOACTIVITY

Radioactive wastes entering the water envirorment constitute a
potential hazard to humans through consumption of shellfish which lave
taken up the radiovactive material from the water. The principal
potential sources of such materials are the liquid waste discharges
from nuclear energy applications such as nuclear power ships or nuclear
power plants. Radioactive wastes from these sources may be discharged
into shellfish waters at concentrations not exceeding the applicable
standards(2) (or comparable State regulations). Due to the accumulation
of radionuclides in aquatic food chains (3)(!), it is possible, however,
for certain radionuclides to be present in edible portions of human
food organisms in quantities sufficient to be of public health concern,
even though the concentrations of the radionuclides in water are
within permissible limits according to these standards.

The radionuclides of public health significance which may be
found in shellfish include the following:

1. Fission products which include radioisotopes of zirconium,
ruthenium, iodine, cerium, and strontium.

2. Activation products which include radioisotopes of chromium, |
manganese, ironm, cobalt, copper, and zinc. |

A proposed Appendix C, "Interim (uidelines for Radionuclides for
Shellfish" was adopted at the 1968 National Shellfish Sanitation
Workshop.(5) This document should be consulted for details of sur-
veillance methods and recommended limits of radionuclides in shellfish.
Table I presents a list of selected controlling radionuclides and the
recommended guide for radioactivity in shellfish for an assumed intake
of 50 grams per day. If the concentration of any single nuclide in
shellfish reaches the recommended guide value, the shellfish should
be released for public consumption only after a comprehensive evaluation
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of the dose to the exposed population from all environmental sources
shows that the Federal Radiation Council's Radiation Protection
Guides(6) will not be exceeded. If more than one nuclide is present
in significant amounts, an additional evaluation must be performed as
shown in the "Interim Guidelines for Radionuclides in Shellfish."(5)

Table T - Recommended Guides for Selected Radionuclides

Selected Max imum Maximun Radiological Guide
Radio- Permissable Permissable for Radioactivity
nuclide Concentration Radioactivity in Shellfish (Assuming
(MPC)w(a) intake a 50 g day intake)
uCi/ﬁc uci/day uci/g
x10~
Sler 6.67 1.47 0.03
5lyn 0.333 0.0733 0.001
58co 0.333 0.0733 0.001
29re 0.2 0.0Lk 0.0009
6000 0.167 0.0367 0.0007
Ol ey 1.0 0.22 0.00k
65n 0.333 0.0733 0.001
90g — 0.0002 : 0.00000U
9 oy 0.0 0.0kl 0.0009
103py 267 0.0587 0.001
1006py 0¢0333 0.00733 0.0001
131y -— 0.0001 0.000002
1hlce 0.0333 0.00723 0.0001