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The No r t h  A t l a n t i c  Reg ional Wate r Resources (NAR ) S tud y examined
a wide  v a r i e t y  of w a t e r  and re la ted  land resources , needs and devices
in formulating a brood , coord ina ted  program to  guide  f u t u r e  resource
development and management in the North Atlantic Region The Stud y
was a u t h o r i z e d  by the 1965 Water Resources Planning Act (FL 89—80)
and the 1965 Flood Con t ro l  Act (PL 89—298) , and c a r r ie d  out under
gu idel i nes set by the Water Resources Council.

The recommended program and a l ternat ives  developed fo r  the N o r t h
A t l a n t i c  Reg ion were prepared under the  d i r e c t i o n  of the NAR S tud y
Coordinating Committee , a partnershi p of res ourc e planners represent-
in g some 25 Federal , regional and State agencies. The NAR Study
Report presents this program and the alternatives as a framework fo r
future action based on a planning period running through 2020, w i t h
bench mark planning years of 1980 and 2000~

The planning partners focused on three major objectives — — Nat-
ional Income , Regional Development and Environmenta1 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 a d d i t i o n  to the NAR Study Main Report  and Annexes , there are
the fo l l ow in g 22 Appendices:

A~ His tory  of Stud y
B. Economic Base
C, Climate , Meteorology and Hydrology
D. Geology and Ground Water
E0 Flood Damage Reduction and Water

— Management for Major Rivers and

- 
Coastal Areas

F. Upstream Flood Prevention and
Water Management

C. Land Use and Management
H0 Minerals
I. Irrigation
J,, Land Drainage
K . Navigation
L. Water Quality and Pollution
M0 Outdoor Recreation
N0 Visual and Cultural Environment

— 0,, Fish and Wildlife
P. Power
Q. Erosion and Sedimentation
R0 Water Supply

_____ S., Legal and Institutional Environment
T. Plan Formulation
U. Coastal and Estuarine Areas
V. Health Aspects
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I. IW1~RODUCTI ON

The Division of Water Hygiene of the Environmentai Protection
Agency ( formerly the Bureau of Water Hygiene of the U. S. Public Health
Service) is the primary Federal agency responsible for the input of
public health aspects into water resources planning and related land
use developuent 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, Ceorgla, have jointly prepared the following report: Appendix V -

Health Aspects. This report ~s 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 worlcabie water resourcc~
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 constraint~~to the development and
utilization of a water resources facility. Th~his appenilx wil~• ident i fy
some of ~~ese- areas of health needs for the water resources planner.

The diversity of geographi cal , socioeconomi c, 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 throngh
a discussion of the following:

1. ~Epidezaiological ~k~sessment~

II. 1{ealth A~pects of Water Süpply~

III. Vector Zontrol ) i

IV. .~~vironmental Realth A1~alYsis, i’ ~ 
l

• 

V~

A. Xtr pollution .Cbntrol )
B. R~tdiation Control)
C. R~creation 0Kanitation,
D. g~iellfish 3~znitation , -

~ r
E. solid ~1aste ~~nagement
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Ca.

II. CONCLUSIONS

The following conc lusions identify major areas of need that should
be acted upon in order to sustain and improve the health and well .being
of the peop le of the North Atlantic Reg ion concurrentl y 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 p lanning areas used in the other sections of
the North Atlantic Region al Water Resources Study. In general , it could
be said that most of the identified health needs would app ly to all
21 basins althoug h these needs would certainl y 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 conc lusions which are deemed most significant are as follows ;

1. There is a lac k of comprehensive water quality monitoring pro-
gram s to identify future water supp ly sources. This is irost
needed in areas where metropolitan areas will have to go to
local surface water sources which may have questionable water —

quality from a chemical standp oint.

2. Insufficient information is ava ilable on the quality of water
being delivered by individual water supp lies in the North
Atlantic Reg ion .

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

4. Comp lementary use of water supp ly reservoirs for recreation
purposes will require close study for each proposed recreational
site.

5. Federal and state water supp ly program s require vast l y expanded
bud gets and staff to carry out thtd r responsibility o . providing
surveillance , research , and technical assistance to local water
supplies in order to maintain the hig h level drinking water
quality throug hout the North Atlantic Region .

6. There is a lack of adequate data on the occurrence of waterborne
diseases in the North At lantic Reg ion , 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 encep halitis outbreaks.

V- 3
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8. Continuou s surveillance of rec reation facilities from a health
standpoint is not practiced to the extent necessary to provide
adequate health protection .

9. Pollution abatement programs wilt do much to benef i t  estuarine
areas , particularly from the standpoint of the shellfi sh indus-
try where much revenue could be gained for the economy
throug h the opening of the now closed shellfish growing areas.
The water quality needed for water supp ly and recreational
areas will also be benefitted by these abatement programs .

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

V .4
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III. EPIDEMIOLOGICAL ASSESSMENT

Epidemiolo~~’ is a science that deals with the incidence , distrib-
ution, and control of disease in a popbliation. Epidemiologlcal data
within the North Atlantic Region are somewhat limited with regard to
the health damages resulting from ‘waterborrie diseases. The U. S.
Public Health Service Ccsmnunicable Disease Center does compile data
for some 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 a number of diseaFes potentially transmitted by this route, but
six are of greater significance in the United States . These are
hepatitis, salmoneflosis , shigellosis (bacillary dysentery), ainebiasis
(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
among 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—i.

TABLE V-i

Estimated Number of Reported Cases
of potentially Waterborne Diseases
in the North Atmanti-~ Region ( 1965-68)

Disease 1965 1966 1967 1968 1~ Year Total

Amebiasis 1,329 l,4~~, 1,837 1,786 6,355
Encephalitis 695 615 512 360 2,182
Hepatitis 7,496 7,234 9,314 11,066 35,110
Salmonellosis li.,8i6 5,106 4,390 4,767 19,079
Shlgeflosis 1,1453 2,3’8 2,779 2,559 9, 190
Typhoid Fever 73 87 57 65 282

15,862 16,763 18,889 20 ,603 72 ,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. Ainebiasis is the one disease that
varies significantly from the normal incidence pattern . Dur ing the
four year period , nearly 55 percent of the reported eases in the

V- 5
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Nation occurred in the North Atlantic Hegion . This is due to the
large number of reported cases in ...w York City, where more than 85
percent of the cases of amebiasis reported in the North Atlantic
Region occurred.

Amebiasis can be expected in economically depres sed areas of a
city where good sanitation practices are sometimes neglected
resulting in a situation conducive to the spread of the disease.
Acut e cases tend to become chronic arid, in the transient populat ion
c o n  to this type of environment, inunigrants to an endemic ar ea
often contract the disease. Malnutr ition also is conun on to an area
of this type and contributes to the severity and frequency of the
disease. Medical clinics operat ing 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 s~a1l 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 outbreaks go unreported and, therefore, are not listed in the
Morbidity and Mortality annual publications. An example is the
estimat ed 18,000 cases of salmonellosis that occurr ed 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
vaterborne epidemics occur to realize the need for constant sur-
veil].ance and correction of environmental health problems.

There have been serious outbreaks in the North Atlantic Region .
The following 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 proble ms.

One of the more serious outbreaks was the infectious hepatitis
incident which put an end to the 1969 Holy Cross College footbail
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.
E~caininatIon of the area located a water line that supplied the
irrigation system and the equi~mient house. Further investigation
found that some children - four of whom had hepatitis - often used
the sprinklers to cool off and many times were seen urinating on
the nozzles and in the meter pits . With 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 .

V-’. -
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This negative pressure drew contaminated water fran the pits into the
system and the water was delivered to the tap In the equlpuent house
that supplied drinking water for the players during practice. These
conditions resulted in the outbreak of infectious hepatltis. (l)

In November, 1963, over 300 cases of gastroenteritis were reported
in Island Pond, Vermont . Epideiniological 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 1477 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 garma 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 fran a closed growing area
in Greenwich Cove, Connecticut . The cove had been closed for a
number of years because of pollution from shoreline conmiunities .
The second disease outbreak was more extensive . ~‘ixty-nine cases
of infectious hepatitis which were atrributed to the consumption of
contaminated shellfish occurred in New Haven County in early 196k .
The source again was hard-shelled clams ; however, this time they
were believed to have been harvested from conunercial 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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a low incident number or dispersion of related cases. Stronger
epidemiologica]. programs and more Intensive investigations will be
required to obtain better information on these borderline epidemics .

v-8
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IV. HEALTH ASPECTS OF WATEF~ SUPPLY

INTFODUCTION

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
conmiunity 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, Environmental Protection
Agency, conducted a Community Water 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 area s. The
study was undertaken to answer two questions about the Nation ’ s water
supplies: (i) 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 watervorka industry; therefore, It is included in this section.

NATIONAL SIGNIFICANCE 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 reccmunended constituent
levels of bacterial or chemical content, and a surprising larger
number of systems evidenced deficiencies in facilities, operation ,
and surveillance.

V-9
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The National significance can be placed in perapective by con-
siderIng the size-distribution of municipal 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 ccmmninities of less than
100,000 people. When these statistics are compared with the fact
that over 1~0 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 plant 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 contaminants. 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 em~uninIng our population trend . By the
year 2000 — only 30 years from now — our present population of
about 205 million Is expected to spurt to 300 million. By that time
it is expected that 187 millIon people (the total U. S. Population
juat eIght years ago) will be concentrated in four urban agglanerat ions —

on the Atlantic Coast, the Pacific Coast, on the Coast of the Gulf
of Mexico, and on the shores of the Great Lakes. Moat of the re-
maining population will be living in cities of 100,000 or more .

In the past, cc*mnunities and industries were In the favorable
position of being able to select the best source of supply consistent
with their quantity and qualii r requirements. The demand for more
w~ter to quench the thirst of a growing population and meet the
needs of’ expanding industry have led many people to a~k how future
qu~iIt~.V~y requirements will be satisfied . Concurrently, expending
water use canes at a time of greatly increased pollution of ground
water aquifers, as veil as streams , lakes, and rivers . Historically
and traditionally, ground water coming fran its natural environment
has been considered of good sanitary quality — safe to drink, if
palatable. Nevertheless, 9 percent of the wells sampled during this
survey show~~ coliform bacterial contamination. It seems f a i r  to
say that a similar situation prevails nationwide.

Chemical contaminants in our environment have been on the incre ase
for about 25 years , due to tie dramatic expansion 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
ccirpounds in industrial use today, and more than 500 new chemicals
are developed each year. Wastes from these che!nicais — synthetics,
adhesives, surface coatings, solvents, and pesticides — already are
entering our ground and surface waters, and this trend will increase.
We know very little abcvtthe 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 environmental 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.

V-il
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WATER QUALITY FOR WATE R SUPPL Y

The quality of water can act as a constraint to a specific
water use . At times quality night be a total constraint on the
quantity available. For example , if a large water supply reservoir
were constructed for a 20 year pro)ected 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 withdrawa l used and in-stream used.
Withdrawa l used include drinking and industrial use while in-stream
use would include swimsing, boating, fishing, etc.. In general ,
the most stringent requirements for water quality are those that must
be net for water supply for both drinking and industrial used.
Public health standards must be net 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 highe r water quality than is usually
produced by domestic water treatment . Other uses such as irrigation ,
power cooling, and industrial cooling do not have the quality con-
straints usually required for potable vater. (5)

For in-stream use , water quality requ irements are usually less
than thoie required for withdrawa l uses; however , these quality
needs will vary depending on the type of in-stream use proposed.
Recreation aspects are usuall y associated with specific water
quality needs for in-stream use . Of these aspects th. water-contract
sports -. swimeing , 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 withdrawa l or in-stream
pu rposes 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 withou t
requiring further treatment . As with ideal situations , this situation
is the exception rather t~han the rule especiall y in the ?~orth Atlantic
Region . The urban areas of the North Atlantic Reg ion which have the
highest demand for water suppl y usuall y have local water sources with
low quality. Examples of these are : New York - Hudson River; Boston -
Cha rles River; Hartford - Connecticut River: Philadelp hia - Delaware
River; and Washington , D . C. - Potomac River. Three of these five
cities -- New York, Hartfor d , and Boston -- have solved their
tunediate problems by obtaining their water from other cleaner upland
sources that require minimal treatment. Philadel phia and Washington ,
0. 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 p lants
which are now disi gned for the remova l of turbidi ty, colo r , and
pathogenic bacteria will be unable to produce a produc t 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
8O~ of the constituents listed is insi gnificant in the process of
conventional treatment. Conventional treatment is defined as that
which might inc lude coagulation (less than abou t 50 ppm alum , ferric
sulfate , or copperas with alkali addition as necessary but withou t
coagulant aids or activated carbon), sedimentation (6 hours or less),
rapid sand filtration (3 gal/sq.ft ./ mm or less) and disinfec t ion
with chlorine (without consideration to concentration or form of
chlorine residual). Thus , as water quality decreases and the limits
for the constituents listed in Table V-2 are exceede d , new ta thodi
of water trsa~~ent will have to be developed. It would be desirable
if pollution abatement program s gave more consideration to the water
quality requirements for drinking water supplies. This is espec ially
important in view of the fact that conventional wastewater treatment
plants are primarily designed to remove organic materials , settleable
so lids , 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 wastewa ter
treatment p lants , 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: Conventiona l wastewater treatment as practiced
today does not have the capability for removing many hazardous sub-
stances that are in the wastevater 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 abou t removing most
of the consituents listed in Table V-2 from our drinking water slni e
they are not present to any degree in our water sources. In most
cases this is basically true, but the recent discovery of me rcury
con tamination of rivers and Lake s across the country should not give
comfort to thos who feel that there are no problems .
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TAL LE V’R ~i:rf~ce Water Cr iteria for I’ublic Water Supplies

P ‘ i i i~~ssibIe Desirable
Coii~.tituCnt or cha ractcr istic criti’ria c ,,t:e~a Paragraph

P ’jsical:
Color (color units) 75 ,Kl0 1
Odor  Narrative V rrt ir .<~’ absent 2
Temperature ’ do Narr~itive 
turbidity do .~~~ Virtu a l l y absent -

M crobirilCd iCal :
Col foim organisms 10,000/100 m — 100! 100 inP 5
Fpc.’d col iforrns .. .. 2,000 /100 ml’ 20/ 100 ml’ .5

Inorgari~C chemicals: (mg/I) (mg/I)
Alkalinity Narrative .Narrat ,ve 6
Anitnonia 0.5 (as N) <0.01 . . _  7
ArseniC~ ~~~~~~~~~~~~~~ A bsent 8
l l a r i u u n ’ 1.0 do 8
13oron~ 

1.0 (10 ..~~~ 9
Cadmium~ 0.01 do .8
ChToride~ 250 . <25 
C rotiiiuin,~ hexavatent 0.05 Absent 
Copper 1.0 V i rtua lly absen t . .8
Dissolved osygen ~ 4 (r ionthly mcan) Near ~aturat iofl 10

.3 (individual saniple)
Fluoride ’ Narr,itive Narrative 11
Flarj ness ’ do do 12
lion (fi lterable) 0.3 Virtually absent  3 

0.05 Absent 8
Ma~gancse ‘ (f ilterable) 0.05 do . 8
O tra tes plus nitrites ‘ 10 (is N) Virtua lly absent 13
pH (ron ’~e) 5.0—8.5 ~~~~. 

Narrative 14
Phosphorus * Nnirative do . - _ _  15
Selenium 0.01 Absent 8
Sdvor ’ 0.05 do 8
Sulfate • 50 <50 8
Total dissolvcd solids ’ COO <200 16

(lilterahl~ residue).
Urany l ion ’ 5 Absent 17
Zinc ’ 5 Virtua lly absont 8

Otg.~riic chemicals:Cirbun ci lurokiriti e,.t ract  ‘ (CCLE) 0.15 <0.04 18
Cyanidc 0.20 Absent 8
Mcthy l0 ”O blue active substances ‘ .0.5 Virtual ly absent 19
Oil and n~i’ase • Virt ually ab~eiit . Absent 20
Pesticides:

Aldiin ” 0.0(7 do 21
Clilord~ne ’ ... 0.003 . ~ O 21
01)1’ 0.042 d o .  .21
D;e tdrin ’ 0.017 do 21 

. 0.00l do~~~. .21
Heptaclilor ‘ . . ..0.018 . - . do 1
lleptar ~ilor epoxide * 0.018 - do . . 71
tiiid3ne ’ . . . 0.0SF, _ . . .  - . do 21
Met liosych lcr ‘ .~~~~~~~. 0,035 do . ?1
Oi Lari c pbosph~ tes plus 0.1 - do 21

cai Samates. ’
Tenaphone ‘ 0.005 do 8

ll’ ’ rb i ’ : ,b”S:
2,4 D plus 2,4,5-1, plus 2,4 ,5-TP 0.1 do 21

PhenolS a .. .~~ .0.001 8
Radin.ictivity: (pc / I )  (pc/ I)
(ross beta ’ 1,000 <100 8
Rad iurn-226 ‘ .. . 3 ,  

__ -,,1 8
Struitt it ,ni’90 ’ 10 .. .. -~.2

ri ,. ‘i nt l  t r ’ r • ir,r’nt proc’-cs ‘ .rc i t o  r ikrt en his ii ,iii i ’ ’ r ’  H -n i l  if I r’ i i i I’f i ’ .~rr r~~, . ’ i r r t  i~ ., S not

ta i nt i ii.. ’ ‘ . i i i i i f t I  u nit
‘ r h - . In~~

,. ,.i t unas are , — r u r n i t u t y u ru it im , ’ iu~~~~.i~ C r 1 9 ’ S  is p . .  i . c .r in Isu i ,n r’ ,t — v , ,’,, , ,d , ,P— .’ ~n ‘I m a y  he . u e r f S

ir a - n t  ‘~~
.‘.i, -ri  ..,tr u. r t ~ ,mi - r I : , r r  i, ‘, a r r u i ,~.

- 5 1 ,ui, i I  i c u i , i r , , r  S i n  t o n - - r u  to  ‘ v u - i l  l ’ s , ,  r ,,n’~~~f l r r i iiQl lc fo r  v_ rn ’” . ‘ r~
uni on s or v u  , t u  i i , ’”. Sr.- pin . / t ,

Mercury 0.005*



Added to the possibility of unknown contam,iriants in our water
supplies is the 1’act that future water supply will undoub ’~’dly
come from sources of lesser quality . This will increase the chances
of encountering hazt rdous substances which are “untreatable by
present day conventional treatment.

The time for action is now. Writer 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 l96~r P.I-i .S. Drinking Water Standards and the P. 1-i.S.
Manual for E’v-aluating 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 conrpanies 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 chenical constituents. If a number of strategically located
water supplies throughout the North Atlantic Region were to do an
adequate analysis of their raw and tinished 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 deoperately needed on effective and economically
feasible methods of water treatment for the removal of these trace
elements in order to produce potable water.
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PROBLE~4 AREAS AND TREA’fl4~~T ~KEDS

In thi s 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 vii]. not be all inclusive of the water supply problems
of the North Atlantic Region ; it will only highlight some of the
maj or ones .

Vermont

A ccmmaznity water supply study done in the State of Vermont by
the Bureau of Water Hygiene, U. S.P.H.S., in the suimner 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 a major understaffing
problem for a number of years, the water supply program of the
Vermont State Health Department had been unable to provide adequate
surveillance and assistance to the 216 comnunity 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 se~nent 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
Rm~11(serving less than 1000 people). These mn~i1 systems do not
have the capital to make necessary improvements or to hire competent
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 system.5 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 typ ifies many similar cond tti~ns which exist in many rural
water supp lie, in the United State..

Burlington , Mas sachusetts

Burlington , Massachusetts , has experienced a rather drastic buildu p
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
comp lex systam of streets and highways of the area. The chloride
content of the wells has risen from around 30-50 mg/ i in 1965 to
100-200 mg/i in 1970. The reco~~ended drinking water stnadard is
250 mg/i. This standard is based on the Threshold taste of chlorides
in water.

The nature of chlorides in water make this a fiddicuit situation
to rectif y. There are no relatively economic treatment proceas es
available for removing chloride , from drinking water; therefore , it
usually boils down to a question of l imiting 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. Stopp ing the use of salt is not the entire
answer since a residua l 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
buildu p in its well supplies from hi ghway runoff. Other coninunities
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 supp lies may become a very
serious problem of the future if proper controls and precautionary
measures are not taken.

Fall River , Massachusetts

During the month of Au gust , 1970, a widespread contamination of
the water in the distribution system of the Fall River water supp ly
was experienc ed. Coliforni counts as hig h as 204 per 100 ml of samp le ,
were found in finished water samp les. 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 residu al
in the distribution system . As a result of this corrective action ,
boil water orders were lifted on Au gust 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 Fall River consists
of simp le chlorination , a heavier than usual contamination in the
major surface source may have overwhelmed the effectivene ss of the
chlorination process.
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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 ccamuni4 ies on Long Island Is derived exclusively
from a ground water acquifer which underlies the entire island. In
general, the quality of the water i~ 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, especially 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 practict has been a blending of the
high nitrate water with a low nitrate water to obtain an acceptable
water. When entire vellfields have this high nitrate problem, this
solution is no longer feasible.

czne 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 from regeneration are solved, -

‘

their use will be delayed . Here, as in Vermont, there is more than
adequate water for domestic water supply, but the quality limits the use
o~

’ this water.

In Suffolk County there has been a record of problems with deter-
gent pollution of ground water. The possib ility of this pollution
inc reasing because of the disposal of household sewage throug h
oftentime s inefficient individual disposal systems has created question s
in the minds of the Suffolk County health authorities. As a result
of this concern , in the latter part of 1970, the county leg islature
passed an ordinance outlawing the sale of certa in detergents throug hout
the country . This will be a difficult regulation to enforce , but again
a needed one to hel p maintain the good c~ual ity 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 from 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 ’ c 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 corwentional treatment which
will add significantly to the cost of water er ~he 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 t h e  Nev ‘~‘ork State Drink-
ing Water Standards. The added possibility of a spill from a tanker
or the release of a slug of hazardous chemicals from an upstream
industry complicate this problem. This problem of varying water
quality in the raw water source is going to Increase in importance as
more metropolitan areas l urn for their water source to nenrb~y riverswhich support a high degree of upstream Industr ia~ 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 coimnute
to work in the Newark or New York City area. heavy industrialization
and farm ing of the area also add to this high d~ nm~ 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 ~- erved by surface supplies on which the only
treatment provided is chlorination . Expanding subdivisions in the
upstream watersheds of’ tb~~e 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 product. 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 arnl manganese
which gives the water a brownish tinge and causes staining of bathroom
fixtures. Clothes washed with chlorine bleach i~’ this type of water
usually come out stained.

Iron arid 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 weilfield , the cost
for installing and operating this type of treatment is many times pro-
hibitive . This leaves the consumer with choice of using the rathe r
unaesthetic public water or resorting to the use of a backya rd dug
we ll which , although appearing clearer , may have bacterial contamination .

Philadelp hia, Pennsy lvania

The water supp ly of the City of Philade lphia is derived from the
De laware River and the Schuy lkill River. These rivers have low water
quality because of discharge s of munici pal and industrial wastes in
the upstre am 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 examp le of a large metropolitan area which
has already gone to nearby large rivers and provided extensive treat-
ment to produce drinking water.

Although Philadi phia ’s water supp ly 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 hi gher 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
althou gh 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.

!‘ennsylvania

A special sort of pollution problem is encountered in the coal
mining areas of Pennsylvania which can directly affect water supp lies.
This problem is the contamination of raw water sources by acid mine
drainage . Surface water supp lies whose sources are contaminated with
mine acids usually exhibit hi gh 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 p lumbing systems . High contents of phenols are oftentimes
associated with aggressive waters caused by acid mine contamination .
An examp le of a coimaunity in this situation is Altoon a , Pennsylvania.
One of Altoon i ’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 hi gh iron concentration s
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 hope d that this treatment p lant will prove effecti ve enough
to be used as a mode l for other water supp lies in the area that
have this problem of mine acid contamination.

This is an area where both specialized waste treatment and water
treatment are needed to gain the maximum utilization of this type
of water for water supp ly.

Cambrid ge, Maryland

A different kind of chloride problem has hit a numbe r of wells
in the Cambridge , Mary land , area. This contam ination 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 tong Island , New York. An
experimental station has been set up in the Bayshore area to inject
tertiary treated wastewater effluent back into the aqu ifer to
stabilize the interface between the fresh and salt water so that
water supp lies confronted with this problem is to blend waters of
lesser salt content with that from the contaminated wells. This
ia 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 interfac e by ground water injection or possibly the development
of an inexpensive treatment method for the removal of chlorides
from water.

Discussion

The sing ling out of the various areas discussed in this section
does not imp ly that these are the onl y areas with problems . There
are undoubtedly other areas with similar problems and in some isolated
instances , more serious problems . Needless to say, the proble ms in
the Northeast are indicative of the need for stronger water supp ly
program s on both the state and federal levels to hel p the local water
companies Solve their problems so that they may continue to provide
the public with the hi gh quality water to which they are accustomed.
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USE OF WATER SUPPLY R~~ERVO IRS FDR RECREATION

In many basin of the North Atlantic Region, rec reation studies,
both for fishing and water contact sports, have indicated unsatis-
fied demand for open bodies of fresh water. This unsatisfied demand
will probably Licree ..e with the public ’s sentiment being against the
construction of new large dams on rivers and streams. This opposition
to the constructio~. of i.arge 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 as 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 discusslon. The possibility
of water quality degradation, the possible necessity for additional water
treatment, and the aspect of who controls the recreation area are sorr~e
of the Issues which must be resolved before a water works off icial  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
treatment . ~ ie of their feelings is that, even though a ~‘atershed is
isolated , it is not isolated from airborne contaminants from 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 r.~o be able to meet the drinking
water standards wi th just chlorinatioi . 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: (7)

Pros

1.. Water arc-a for recreational use (partIcularly in s~~e densely
populated states ) is in short supply and great d mand .
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2. Creation of water areas exclusively for recreational purposes
is extremely costly and, except to a limited degree, is
beyond the financ ial ability of most agencies concerned with
this problem .

3. 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 .

4. 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.

5. 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 .

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

7. 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.

8. The introduction of game fish such as bass, crappie, blue-
gills , etc. while ridding the reservoir of rough fish such
as carp, suckers, or bull~teads can not only provide recreation-
al fishing but also bring about an improvement in raw water
quality.

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

Cons

1. The pollution l oad 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.

Water will be more difficult to treat leading to higher chern-
lea]. costs for proper taste and odor control.
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3. The additiona l cost of policing grounds and maintaing the
recreationa l facilit ies (shelters , rest rooms, etc.) may be
too much. If the utility assume s the cost , the consumer pays.
If the rec reational group assume s part or all of the cost ,
the utility compromises control of the reservoir.

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

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

6. The utility may be subject to large claims for accidents
occuring on the grounds and must either carry broard insuranc e
or chance expensive lawsuits.

7. Demands , contrary to the best interest of the water supp ly,
will be ade by variou s groups who wish to increase the
rec — eationa l value of the reservoir. These demands may
include limitations of shore line p lanting, restrictions on
the use of al gicide , or ma intainance of a constant water level.

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

9. There will be an increased potential for vandalism of water
works property and equi pment.

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

11. Harassment of waterworks personne l who are attempting to
enforce rules and regulations will occur .

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

13. In a macbet of cases , it has been found that even when adequat e
sanitary facilities are provided at these reservoirs open to
recreation , they are not utilized by the recreators to the
degree necessary to protec t public health.

14. The opening of a water supply reservoir to recreation can bring
abou t a secondary reac tion in that land in the surrounding area
will ininediately beconie attractive to rea l estate developers
intent on establishing sunse t and vacation home develop ments that
wo~1d rely on the reservoir for water-based 

recreation . The
intense development of land in the watershed area of a water
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supply reservoir could lead to very serious water quality
degra dation 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 supp ly ’s capability to produce potable water from
that source.

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

A number of studies have been done to determine the effec t of
variou s forms of recreation on the water quality of water supp ly
reservoirs . Although definite conclusion s 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 supp ly reservoirs to
recreation . Each reservoir for which recreation is proposed must be
studied individually bring ing into account all the variables which could
affect the water supp ly. However , a review of these past studies may
hel p to give a clearer picture of some of the difficulties that one
may enc ounter in the North At lantic Region .

Cal i forn ia  Department of Public Health Studl

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

Recreational activities at the domestic water supply reservoirs
open to controlled public use inc lude d fishing from the shot. and from
boats , pleasure boating, p icn icking , and some overnight canping. Rec-
reational use of these reservoirs was , according to th. report , not
ext ensive .

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

1. Under the observed condition of limited patronage , restricted
uses , and supervision provided , the study revealed no serious
degradation of water quality attributable to rec reationa l
activitte~.

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

4. As an additiona l safeguard against unusual circumstances or
the failure of recreational control measures , tre a~~1ent facil-
ities for domestic water taken from these reservoirs must be
designed to protec t against the worst potential hazard.

Forrest take, Missouri Studl

Forrest Lake , an impoundment of 702 acres with a shoreline of
17 miles serves as the raw water source for the water filtration p la nt
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, p icnicking, swit~~ing , fish ing , 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 effec t of the recreationa l use of the watershed
on the bacteriological quality of the lake ’s waters .

The principal conclusions drawn from this study were:

“1. 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 fi l tration before delivery to the town of Ludlow
and a local industrial plant. Certain areas of the reservoir had been
opened to bank fishing in l9i~8. Approximately 15,000 people fished In
the reservoir each year during the fishing season .
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In October, 1959, following ‘i complaint by off icials of the t own
of Ludlow that the d eposition of rubbish and human wastes along the
reservoir’s shore were creating unsanitary conditions, the Springfield
Board of Water Coimnissioners reviewed their policy of permitting bank
fishing at Ludlow Beservoir. The Massachusetts State Department of
Public Health alsc examined this problem and recousnended that more
stringent enforcement of the rules and regulations governing reservoir
use be accomplished . The Board ‘~oncluded that, without large expenditures,adequate supervision of the fishermen was impossible and voted in
October 1959, ‘

i~ discontinuance of all fishing” to remedy t he unsani-
tary conditions at the reservoir.

Many of the aame problems that occurred at Ludlow also occurred
at other reservoirs in tIie Springfield supply system where bank fish-
ing was permitted . The largest of these reservoirs , Cobble Mountain,
has a capacity of ~.8 billion gallons, a surface area of l,l3L~ acres,
and a watershed ar~c. of L~8.5 square miles . This reservoir, completed
in l93~ , was open€-d to bank fishing in 1950. Objectionable practices
of fishermen forced closure of this reservoir on January 1, 1962.

From th ir experiences with recreational activities at Spring-
field reservcirs, the autlicr~ concluded , “ it  is cur deep conviction
and personal belie :’ that uater supply reservoirs should be used for
only water supply purposes at all times.”

Hartford, Connecticut Study

Another report published in 1965 describe s the experiences of the
Water Bureau of the Hartford Metrop olitan Distric t on the recreational
use of its Compensating and West Branch Reservoirs. Currently, neither
function is maintaining legally specified stream flow s in the
Farmington River.

One of these , Barkhamst .ad , is strictly a water supp ly 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 swii.ning. It serves no
water supp ly function as previously stated. These reservoirs have similar
watersheds and water from larkhainstead is frequently discharge d into the
Compensating Reservoir. Comparative bacteriological data was used to
show the effec t of recreation on the Compensating Reservoir. Barkhaa-
stead Reservoir , with no recreation , shows a low and fa ir ly 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 conc ludes that , if depending
solely on simp le chlorination for protection , use of this reservoir
as a water supp ly would be very risky.

Ceist Reservoir Study

One of the more recently documented studies to date was reported
in May of 1966. It concerned the Gu st Reservoir , a water storage
impoundment owned by the Indianapolis Water Company, an d the sit, of
a 2-year study (1963- 1964) of the effects of recreation on water quality.
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Th. reservoir stores raw water tsr one of th . water trss ~~~et
p lants (coagulation , fil tration , and disinfection ) serving In dianapelis.
Limited recreational use , princ ipal ly  f ishing, boating, and picnicking ,
is permitted. Water skiing and s*ioming are prohibited . The most
popular form of recreation practiced on this reservoir is fishing.
During 1964 over 500,000 man-hours were spent on thea. fishing activities.

Tb. princ ipal conc lusions derived from the analysis of the physical ,
chem ical , and biolog ical data collected during the study were as follows:

I. The fertile drainage area was supp lying sufficient nutrients
and growth stimulan ts to Getst Reservoir for aquatic vegetat ion
deve lopment 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 supp lied from the drainage
area are contributed by agricultural run-off , municipal -
industrial discharges , and non-crop run-off. A reduction of the
agricultural , munic ipal , and industrial wa stes could improve
th. water quality of C ist Reservoir.

~~ . The future development of water-contact sports such ac cwim-
ming would be limited because of inadequate swiimning beaches.

4. 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 Proj~~t

A study was conducted from December, l96(, through September, 1967 ,
by the Bureau of Water hygiene, DREW, 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 Wnshington and the Clackainas
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 Todar watershed is hi ghly
patrolled, herea rter called well protected ; the Green watershed has
some resident population and limited recreationnl us~ s; nnd the Clack-
amas watershed is open for unrestricted access and un1Imil ~~d recreatic-n .

The objectives of this  study were to show the influence on water
quality from the d1f~~rent human population levels on the three water-
sheds and to characteri:e the quality of water ~icwing 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 (l. 1~ man-days/
sq.mi . max.); and Clackamas watersheds (5.7 man-days/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 from 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.

Sunmiary

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 wi thin  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 ut i l i t ies
to proceed cautiously in opening their reservoirs for recreation .

Conversely, sociologics~l and political pressures, confidence
in dilution, natural die-off, and dis infect ion will cause other
water utilities to permi t 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 act ivi t ies  will have the best possible
knowledge upon which tc’ base their decision .
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RECREATIONAL USE OF WATER SUPPLY R~~EBV0IRS IN THE NORTH ATLA~FIC R~ZION

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 t~at can be made on this 
subject.

One should note that of the studies previously discussed, that the
only ones wh i c h  occurred in the- North ~tlantic Region (Hartford and

~~ringf~eld ) were ~~~~ir~~t the use of water supply reservoirs for
recreation . ~~ ~~~~ s(~ould not be construed as a pattern th~-t
should be s~~ -~~r thi :.-~ru~ ~tlantic hegion . For example, the
water system ~“ r ‘ L~- 

~~rtland, Maine area uses Sebago Lake for its
source. Treatrr~ nt  ~~ U.e water is simple disinfect ion;  however ex-
ttnsive recr~-~ition Ic practiced on Sebago Lake including water-con-
tact sports. ; r~ rnL-er of factors make this multiple-use possible.
Thr- Pert land .~rtt€- r :Astr-ict controls the lake within a two mile
radius from ~tc i r it ~d~ (no water cortact in this area ) and has a
strong E~u veillance pi-~~-ram on the lake to locate pollution from
lakeside camps. The lake itself is blessed with high natural water
quality and has a high dilution capacity 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 practiced . These elements that
a recreational area 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 ~zater 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 program in various parts of the reservoir to locate
any areas where water quality degradation nifty 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 rec:-eational facil-
ity or for additional water treatment if required .
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INDIViDUAL WATER SUPPL Y —

In any discussion of wate r supp ly ,  individual water supply must
share a signi f icant  part of this discussion. Approximately 20 perce n t
of the nation ’s popu lation is served by individual water supp lies ,
either in the form of a barkyard well , spring, cistern , pond, or
st ream . S ince surve i l lance  and quality control and monitoring is
almost nonexistent with individua l water supplies, most public health
authorities favor the connecting of these individually-served house-
holds to munic i pal or rural  systems. Where this is economically
feasible , i t  ce r t a in l y is most desirable th at this  be done , but in many
cases , georgraphical location , scattered households, or poor yield of
water sources make the cost o f rura l water supp ly systems prohibitive
so the trends of increasing urbanization and regionalization of water
supply systems will not eliminate individualy water supp lies, and the
concern for the potability of these individual supplies will increase
among health authorities.

This discussion of indiv idu a l water supplies will deal mainly
with  wate r supp ly systems serving individual res ident ial  homes. In
the North Atlantic Region nearl y 15 percent of the peop le are ser-~ed
by individual supplies. One of the major problems with itdividua l
water supplies is that not enough is 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 Pennsy lvania it is estimated
that there are 300,000 unsafe or potentially unsafe individual water
supp lies. A review of bacteriological records of individual water
supplies in Vermont indicated that over 357. of the wells produced
water that was bacterio logica lly unsafe.

Much information could be gained concerning 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 supp ly owners by law. The
state provides the sterile bottle , and the homeowner takes the samp le
and sends it by mail to the laboratory for bacteriolog ical analysis.
This system , howeve r , has had drawbacks in both sates as follows :
(1) These indiv idu al system samp les sometime s tend to overload the
laboratory , especially when public water supp lies , which have a higher
priority, must be run , (2) Procedural me hods dictate that the sample
should be anal yzed within 30 hours after taking the samp le. However ,
many samples mailed to the laboratories do not reach their destination
within this time frame , (3) This service is strictly vo lumtary on the
homeowner ’, part so that many wells , possibly the worst ones , neve r
get tested , and (4) The major drawback Is that when a bad samp le is found ,
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little followu p action is made other than to notify the homeowner by
mail that his water is contaminated. There is insufficient staff to go
out and look for problems with each wall exhib iting high colifors conats.
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 involved , is
less likely to have the test performed , so that many peop le drink
water from backyard wells without knowing its quality. Thsy can
judge the quality of the water only on the basis of that it looks and
tastes good.

Ade quate end well-enforced wel l codes are essential to th. con-
struction of safe supplies; however , many existing wells were dug
before well codes came into existence. Consequently, wells nay be
too close to septic tanks , manure p iles , 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 proble m of contamination of individual water
supp liss in the North Atlantic Reg ion is not known at this time . It
is of sufficient concern in the State of Pennsylvania that th. State
Department of Environmental Resources has established a permanent
section ~ithin its department to assess and deal with individual states
of the North Atlantic Reg ion . After suc h studies , if areas connec t
these households to existing central water supp lies or provide new
rural supp lies so that the resulting surveillance and water quality
testing will assure a deliverance of a safe and ade quate water svpp ly.
If this is economically unfeasible , steps must be taken by health
authorities to guide the homeowner in protectingand maintaining his
we l l , reconstruction or relocating th. well , or providing s~~~ type
of treatment to solve the probler . If these steps are not p.ssibls,
strong recomendations must be made to the homeowner to boil all
water from his well intended for drinking.

One should not infer from th i s  section that  the surveillanc, of
individua l water supp lies should take precedence over that of pvblic
water supp lies. The fac t that a large r num ber of peop le can be
affected by unsafe water supp lies estab lishe s as the first priority
the necessity for hav ing  adequatel y s t a f f e d  programs to survey and
assist public water supp lies; however , it is also f e l t  tha t the
total effort should not be in public  water  supp ly surveillanc , alone .
The individual water supp ly user has been neg lected for too lone in
too many states.
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OPERATOR QUALIFICATION

One of the major problem s 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
emp loyees and (2) the deficienc y 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 supp ly operations. The provision of potable water is
not an automatic process but rather one resu l t ing  from knowledgeable
and carefu l operation of the water system. The train ing and experie nce
of the water treatment p lant operator must be used every day to prGduce
the highest quality finished water possible. Since marty water supp lies
are mun i c i p a l ly owned , the pay scale fo r waterworks emp loyees must
f i t  int o  improving the waterwork s operationa l budget has been minimal
resulting in meager increases in the salaries of plant operators.

Du r ing 1969 , the Bu reau of Water Hygiene , Environmental He11t~
Service of the U. S. Public Health Service , with  the coope ration of
State and local health departments and water utilities , conducted a
nationwide Coim~iunity Water Supp ly Study (CWSS) in eight geographicall y
distributed Standard Metropolitan Statistical Area and the State of
Vermont. The study inc luded 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 coamittee report “Water
Uti l i t y  :ialaries and Wages ’ cited low salar ie s paid by u t i l i t i e s  as
a significant reason for the problem of attrac ting 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 b y unqua l i f ied personnel , simp ly because t’wir low wage
policy cannot  a t t rac t or re tain qua l i f i ed  and t echnica l l y t ra i ned
peop le in today ’ s compe r~i t ive  labo r market . ”

The second area of concern involves the need for  t r a in ing
programs for treatment plant operators. Information collected in
the Bureau of Water Hygiene (cwsS) study previously mentioned showed
that basic education level is relatively hi gh. Only 16 perc ent
fail ed to finish hig h school. ~owever , 61 percent reported they
had no water  treatment t r a i n i n g  at the water  t rea tment  p lan t  operator
short  school level or hi gher. Training was mar ked ly  lakcing in mic ro-
biology and chemistry. Assuming that on-the-job training is how-to-
do-it rather than the learning of fundamental why~we~ do-i r concepts ,
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77 percent were defice int in microbiologica l training and 7 2 pe r c e n t
(o v e r a l l )  -n chemist ry . Chemis t ry  t r a i n i n g  re sponses from f a c i l i t i e s
having more than d i s i r f e c t i o n  t rea tment  are more mea ning f u l  than
overa l l  f igu res .  Fo r ty - s Ix  pe rcent of those operators were def i c i en t
in chemical t r a in ing .  The dange rs of t h i s  s i tua t ion  is that  untrained
personne l are often unaware of the hazards to the consuming pubhc
that  mig ht resul t  where water  of subs tandard  qua l i t y  is produced.

There is a wide va r i a t i on  in water supply operator training
programs among the s t a t e s  In the No r th  A t l a n t i c  Region . Vermont did
not have any training program for water supp ly operators at the time
of the CWSS ; most of the wate r  supp l ies  of the 216 v i s i t ed  dur ing
the CWSS in 1969 were operated by persons without any formal water
supp ly training . What training there has been by equipment salesmen
except for one or two consiiunitles which have sent someone to a New
Eng land Water Works training course . Rec entl y, however , a pilot
t r a in ing  program for  water  p lant operators was initiated by the
Vermont State He al th  Depart ment  under  fund ing  from the U . S. Environ-
mental ~‘rotection Agency.

New York State , on the other hand , has a very comprehensive
wate r  supp ly t r a in ing  program sponso red by the Of f i ce  of Environmental
Health Manpower of the State Health Department in connection with
their water treatment p lant operators certification program. Ct,urses
for Grade II and III licenses are offered at Syracuse University, New
York University, and State University College at Buffalo . A textbook -

Manual o f Instruct ion for  Water Treatment Plant  Operators - prepared
by the State Hea l th Department provides basic information for all
phases of water supp ly and treatment. This we l l -wr i t t en , easy to
understand manual could form the foundation for basic water supp ly
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 Eng land 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 supp ly, is usually
given in two hour night sessions , once a week for about 10 weeks.
If there is sufficient intere st in this course , it is hoped that it
can be given semi -annually in various parts of New Eng land. There
is also some indication of expanding this program to inc lude courses
on advanced water , laboratory techni ques , etc..

One way of promoting increased training acti vity would be for all
the states within the North Atlantic Region to enac t legislation
establishing a water treatment p lant operator certification program ,
either mandatory or voluntary. New Jersey was the first state in the
country to adopt mandatory certification of wate r p lant operators in 1919.
An Advisory Coimsittee on ~Ferator Training 

and Certificat ion consisting
of representative s of state , educational , and professional organization s
was establ is ed to provide basic and advanced courses for the training of
operators. New York State has had a mandatory cert i f i at i on program
sinc e 1937 wh ich , in part , exp l a i n s  the degree to which their t r a i n i n g
programs have deve lop ed .  Table  V- 3 p ro v ides  i n f o r m a t i o n  on the  s t a t u s
of state c e r t i f i c a t i o n  programs .
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TABLE V-3
Status of Certification Program s for Water Treatment
plant Operators for States in the North Atlantic Region

Required Vo luntary None

Connecticut X

Delaware X

District of Columbia X

Maine X

Maryland X

Massachusetts X

New Hampshire X

New Jersey X

New York X

Pennsy lvania X

Rhode Island

Vermont X X

Virginia X

West Virginia X
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R~~EAi~C~ I’~ EEDS

There are many areas in the water supi l y field that could greatly
benefit from further research. This section will not att~ npt to dis-cuss all of these needs but rather to propose areas concern ed with
the health aspects of municipal drinking water supply .

One of the nore notable probl~~is in the water suoply field is the
identification and characterization of potential ly toxic organic and
inor-~anic agents that may be found in water. h date the acute toxici-
ty of most of the agents that may be discharged in water is knos~~,but there is a r aucity of information on the chronic effects of’ man ’s
exposure to small quanities for long periods of time. Modern analyt i-
cal instrumentation has provided the opportunity for the developr .ent
of sensitive, precise, and specific assay methods for extrenely smal l
quantities of organic and inorganic compounds in water. However , there
is the need for development of adequate methodr for the recovery of
organics fron— water and a sch~ ne to partition these into identifiab] e
groups so that quantification of the public health implication ou
these materials might be obtained. Acute toxicity, and in some cases
chronic effects, oar be determined by currently available assay c~thous
which, however, are often cuirbersome and involved. Rapid screening
tests are needed.

Avenues of investigation for solution of these problens would ir-
d ude the development of instrumentation and methodology for th.e
recovery, concentrations, partitioning, identification, and quantifi-
cation Of potential acute or chronic organic and inorganic agents in
water supplies. Also development of ch~~iical and bioassay methodsto determine the toxicity of these agents is 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 ~rjy 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 syst~~s 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 .
Presentlj methodology for the recovery and identification of virus in
water hi.s im proved . However, there is insufficient evidence n ecessary
for an ~ind~rstanding 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 b a cL e r 1~~
indicator organisms reveal potentially hazardous occurrences of viru r
in water and the effectiveness of water treatment mcthods in r~~oval cr
destruction of virus is es~ ecially needed.
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STA TE WATER SVPDL Y PROCRAZIS

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 ot the main
problems with  laborato ry support to provide adequate coverage of bot ”
the public and pr iva te  water supplies.

Water supplies which should be visited once a year sometime s go
uninapected for as long as a 10-year period. Many of the state water
supp ly programs are able to work only with those water supplies that
have emergency situations. Routine surveillance and technical
assistanc e to hel p the water supplies prevent prob lems before they
occur is oftentimes neg lected because of lack of staffing in the
state program and the need to deal with the emergency situations that
come up.

Some state agenc ies do not have a separate , clearly identifiable
p rogram for water  supp ly. Some water supply programs exist in di~.isions
where the engineers work in other areas such as solid wastes management ,
air pollution contro l , 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 condition s is practiced.

The amphasis on water pollution control has much of the manpower
and bud get away from water supp ly protection programs . This
has resulted especiall y with health departments where water supp ly
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 supp ly programs
have done an excellent job in lowering the death and sickness rate
associated with water supp lies over the years is not suffic ient reason
to d iminish  the importance of water supp ly 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 supp ly programs should be strengthened , not weakened , in order
to carry out their mission of assuring safe and potable water to all
of the people.
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F~
)ERAL WATER SUPPLY PROGR AM

The Bureau of Water Hygiene, E~viro~ nental Protection Agency,is the Federal agency whose program goal is to promote the safety
and good qualit~; of community water supply systems and individual
home su~ rlies as well as water used for shellfish production , recrea-
tion and oti er healthful ~urposes .

Legal outhc i~~t ,  :‘c’r the activities of the Bureau of Water Hygiene
are contained j r Sections 301, 311, and 361 of the FHS Act , as amended .
The I egislat ion autn or ized  the Departm ent of Health , Education , and.
Wel far e to conduct research and studies relating to tte cause, control
and reventior of diseases of man , including water purification and
poaL, :ion of lakes and streams. Reorganization Plan #3 of l97C
transferred the Bureau and all its functions from the Department of
Health , Education, and Welfare to the Environmental Protection Agency.

The Bureau partici’otes in the re~~ntiori of interr~ate disease
trananission by certifying the safety of water supr lies s~~ ,ir inter-
state carriers (planes , trains, and buses). It should be noted that
these 660 lus water supplies also serve an estimated ~2 : ill t -

resident s ~f the communities in which these supolies are b eat

The Bureau of Water Hygiene is concern ed with water resources
develooment because of Its activities promoting the health interests
of the public in the development of water and related land uses . It
also provides technical consul tation 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 developing 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 departm ents on the quality of community water supp lies.
In addition the Bureau is providing spec ialized 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 su~p1y
aspects of water resources . This includes the provision of Health
Aspects of Water Resources ar~ endic es for tb~ various “r~~:ework and
river basin studies a.lor€ with Municipal and Indust rial .-~nt er Use
appendices for many of these studies. The Bureau al ~ - - reviews the
Type 3 ~ro j ects and enviroorr ental impact stat€r~ents r- arei by m di-
V1dU~L1. ~~~~~ roier m r  I. r~il or -ec t~; ~c r p 1 I ~ r:~t ic-rs . ~~;j r- ir Ii rtar t
as r~ .~~ -tr Lavin~ hpri t rotr-ctjor f’act r 1’ ~ or~ orated in t in
f rom the be~-inn ir~ * 1 have h-’1c~i s l~ o c ’ic~ ~u e~ ~~~~~~ ove - t ..c
io n t err  ~r -I r oJ ~. ’e t i~ r r -~~: for ex - er ~ive r-es 1. r ’ -~ .‘~ i~~ i

ni  ~ ~ be r ’ - tre i r~b a later tine .
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F~~ERAL ASSISTA1~CE EDR WATER SYST~4S

Federal assistance for municipal water treatment plants and
distribution systems is available, primarily, through the Farmers
Home Administratton (F’~iA) ,  Department of Agriculture and the Coannuni-
ty Resources Development Administration, Department of Housing and
Urban Development. The Economic Development Administration, Depart-
ment of Commerc e also provides grant s but such funds are primarily
directed toward industrial service and water supply, and only indirect3t
~..ontribute to domestic water supply.

The Farmers Home Adm inistration is engaged in providing financial
assistance along with technical guidance to rural communities for the
development of community water supplies . At ~-resent the ~ IA makes
grants to States , regional authorities, and counties for the prepara-
tion of comprehensive area water functional I)lafls . It also makes
grants to organizations of rural residents such as municipalities,
authorities, alotricts, and non-profit corporations for the installa-
tion of ec~-rr-un ity water facilities. F’HA grantr’ for installation of
water facilities are mad e 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~ebopment program provides
grants to construct community water facilities that are basic to
orderly areawide community growth and develoiment. 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
Stat e and Regional/Metropolitan health 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 arid loan programs, and
often include involvem ent in the development of municipal water sup-
plies , largely in rural areas of the nation. The program provides
t~rants up to 50 percent of the development cost of such facilities.
Severely depressed areas that cannot match Federal t~unds may receive
suprilementary 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 , th~ r~c programs
have not been provided with sufficient budgets to meet the demand so
that the burden for paying for improved treatment or an expand ed
system usually falls on the water consumer. These i nadequa t e l y  funded
financial assistance progra.. aay be self -defeating in that cosinunities
may have a tendency to w a i t  on needed cons t ruc t ion  in tha bopes of
obtaining Federal funding rather than proc eeding at their own expense .

This could create problems in the future if the Federal funding does

not materialize.
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FLUORI DATION

Fluoridation is the deliberate adjustment of the fluoride content
of public water supp lies to a level of approximately one part per
million of f luoride for the purpose of reducing tooth decay. Some
10 million Americans have a naturally fluoridated water supp ly, and
in the past twenty -five years over 4,000 cotanuntties have adjusted
the f luoride 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 tine 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 tra~atment needs
overwhelms the present and foreseeable supply of dentists and
auxiliaries.

Prevention of dental caries throug h fluoridation of water sunp lie s
is the most direc t way of attacking this growing problem . Twenty-five
years of experience shows f luoridation 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 effec t iveness as a caries preven-
tive is not dependent on the economic means , knowled ge , or motivat ion
of the individual , or on the availability of dentists.

While ei ghty -eig ht million peop le dr ink fluoridated water , more
than seventy million peop le , served by 12 ,000 water systems , do not.
The cost of supplementing water supp lies with fluoride is low on a
per capita basis , but small cotmnunities , particularl y, often find
the cost beyond their means. As evidence of this problem , only
one-half of the conmiunities having populations between 10 and 25
thou sand persons have controlled fluoridation , and the proportion
of fluoridation conniuni ties decreases to the point that only
one-fourth of the co~mnunities of 2,500 to 4,999 population and
one-sixth of those with 1 ,000 to 2,499 population are benefiting
from fluor idation.

In a recent survey, State Dental Directors , indicated that ,
although the cost to fluoridate is minima l , cost is si gnific ant
impediment to the adoption of fluoridation particularl y in small
conm~un itie s . Dental health , especially the prevention of dental
d isease , receives low priority in competi tion with other needed
services when public bud gets are developed.

Cou p led with the cost of initiating fluoridation , a small but
active and vocal group of ant ifluoridationists have deterred the
progress of fluoridation . They have argued against fluoridation on the
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basis of safety, effectiveness , relig ion 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
country and abroad have demonstrated its effectiveness beyond
question in the scientific coirmunity. 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 norma l
deve’opment of tooth enamel. And finally, the courts repeatedly have
ruled that fluoridation is not a violation of individual civil liberties.

A l l  arguments  to the cont rary,  the inc i dence of denta l caries  can
be re iuced b y as much as 65 percent in comp lete safety through the
adjustment of fluoride-deficient water supp lies with concomitant
reductions in the costs of dental services. Spec ificall y, comprehensive
dental service costs for children reared on fluoride-bearing water
can be reduced by more than half. In addition to the coat savings ,
treatment time can be reduced one-third.  Throu gh 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 involve d 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 t ime 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 live-year-old
children in Kingston fro a f i ve-yea r  period was $101.22 per c h i l d
whi le  it  was $48.50 in N ewbur gh . The cost of fluoridation in Newburgh
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for this five-year period was app roximately $30 ,000, but the
savings in dental care cost for just the five -year -old cohort of
children was over $35 ,000. Thu s, the savings in just this one cohort
was grea ter than the cost of providing the benef its of fluoridation
to the total community.

Na t ionwide es t ima tes of t he savings tha t would accrue from
fl uoridation cannot be made with precision . However , a conserva t iv e*
es timate of the relative return on each dollar expended for fluori-
da tion can be made by generalizing from data on national dental caries
experience , costs of treatment services , benefits known to be
de rived f l u o r i d a t i o n , and per cap i ta costs of f l u o r i d a t i o n . The
estimate assumes that:

Each ch i ld  by age 15 has 12 decayed teeth in an un fluor ida ted
community.

Cost of r es to ra t ive  services at $12 per tooth equals $144.

Fluor ida t ion  reduces car ies  by 60%. Therefore , t reatment
for dental caries would cost onl y $58 over 15 years or
A SAVINGS OF $86 “ER CHILD.

Cos t of fluoridation per capita for 15 years , based on a cost
of 16 cents  per capi ta  per year equals $2.40.

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

Current Response and Existing Programs

The primary Fede ra l responsibi l i ty for promo t ing commun i ty wa ter
fluor idation 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
l imi ted  t r a in ing  and technica l  assistanc e for water supp liers. Some
promotional activities are conducted also by the Department of
Ag riculture Extension Service.

Since 1965 , seven States , two of which are in the North Atlantic
Region , hav e enacted laws require ing community water fluoridation .
Connecticut fn 1965 was the first state to pass a fluoridation act. The
act states that a public water supply serving 20 ,000 or mo re peop le
wi th a fluoride level less than 0.8 ppm fluo ride must add sufficient

* The estimate does not take into account the benefits to primary
teeth , the benefi ts derived throug hout life after age 15 , or

reduced need for certain diagnostic services . e.g. X-rays .
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fluoride to maintain a level between 0.8 and 1.2 ppm fluoride . The
De laware law which was passed in 1968 delegates the responsibilit y of
requiring and regulating f luo r ida t ion of all public water supp lies
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 popula t ion served wi th f l u o r i d a ted wa ter for  each sta te in
the Nor th Atlantic Reg ion as of December 31 , 1969. Total state fi gures
are used instead of the portions of the state within the Reg ion .

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

State 1* 2** 3***

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 97 6,000 49.4 29.6
Maryl and 3,770 ,000 97.7 76.3
Massac husetts 5 ,450 ,000 10.0 9.3
New Hampshire 727,000 13.4 8.8
New Jersey 7,170 ,000 14.5 12.7
N ew York 18,470 ,000 75.1 65.8
Pennsy lvania 11,760 ,000 49.0 39.4
Rhode Island 910 ,000 89.8 80.3
Vermon t 446 ,000 45.1 26.3
Virginia 4,700 ,000 93.2 59.6
Wes t Virgini a 1,825 ,000 80.9 50.0

Entire United States 205 ,800,000 55.9 43.0

*1 Estimated Total Population

**2 Dercen tage of “opulation on Public Water Supp lies
Served wi th Fl uorida ted Wa te r

***3 “ercenta ge of Total “opulat ion Served with Fluoridated Water
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V. VECTOR CONTROL

INTRODUCTI ON

Vector is here defined os an insect or other arthropod that 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 inf irmity . ’

This report has beer~ prepared to surmnarize thformation 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; (~ ) future needs; and (5) a proposed plan to meet
Region needs.

Mosq uitoes are the oectors of primary concern and therefore receive
major consideration in this report . Other types of biting and
pes tiferous insect* problems are considered because of their public
health importance in localized areas of the Region .

PRES~~T STATUS OF VECTOR PROBLEMS

Vector-borne diseases that are a problem in the North Atlantic Region
or are potentially important Include : malaria , viral encephalit is .
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 f l ies
and deer flies , biting and non-biting midges , ear—invading beetles , and
ticks.

Vector-Borne Diseases

Malaria Historically ,  malaria was considered to be an endemic
disease in the southe~-n portion of the Region . However , for a number
of years this disease has been virtually eradicated from the United

~tates. Even though Anophele ;~ quadr imaculatus (corrJnc n malaria mcsqui

*i~}e terr tn~ect. as u3ed here includes ticks.

V.. !4~

- --—-- — —-j —---- - - - - - --------------—-& — ----— —— ---



I

breeds in impounded wate rs in the Reg ion , it is conc luded that  malar ia
c o n s t i t u t e s only a minor public hea l th  threa t  in the area. The
pr inicpa l threat  is associated wi th  introduced cases of malar ia , i . e . ,
acqu i red by mosqui to  transmlssion from imported cases , such as m i l i t a r y
perso nnel from Vietnam .

Viral  Encep ha l i t i s  Vira l encep h a l i t i s  ( “ sleep ing sickness ”) is
pote n t i a l l y  the most important mosquite-borne disease in the N orth
At l an t i c  Region . it is a se rious disease because it has a hi gh ep idemic
po ten t ia l , there is no spec i f ic  t rea tment , and the disease may damage
the brain permanentl y.

The four pr incipa l types of mosquito-borne encep h a l i t i s  in the Uni ted
Sta tes  are Ea stern ( E E ) ,  Weste rn (WE ) , St .  Louis ( S LE ) ,  and —

California (CE).

Pre sent know led ge concerning the na tura l history of the encep ha l i t i s
viruses indicates that  there are two basic. groups -- bird reservoir
(EE , EW , SLE) nad rodent-rabbi t  reservoir ( C E ) .  Norma l ly ,  the in fec t ion
chain  is l imited to bi rds and small mammals and mosquitoes.  Under
ce r ta in  condit ions t1- e virus sp i l l s  over to horses and humans.

Two types of the viruses have caused outbreaks of disease in the Reg ion ,
viz , Easte rn encep h a l i t i s  and St. Louis encep ha l i t i s .  The re have been
no reported human or equine cases of Ca l i fo rn i a  encep ha l i t i s - -one  in
Rock land County, New York in 1966 and in 1970 , th ree cases in
Pennsy lvania in the counties of Lawrence , Er ie , and C lea r f i e ld .

Easte rn enceph a l i t i s  Outbreaks of Eastern encep h a l i t i s  In the
Reg ion have Involved humans , horses , and b i rds  inc lud ing  capt ive
ring-necked phe asants and chukar  pa r t r id ges , f e r a l  pigeons , and domestic
ducklings .

Human cases of Eastern encep h a l i t i s  occur rather  inf r e q u e n t ly ,  the to ta l
number reported for the Uni ted  Sta tes  for  the period of record 1938-68
b e i n g  161 cases; but 103 of these cases have been rep orted from four
states of the Region -- Massachusetts 50, New Jers ey 46 , Mary leind 6 ,
and Delaware 1.
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A summarization of the reported human cases of Eastern encephalitis
by State and year is ~s follows:

Massachusetts New Jersey Delaware

1938 314 1956 2 1959 32 1956 i
1955 1959 1 1965 1
1956 12 1960 2 1967’ 1

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 .

No table outbreak s of Eastern encephalitis occurred in Massachusetts
in 1938 and in New Jersey in 1959. In 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 .

V -46 

— - -~~~~~~~~~~ ~~— -. — - — —-- - - - -  - - -
- - ---



r ~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~/ .
~~~~~~

— — -_ . -

/ ~- - - -~ 

- --I L

(
I ~~~~~~~~~~

D i S T R ~~~ f T I O~~~~ F FASTE RN E~~~~~~~I IT I S

- 
l o g ,  V.A. Eqaine F.n~eph ,iamye1Etts In

h n a e L L a.  An A na Iv n ,~ .~1 the 1938 Ontbre~k ,
a V.110w-up of Cases , and a Report of a M o s q u i t o
Sw r o o v .  New Vo~~. .3. 3 . 1 .  2 ( . 3 ~.1, 1011, 1941.

FIGURE V-2

v- 47



_ _  
— -

~~
- -- -- - —-- ,.--. -

~~~~
- - ----

~~~~~~
-— . -—

~~~~~~~~~~~~~
-.-- — -. ..--

~~~~
.- . --

New Jersey exper~enc€ - d its first human outbreak of Eastern encepha1i~.i:
in August-October 1959. This epidemic , with 32 reported cases and
22 fatalities , constituted the second greatest recorded epidemic in
the United States .  The h uman cases and death s were reported i ron
fi ve counties in the southern half of the State (FIg.  V-3) . The p a t i en t s
lived in rural wooded areas adjacent to both salt narshen and Sre :h-
water ~~ amr n inland from the Atlantic coast where mosquito population:
were hi gh during the summer months.  The 1?~ ? outbreak had far r e ach i n g
econ omic and social e Sf cct s , particularly on the resort business. It
was est inr ied that hotels in Atlantic City alone suffered a 4~- r n i l l i c n
loss.

New Jer:e.’s most recent episode of Eastern encepha1it~s was in l9~~ ,
when 12 human cases with six deaths were reported. The cases ocaurre .
in six southern counties and were concentrated along the coast V it hin
10 miles of salt-marsh and fresh-water mosquito breeding sources.

Recent studies on the vectors of Eastern encephalitis have imp~ ic’.te a
the bog or soamp moscuito , Culiseta n.elrnura, as the primarp v’~ a t o r  5cr
maintaining the basic chain in nature (bird-mosquito-bird), naci the
salt-marsh na:auito , Aedes sollicitans, as the principal t r an aaS t te r
of the virus to humans .

St. Louis encephali tis. An outbreak of St. Louis encephalitis
in the Delaware Valley in 19614 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-~ ). 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 stream ;
of the area; heavy sp r i ng  ra ’ns followed by hot dry weather; rInd the
lack of a balanced rr:grnm of preventive mosquito control.
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Rock y 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 American dog tick ( Dermacentor variabilis)
is conmio n , particularly toe eastern Piedmont section V i r g i n i a ,
the Baltimore area of Marylanu . southeastern i~et~ns~’ iaIa:1ie , acu toero
and central New Jersey , and Long Islan d , New York. Dat on
reported cases for toe 5-year period 1963-67 are shown in table
V- 1.an d Figure V-5. In the East, the incidence of the disease has
been highest arong vacationists and picknickers , p rti~ ularly
among children.

Vector-A nnoyance Problems

Sal t-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 soll ici tan: .
Other importan t salt-marsh or brackish-water s p e c i e ;  inc 1uu~
Aedes can tator and Culex salinarlus (also breeds in 5resh wate r ) .

At times A. sollicitans ( the “ Jersey Mosquito ” )  occur s in such
overwhelming n umbers 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 indus t r ia l
and recreational developments along the coast. Invasions of these
mosquitoes are generally an aftermath of unusually high tides and
heavy rains that inundate the hi gher marsh areas that normally ‘are
not subjected to daily t ides.

Another inpertant habi tat  is standing water in cracks of hydraulic
f i l ls .  This problem has been experiencet re entl.y in Cecil County ,
Mnry~and , in connection with Corps of Engineers ’ Jredg ing ~i t i v i ti c~
of the Chesape ke and Dclaware Cnn~~i..

~ .‘o factors are par t i cuta .rly a igni  f i  cant in cans~ den ng the salt
marsh mosqui t o  problem: vi: , the extent of the total. breeding are a
is tremendous (eaaeci ’;IL a f t e r  per iods  of p r a l  n~e : .:ra~~ h t c )  and
the f l ight  r’inr;c oS these nosquitucs is e x c e p t i o n a l l y  f,rcat . di l.t~
mar co c o : :u it o c ; c :n m o n~~. f10 10 mi !e: r n u mcer cer tu  a m d
c :n . ii t ion :  frc:urnti . ni ,~~a tc  20 miles or n-ore .
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TABLE v-k

HUMAN CAS~~ OF ROCKY MOUNTAIN SPOTTED FEVER BY STATE AND YEAR

State 1963 1964 1965 1966 1967 
Five-year

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 1 3 6

Rhode Island 0 0 0 0 0 0

Connecticut 0 0 0 2 0 2

Nev york 2 2 9 14 9 3f~

New Jersey 1 16 17 13 0 47

Pennsylvania 6 15 27 20 8

Delaware 0 2 1 2 0 5

Maryland 10 18 21 25 21 95

District of Columbia 2 3 1 0 0 6

West Virginia 2 0 0 0 0 2

VirginIa 35 33 40 28 28 164

Total 58 91 116 105 (9 539

~
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Fresh-Water Mos~ -A:oes . These mosquitoes may be classified
ecologIcally into four groups: early-spring, woodland-pool Aedes ;
summer f loodwater ;  i ornestic or house; and aquatic plant.

~&u-ly - s o n i n ,~~ woodland—pool Aedes species. Mosquitoes of
this group (Aeces 

~~~~~~~~~ 
A. canadensis , A.  cinereus , A. conmunis,

A.  excruc ians, . . :‘Y-chii ~ A . intrudens, A. puncton , and A. stimulans)
are typically forest o~ cies . and nany of them develop in melting snow
pools in the :prir~ cf the year . These woodland-pool toc-cling
species ccn s~ it ut e t i ;-~ L I j a r  moac uito annoyance problem in many areas
of the NeT Englanu Jtci t~ s. A. caoadcnsis is —:orsnoa taroughout the
Region .

Ir-:J~:tar rno- j~~taec . Aed es vexa r~s is especially t r oubleso me
throughout the Region be-cause of its general abundance , its aggressive
biting habits  -during .:e da~ and o~ght , its attraoticc to ltghts in
urban areas , -nd its long flight range of ‘rom 5 to 10 mi les .  Floodwater
mosquitoes are so-cailed because they breed frequently in overflow
areas al-sng streams and rivers.

Domestic mDs~ uitOes. Culex pi~ iens (northern house moc u l t o )
is widely distributed throughout the Region , particularly In urban
areas. This mosquito breeds profusely in polluted water areas,
Including both organic (sewage ) and inorganic materials , such as
effluent from industrial plants. Other significant sources are
street catch basins nr- 5 clogged drainage ditches. Because of the
high industriali:atiou and high urbanization in many areas of the
Region, the C. pipier.s problem is Increasing each year . This non-
aggressive moc luito is annoying principally indoors after dark.

Aauat i :  plant mosquitoes. Mansonia perturbans occurs throughout
the Reg ion , hut 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 root s and submerged sterns of plants , f rom which they obtain
their oxygen . ~1. pert urbans bites at ni ght and Is an important pest
in eo~~iunities near permanent shallow-water areas infested with cattail
and other types of rmc r~ ent vegetation .

Black Flies. I t  is probable that next to mosquitoes , black flies
( Prosimulium h i r tloe s , Jimulium venusturn , S. uberosum ) are the most
annoying pests ci ’ maa in New York ~) t lI ~ e .  Vermo nt , New Hampsh ire  and
Maine. In some of the mountainous areas of the i, rai rn~ t , eaaerially
in the wh i te  t~o -unt ~~ ns of New Hampaii -

~re und the ~,uirc n Iacks -~f New York .
certain species are a ‘r iou c  rnen ce t ’  ~a p - ”r c . fi hermeT , hun~ .u-s ,
and vacationista. The:. annoy man both by D i ti i R arid lying t~ ’L u t

the face. The toxic ef1’,~’~ a of t iack fly b~ t~ s are ‘h more serious
than those of mos iuitc ’ . ~~~~~ l~ rvete of hcae Insects  as-c f O u r i c
primarily in fa:t-fI -~wir,~ streams , shallcw mc-untein :r”e~.s bei n
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 gr~ ss , ~pcrtina ~lterniflora, in the immediate
vicinity. Greenhead flies attack human s readily and are of particular
concern in resort areas.

Deer flies ( Chrysops species) by v-irtue 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
marsh , but move to adjacent uplands , especially into wooded areas,
where they constitute a real dayt ime 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-urns”) -re
serious blood-sucking pests of man in many in1ai~d 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 sanguisug a (obsoletus ).
The predominant man-biting species in coastal areas are the br cklsh-
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 chironoini d midges (“ f uz z bills” )
are of growing importance in the North Atlantic Region. The larva e ,
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 mi dges by their sheer numbers
can be terribly annoying when they swarm on buildings and around lights .

A number of severe chironomi d mi dge problems have been reported in the
Northeast during recent years , and the pr in cipal sources of these
problems were : sewage lagoons at Denton , Maryland; a T~-O - ’:cre brackish -
water sunken meadow in Bergen County , N.J . ;  Clear Water Reservoir in
trenton, N. J.; ~-Ioriches Bay Ifld its tidal creeks , Long Island , duffcllc
Cnunty , N . Y .  ; t ida l  coves and i’re di -w ten p~ n~ o , :;hure of South ~~ve
Old ia’,-br ok , C :r in . ;  a n :  a ~5 —  c- re ern :k :1: w ’ cr - o s -u sh~ rit i c’no .
town of’ 3 c i t u nt r ’ , I Ivrno ’ith Coun t-v - Mars.
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Ear-Invading Beetles. Human ear invasions by the Asiatic garden
beetle , Maladera castanea, were a serious problem at the 1957 and 1964
National Boy Scout Jamborees , Valley Forge National Park , Chester
County , Pa. In 1957, 186 ear invasions were recorded , and In 1964 ,
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.

Ti cks. The American dog tick (Dermacentor variabilis) is locally
abundant in the Cape Cod-Plymouth County and the nearby islands of
Martha ’s VIneyard and Nantucket in Massachusetts , portions of the
Rhode Island coast , southeastern Pennsylvania , Long Island , New York ,
the lower tvo-thir~ s of New Jersey , and all of Delaware , 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 abundant. The dog tick ~s a three-hos-tick : Larvae and nymphs are frequently found on meadow mice and
white-footed mice, while adult ticks commonly attach themselves to
racoons , foxes , rabbits , dogs , and humans.

The American dog tick is of public health significance in the Region
because it transmits Rocky Mountain spotted fever , and it is feared
because of its bite . In rare instances , attachment of the dog t ick
over the spinal cord or at the base of the skull results in illness
called tick paralysis. In July 1968 , a case of t ick 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 hair l ine 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 americanurn . Large concentrations of
these ticks have been found in the Cumberland-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 1tates. 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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PRESF2~r1’ STATUS OF VECTOR CONTROL PROGRAMS

MosQuito Control Programs

Information in this section pertains principally to organized
mosquito control program s (Fig. v- 6) . Some cities carry on “unorganized ”
mosquito control activities during the summer . This type of work is
usually based upon cit izen 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-aid funds in the amount of $126,000 per year .
The Director of the Bureau of Solid Waste and Vector Control serves
as the Chairman 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 programs
that are not commissions . (Virginia is unique in having municipalities
that are not included in any county.) These programs are more
limited , and State influence is more indirect .

Table V- 5 indicates the name , general geographic area covered , and
approximate annual budget of each mosquito control commission and
program in Virginia.
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TABLE V-5

MOSQUITO CONTROL PROGRAMS IN VIRGINIA

Appr oximat e Area Involved
Budget

1. Kempsville-Bayside $120,000 Two boroughs in City of Virginia
Beach

2. Virginia Beach- 120 ,000 Two boroughs in City of Virginia
Lynnhaven Beach

3. Washington 35,000 One borough in City of Chesapeake
4. Deep Creek 15 ,000 One borough in City of Chesapeake
5. Great Bridge 10,000 One borough in City of Chesapeake
6. South Norfolk 40 ,000 One borough in City of Chesapeake
7. Western Branch 20,000 One boroug h in City of Chesapeake
8. Portsmouth 40,000 Area of original City of Ports-

mouth
9. West Portsmouth 40,000 Area annexed in 1960 by Ports-

mouth City
10. Churchland 40,000 Area annexed in 1967 by Ports-

mouth City
11. Suffolk 6 ,000 All  of City of Suffo lk
12. Courtland -- All of Town of Courtland
13. Franklin 15 ,000 All  of City of Franklin
14. Hopewell 38,000 All of City of Hopewell
15. Newpor t News 60 ,000 Original area of City of Newport

News
16. Warwick 60,000 Area of old City of Warwick
17. East Hampton 50,000 One-half of City of Hampton
18. West Hampton 50 ,000 One-half of City of Hampton
19. Poquoson 12 ,000 All of Town of Poquoson
20 . York County 65 ,000 Al l  of York County
21. Williamsburg 4,000 All of City of Williamsburg
22. Chincoteague 6,000 All area on Chincoteague Island
23. Manassas 10,000 A portion of Prince William County

adjacent to Town of Manassas
24. Woodbrid ge 20 ,000 A port ion of Prince W i l l i a m  County

in the Woodbrid ge Area
25. Dale City 8 , 000 A portion of Prince Will iam County

in the Dale City Area
26. Jame s City County 5 , 000 All of James City County

*27. Norfolk  City 150 , 000 All of Norfolk City
*28. Richmond 20 ,000 All of Cit y of Richmond

TOTAL $1,059 , 000

*Sjork performed as a Health Department function -- not a mosquito
cont rol d is t r ic t .

The above f igures inc lude $12 6 , 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 Ne~ Jer3ey Agricultura l
Experi ment St a t ion .  The chief mosquito control scientist  is
the Secretary of the State Mosquito Cc-ntrol Coacciccion , which is
a part of the State Department of Conservation and Economic
Development .  The Scate Mosquito Control Commission has reveral
functions , all of which are conducted through Lhe ~l-c c~-er s Ur i ivera i t ’,-
group :

(1) Provides inter-department-al coordination at the State level .

( 2 )  Determines broad statewide policy .

(3) iThovidec State-aid funds includ ing :

(a) $250,000 ann ua1~i:- - to coun t ie :  i’cr wa~~er m~~~~-erien~.
pro jec t s .

( b )  $100, 000 annually for -a State-ope”iced aerial adulti-
ciding program , most of which is spent c-n salt-marsh
mosquito control.

(c) $s~~,OOo annually for mosquito control work on State-
and fed erally-owned lands.

(
~ ) Conducts statewide mosquito surveillance activities.

( 5 )  Conducts needed moscuito research .

Each county mo:;~ u i t a  control commission conducts a program of water
management , larviciding, and supplemental adult iVi ding .

Abou t I’S cents of each bud geted dollar is spent on water  management -
activi ties. In addit ion , several of these commissions have addi t ional
county funds for use in providing ma i ntenance work on - o u n t y  draina~-~e
channels -~nd atroaja s .
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TABLE V-6

NEW JERSEY COUNTY MOSQUITO EXTERM INATION COMMISSIONS REGULAR BUDGE T
APPROPRIATIONS, 1968

County Received 1968* ~ Water Management

1. Bergen $ 524,000 70
2. Ea.ex 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 90
19. Warren 10 ,000 80
20. Sussex 3 ,000 70
21. Hunterdon -- --

Total $4 ,140 ,000

St ate Mosquito Control
Commission 2 75 , 000 70

Municipal
300 @ $1000 avg. 300 ,000 30

Grand total State $4 ,715 ,000

*Figurea do not include accessory bud gets.
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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 moonuito control programs . Since four major types
of encephalit is  viruses }:avc been reported in the State , en cephali t is
surveillance iS of 5rea t  imoarcance.

~1osq uito pr-cblcmc in this hi~ hly urbanized megalopolis are changing.
State mos cui to  author i t ies  state that  the “ effluence of the e f f lu e n c e
favors more mosquiuoe: :x;d disease.” This Is exemplified by inter~oif c-t
breeding of 0-sic:: ~Ia e:;: mo o ri toes in the increasing amoun t .: of
heavii-, pallu:cc w- tcrs  and the backyard breeding habitats ouch as
old vehicles , t i re: , app lianoca , swi mming and wading pools , ant
s in le use dr ink c c a t ain er o .

Dew York. t -rg sn tz ed mos cui t o  control was started in .  N; : - a
Cou nty , Ne: Y ork over 50 -c- rn r 0. Prior to 1966, the c i a -a t :  -

nr c-~ r~-us in the S ta te  were in th e Dcv York City-Long sland area .
The l°6d bu i~ etc  lo~ these a:- i- I c -n ;  we re - - s  f o l l c w n :

- 5rar-i D o

Nassau County h scai t~ Control Division .~~ 1, 017 , 000
Department of F-;blic Works

Iaf f’olk County D a sq u i to  Cont r a - I Co v : is s i cn  5~~C , OCO

~c- -. York Cit: Di- :a’iit~ Coatr I Prmrac: -—_______

~ 2~ CkI , 000

I:; 19I ’i- , a new -~~ ocra t ive  heal th department , S ta t e - C o unty moscui t~
ocat r-~ i r a  Iran ~-n:  l a l t i a t e t :~hich wi l l  oupylement sever al  c-n i n t i a~

h-hao uit -j c- ntrcl competence is in the r roac-cs of bein~
a~ the Central it ’f icc -nd at  each ; ~f five Regional Cft’ i c e o .

Th is Ir :up work s  w~ th - :arkyes b: making tr ailed pre-program curve:-:;
a n d  then sict i  ro~ county- -wi t-a pc i- ~ran- wi~ u ; t e chnica l  and f i n a n - - l al
suoa .ro . ilk: t a -- a - d fun- i s c -- n  be : :o- on a 5~~ ma tching bas i s  up
to a maximum of $C-; , O- I . Earh ear: : cipat I :~~ o ;nty must h ave  a well-
- oaT n e c  pra ran -iire co-cr ~~d ColT-c:; the State- pprevet methods and
material :;. yr -:r -~mc of this type ‘re nc~-’ in operation in Rockland
and Dut :he:;s Ca c t ir s .

In thr- past . the t o te  entcmolc~ ist i-~~~J h i s  staff of the Ne:: York
:tatc- Science ServIce have provide : ccr~:t ic -m ale t r - : h n l c r l ass i s tance
t o  -:or~~nI h a: th rou ,~ io at Ne:~ York .

Th~- h 2  Yor k  St ate  Science - Se r v i ce  • tar  State Heal th  Ik - p l l r t mena  and
the ;u :D’ai Count - Dcsr :uit : Control Comm i ssion have call r ;b omal  c i  in
r ,- n r ~ar -h on r -mte-: .i -1  moo-: - I t’~ vt -i - ta r:: r amb - vi  a n o :  on Lcn 1~ Island.
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A coorerat ivc- Sta te- local  mosouito control program
is in operatic- n in ~l7 toi-ins , located in 19 counties in Maryland .
This control work is a joint program of the University of Marylan d
and the Duryl:u:d :;tatc I~ port ment of A r icultur e- , with her c io -aortera
at the Univers i ty . The StoicS t:roviden l e - d e r s h ip .  t echnica l  guidance ,
di rect supervision of all field p ern onno l , and State-aid fon d:  in
the amount -of ~350 , 000 annually . Cities , through county ~overnraent ,
contribute ab out .~S0~ ,S-iC annually , y i e i u i n g  a- total  of about
~S5h4 ,000 annually . The control program consists of source reduction ,
larviciding , and :JultIc!ding. Control effort is concentrated in
counties having salt-marsh mosquitoes . Earth -moving ~nt insect icide-
applicat ion e~ uipm ent is moved from county to county as priorities
and needs d i c t a t e .

A few town: operat e- small rsos:Iuitc : control programs with  their  own
funds and l imit ed influence fr om the State  group .

Delaware. A s t a t ew i t c  mosnuito control program , operated i.n th e
three counties of helawore . is - i- Imi n i c oereci wi th in  the State HI;~hv~-y
Department . The pr ogram consis ts  of so-urea reduction , water ::a.agemcrit ,
iarviciding of fr esh-water  and sal t -marsh  mo squi to  breeding sources ,
and o.dulticidinq for i-be control  of salt-marsh mosquitoes. The hud5et
for 1968 was ~D ’i7 , 0OO. In i9C5, a special appropriation of ~a ,flOC ,0OC
was made for c- :-:clusive use on source reduction work . These fund s re
being spent during a 5-yec-r period .

A group of sc ien tis t s  i-t i-  the UnIver si ty  of Delaw are , Department of
~ntomology and Applied Eco1o~~ , provides technical assistance -nd
guidance to the program , close cooperation , considerable surveillance
of important mosquito species , and conducts research on special
problems . 0? particu l - r intcceot . is their acne-nt res ear ch  w ork
with slow-cc- l easing Ab a te  but t- on - s ize  pe l l e t s,  using polyv i nyl
chlor ide , f ar  use in n i - - l i  marshes .  Their invest i~ ot~ ons cover both
eff ect on nos-:uitocs and non - tor~ ct orga nisms in salt marshes . In
considering any alteration of the marshes or insecticida L treatment ,
the potential effecto  upon the total environment are considered.

District  of Columbi a . The Di s t r ic t  of Columbia Department of
San itary Eng ineer ing conduc t s a con t inu ing  nosqui te  control  pro gram ,
with a bud ge t of abou t $80 ,000 per yea r. Stream clearance and main-
tenance are the princ ipal activi ties. Some laricid ing is done ,
espec ially in sewer catch basins , which a t times are heavy br eeder i
of domestic mosquitoes.

1
v-E 3

A



-- -- 
-- 

~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

Pennsylvan ia

A cooperative State and County Mosquito Control Program has been
in existence since 1966. Surveys , technical training and consultati on ,
evalustion , encep halitis surveillance and emergency control are being
provided from the cenL ra l office in the Department of Environmental
Resources , as well as a t each of seven reg ional offices. Vec tor control
pe rsonne l of the Depart ment has comp le ted 22 county-wide mosquito
surveys , ni ne locall y supported mosquito control pro grams have been
star ted.

A regional type approa ch involving eight northwestern counties is
being form ed into a control program.

The emp hasis of th e control programs is primarily on the elimination
or biolog i ca l ly  al ter ing breedi ng are as , and on the reviews of p lans
for rec reationa l areas , hig hway cons truction and similar development to
prevent the creation of new breeding areas .

The follow ing tabulation shows the programs and estimated budget
for mosqui to con t rol in 1970 :

~rog~arn Estimated Budget

Media $ 3,095
Nor thhampton County 14,150
T inicum Town ship  1 ,265
Royersford 1,195
Moshanno n Valley Mosquito Control Commission 10,455
Blair County Mosquito Contro l Comm ission 10 ,000
Grove Ci ty 10,000
Bucks County Mosquito Commission 168 ,000
Lan ada le 860
Chambersburg 675
Meadville 1 ,000
Sunhury 2 ,900
Norr i s town 625
Upper Moreland Township 1 ,530
Upper Me rion Townshi p .1, 1 , 425
Arr~’1er 890
Ge tty sburg 5 ,83~
Hat boro 1,045
Hu ra ham 2,125
York 8,540
T’ottstown 4 .915
G e t ty s b u r g  N a t i o n a l  M i l i t a r y  Park 308
Maple  Township 1,000
Dela ware County 63 ,090
!‘h ilirlel ph i s  : l10~ji-j~)0

$ 424,Q95
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Massachusetts. In Massachusetts, the State level agency
that has the responsibility for the supervision ot all organized

~nosquito control projects in the Co~mnonwealth is the 
State

Reclamation Board.

The organized pro ect s  are i - - s  follows:

Annual
Mosquit o Projec t s Assessments

1. Cape Cod ~4osquito Control Project $ 155, 232
2. Norfolk County Mosquito Control Project 117,760
3. Plymouth County iloscuito Control Project 111,895
4. Berkshire County Mosquito Control Project l07 ,4~4l
5. Essex County Mosquito Cont ro l  Project  107 ,032
6. Bristcl County M -oscuito Control Project 102,327
7. East Ni t lo esex Mosquit o Contro l  Project 9l ,bl+7
8. South Shore Mosquito Control Project 79,089

(portions of Norfolk a-nd Plymouth Counties) 
________

Total ~ 872 , tdT

The f i rs t  six are county projects, each organized under special acts
of the Legislature .

The State Reclamation Board i s  responsible for maintenance of sal t-
ma rsh ditches , and annual assessments -re  made by the Board upon the
several towns involved in projects cf this ty’pe. I-lost of the ditches
were installed between 1)31 and 1933, wi th State and Federal funds ,
largely as an unemployment relief measure.

Annual assessments for sa l t -mar sh  ditch maintenance are as follow s:

South Shore •~3l ,300
Bristol-South Plymouth 17,900
Nor th Sh ore ),200
-icr th i- c s Vin c~~n.rci 3 ,715

Total -V : .115

~ ce~ per- -t i ve otto:; ; on the e -oio~;.- of Eastern encephalit is w a s  ;niti~ ted
in 1)U7 by thc l1assachuc ;ett s :xcpar oment af ~ sblic Health and the
Communicable Diaea se Center of the U .S.  Public Health Service.
st u dy Is s t ill  being continued by the State .
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Connecticut . In Connecticut , with the exception of salt -march
i-risc :uito e . , the pr ob lem on m o s c u i t o  cont ro l  ho~ been left to the
t hd iv id-o : l  t auns  for  so l u t i on . Up to the present , very few m c
hoi ’e Ievelop ed orogri-rac to deal with the problem.

In the :oatni5 of s r B r - r - .n : :-~ ‘a:n- - : i oec . the yos- :uito Conor 1 ‘e c t io n
the Sto te  Sop- -’ m c i - i t  of ~[o- - it-b cc-rricc our, a pr oyr --r i  iri ’;olvin~

t h t  i-~~:th  : c c ~r.s~- of -h r -p : ; : i rcc tel: 1,000 r i t i C S  f ditches installed on
10 .50-5 °om ’cn o~ salt .  ‘~‘ ar ab .  T’h r~se d i t ch es  were originally installe.:
by 1( osore toi ’c s ( p r i T o  to SP~ d y :)  -c~-d c’ccpted by the St ate  for
m a i n t~ riron ce o-~ t ri o ‘ :r’ : S-tote B -- an d of 1-losu i - ito  Control . The
-lO:;~~~z 5 t O  Contro l  3ect~ on ols~ ec rries out chemical control operation:
as :~cedc , :  alor. - the  short  re : . The S e at i a r i ’ s budget is - ppr oximo i ely
-~~~ C • 000.

kboi~ I ’ ~~ . - . i- ;- ’mc- :’l y ,  he ta~~c arovi deS financiol ass: 5:0-nec
to ::everc - . .  f l  : tow ns for ca- . nt ; on a rno-o i-u ito suropr e .~sioc i
oroqram onsor .i-uaervision of the .St ’c LC i part me:rt of ACricultcre , - ii
en a v~lwat -r- .’ bo:i~ . For e:•:- -rip~c , in - - the 3n - -te Le~ i o l n t u r e
-ip mcr : p r I n t - .: k [1 ,000 for .[1t~ ti  o-c b c i dy , i ih i~ -1t allowed a rt 1mb-s-se-
ment p~~—men-~ oi~ l3~~ on the money spent by ~ r i - i t o l i c i p a T L i t i e s .  d a w ev e : - ,
since 1?(-~~, th ere ha: been no aporopriotion for  State subsidy . A
few town: :rr~ opera ting limited program s with  their arm funds.

The State ’s prego-r-m at present is restricted to Btate- - wncd l: .ri:ro , such
as parks , bird sanct-iarieo , and airports. Thr principal activity is
maintenance of sal t -marsh Sit  ch~ riq.

Other t at e .  There is l i t t l e  State a ct i v i t y  in mc-cr q rsdto srcntrol
in Maine , B-~w H- arp ;hire , Vciari-c’r~t , or ~rnt Vir~ i n i e .  At the l ic ol
level , marry t own: conduct m od e s t  con t ro l  work in the siumnertime . Th1 s
work con si St -: of la r ’-; I n i d i r r q  open S~ tches end ponds wi th in  the ci ty
limi ts and :o~enc : t i ng  :‘ oq ma c h In e s  or p ower sor - yer : . These pro~ r :.ms
are ~vnc-rc:l1y mot iv a ted  by ci tizen complaints and not upon ent -omclcg~ col
survei llnn” e. --oc k r:ghom C~ unty t f l  coastal  New Hampshire needs a
count y -w~ -Je :e- .. r i - t i - - a  d is -:d ct and bmw ; been close several time s to
starting such a s n r ~ ct.



Control of Black Flies, Greenhead Flies, Mid~ es, 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 $[~ ,0O0 per year. The control program is directed at the
larvae which have their heaviest concentration in streams containing
rocks and rippling water . At present, the chemical of choice is
meth o~ç’ch1or , 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 town s and resorts to be protected. No water
management or source reduction work is being done~ however , it is
technically feas ible  to gain considerable benefit below dams 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
ob ject: in the water .

F:xc-eilent research on the control of black flies has been conducted
ho the New York lttrt -.:c Science Service and the Department of Entonslogy
at  Cornell University .

Greenhead Flies. In Massachusetts, specific enabling l eg i s lat ion
permits the establishment of greenhead fly control projects and distriot:- .
k’ith the approval of the State Reclamation Board , any city or town
along the sea coast may establish a greenhead fly control proJect
r- i thin 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 Progr~~so

Cape Cod (d istrict) $ 7,200

~c1tuate 1,928
Marshfield 1,800
Pl ymouth 1.600
Duxbu.ry 1,500
Kingston 1,501
1-lortb Sb--crc- 1,000

Total $li , 508
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At present no ht~hi; effectiwa • cr:t~- • exi :tr- - r Tr~cenh c. Sc.
Considerable research in devel-’ping - - - o n t r o l  m cth oO:  n-i: been cent  
in several ‘re-;c including Essex C:-unty sad Cope Cod , Ma:s’:chusetts ,
and Long I sland , Pew Yark .

Biatng ih Oges  ~ liccid :~~ - c- : e:~~. 1 i - c o l on s  w i t h  these-
pestifcro-s: insects , al so -rector: a: s-oi l f l i e s ’ , ‘ no-see-urn s ’ , -no

“punkies , ” have been studie l in sever a l areas , h-at cfft-ct ly e  control
measures arc riot yet available. Consecuently, no r— r opr arns  h ave  been

~uSer :-oJ-:en to control this group . It ha-s been n-atcd that theIr
number can be decreused in areas where fogging operations - -r: used
for  ront ro l  of adult mosqui toes .  Although interest i n the control
of b i t ing midges is growing in many communities of the F eg ion , relief
Sr -am these pest: is orn-dicated on f’ur ’ther research on the b io l ogy
and co n t r o l  of the species involved.

Chir or ;mrid ~~l d aes . Several mosnuito esnorci c nrri i s , : - ion r -  nil
the: aqenciec  - -ppl y chemicals to kill mittge lr-rvm -e- . Fc-rc iiI-sn

(Baytex ) , Abate , and ;rr,lier or ganoph omnh-or au a to:- ,i - - - i - i t  a.r e are -‘at 1;
in use. Oc-mo: i-_ i-w ily , ap a c e trc- t . m e i t - o are app lleo t o  k il l  ~n l t
rnidges down wind from their breeding source.

In Massachusetts , special acts of the Legislature have given the State
Reclamation board authority to carry out program s to control An ima l
and Vegetable Nuisances ” in two specificall y named salt-water ponds
having severe midge and al gae nuisanc e problems. These impoundments
are Straits Pond in Hull and Cohasset and Mu squashait Pond in Scituate .
The control procedure s used involved periodic salinity adjustments in
the ponds b y allowing hig h tides to flow into the brackish ponds for a
short period of t ime . This was accomp lished by opening tidal gates a t
the outlet of t he pond and allowing clean sea water to flow in. This
procedure of inc reasing the salinity of the ponds drastically reduced
the numbers ofT Chirono inid mid ges breeding in the ponds; however , the
procedure of allowing sea water to flow into the ponds for mid ge
contro l must be repeated periodically in order to keep the midge
population do- ’-’. Al gae contro l and weed remova l were also fac tors in
reducing the mid g~ - -tpul ation of Straits pond. Assessments for the mid ge-
algae control programs are $3 ,000 and $4,500 respectively.

To -h:;. There nr~ no nr qan i : e S  tick control pr -p~r-!ms in the N o r t h
,‘tlantat ,-a ri i -nrc • von ~lrcr t r ,~h there is a i- i t-  S C r  I t - i - a .

In i-1J 0 t~ F fl 1 11 F C , 115 1 i- 5~
, ~ n

1 -g t i c k , r-ray hi ~~~~~~~~~~~ 
1 Ic .: :~; t he  B o n e -  U of Ias ;ict •:st CL,-fl r 1 CC

the Dcpr -r ’ n i - c i - i t  of P- - t a r  1- ’ : -e-: .- s .  The c-o t t -r d r i c t l v i t  i t :  er-
n T hr  C- p C r n ’ ’

~~- r ’ , i - c~~~~~~ n i - e  Cd l i — ’ rr r  - 1 : - t 1  ‘Ii~ er ) i-  h.t i - i - :  - c e ’
- ias ;’ct ir ia. -

~~~~ i-- .rc- r , :rrral s , -r.t-;r.rrh r - p-a- r ;t i ’,

- ‘t_ -e t , t- -i so- s- i - l ie -ii -o lop i-n i n :1 : 5- i- t O m - r ; i : r  ri - mc i- ~-ecL
ri c~t 

,r nor .
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E~~STING VTTCTCIT COITTROL NEEDS

The need f-or strengthening vector control acti~~ ties is increa: in~
ra~ id1y iri the Nortn A t l an t i c  Se~ ion as elsewhere due to such
fac~ a- - .c as-: (i) the r a pi d  population m ecca-sos; (2) the Jevelspma-nt
of suburban --re- i-- in slose nra::imiiy to vector brocting sources; (3 )
the inadequate control of muoscuitoe s ti:at have their gen es is  c-n
Bode-r i and State wetlan d ares:; (l i )  the exposur e of man to in sect:
of public health importance due to expanded public use c-f water-
r s i ut ec r  :‘ucreaticnm’l area s-; ( 5 )  the growing concern over pesticide
resid-oes in fTh:cl and water; (- S ) the development of resistance to
various insecticides exhibited by many species of rsostoitoes , i-nd
(7) the ever-increasing demand by the public for relief from arcnsI’onc :
and the threat of vector-borne diseases.

Re search

Research am the ecology of the more important vectors , on vector
population threshold s tudies  with respect to the transmission
disease agents, on the epidemiolo~~r of vector-borne diseases
particularly cncephali is , and on non-chemical abatement methods is
urgently needed to develop more effective prevention and control
measures. At present , there is too much reliance on chemical pesticides
to cori t c-nl m-us ::uitc -c-c , ticks , black flies , and other vectors.
Consequently , there is a gi-cro need for expansion of re :e— ~rch ac t i v ity ,
pa r t i cu l a rly  in . le v e l r - n i n g  new ecologic , genetic , and biologic control
~~thods. In tir e fri-t ore , more consideration must be given to the
ecclo~~r of the t o - ni. environment in developing Improved methods of
vector control.

3urveillance

The nature - n i -  scope of r e c tor  p r ob lem: ;  vary greatly in d i f f e r e n t
p a rt s  af ’ the U~ r th  ~Y lan t i c -  Setl ion.

Comae -cord ly • - -en ~ in c  a. - sarv- - [ i T  - rice of t h e s e  pr oble ms - - is s ’- : u i r e . I
to : ( i )  th- ~crm-U ne prevalence  a m ~J m aj o r  s-curses  -of ti - ri -n :m - t r  vec t. si--
species , ( 2 )  rvi - ; 1u: t - f a r t - rn  :-ec~- nasible for the vet- ’ ;r pm- . c~~~t - : . :

(3) as c e rt a in  the mo st  oppr- .-p r i  r t ~ c o n t r o l  measures , and (1 . )  - a -  -

the ncr - a for c-mert -cmv v cc-nt:- 1 nra: i-U a - : in time of t:}:rt r;t see :
uthr eak :  of vector-b i--rae disease .
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At present , surve~llanee act ivit ies are conducted by some of the
State heal th departments , usually in conjunction with environme-’ 
health programs . The U .S. Thiblic Health Service p r o t r u d e s  a s s i s t a n c e
in :nrveillan-se -or . I :r rrvev i - t c t i o  st ies  when renuoste -i  te be’ so by
State health -lepartme rcts -on-S other interested agoncies . Bc -suse  c-f
limited ceo- s_ -and and ths  magnitude of problem areas , rw-’.’eillancc
activities- relatin~ to vector control problems arc greatly defi : i en o
in many areas of the- hcy~ion . Surveillance activities should be
increased to Letter -I - f - : i - i - c  the ty-pe and scope of -jc :-tor problem.:
in this heyicn .

Technica l  .cr r i a t ance

Appr :~ r l a t e  Fri - - l e ad i - -nd State health agencies should provide technical
assistance and basic information relative to vector control problems
to i-ill -of the various agencies concerned with water resource develcpmt--r :ts
and groups of meople residing in affected urban , rural and n-ut- -er
r ccre -ot ion - ore- - s .  Assistance of this nature should include pnr t i - ip- - . t T s r ~
tO surveys of problem areas, consultation on appropriate control.
practices , and training of control personnel. This ty-pe of ass istance
must be greatly increased to help close the gap between existing
knowledge on vector control and the application of this knowledge in
problem -crea:.

Legislation

During recent years, the need, for organized mosquito and other vector
control  by specific enabling legislation has been given increasing
corisideraticn. Because of the importance of adequate financing in
relation to i-he development and operation of control programs, a need
ex ists f- i-ri - ’ State enabling legislation to provide for the establishment
n-f .:ccce:sful vector control programs in States which do not have this
kind of’ leci : : iation .
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FU’IURE NEEDC

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 expecoed ecolog ical changes.

A review of trends over the past 2~ years indicates that changes in
vector problems occur only very slowly . Among the slow-movi ng trends
noted in the past  are the following :

(1) An intensification of the Culex pipiens (northern house
mosquito) 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
mosquito 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 year : 1980 , 2000 , and 2020 , experience
would seem to indicr:e thi--t vector control problems as related to
water resource development and associated lands will not change
radically . The four slow -moving tr ends noted above will probab ly
continue . In addition, the following projections are made :

(1) The expected increase in size and number of’ on-stream
and pumped-storage reservoirs f or drinking water purposes
will he generally beneficial to n~ squito control, and adverse
effects will be minimal.

(2) She expected increase in dams and reservoirs for flood
control purposes will  be beneficial to mosquito control , and
adverse of crts will be greatly overweighed by the beneficial
e f fec ts .
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( 3 )  Few large dams for power generat ion purposes wil l  be built
and thus the effect  on vector control wil l  be minimal.

( 1k ) Increases in temperature in impoundments and streams due
to atomic energy plants  are expected t o  produce some ecological
changes. However , vector problems wi l l  probably n -~t te ai’Ic -ct e:
in magni tude .

(5) The greati .-: increased irrigation of crops will oe largely
a cc om p l i s h e d  w T t h  overhead sprinklers and w i l l  not si g nI f i c an t Ly
affect vec tor  pr oblem: .

(6) The projected large increases in water -or ien ted  recreat ion
p a r t i c i pa t i o n  wi l l  tend to increase -sect-or control reed:.
However , these needs should be e f f e c tiv e l y  and e f f L c i e n t l y
handled by i n - lin e  Sta te-county  or d i s t r i c t  vector c o nt r o l
progc--cc. . T~ci-r ar,d black f l- j  control d i s t r i c t s  Or programs
w i ll yro dually ~ecsme more numerous and better balanced
ecolog y s-a l l y .

(7 )  The projected increese in organIc pollution -of reservoirs ,
lak es , c-nd s t r eam s  will lead to increased chironomid midge
rr-ohlens , which should be adequately controlled by vector
control distri cts or programs .

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

( ) )  The research on , and the use of genetic methods in
vector control w i l l  probab Ly increase.

( 10) ~-1any count y and me t ropolitan area off icials are now
looking to: regional organizations to solve problems and reduce
c o s t s .  There is little doubt that regional approaches will
soon be too small in mar::; portions of the N.A.R. Accordingly.
the principal br .:oi- t in the f’uture must be toward state-wide
app roaches , w i th Federal leadership and coordination , i f
effective progress is to be made in the msnagement of the
nation ’s water and related land resources.
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VI • E~VTh(1~ME!?IAL HEAIff’Ii AMLTSIS

This section entitled “Errv-ironmental Uealth Ai~~lynis ” ‘viii give
recognition and evaluation of’ the environmental health factors which
~~y be affected by or affect the developm ent , u~~ir~tainance, or utiliza-
tion of water and related land uses .

This chapter will cover:

A. Air Pollution Control

B. Radiation Control

C. Recreation Sanitation

D. Shellfish Sanitation

E. Solid Waste Disposal
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AIR POLLUTI ON

_____ 
:-c-~ JCbS P AFFECTEd BY WATER RESCURCE DEV LCFMENT

Fo~~-r ~ -nerati-:n t~~~t :  as

In pro-si iin~ hen:  e- :er y necessary fo r the generat ion of electr ic
power , the cs-mbo:t o ’: c-f coal , oil , or gas will re-salt in the
pr-sductton c-f various - - I a  pollutants. In contrast --t th other cases
of combust ion r e la t ed  - - a pollution , a~-wer plant air pollutIon ispr o-.:u:cd b ,  e f f I c i e n t , ra ther  than i ne ff ic i en t , burning .-leraY To:.

The s-ermaon -air pollutants produced by the burning of coal for power
generation are : s- - s - l i  : ar t ic les  at flyash , and the gases: sulfur
dIoxIde and the oxides of nitrogen. The combustion s-f oil wIll also
produce sulfur d ioxide  and the oxides of nitrogen , but very l i t Y e
particulate nntt~-a. The only pollutants of consequence from gas
burning are the -oxides of n it rogen .

Pollutant control equipment for f lya sh  is , of course , an integral
part of the modern power plant . The electrostatic precipitators
typically used have theoretical control eff ic iencies  approximating
99% by weight , although act ual working e f f ic iencies  may be
appreciably lOwer . Control equipment for cap tu r ing  s t ar k  gas
sulfur dioxide is still early in the development stage , and use c-f
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 ni trogen.

The following table lists the approximate quantities of pollutants
generated , per million BTU’s of heat input , f or the major power
plant t iol:. The values In the table are based on the assumptIon
that  no control techniques have been applied.
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T’IPICAL PU~LTITIES OF GERERATED POLLUT;IP:~ *
FOR POWER r-LATiT COI~~USTION PROCESSES PE R

i-ULLICP RTU’P OF REAT NPU’T ( In  Pa~ n ~r )

Fuel Particutac -ec- Oul~ uc- Dicx~ dr Cx I-d e s of h i s - c s - c - c -a

Pulverized . C~— - l  .~~s-) x i- .sh l.i41 x ~3::1f or .67
( G e n e ra l)  i e - r c e n s - - -e~~ 1 

Ci i  .053 1.05 x S~ l. -.or
F~ r cc as -  ~~~~~~~~~

Gas 0.14 .0006 .37

* Assumptions
1. Heat Con tent of Coal = 23-27 m i l l i o n  BTU/ ton
2. Hea t Content of 011 = 150 ,000 million BTU/ga~ lon
3. Heat Content of Natura l gas 1,050 BTU /SCF

**Ash percen tage and sulfur percentage refer to the content by weig ht
in the fuel. The percentage figure should be used in calculations
as a whole number. Thus , the sulfur pe rcentage factor for a 1.007.
oil would be the dig it 2 , rather than the decima l fra ction .02.

Nuclear gen erating p lan t s w i l l  produc e no air pollutants , nde r norma l
operating condit ions. If all power generating statio n s were to produce
elec tricity by nuclear means , th e power p lant would no longer be
considered a source of air pollution. However , d espit e accelerating
use of nuclear energy , the consumption of fossi l fuel s for the generation
of electricity is expec ted to remain at hig h lev els for the near
fu ture. Aa long as fossil-fuel capacity remains competitive with nu clear
and ‘ other fuels , cont inued use of fossil fuels for generation in the
N.A.R. and other coal-producing areas of the market may be expected .

Wa ter Based Indu stry

Cer tain industries use large vo lumes of water for process purposes , whi le
others depend upon inexpensive water transportation for bulk raw materia ls
or bulk finished products. Chemical , metallurg ical , and mi neral industries
often fit into either or both of these categories and are , also , ofte n
asso ciated with air pollution prob lems. The pollutants of concern vary
across a wide spectrum , dependent upon the process involv ed. Commonly ,
fuel combusion is an integra l pa rt of industrial ope rations , an i particu late
matter , sulfur dioxide , and/or oxides of nitrogen may he emitted. These
ind ustrial combustion emissions can he locally important , in and of

the mselves , but they more often caus e conce rn as part of a great er pollu -

tant summation affection a widespread area. This summation is of like

pollutants f rom domesti c spac e heat ing , or power generati on , or any of a

number of burning operat ions.
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Other c - f r  r -clmot ion emissions from chemical , metallurgical , or
nic-erul i rs -d-o:try processes may be much more unique and have a much
nc-re ucute and concentra ted effect. The ammonia emissions from an
ammonia cr o duc in c-  r i a nt , located in  one cs-f large cit ies , noy ha ve
i it t le  - ‘- e r - s - l .  impact upon the mcti-:politan ares- , but i t  very possibly
sculo havi- c-ri c-cut e- e ffe ct  upon the plant ’ s immediate surrounsings- .

The rumb~ a of process i n d u s t r i e s  with air  pol lu t ion potential  can almost
be equas- - -i cith the a mber of r o -ces s  s - n i  o st r ies  ~e- l. -n :er ~t opon w a t e r .
The - l - - vr-~~opneot of s--a -er resources to enccurage the g rowth  of lads-iota :.-
can also be expected to st imulate the grows-h of a potential  for a ir
pollution , unless ant i  - i s - c a r : -  Stepb are cndort aken to insure r:cebuate
air  p o l T c u t i -~o cc-ntrol a ct i o n s .

- (‘- o s t ruct ion  i .s-oue s an-u Cleared DebrIs -~

The- diii p. sc-i n r c - h - I c c .. for const ruct ion wastes  and cleared debris  is o f ten
a prob lem c-f the- c-ioposal of bulky , oversized items , in cj~ an t i t I e a
locally small but , perhaps , co l i enct ive ly  Cre e l .  Typ ical ly , :acoe
ma s- e r ia l s  are pilec and tw’riec —s n - -s i te , or are cra ss-cited in oaks- -shi  f t
incinerators . In ei ther event , i ne f f i c i en t  combustion is ai ls- s- s t
g-curs-ncteed , c-nd gre- I quantities of black smoke , e ldeh ycies , organic
acid (‘ases , it : .,  c-ill be emitted . I t  is estimated that 17 p~ o:. Cs- s- f
p a r t i cu la t e  matter  wi l l  be emi tted , to enter the atmosphere , from tho
s-pen  Is-s-ruing s-f each ton of landscnpe or ag ricu ltura l  r e f u se .

General lnJu : tr -,-

The de.elupment of was -er resources will not only stimulate the ~-ows-b
of water based induss-ry in the pertinent geographic region . hut will
likel: sticoulntc the growth of O I L  industr\ - h e - - -ci se - s - f a ge n era l
benefici s-i inc — oct upon the area ’s eec-nc-cry. This s--vera .l - - . ruin -c- - s- al
gr owth Is likeli, to expand the o tent i a l  for air pollution he~-cnd s-h-at
e’ r 1 icr disc-c-ace I with reg~ r s - ‘ a wa ter based ind’ccntry . Tb-is i s
cs- c-c t culmrl-y t r ue  w i t h  c ’ey a d  to  cnoccc b ccst ion e s - c - so :  -s -nc- and I. ~-o1 s- - s
n r l . - i n g fr-ar: ‘di e iers -er— il use evep orat ive rnu t er ia ls . By c- -:: s-f
example  , s-s - i  v-c cit -us ’ ge , wi th  i t-u ensuing h -Crc--s-abc-n va~s- :c -  Ii -

nc n t r ibu t e -c  c i g n i f  r a n t l y  to the qu a n t i t y  of raw mater ia l  invo lved in
the f-ormn lon c-i’ Los ~s-nge Des t1-ne , pis- - -toch ercs- i -n , ‘ scicc s-~” . Cc - icon  - -ucns - l -,’
an ac :ecs -rmer -.~ ~ i’ tic- cia pollution r -r ob lems which  mi gh t 00cc-i - • 00

-esul~ of w~-rer -~eccourae Jeveb ulrnent , roust i n c  I -sac- p r ob lem :  o a r s - - c  n 1 ed
w i t h  -c li if ha-lust a- , nc: c-nh - c--b er based  ;- a

“ C-
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3TATUS OF AIR C~UALITh

The air pollution c aob lem: which afiec-t the ~re~~t e st  nuiuberc: s-I
c i t izens  tod ey are those o a s e s - s - ted c - it h  major  - c--ban r ea s .  irs -
great measur e , these c-ri sc because people and ‘ c n e i r  related
activities -c rc c o no en t r a s - e d  in re la t ively i m i t e d  p1- br oph~: cal
areas . 7cr-i ofi a , these ac t iv i t i e s  r e su l t  in the e c - T s s i c n  s - s -
air p:-llutent: , cc-ar t t c c ~l n-rl~,- when combustIon p i-ocesse- : n-ri lc - V- I -“c-:.
In general , these - miss  ion - oucr’ces contr ibute  1-els--tivel :: s-ru -I l
amounts of pc-il cs -to as individua l e n t i t i e s  but , in t o t a l , s- s- u-
summati on of all pollution contributors may grossly overl oad the
atmosphere over the netropolitan region .

In the event that rIagniont meteorological conditions . nnd 1cr
re st rain ing  tcpogr arccic f ec - s - a r e s, - s- c  present  with a regi s- -n -c l
concentrat ion of ercission sources , air c-cl Lu t i o n  pro -l ie-rn -s cat: be
compounded to a very serious degree.

The Is - ilawin c; bc-c of descriptions concern a number of the primary
a i r  pol lut ion problems which present ly  nc -c -nc -can the Nc- r s-r :cas tean
United States.

Sulfur Dioxide

The ox i d at i o n  cc-f sulfur, taking place usua lly because the element
occur s as -s-n impurity in fuel oil or coal, produces a gas which Is
et once an irritant to respiratory tissue , an attrcc-kec’ of suscept iil
vege tation , and a raw material which can further re a c s-  to form
sulfuric  or sulfurous acid.  In this acid form , of course , the
pol lu tan~ can damag e mineral or metal surfaces .  Any adverse e f fec t s ,
naturally , are dependent upon the atmospheric concentrations c-f
sulfur  dioxide present .

An I l l ust rat ion  can be given to indicate the relat ionship between
desired l i mi t s  for su l fur  dioxide concentrat ions in the atmo sph e re
and actual  concentrat ions measurn i .  The ita te  of New York Divis ion
of Air Resources recommends that  a tmospherIc levels of sulfur di x l iii
i n  New Y ork  (‘it :; not exceed 0.10 p - cc - s - s  per mil l ion parts of - i c , by
volume , r ,s a 2t~ hour a v er a ge , more than one day c-ut. -s-f c-ne hundred .
Actual measurements at the Ni - s -- Y c -r k  Ci i  i~ qacr~ mec1t c - f  A i r  P- lb s- ion
Control ’s sampling station in Upper I- I ’ s - h -- s - i nn , f o r  the period IC ~~1
through 1(6 , :h -s-wei ~-h -t - the 

~~~~~ 
- c- i nt~- a ’ a dry -sal far C : oxi de -

concentration , in t~~c -  - cccb ien t  - tm - -cphc- rr , wn~s in excess of t.20 p ri-o
ç~-r mill ion . H i e;hen s - h u n  d en !  red c o n n e c t ‘ t i  era ouch as tb - -nr c -
j u st  descr ibe-i  . c-s-is - occur whccccr - ;er s-u i Cii b ’- - - rig cC: ~ 1 ni - c -  bio r~ - :  a
1cc age cr ~~c Lnt .  i t cc-c . It h r ci I -crc C: Li n —  c-a h-c t. “ - 5 ’ -  s-~ .000 C- i c - -of
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sulfur dioxide were emitted into New York City ’s atmosphere during
1965. Approximately 140% of this total was believed to be the
contribution c-f 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
i n the r tmc -phe re .  -Iuch of this particulate matter occurs naturally ,
as i n the case of pollens or wi nd erosion mater ials , 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~~oiled surfaces , and it can cause adverse health
effec ts  - -  directly because of its own nature or indirectly because
of its capabilit’r -no absorb and concentrate pollutant gases.

Particulate m at t e r  pollution can result from inef f ic ient  combust~ cn ,
as black smoke, -or it can result from efficient combusion , as in the
case of flyash f rom coal burning power plants. Industrial proccsses ,
such as those of the mineral and metallurgical industries , can
produce large quant i t ies  of particles . The table below lists the
estimated percentage contributions for each major 4cc- ’. of atmospheric
pa rt iculate mat ter , in the New York metropolitan area.

ESTIMATED PERCE~TAGE CONTRIBUTIONS , ~Y WEIGHT OF
A’I?4OSPHERIC PARTICULATE MA~~ER FOR
NEt~ YORK ~~ITBOP OLITAN AREA SOURCES

Source Percentage Contribution

1. Residential Fuel 17.8%
2. Power Generation 17.3
3. Industrial Fuel 124.5
14 • Motor Vehicles
5. Municipal Incineration 8.~
6. On Site Incineration 8.7
7. Industrial Processes 8.6
~~. Commercial s-nd Government Fuel 8.5
9. Open B sing 0.6
10. Aircraft and Chipping

i s-co. Y~
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The table above is for only one metropolitan area, and the percentag e
fi gures 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 cur d -s greater industrial process s-on t r ibu t i on .

The Federal Government has , for  many years, operated saxrrniLng stations
throughout the coun t ry to measure levels of that portion of a sa~npheri c
particulate matter which tends to remain suspended , rather s-Io n settling
out under gravitational influences. These smaller pcu-s-:cles -re the ones
most directly involved in haze formation , and soiling , c-nd offer the
greatest potential threat to health . In 1965, results f r om this
National Air  Sampling Network indicated the fol lowing par t icu la te
pollut ion levels for s~~ e of our major cities in the Ns - : t h e -  st.

~~IA 7UJI T~D SUSPENDED PARTICULATE CONC THATIC-~ C AT
:h’-I-TLING CTAT1ONs-3 LOCATED II~ UFBAR API-IA:

~~ CR0GRAMS PER CUBIC METER h ) 6~-

224 HOar Avern c~ s-y Cc s-ns e cc t c’a t ic -n c

Maximum Geometric r- :or-cs-

1. New York City 395
2. Phil- deiphin 312 170
3. Providence 286 117
14 . Nec-ac-s- 285 113

*It must be emphasized that the values listed are for a siugle
station in ers -ch c i ty .  It would be a gross over-simplifIcatics-n to
assume that the indicated value represented pc-Ilution conditions
throughout ‘he entire city . The figure dc-es indicate- , however ,
the levels vh i ch can be found in c- ur urban centers. By way c-f
comparison , the maximum 224 hour suspended particulate concentration
measured in Yellowstone Park , -l y cc-mi ng , during 1965, c-as only AI ~
micrograms per cub ic- mct -r f air.
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A - : t ac s-sbt le Exhaust Gases

The chie f  pr i mru’y p o l lu t a n t  resulting from the automobi le ’ s I f l s - s - -c’n c- i
jmb s-a:ti a ; i r h  is , of cs-us-se , c- s- ri - s~s m s - n s -x i d e. The — o n’ ~c’ coner :ti- -i

:f this cs-a Ilus- -int is -  h s - s - -~~-2c rc- Th tea becs-’use- of the p r -c - cc-cs i c -~. f o r
a -rhoc : -c -c s-r:i d~ t t i ’~ at th~ blood ’s he — acs-g lobi  :i, c - rc d thus as-cs-c-c-spa
s-he ra-cs~~co c—f aç gea from the tungs co tissue cello in s-hc a
s-he ‘ s - i t -

~~~~ Oci lo is , for -  all n r a c t i c s - -l pus ic c - cies -a , the c:i i y :ri gni:’icaat
so - j r—se s- cu-s - cs- c c :ncc : : i - l e .  In I-Icc- Yoc-Ic City , f o r ’  tb- , i t  c - c s -
era  i r n c t c - i  ah~ t l .s-0.. .536 ts - -~ ~f carbon nconox ide  i - iCc - c-  omit s-ed to the
atms-sphere . ‘si-nh l ,~~-~- .c-T’O toni c c oming fr’s -rn the cuts - -n -c-bi le.

The- f t c  te of lIe— ’-- 7 s-- 1~e c ca r s -ens -d o s-ic-s t carbon monox ide conc c-rn t :-st i-s r::
of 15 p a r s - o c r  rs-il1 i on for  ~3 cc n se ou t iv e  h:-r rs c b s - - c s - C  n s - t  be c: : c~- e d c - d
ms-s--c s-bar s- ~

- s-s-f t h c -  t i m e ; c c - L u - I mea c-ui-omens-:: in mid-  t m - n I l  ~ ii . cs- s-s-rim
h”v c  m d l  -s-c -’ s-c I s-hin t - -s - s--ban rn-c-m s-s-ai de -oone -en t r -s -t ions  cxocc.. 15 cs-cc os - ia
c s - s - i l : s-c -~~~s-’i~, - iu :’ inp the b u c i a c o~ day.

d e can t  op p ol l—o t i s - cs -  pc - :-hlcm s- os - cr - s -ms -mg :‘ rcs -rc c s- s-tons-c-bile es - - s - cs -c - os - g’ c-es-
prics-rs-ìrils-- r .c~~:. nhcc-a i c. l “ smog ’ problems , co.n c-c-cur in ubar center ’ s-
--ther t h an  Ls -—s An -s-ales. Ca-s-ne -carn age to v e g e s - o s - i a s - s -, apparent l;-  th e
r - e—sc: l .t of r - h s - t - c~ he n i cns -~ re- -mt I c - cc and i d e n t i ca l  to damage fount in
:1 - c tia -r ’n Cs -s- Il s-Thi-ni-a, has s-c-en acs -s-on~ trs -  ted in s-he ’ Nec-c York I ’Ictr -c -p oi~ ts.n
Area.. ThIs “ s-cs-a:;” :-e- - ctics -s- of pollutants is between reactive
!: -dc-’s-ccnrh arcs nd c --a ides -  -s-f n i t rogen in the air. Automobile exhaust
pa sea serve as the chief contr ibutor  of the hydrocarbons . althc -u~ h
s-;nsos -~ ne star-age- , solvent , and paint vehicle evaporation can contribute
significant quantities. Oxides of nitrogen are commonly i r s - f a c e d  in
all combustion aners-itianc., with the automobile exhaust contr ibution
being a very large one .

The air pollution p’ -cblem o de:ccribed are common to all urb an areas.
I t  must also be sta ted  that. lo ca l i zed , spec ia l . problems can s-c a
source --C serious concern , a: icc-il. This  is especially t rue w ith
regar d  t -o in-Iu :tri’~l pro-c -e s-- ‘ r . i s r lo n s , which  can involve c- i ’ : c - t :
r-~-ng irs-g f~ ’-cs -m the f lU lc i - c f l cC  of an unpleasant -u-i-o r o s-he’ aes-- il ous i ea l t h
has -a r- i c-f -c

L ~ ~~~~~



REGULATORY CAPABILITY — THE RESPONSIBILITI ES 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 c-f air pollution
at its source is the primary responsibility of States end Local
Govern~~rits; and that Federal financial assistance and leadershipis essential for the development of cooperative Federal. , Stat e ,
Regional , and Local programs to prevent and control ir pollution . ’

During the 1960 ’ s , because of the actions of responsible State arid
Local authorities and with Federal technical and f inanc ia l  support ,
st rong air pollution c-acatrol programs have become common in the
Northeast. Almost wi thout  exception , each State and each major urb an
center has obtained legal authority to control air pollution ‘sithirs-
its boun daries s-s-nd has moved to establish a c-ac-Is-able enforceme::’:
program designed to- implement it: legal authority .

The Federal Government has moved to reinforce its technic al an d
financial assistance by obtaining the right , again under the Clean
Air Act as Amended, to designate Air s--uc-lity Control Regions for
pertinent- urban cs-re-as. These Regions would be designated Ps-s-n the
p u rp ose  of h-s- vs-ar- the involved state , or states , s- s- lo s- set i c i fact -a ry
air quality :s-t-nda r-d s and , also , control plans fec- a c hi e v i n g  s-hose
standards .

The Federal Government , as well as some of the stra nger strs -s-c and
local agen ci es , also maintains comprehensive research , development ,
and training efforts.

DEVM~OP?’~~~T OF ACTIONS TO PREV~~T WAT~~ RESOURCE R~1ATED AIR POLLUTIbI-PRO~~~~S 
-

The principal requirement for avoiding air pollution problems which
might result from water resource development is to miti cips -t e s-he rs-c
problems and plan f-or neresrs-s-o’y control ac ’ - i -c c n s .  At~ s- I r s-icr a:c: -c
con t ro l  a c t ion s  might involve i s - n d  use planning ~‘cr such t~:ir:gs as
b u f : ’er zones -‘s- round na~l ’r  in d i ~~~dual sources , b i t  mor e I l l s -e ly  the- p
would i nvolve the c b s - i - c - c s- f i l c ’ect controls a s-- the source. ?-h rc t-
p osi  Ltvcl’.’ , t h c c . c -  i t  c’~~- ’ :- uni t r ’  ci us- would re-salt [n tire es -i ml a s-i. - is-
or nininias- ion , of pollutan t -a ac -c ’- t i c - n  ftc -is -gi . a ps- ’0c - : - 3  s - f  raw
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m c c t e r i - - l  change . Other forms of direct  controls , of course , would
involve capturing the pollutants after they have been generated , but
before they are released to the atmosphere .

In either event , the required problem anticipation and control act s- c c-a
p l a n n i n g  should be accoc~ li shed through coordination between those
engaged in the water resource development pro~~ am and the area ’s ‘-tr
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 plan examination and certification ,
or similar problem anticipatory programs . The structure for coordin at ion
is there and should be utilized if air pollution problems are not to
result from water resource development.
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_ _  ~- - - -



_ _ _ _ _ _ _ _ _ _  

_ _ _ _ _  
_ _ _ _ _ _ _ _  -

RADIATION CONTROL

Radia t ion  control  is very closel y l inked w i t h  water  resources
planning with respect to the design and operation of nuclear power
generating p lants. The large amounts of cooling water used in ti - i
generation of stearr to produce electricit y are not only important from
the stand point that there is a water consumption in open cycle systems
bu t also becau se ther e i s a potential , thoug h very sli ght , of
releasing radioactive materials back into the environment throug h the
dis charge water.

SAFETY CONTROL (8)

Throug h the efforts of the Atomic Energy Commission and industry
initia tive , th e nuclear power indLa try has one of the best safety
reco rds of any Industry, bo th for in-p lant personne l and for the
surrounding env i ronment as a whole. The atomic powe r industry is one
of the few industries into which safety and control were bu ilt concur-
rentiv with the development of the Industry itse lf. Nuclear power
p lants are desi gned so that even if the ‘ maximum design basis accident ”
occurs , the release of rad ioac t ive  m a t e r i a l s  to the surrounding
enviro nment w i l l  s t i l l  be be low the leve ls  at wh ich  harm to humans
could occur .

As a further safety factor , comprehens ive monitoring systems are
b u i l t in to nuclear  power p lants which keep a close check on the amount
of radioactivity present in the discharge water. Monitoring dev ic e s
should be desi gned to keep a continuous monitoring check. The mon itoring
requirements for on -site surveillance are established and enforced by
the A tomic Energy Commission . The testing itself is carried on by
qual ified perso nnel of the power company under the guidance of the AEC .
Mon i tor in g near th~ site is done by the state healtl~ department.

AREAS OF CONCERN

A growing concern centers around what effec t therma l pollution
ori ginating fro m the discharge waters of these p la nts will have on the
ecolog ical balanc e of the waterc ourse into which the heated water is
being discharged. This concern also app lies to d ischarges from fossil
f u el p lants which also can create therma l pollution . The generally
accept ed fe e 1in ~ is that a bried exposure of aguatic life to a temperature
rise of 10 - 30 F w i l l  pr obable not have any detr imental effects on
the balance of the stream or river. However , when the temperature of
the water ri ses more sharp ly due to therma l pol lution , it could cause the
dieou t of a particular p lant or anima l whi ch could be part of a food
chain. All species of p lant and anima l including maT i may be affected b y
the loss of a vital link in the food chain creating an ec ological dis-

ruption in the water environment.
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Usua l l y  nuc lear  powe r p lan ts are designed so that the cooling
water will be discharged into large receiving bodies su c h as r ive r ,
lakes , rese rvoirs , or the ocean . If it is deemed that lower discharge
temperatures  are needed , present technology o f f e r s  the use of ho ld ing
ponds and /or cooling towers as a means of doing this. However , there
a re problems associated with cooling towers which include the neces sity
of havi ng fairly large land areas on which to site them , poss ible
creation of fog problems in the imm ediate area , possibility of noise
problems , and the v i s u a l  misfit potential.

Another problen’. area Involves the reprocessing of spent f u e l
from nuclear power p lants and also the disposal of radioactive waste
materials from medical , In dustrial , and researc h sources. Reprocess ing
of spent fuel is a task which can be accomp l i shed  on ly throug h sophis-
ticated technology and by hig hly sp ecialized personnel. Proc essi n g
consists of: (I) de- iacketing the clad; (2) dIssolving the fuel;
(3) recove ring uranium and plutonium and sepa rating these elements from
the radioac t ive fission products; (4) reducing the li quid volume of
the fission products; (5) solidify ing the reduced volume ; (6) irnmobil-
izing the reduced volume ; and (7) effecting ultimate disposal in a
non-leachable me -h um in a stable seismic zone. The waste products are
stored In protective containers at one of 4 or 5 landfill sites in the
Uni ted States set aside for this purpo se .

When there are water supp ly in takes downstream from a nuclear
power p lant , it is a necessity to have a contingency p lan se t u p
whe reby,  should an accident occur and radioactive material were re-
leased to the receiving stream , immediate cotification of the down-
stream water supp lies should be accom p lished. It is realized that
the  poss ib i l i t y  of such acc iden t s  occuring is extreme ly remote; however ,
if one should  occur , it is possible that  in a l l  the confus ion
accompanying an inc iden t  tha t  the downst ream wa te r  companies mig ht
not hear about i t  u n t i l  i t  was too late if there were not a con t ingency
p lan in effect.
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f~ECREATION SANITATION

INTRODUCTION

A major factor In the overall planning , develo~ nnnt , and operation
of recreational areas is that proper health protection of individuals
visiting or residing In such areas will be providec~ and maintained.These requisites include developnent of safe water supply and sewage
dispo sal systems; proper storage, collection, and di sposal of solid
wastes; control of insects and rodents; and the design and operation
of safe outdoor bathing areas and swi~mning 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 develo~znent. 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 environmental health aspects of water resources
develoisnent .

The demand of the North Atlantic Hegion for recreational develop-
ment is great In the future because of projected develo~suent of meg-
alopolis stretching fran Boston to Washington, D. C. Proper long-ranle
planning of recreational areas for meeting these demands is a necessity
so that present recreation areas (sane of which are now overerovdaj and
futur e areas will not create a health menace, both physical and mental,
rather than an enjoyable recreation site.

PUBLIC HEALTH ASPECTS

F”rczn the public health standpoint , one of the most critical forms
of outdoor recreation is the water contact sports such as swiimning,
water skiing, and wading . This is one area where the potential for
hnman 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
(water supply and waste dIsposal s at recreation areas. With the potential
for all these varied problems occurr ing, It is essential that foresight
and canprehensive planning be given to the develojanent 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
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 bacteriologi cal qtnlit y of the
bathing water which should be measured by the fecal coliform densi ty .
The U. :. Public Health ~ervice ’~ reconsnend~ d bacterIo~ogienl , chemical
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a~ d p~ vs~ cal s a ’~~err’s ar e as ‘ n i

Bacteriological.

The fecal coliform density should not exceed an arithmetic
mean of 200/ 100 ml with a sampling frequency of 5 samples per
30-day period taken - :Iur ing peak recreational use. Not more
than 10 percent of the samples ’ fecal coliforni densIties during
any 30 day period should exceed 1400/100 ml.

~~~~ aT

The water should contain no chemical which could cause
toxic reaction if ingested or irritation to the skin or eyes.
The water ’ s p1-i 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
o~~t~ t~ e exception of the bacteriological standard. Most states use
the total coliform criteria rather than the fecal coliforxn at the
present time.

The vector-caused vaterborne diseases and proper design of recre-
ational sanitation facilities are covered in the Di sease Vector Section
of this report and the Health Guidelines for W~ter Hesource and Flelated
Land Use Management in the addendum .

PFl0BL~~ 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 &igland where these lakes arid ponds presented many
opportunities for recreation as little as 10 or ~0 years ago. One caus
of this degradation of water quality stems fran the deteriorated qua1It~
of the rivers and streams feeding these bcLes of wat -i’ . A p- -t en t i a i l:~
more d angerous cause results from the Indiscriminate division c-f camp
lots around lakes where there is insuff ic ient  land availabl e r seT t l e
tank disposal of wastes or an individua l water supply. ~i th th~ large
d emand for lakeside pr~-pent .y it is very tempting for t i n  land c~rveloper
to subdivide land into smaller lots in order to increase his financial
gai n. In doing so , ho’-e ver , he does not give much thought to the anourt
of land needed for a septic tank system or t l~ distam-e required l e t v e , - ~
the sept i c tank and an o n— s i t e  well. Usually ~ re 15 InuuffIc~ ent liin . 
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for the waste disposal system alone creating a m~ssib1e contaminationproblem 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 develo1~nent . This control should Includ e
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 sever system into the
develoTinent plan with the resulting wastewater being treated in a local
municipal system. This would especially be desirable where soil con-
iitlons 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 develollnents
are too far from municipal sewerage systems. ~ possible alternative inthis case would be to have the waste treat ed 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 fran 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 min imize the dangers associated with
pollution from this source.

Along with the pollution of our coastal and inland waters from
dcmiestic and *ndustrial sources, another area of growing concern is
pollution from recreational end commercial boats. This pollution may
result from the spillage of gas or oil , the discharge of sewage, or
from 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 , fran 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 macerator-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 tr -atment fac-
ilities to handle the demand .

Under recently enacted federal legislation, the Secretary of the
Department in which the Coast Guard is cpr’rating Is required to rromul-
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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 se’-rage to navigable waters. These standards
will become effect ive ror new vessels two years after promulgation
and for existing vessels five years after promulgation.

The inland waters which ~is .~a L 1y cater to smaller pleasure boats
will probably not be plagued by this problem of wastewater pollut ion
:~rom boats. Gas and oil pollution, eitiier from spillage or from
exhaust waste products, however, may be a consideration. This may
especiaJ ’ y be so in multi-use recreation facil i t Ies wherc boat launch-
ings t~~~e place near bathing areas.

The Inconsiderate ;~mipin€ . of solid waste materials from boats is
a difficult problem to control. Stricter laws and enforcement may be
part of the ansver,b~t 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 surv~illance and re~~~1otion of water-c-ontict recreatic~~J
areas usually falls under the ~irisdiction of state or local health
departments with the exception of the National Park System on the fed-
eral level. Surveillance of these areas usually takes the fcrm of
an inspection of the recreation facili ty 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.

U n f o r t u n a t e l y,  in  most cases survei l lance throug h the recreat ion
season is u s u a l l y  l imi ted  to a somewhat spoardic b a t h i n g  beac h water
sam p l ing program. Due to ma npower and laboratory f a c i l i t y  shortages ,
it is almost  impossible for  s t a te  and local hea l th  depar tments  to carry
on any ex tens ive  su rve i l l ance  programs th roug hou t the summer season.
This is also  due to progr am pressures  which  p lace other  r e s p o n s ib i l i t i e s
ahead of recreation f acility st~rve ill ance . This is somewhat dis-
hartening to health au thori ties sinc e the la t te r part of the summe r
(J u l y and Augu st ) br ings the h i ghest use of water contac t facilities
by the public . This hi gh 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-
tiona l waters.

It also shoub :  be r r c - gr ! zed that not only tue bathIng water but
also the dr inking water -~~~~ these ~‘ - -c~-ce~ I on areas shc-u ld be lestr ’,i

mcn e consistently during the s~~~er season in or c:r- r In minimi:e the
th reat of waterborne dis ar e .



STATE AND LOCAL PROGRAM NEE1~~

The previous discussion on surveillance p o i n t s  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 d emand for water-oriented recreation , it is
~~sential that recreation faci l i ty surveillance be s~a :e a top priority .
Increased staff and laboratory facilities will be required tc- meet th is
objective for safe and healthful recreation . The proper development of
new recreation areas will require the close attention cf the state
health departments.

~ second area of need is stronger legislation for the regulation
of housing development s around lakes and rivers so that pollution from
on-site disposal will not occur .

HEALTH BENEFIT OF b}~CFEj~TI ON

A monetary benefit that has not been incorporated thus far Into
water resources arid related land use planning Is the health benefit
that will occur as a result of water-based recreation. i-s does ~~ood
control structures, improvement in water quality, anu the pr- tv is ~ on of
a safe and adequate source of water supply improve the health and well-
bei ng 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 ertain 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 ab&enc~ 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 . In 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 is also admitted
that the estimating of the number of lives saved or diseases prevented
by water resources plann ing may be a diffi cul t taks.

Thirdly, It can be demonstrated that productivity is a function
of health. Productivity is also a function c ’ education ; however ,
the ability to learn is alsc health-related . F~y using graphical ana-
lyses, one could shnw ti- ese relationohips by comparing data from
countries with varying levels of productivi ty and health . ~ne can

v- 89

- -

~

- - - -

~

-

~ 

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



I ~ .-.D—A036 6k0 ENVIRONMENTAL PROTECTION AGENCY WASHINGTON 0 C WATER——ETC FIG 8/6 ‘Sir NORTH ATLANTIC REGIONAL WATER RESOURCES STUDY. APPENDIX V. HEAL——ETCRJ)
MAY 72

UNCLASSIFIED NL

C~D~flE
_ _ _ _ _

L1i~tflD



I

understand the relationship between productivity and health more s imply
by the foUowi ng two statements:

1. A sick person produces and learns less than a healthy one.

2. i~ 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 econ miy 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 econany 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 wiU find a significant dollar benefit
accruing fran water resource and related land use development which
previously has gone unrecognized and uncounted.
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SHELLFISH SANITATION

fl~TR~~Uc~r ION

Shellfish growing areas directly reflect the success or failure ofwater resources planning in n~n~ ways . F~ ctors such as pollution,nutrient levels, teniperatuj-e changes, salinity fluctuations, andocean bottom characteristics which can be affected either beneficiallyor adversely by water resources development play important roles in thedevelopment of a harvestable shellfish product.

The shellfish that will be n~~inly discussed in this sectionare the clams, mussels, and oysters. This is not to slight thesignificance of the effects of water resources development on othercrustacea such as lobsters, crabs, et cetera; however , the clams ,mussels, and oysters are more severely affected by adverse environ-mental conditions than are these crusta cea . The uain varietiesof shellfish found along the North Atlantic Coast are the soft ~~ellclam, hard shell clam , blue mussels, and oysters, which are foundin ~~ny estuaries where the salinity is lower than that of the oceanF itself. The sea or surf clam grows in offshore waters with thebulk of the growing areas being within a 25-mile limit .

Why are we concerned about shellfish? Obviously, the ~~in issueis that they are n~rketable products which help promote both nationaland local economies. If an area is closed due to pollution or
other causes, this becomes a direct economic loss, from a publichealth standpoint , another more dangerous aspect is brought intoplay. The fact that these shellfish are eaten whole and ~~ny timesraw offers a considerable chance for contract ing disease when shell-fish are taken from contaminated waters. The ability of the shell-fish to concentrate the bacteria and other n~ teria]. from the over-

L 
lying waters definitely aggravates the problem. This ability ton~ gnify their environment around them within their own bodies is ofthe greatest concern to public health officials .

ffiO~ JE~~ ASSOCI~tTEI) WITH WATER RESOURCES DEVELO}~4EN~
There are two areas which we will consider under the Problem

category which are Interrelated in several ways. We have entitled
these two areas “Kealth Aspects of Water ~~1lution of ShellfishGrowing Areas” and “Resource Availability.” The topic of resourceavailability ~~y be inappropriate for a health aspects appendix;
however, the pollution of an estuary can affect both the health aspectsof 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 dei~~nd will
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likewise occur. The consequences to the public ’s health are
inescapable.

Health Aspects of Water Pollution of Shellfish Growing AreaB.

The consumption of raw shellfish from polluted growing waters
can bring about the transmission of any of the know n waterborne
diseases such as infectious hepatitis , typhoid fever , gastrointeA 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 c1o’~ed to the taking of shellfish. This Raritan Bay area was
once a 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 abou.r $22 ,000,000
annually . It has since been determined that the “probable ” r~ urce
of the New Jersey outbreak of 1961 was hard shell clams V1~.C L  had
been illegally taken from closed areas ; however , because the bacterio-
logical quality of the waters is n~ rginal and with the potential
threat to public health , the entire Raritan Bay area is still closed
to the harvesting of shellf ish. (io)

Resource Availability.

One of the prime functions of both the state and federal pro-
grams concerned with shellfish sanitation is to protect the shell-
fish resource and ensure that they continue to exist in a harvest-
able form . There are n~iny 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
aitrierrt and pollutart level of the water . The nutrient and pollu-
taut level have beefl included in the same phrase since in the proper
amounts they can be ccs~piimentary and Indeed, enhance the shellfish
resource. However , too much pollution can produce an area which is
incapable of supporting shellfish growth , let us also r ’emphasize
that pollution whi~h uay riot harm shellfish uay cause a Loss to
the econon~y due to the area having to be closed to protect the health
of consumers of shellfish.

Each of the factors previously named can be affected either
beneficially or adversely by water resources development . A discussion
of these effects will now be suizinarized .

i) Salinity - A salinity increase in growing area in an estuary
can produce two nain adverse effects relative to shellf!sh survival .
The first obvious problem is that most shellfish thr ive only in a
certain salinity range . If s a l i nity  e.oes out of thi s range , t he
shellfish may die . The second factor which re su l t s  from a
salinity increase is an influx of predators to the shellfish
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such as drills, starfish, crabs , and fish which have a higher salin.tty
range .

This increase in salinity could be brought about by creating
an impoundment on the upper rea ches 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 area s 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 a sandy environment.

Dredging in estuaries for navigation 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 n*teri a.l
in suspension could trave l to shel lf ish growing areas. This
material could be taken in by the shellfish through its normal
pump ing 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 th u material could result in the destruction
of the shel l f ish beds since the faculty of the she l l f i sh  for moving
up throu gh the increasing layer of silt is very limited; in the case
of oysters and mussels , it is impossible.

3) Temperature - If therma l e f f e c t s  become severe enoug h to be
a pollutant , they could do s ignif icant  ha rm to she l l f i sh  areas .
However , tempe rature increase s on a lower degree may have a benef ic ia l
e f f ec t  on she l l f i sh . It has been shown to a certain degree t hat
increased temperatures can increase the growth rate of s h e l l f i s h .
Howeve r , t here is a l imit to these t emperature inc reases and f luc tuat ions .

Thernal power generating plants could seriously upset this de l icate
balance due to the large amount of cooling water that may be
discharged into a water course or estuarine area.
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k~) Nutrient s - ~~.ter resource development will probably have
no significant effect on the nutrient level required by shellfish
for growth. Pollution abatement nay cause a decrease in eatuar ine
i~itrient levels , but this decrease would not be great enough to
adversely affect shellfish growth .

5) ~ ~~llution - Pollution of an estuary can affect the resource
availability of shellfish through two channels; both of which cause
a loss to the shellfish narket . The first occurs in grossly polluted
areas where the environment is not capable of supporting shelifich
growth. The second effect is the result of a snaller 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
disease through the ingesting of raw contaminated shellfish .

rhere are ethods ava i l ab le  ~ov p~rtf y in g she ll’1 j 1 ~~ . f r i
- ,ode rM P” ly p.. i I l it ed  or re st rict ed areas . ‘~ne “et~o ’ invo l~,ea the
relaying of shellf ish from a restric ted area to an “Approved Crow-
ing Area ” and keeping the she l l f i sh  there for a sufficient leng hth
of time to allow them to cleanse themselves by pump ing the clean
water throug h their bodies. A second method involves the use of a
depuration p lant which , in essence , is an artificial man-made
environment wherein she l l f i sh  harvest ed from restricted areas are
placed in shallow wire baskets. The baskets are then p laced in tanks
through which clean sea water dtsinfected with ultraviolet light is
passed. This process inc reases the sell -purification rate so that they
can cleanse themselves of bacteria and silt in a period of 48 hours.
The bacteriological and chemical qua lity required of a restricted
area is given in the Addendum on page 18. Although these two processes
would seem to lessen the n€’ed for po llution control in shellfish
area s , studies have indicated that the depuration and re laying
processes may not be as effective in chemical or virus remova l as
they are with bacterial removal.

Proper water ~resources planning and implementation can directly
benefit the shellfish industry. The abatement of pollution in the
estuaries of the North Atlantic Region could do much to bring a
~m.rketable product back into the econonw ; 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 nay not be far away when our
shellfish will have to be completely grown by artificial means .
The t ime Is at hand to rectify this situation .

V .Q L. 



SOLID WASTE MANAGP~~~T

On October 20, 1965, Congress passed the Solid Waste Disposal Act
(Title II of Publ.ic T r w  89-272) . Mtong 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 olans , and , in conjunction with the plans, for conducting
surveys of solid waste disposal practices and problems .

~~t October 26, 1910, the Solid Water Disposal Act was amende d by
the Resource Recovery Act of 1970. This new b ill provides for the
initiation of new steps to promote demonstration projects , technical
and financ ial assistance , and research in the field of solid waste
resource recovery and recycling.

Prior to passage of the Solid Waste Disposal Act , few states had established
solid waste programs although solid waste ~lr n n i n r  was becom!c-~recognized as r desirabl e and necc’ssnr~ r~~’ ’ ~~”. J~ w~’r n1 .so becom~rr-
evident that a thorough knowledge of solid waste conditions is a
prerequisite to developing com prehensive 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 Con: erence o~ S~ate San I~ ar~ Ei~gineers i.fl July ~.9 & ,
reco ended that the Solid Wastes Program o~ the U. S. Public Health
Service prepare a list of essential data ~nd ~uidclines for conducting
the statewide 3~rve , s. The response to th is  l’equesL resulted in the
formation o; ~ic National ~ui~ve~ of C ommunit~ ~3olid \~~~te Pi~ cti.ces.

The datc fron ths firs~ au~vc, have oeen compiled and pUbiJshcU
U.3. Publi Health Jer~ ice , 3:liJ W~s~~ Progr~m c:~

’tlc~ the
Solid Waste ~rnr . -~ement. ffice , Favironmental Protection ~gency - as the
“Preliminnr~ flrta t.rin.l :sis , i~~E~ National fli~rve~’ of Conmiunit Sol id
Waste Practicen.” The data are from ~0 states and the District of
Col~~bia and presented on a regional basis established by the Federal
Government on a po litic i boundary division .

States in E. P. A. Regions I and II comprise more than 80 percent of the
population in the North Atlant ic  •~t ’idy area ; therefore , only data
from these two Regions wi ll be used. The r t .n t es  involved ~n this
atudy along with the r re~ perl~~ve percent of p ormlr t ion  surveyed
are: Connect ic :~ (~~7.T ’ ~) ,  Delaware (77 .V) ,  New Jersey (i40.8~ ),New York 

~~~~~~ Pen nsylvania  ( 100% ), and Rhode Island (n ~~.2~~).
The surve’, nr’iudrl “~ .1 per ’ent of the est1rnn~ed ~

)(7 pap’,ilntioa
(12 ,000 ,000) of Re.~ion I inH ( .L percent of the an imated 37,000 ,000
residents of Region II .  (‘nly part a of some ntn ta~ in Region II are
wi thin the North Atlant ic !~ec~1o n .  The data av L i l a b l a  were obtained
from l3~l l~’nci disposal sites - l~~’ in e~fc~ I and l~ .”7 in Region II.
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Over 70% 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 ii
Marsh , tideland or flood plain 9
Level areas 28
Others ii

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

Type of’ Waste % of Sites Accepting
Specific ~ rpe of Waste

Household 93
Coimnercial 5I~
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 2l.~4
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The mean anticipated life remair4thg for the disposal sites surveyed
was found to be about 20 years. Approximately one-third of the sites
provided daily soil cover es recommended for sanitary land fill
operat ions while only 12 percent of the sites maintained records
relating to the quantity of solid wastes received. Nearly ~5 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

Sunmiary of Environmental Factors Observed
at Survey Disposal Sites

Potential Environmental Problems Percent Sites
Reporting Problems

Surface Drainage 20
Leaching 17
Fill In Water Table 16

About 30 percent of the land disposal sites surveyed could be identified
as true sanitary landfill 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
available as potential landfill sites will be utilized to house the
increasing urban popul ation. 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 corn-se, these facilities do not eliminate the problem ,
they merely reduce the volume of waste.
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Ag 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 Office ,
Environmental Protection Acency , has published a report on the status
of state programs. The report is entitled , “State Solid Waste Planning
Grants, Agencies , and Progress. ..L9 TO.” In addition , the Bureau has
also published ~n nc~ompanying report , “Developing a State Solid Waste
Management Plan ,” which elaborates on the necessary comp ai ents of a
successful planning process arid the methods for implementation of this
plan. This is a helpful guide for state planners.

The following discussion is taken directly from the report, “State
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 end 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 activities are operator
training and public relations. “A Study of Refuse Disposal Methods in
Connecticut” was published in 1968. The State plan wa.s to be completed
with the help of a consultant by June 1970.

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 arid disposal , private incineration , and hospital wastes.
The sanitary engineering department is responsible for other special
wastes , collection, public incinerators, and disposal sites. A good
waste management plan for the District of Columbia is complete.
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Maine - Two surveys of statewide solid waste practices preceded the
data collection work under this grant. ~ll this information has now
been compiled and analyzed. More support for proposed legislation will
be fostered through a broader public relations program. Guidelines on
sol.id waste planning will be prepared for state agencies , regional
pl anning commissions , and municipalities. The state plan is keying on
solutions to six categories of problems. The scheduled completion date
wp,s June 1970.

- The survey is finished and much of the data are updated through
site inspections . This program is organized into the following three
sections : technical advice and assistance , planning and program evaluation ,
and special studies and research. T~io popular publications , a pamphlet
describing the state ’s solid waste problems and a monthly newsletter ,
receive wide distribution . New legislation requires a public heari ng
prior to the operation of any disposal facility . ~ “Waste Acceptance
Authority” is being considered by the 1970 legislature. Engineering
students are hired for sunmiertime work as part of the agency ’s career
development program. .‘ 10-year plan has already been developed. It
will serve a.s the basis for the state’s solid waste rn’nagement plan ,
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 area. The findings of this work endorse a system of rail.
hauling solid wastes to disposal sites. P. strategy to implement this
system is now being planned. The Metropolitan Washington Waste Management
Agency , a subsidiary of the grantee, will be the operating agency for
the ad opted plan.

Massachusetts - This project ha.d to be postponed for nearly 3 years until
state administrative procedures were clarified. Now the solid waste
survey has begun and additional delays are not expected. Becent
legislation authorized the department of public works to operate
disposal sites within the state. These operations must have the health
department ’s approval.

New Hampshire This agency applied for a solid waste plann ing grant ,
and the application 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 Jersey - The at .a t awi d e  survey is complete i r e lu d l ar  spot field
ver~f icatj on of some of the data. In addit ion , reriresentative
local compre~ensive p 1cm with solid v-a te d-’~ . and ar. el enant.a ‘a~ ve
been collected ~a•:~ evala-t ed .  ~~tens1ve public relations activities
have been conducted durin~ the pro.~ect period ~‘s well. Solid, waste
rronram lecisl’ j .~p .“ ~‘ a~~ n have r esaite d  n twa :~~~~. acts and ~n t ~”c-
l~iction of ~c’:a ~~di ~ior.a1 bill a aow b~~’orr the I er ~i s1~’t :re.

Current ef~ orts ar~- hein .-~ p l’~r~’~ uron velor~ncnt of the st~ te rl~aa ~or
solid waste mann -cacat , which a about ~,O Derc~c.t aa’:plete. :
ann~’o cL i s be i ng taken in planning ~‘ar ~~~ Jrrse~ . :~ ~iditio~., a
cont u~l cl~~n n i n r ~ Drocess system is being install ed -nd will innl.’i.’~e
man’~ge~ ent i&or’aation s stem to provide continual current ~nd ~istnr:c
‘Th t~~. Once the basic p~onnina process has been formulated .
i rnol crien...ct~ on ~‘~ic~elin~ s vi’l. be Drnr’red .

yew York ~ The state has corarleted jt.s st~ tcw~ de scr’.”e of saU d u’ ate
aract ices.  Ad ditional dat” are’ beir.~ developed thro’ ,’ln several regional
studies. Consider”b le intera genc- . ’ coordir.’~t o n  and publi ~~~~~ .t ’t ion
ac t i v i tie s  h ave been conducted as well.

~T~w Yorh is operatina under Part 19 o~’ the State Snn~ tnr :.- C~ de , vh~~’h
re ai i i res that land disposal operations he conducted as s~ n~tar :: l~ n d f i l 1 s .

The state plan is aPproximately 8~ percent complete and 
‘ heina .-~eve1oped

~n two phases. Phase I , sketch plan , is complete and phase II is
underu” . Phase II ~.s being approached through system -na.l:’sis and
development of models. Mathematical models are being developed that
can be applied to solid waste management throughout the state. The
state is studyina the solid waste problem on a regional basis. Six
separ~te regional studies have been underway during the past . two years ,
covering nine counties and New York City. Plan reports resulting from
this statewide planninc ‘ ctivitv are designed to enhance imp1ementat~on
of study recommendatiors.

Pennsylvania - The state has completed its statewide survey , which
included 100 percent of the tota.l 2 ,559 polItical subdivisiona. In
addition , an industria.l-a~ricultural survey was conducted.
Significant legislation , the Pennsylvania Solid Waste ?~1a.na.~ernent t.ct.
(Act 2111), was signed into law by the Governor on July 31, 1968. The
ct is broad in its management and planning scope. P unicue feature

reouires anmicipalities to submit solid waste management plan to the
state for erproval. Reimbursement of up to 50 percent is available to
munIcipalities for the cost of preparing these plans. Extensive public
relations an~ information activities have continued throughout the
project. The Pennsylvania Solid Wa ite Managen~ant Plan has been con~p leted
and printed.
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ThoJe Islan~ - The st’ tewide survey has beea completed ad the solid
w”ste maria ~e’ment pl~’n ‘~s 90 ac racat  complete . The a 1 an wil ’, be f i n ’~ abedi c r in ~ l °70 .

Leg~nl ation for -‘ lac”l u’~ flt _ ‘ n -a & aranrara t h a t  ass is ts  aor’rr r~i~ i en
i n  ea t ’b l i~ h’~r,~ ~~l ’~ae  rcd unt~ on and d’ ar~ s 1  ~~l i t f o s  v’s r. ’ s n e d

• r .’ nf ’ thin aro~ r-u . The ntate ’s sol i d was t e ‘~r ’r n , ” drni r:jsfer : ~his
~~~~~~~~ ri. Gr”nt  f a n d a  are “yarded cal’,’ if ’ the “ o r r c a n i t ’ ’ s lon.--r~’needi ~ao n a l  a lan  is “~rraved h ’  the der”~tnca.t ~~ health . A”, incentive

i s  otTered for re:- y ’en-l crer~ t ions  b~ i nc r ea s~ nc~ the  n t ’ t e ’s sh ”re
of the grant.

Vermont - The state survey is being rechecke d to evaluate the approved
sanitary landf i l l  capaci t ies .  A ful l - t ime staff  is preparing the
state p lan . A special Governor ’s Task Force recotmuended regional
disposal sites and compacter container collection techni ques. Over
80 percent of the solid waste is now going into approved disposal
sites. Approval permits are issued by district environmen tal 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
~,renrs have been prenared for 75 percent of Virginia ’s counties , cities ,
and towns. Data for this planning were obtained through the statewide
s11 r,\,~” Pcf’ulatTons vili not be promulgated for some time , but disposal
s~ ”nd nrds h’-ve been d~ s~ rt huted widely. special Tef-i slative committee
is studying the si te ’s solid waste problem and will report tts fi ndi ngs
to the I.cY”O ,.~sscmbl.y . P biraonthl~r newsletter promotes better solid
w a s t e  practices to :‘t n  ‘fOP subscribers.

~‘,c ’st Virginia - Sn ~a drora the s t” tew i  de survey are now being analyzed .
The grantee prcr’r”d nevel’r 1. county solid w”ste rrlans that have been
Imptcmente . A proranad solid waste law coul d not be accomrnodrte’i
by the 1970 led i a m nt:a~e t a schedule , and the bill will be resubmitted at
next year ’s sess~ cn . Public education continues to be one of this
agency ’s most irapertant “ct iv it ies .  The s ta t e  plan i s  20 p ercent  c o mr la t e
and will be finished by September lJ’~’fO .

~~~n~~~ya’ PFO~~.F1 ff

I t  is ‘rntiaia’ted ta~ vit .h tf c’ :nernane ~n nc’:ula~. on “rc ,iertcd far
the Segion , solid wast e ’ management uil.l be one of’ an’ or concea r .
The total generation of solid waste will increase not only because ot
increasing population but also because of an expected increase in per
capit a generation rates .  It has been est imated , on a na t iona l ba sis ,
that the ai.ount of solid waste material to be collecte d through
munici pal and private agenc ies 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. Wi th
present disposal conditions , this would mean that by 2020, nearly
25,000 additional acres of land would be needed each year 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 GUIDELIN~B FOR WATER RE~ 0tYRC~~ AND RELATED LAND USE MANAGE2~ENT

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

II Irrigation with Sewage Treatment Plant Effluent 11

III Shellfish Growing and Harvesting Waters 17

IV Recreation Area Development 27

V Vector Control J~.5

VI Solid Waste Management 55

VII Radiological Health 63

VIII Air Pollution 71_.
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CHAPTER 1 - PUBLIC WATER SUPPLY SYSTE)IS

In the PBS Drinking Water Standards(l), a water supply is def i ned
to include “the works and auxiliaries for collection, treatment, stor-
age, and distributi on of the water front 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 con!nercial,
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 customers
served, but for purposes of this document, includes the idea of service
to a cc*mnunity 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 Supp].ies.(2)

DRINI<ING WATER AND HEALTH

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
ready availability 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 typhoid fever and other waterborne diseases which
occurred over 50 years ago in the United States and Western countries
but have since been largely eliminated by improved water treatment and
supply practices . However, it is seldom realized that disease outbreaks
still stem from contaminated drinking water; front l91#6 to 1960, 228
outbreaks of disease or poisoning with 25,9811 cases were attributed
to drinking water.(3) Additionally, a variety of significant outbreaks
affecting thousands of’ people have occurred more recently, includ ing
ill health from hepatitis,(l4) sa]monellosis, (5)  and gastroenteri t is.(6)
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) l eference nuxnI~ers refer to bibliography at the end of each
respective chapter.
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accepted as a key feature of modern life . h owever, many disadvantaged
pc~sons in cities , small towns , and rural areas still do not have
ad equate supplies of cafe water and needed sanitary facilities In
t I e i r  homes. A recent study of tmericttn Indian ccimnunities has shown
that the provision of safe water supply and sanitary facilities in
the home reduced the incidence of selected diseases.(7)

1~FLATION OF PUBLIC WATER SUPPLY ~JYST11~ TO WATER R}X OUHCE~3 DEV}LOP?4ENT

The planning and developuent of reservoir pro,~ ects should include
cori~ lderation not only of the quantity needs of municipalities for
water , but also the quality aspects. ‘l’he effect of all water resource
deveizpnents 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
F be given to the use of the hi~;her quality water for municipal and

drinking purposes . Quality ccnsiderat lons should includ e a sanitary
survey and analysis of the involved watershed , an evaluation ci’ raw
water quality and an analysis of  trend u and forecasts regard ing
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’ contam ination .
Elements to considered in the survey would include:

1. Possible development and activ i ty 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

• land ø , particularly ad.iacent to the reservoir.

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

3. Major :ources of man-made contamination including industrial,
• fann , 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 qual i ty and uncertai nty with regar d to the ef f e cts of’
impoundment on the water quality. (8) Sampling and analysis or a
stream should be planned to include th e bacterial , chemical , physical ,
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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 method s described in Standard Method s for the ~ camination
of’ later and wastewater (9) or by comparably 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 indicat e that current prob lems may
be solved prior to the time that stored water would be used for
municipal purposes or that new problems would require new attention
and solutions.

RAW WATEIf QUALITY Ml]) THEAThENT

The quality of the source waters will determine the treatment
processes required to produce a water that meets the PBS Drinking
Water Standards. h igh water quality may requi re mi nimal treatment
whereas low quality water may require extensive treatment to produce
a potable water. In the economic analysis of reservoir projects
consideration should be given to the costs of water treatment in
evaluating alternate means for providing municipal water supply.
Municipal supply intakes should be constructed with multi-level
inlets so that , where stratification occurs, the best quality water
con be token into the system; or provision should be made for mixing
so as to prevent stratification.

In the past many drinking water supplies from protected well
sources h ave been served to customers without any treatment. However,
instances of back-aiphon age and contaminati on in d istri bution syteins
together with related disease outbreaks, have demonstrated the need
for maintaining residual levels of a disinfectant , usually chlorine,
throughout the system. Consequently, the mininnnn reccannended
treatment for all public water supply systems is disinfection .

Guides herein are for raw water quality which is to be given
two categories of’ treatment, “Disinfection Only’ and “Conventional
Treatment .” However, it is also recogn iz ed that certain waters
will require Intermediate degrees of treetment between ‘ Disinfection
Only ” and “ Conventional Treatment ” and that others will require an
advanced level of treatment beyond “Conventional Treatment .”

A. J)isiflfection Only

Where ground waters are sub ,~ect 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 fol lowing requirements:
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1. Bacteriological:

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

b. Feca]. Coliform: If feca]. 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 unit s
Color 15 units
Threshold Odor Number 3

3. Chemical:

Chemicals present should not exceed the following concentrations:

Substance Concentration (mg/i)

p~rsenic (As ) 0.01
Barium (Ba) 1
Boron (B) 1
Cadmium (Cd ) 0.01
Carbon Chlorofo rm Extract (cCE) 0.2
Chloride (ci.) 250
Chromium ( hexavalent, Cr ’ “) 0.05
Copper (Cu) 1
Cyanide (CN) 0.01
Detergents (Methylene Blue Active Substances) 0.5
Fluoride (F)

50.0 ’53.70F Annum]. average of 1.7
53.8-58.3°F rn~yjmi~~ daily air 1.5
58.4 63.8°F temperatures 1.3
63.9-70.6 F 1.2
7O i-79.2?F 1.0
79.3-90.50F 0.8

Iron (Fe) 0.3
Lead (Pb ) 0.05
Manganese (Mn) 0.05
Mercury (Hg ) 0.005

• Nitrogen (Nitrate + Nitrite) as N 10
Phenols 0.001
Selenium (Se) 0.01
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Substance Concentration (mg/i )

Silver (Ag) 0.05
Sulfate (son) 250
Total Dissolved Solids 500
Urany]. ion (uo2~~) 5
Zinc (zn)  5

~ . Rad ioactivity:

Should meet the Public Health Service Drinking Water Standards
including the following:

a. Hadiuin-226 3 nji c/liter

Strontium-90 10 j3tc/liter

(Wh en these concentrations are exceeded, the water will
still be acceptable if surveillance of total intakes of
radioactivity fran all sources indicates that such intakes
are within the limits recommended by the Federal Radiation
Council for control action.)

b. In the absence of Strontium-90 and alpha emitters:

Cross beta concentrations --- 1000 .*aic/ liter

(When these concentrations are exceeded , the water ‘will
be acceptable if more complete analys is indicates that
concentrations of nuclides are not likely to cause
exposures greater than the Radiation Protection Guides
as approved by the President on recctmnendation of the
Federal Radiation Council.)

5. Pesticides:

Should not exceed the following limits:

Pesticide Ma.ximum Permissible
Concentration (mg/l)

}~drin 0.003
Aldrin4t 0.01
1)ieldrin* 0.01
Llndane 0.1
Toxaphene 0.1
Heptachlor~~ 0.02
hfeptachlor Epoxide ~~ 0.02
DIYr 0.1
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Pesticide Maximum Permissible
Concentration (mg/i)

Chiordane 0.01
Methoxychior 0.5
Total Organophosphorous and Carbonate Compounds 0.1
(expressed in terms of Parathion Equivalent
Cholinesterase inhibitions)

2,1~,5- lP ’
1.0

~The concentrStion of ald.rin and dield~rin in combination should
not exceed 0.01 mg/i.

K-YlYhe concentration of heptachior and heptachior epomide in
combination should not exceed 0.02 mg/i.

Disinfection will normally be accomplished by chlorination with
a xninflnum 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 chloroinlnes. The Manual for Evaluating
Public Drinking Water Supplies gives details regarding chlorination
and regarding other types of disinfection treatment.

1~. 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 from grassy, wooded terrain including little
swamp land or land which is exposed or under cultivation. When
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 aub,ject to temporary deterioration
in quality through increas ed levels of turbidity, algae growths, and
miscellaneou s contaminants . Such contaminants will hinder the effect-
iveness of disinfection treatment and may reduce the aesthetic properties
of the water for drinki ng purpose s. AU surface waters , there fore ,
should receive some degree of treatment more extnesive than “ Disinfection
c)nl..Y.

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 , sed imentation, or fil-
tration or some combination of such treatments.

Sane ground waters m ay contain chemicals or other substances which
are removable by less than “Conventional Treatment;” these should be
given an intermed iate degree of treatment appropriate to the raw water
quality problem involved . In any case the objective of the treatment
will be to provide continuously an adequate quantity of safe ‘wat er,
meeting the Public Health Service Drinking Water Standards.

-6-
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C. Conventional ¶1~~eatment

Waters ‘which are too contaminated for treatment by intermediate
means will require 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
ffort should be made to prevent and control contamination of the
raw water source. Where recreational use is permitted on a reservoir,
tiucli use should be accompanied 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
treatment should (in addition to meeting the applicable State Water
uality Standards) meet the following”

1. Bacteriological:

a. Total Colifonn Density: Less than 20,000/100 ml as
measured by a monthly geometric mear~ or

b. Fecal Coliform Density: If fecal coliform is measured ,
the above total coliformn density may be exceeded but
fecal colifonn should not exceed 14,000/100 ml as
measured by a monthly geometric mean .

2. Physical:

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

Color 15 units

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

Threshold Odor Number 5
Turbidity 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



the water treatm ent works ; and it should not change rapidly
eith er in nature or in connection where such rapid shifts
would upset normal treatment operations .

3. Chemical:

Since conventiona l treatment generally produ ces little
reduction in chemical constituents, raw water should
meet the limits given for “DiSInfection Only”.

1~. 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 ava ilable .
The treated water should continuously meet limits 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 circumstanc es .
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CJIAP~EP Ii - IRRIGATION WITH SEWAGE TREATMENT PL.AI1T EFFLUThT

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, Utah, and Montana. At the present time, extensive sewage
farming is done in the arid western states . Because water availability
is critical, little attention is given to the bacteriological quality
of the water supply . In water-short areas, available streams are
subjected to sewage discharges from small conmiunities , cattle feed
lot drainage, infrequent stormwater runoff, and return irrigation
wcter. Since the streams are frequently small , these pollution dis-
charges quickly exceed the normal self-purification capacity of the
strewn 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 ex~ erience 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 veil established that disease-causing bacteria , viruses,
proto zoa, worms, and fungi are found in fecal material, sewage, and
sewage polluted water; consequently, they may contaminate the soil
and crops vith which they come in contact. Animal as well as human
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 spread 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 corn-
plete]y understood .

The diseases most frequently linked with fecal contamination are
typhoid and paratypho id fevers, Salmonella gastroenteritis, bacillary
dysentery, cholera , lep tospiros is, inf ect ious hepat itis , viral gastro-
enteritis, and amoebic dysentery. Typhoid fever, cholera , and amoebic
dysentery are nov 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,
cyaticercosis, fascioliasis, sch istosozniasis, 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 applicat ion of secor~~ary treatment on a wide scale have
prompted efforts to obtain approval of the use or 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
themical 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 .

F~iforcement of’ the bacteriological quality guidelines for
irrigation water , 1,000 fecal coliforms per 100 ml, recommend ed by the
National Technical Advisory Committee on Water Quality Criteria should
result In reduced exposure of raw plant food s to pathogens. Data
correlating fecal coli form 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 represent s 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
taI e 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 stre am users .

For special cases, when envi roraental conditions are hospitable
to pathogens , and/or time of exposur e to hostile cond itionB is short ,
the local or State health departments should mak e 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 disinfect ion of domestic
sewages are necessary to ensure substantial reductions of pathogens
in irrigation waters . Wastes from food processing plants, meat
pac1~ing 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
conixnunities. Waterawbich 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 further safeguard against exposure to pathogens and their
survival on raw plant food s, farm management of irrigation water
should include a program of selective application based on the
bacteriological quality of available 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 vaterborne pathogens . Water applied
after this period should be derived from ground water supplies or
farm holding ponds.

Preparation of fruits and vegetables at harvest t ime includes
f resh water rinses to remove soil particles and to maintain the

F quality of leafy vegetables. From harvest to consumption, all water
applied to clean and to freshen raw produce must be of drinking
watci quality. This water should be applied in a continuously
flowing stream or spray with no recirculatlon 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 perishables for market.

L 

Adequate toilet and washing f a c i l i t i es  Bh OUld i c  provided for both .
Every eflort should ‘~c made to Instruct the personnel In pr inciples
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of hygiene for their own prot ect ion and for improvement of the produce.
l arm workers must be made aware of the potential dangers of acquiring
or spreading disease when ‘working near animals arid animal wastes as
well as polluted water and soil. Recurring leptospirosis outbreaks
in agricultural areas of Israel emphasize some of the hazard s associated
with irrigation agriculture. In many areas , agricult iral ‘workers are
in contact with water far exceeding approved bacter i ological limits
for recreational waters.

MIrJII.lun Ri;cOI~1i1ENDED GUIDELIN }~3 FOR USE OF SEWAGE 1~f• FLIJ1~H~ FOR lIRICATION

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 hyd raulics and drainage. These factors are discussed under
Chapter V , Vector Control, of this guideline . ~eccminended water
qual i ty 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 reccsanended guidelines presented below are considered to be
the minimum i~or the direct use of sewage or treated sewage for ir-
rigation. Local and state regulations regarding this usage should be
followed if 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
stab ilization pond s , in series, having a minimum detention
period of 20 days with u recommended detention of 30 days
or by a minimum of secondary sewage treatment and disinfection .

2. After being treated , the effluent should meet effluent
standard s 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 e ffluent is carried out , the following
precautions should be taken:
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1. The areas to be irrigated should be clearly designated
with signs warning in clear and visible letters that
sewage effluent irrigation is being carried out.

2. The pipe network for this effluent irrigation should be
completely disconnected f re t s  any potable water supply
network .

3. All necessary steps should be taken to prevent mos~iiito
and fly breeding in the area to be irrigated .

L~. All 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.

5. No spray irrigation with effluent should be carried out
less than 600 yards from a residential area or 50 yards
from a road.

. I~idge 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 ~ 5
yards.

D. Crop limitations for irrigation with effluent

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

2. Those crops normally eaten cooh ed or having an outer
peel or hush which is normally removed and discarded ,
crops for industrial use and not used for human con-
sur.~ption , nursery trees , and fodder crops for harvesting
may be irrigated with sewage effluent .

L. Irrigation of lawns with effluent

Ef f luent should be used to irrigate lawns only where the
lawn s arc 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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C11AP~ER I II  - SlI lILF I SH GROWiNG AND 1J AJ~VEZ TING 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 shel l fish to concentrate
bacteriological , rad iological, or chemical pollutants . The waters
of areas approved for the direct market harvesting of sh ellfish must
he 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 Uni ted  States is conducted
through the National Shellfish Sanitat ion Program, a cooperative

~ iterprise with participation by t u e  Public health Service, State
control agencies, and thic shellfish industry . ‘Ihic participants
,~oint1y have developed sanitation guidelines for 1~~ sanitary control
of shellfish growing areas and for harvesting and processing. Thea’
guidelines, titled the National Shellfish Sanitation t4anual of
Operatlons(l), are revised and amended periodically at National f l oll-
fish Sanitation Workshops. Interim revisions may be mad e througlL
olnt action of the participants in the program. Currently, the

J rogram is coordinated by the Shellfish Sanitation l’ranch, Divisle :
of Sanitation Control, bureau of Foods and Pesticidea , U. S. Food
and Drug Administration.

(:I,ASS1FICATION 01’ GROWING AREAS

The sanitary quality of a sh ellfish growing area Is determined ~y
a sanitary survey wh ich Includes:

1. / 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. J lydrograph ic surveys, supported by bacteriological and chemical
analyses to determine the course and fate of the po]lutants
and the residual levels of pollutants in the water over the
shellfi sh bed s and the shellf ish meats.

Based on the findings of these surveys , the shellfish area is
classified into one of four categories, defined in detail in the
Manual of Operations, Part I - Sanitation of’ Shellfish Growing Ax et~b .
The following is an abstract of the manual requirements for these
four categories:
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~pproved Areas

Grow ing areas may be desi~ naLed a~ approved when (a )  the san i tary
survey in’ I i  rates that pathogenic nicroorgani sms , rad b aud ides , and/ or
har~::i’ul inuustrial wastes do not reach the areas in dangerou s concen-
trat.ionc, awl (b) this is verified by laboratory findings when ver
tt t (  sanitary survey indicates the need . Shellfish may he tal:en f rom
such areas for direct mar~eting.

~atisraetory Compliance - This itr~ will he satisfied when the
following criteria are met:

1.. The area is not so contonlnated with fecal material that
consumption o{~ the shellfish iright he hazardous, and

‘!‘hc area is not so contaminated with radionuclides or
industrial wastes tint consumption of the shellfish might
be ha:’ardous, and

‘~he median coflform MPN of the water does not. exceed 0/100
ml , and not more than 10 percent of’ tie samples ord inarily
(xcee(I an pr~ or 0/ioo i rl fc r a 5— t~:he deci mal ~1 I lut Ion
(or 30/100 ml, where the ~~ — t t i l  e dcc i :al d il~ Li on is used )
in those portions ol’ th~ area ~.ort probably exposed to
ecal contamination dur Ing  the most unfavorable hydrographic

and pollution conditions .

ihe fiR vnlue~; are based on an assruncd normal ratio of colilorms
to j4tthogens and would not be ~ipplicablt: to any situation in which
~ r n1 normal ratio 01’ coliforms to pathogens n ight be present. Con-

~ideration must also be given to the possible presence of industrial
or’ agricultural wastes in which there is an abnormal coliform to
pathogen ratio.

(‘onditionally !p~roved Areas

Ihe suitability of some arens for harvesting shellflsui for direct
narl eting ia dependent upon the attainment of an established perform-
ance standard by sewage treatment wori s discharging eff’luent directly
or indirectly to the area. in other cases, the sanitary quality of’
the area may be affected by seasonal ‘population increases , runo f f
from ( ann land s , or sporadic rise of a dOe or harbor f a c i l i ty .  Wh en
not adversely a f t e c t~~1 by these actors , such areas may be cla ssified
as conditiona lly approved .

S tate shellfish control nge~rc les  shall establish c on d i t i o n a l l y
approved areas only when shtlst’ied that (a )  all necessary measur es
have been ta ’.cn to insure that per formance standard s w i l l  ic  met and
(b) that precautions have been ta ’:en to assure tha t s h e l lf i s h  will
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not be marketed from the areas subsequent to any failure to meet
per formance standards and before the shellfish can purify themselves
of polluting mi croorganisms or chemical pollutants .

Satisfactory Compliance - For information on satisfactory com-
plian ce 6pecifi cat ions for this classification , the National Shellfish
Sanitation Manual of Operations, Part I, should be consulted .

Restricted Area

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 he
marketed after puri fication or relaying as provided for in Section D
of the Manual.

Satisfactory Compliance - This Item will be satisfied when the
f ollowing water quality criteria are met In areas designated by the
states as restricted:

1. The area is ~o contaminated with fecal materials that direct
consumpt ion of the shellfish might be hazardo us , but

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

3. The ccli form median ?~~N of the water does not exceed 700/ioU ml
and not more than 10 percent of’ the samples exceed an MPN of

~3O0/l0O ml in those portions of’ tire area most probably
exposed to fecal contamination during the most unfavorable
hyd rographic and pollution condit ions.

1~. Shellfish from restricted areas are not marketed without
controlled purification or relaying .

Prohibited Areas

An area shall, be classified prohibited if the sanitary survey
I nd icat es that dangerou s numbers of  pathogenic microorgan isms might
reach an area. ‘lhe taking of shellfish from such areas for direct
marketing sha ll be carefully prohIbited . Relaying or other salvage
operations shall be carefully supervised to Insure against polluted
shelifishi entering trade channels. Actual and potent ial growing areas
which have not been subjected to sanitary surveys shall autcinatleally
be classified as prohibited .

Satisfactory Ccinpiiance - This it c~n will be satisfied when:

1. An area 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 radionucildes or indru~~riai
wastes that consumption of the shellfish might be hazardous,
and/or

b. The median coli form MPN of the water exceeds 700/100 ml or
more than 10 percent of the samples have a col iform ?~P11 Inexcess of 2300/100 in]..

2. 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 environment constitute a
potential. hazard to humans through consump tion of shel lf ish which ave
taken up the radioactive material from the water. The principal
potent ial sources of such mater ials ar e the liquid waste dischar ges
from nuclear energy applications such as nuclear power ships or nuclear
power plants. liadloactive wastes from these sources may be discharged
into shel lf ish waters at concentrat ions not exceeding the applicable
standards(2) (or comparable State regulations). Due to the accumulation
of radionuclides in aquatic food chains ( 3 ) ( I r ) ,  it is possible, however,
for certain radionuclides to be present in ed ible portions of human
food organisms in quantities sufficient to be of’ public health concern ,
even though the concentrations of the radionuclides in water arc
withi~i permissible limits according to these standards.

The radionucll.des of public health signi ficance which may be
found in shellfish include the following:

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

2. Activation products which includ e radioisotopes of chromium ,
manganese, iron , cobalt , copper , and zinc .

A proposed Appendix C, “Interim Ruidel ines for Rad ionuclides L’or
Shellfish” was adopted at the 1968 I~Iatlona1 Shell fish Sanitation
Workshop.(5) This document should be consulted for details of sur-
veillance methods and recommended limits of’ radionuclides En shell fish .
Table I presents a list of selected controll ing radionuclides and the
recolilnended 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 consumpti on only after a comprehensive evaluation
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of the dose to th e exposed population from all envi ronmental sources
shows that the Federal Radiation Council’ s Radiat ion protection
Guides(6) will not be exceeded . If more than one nuciide is present
in significant amounts, an additional evaluation must be perf ormed as
shown in the “ Interim Guidelines for Radionuclides in Sheilfish . ” ( 5 )

Table I - Recommended Guides for Selected Pad l onuclide s

Selected Max imum Maximum Radiological Guide
Radio- Perinissable Perini ssable for Radioactivity

nuclide Concentration Rad ioactivity in Shellfish (Assumi ng
(MPC)w(a) intake a 50 g day intake)
uci/çc uci/day uCi/g

________ 
x10 4 

____________ _____________________

5
~-Cr 6.67 1.147 0.03

~~~ 0.333 0.0733 0.00].

~~Co 0.333 0.0733 0.001

59Fe 0.2 0.O1~k4 0.0009

~°Co 0.167 0.0367 0.000 1

1.0 0.22 O.0O~4

~57~ 0.333 0.0133 0.001

90Sr — 0.0002 0.000OO~4

957r 0.~ 0.OLi Ii 0.0009

0.267 0.0587 0.001

106~~ 0.0333 0.00733 0.0001

1311 — 0.0001 0.000002

l’114Ce 0.0333 0.O0’(23 0.0001

a. (MPC)W for 16h -hour week multiplied by a factor of 1/30 for
exposure of’ the general population.

l’roai the standpoint or public health , radionuclide levels in
shel l fish cannot be the only source ci radlonuclidea considered . ‘flie
basic approach specified by the Federal Padiation Council Is to limit
total intake of radlonuclides from a),,) sources so that Radiation
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Protection Guides are not exceeded. Under circumstances in which the
concentrations in shellfish remain well below the gu ideline values ,
there is no need for public health concern from this vector. It’ the
concentration approach or exceed the guidelines , the p u l l i c  1.ealth
significance must be evaluated in the context of r&J ionurili l e intak e
from all sources so that the total exposure does not exceed the
Radiation Protection Guides.

Control of population exposure from radionuclidcu occurring in the
environment is accomplished either by restriction of’ the entry of
rad ionuclides into the environment or through measures designed to
limit the intake of radionuclides by individuals. Both modes of control
involve the consideration of actual or potential concentrations of’
radioactivity in water or food (shellfish). Controls should be based
upon an evaluation of population exposure with regard to the radio-
logical guides. Annual averaging of the daily radioactivity intake
via shellfish consumption is sppropriate, except for the special case
of accidental release or discharge of ma.~or significance.

TRACE M}~[’M.5

The capacity of’ shellfish to concentrate certain metals up to many
hundreds of times those levels found in their environment means that
molluscs exposed to pollution may contain quantities of such metals
that might produce toxicities in the human conaumer.( () Ihe human
hazard presented by the accumulation of toxic chemicals by shellfish
is illustrated by the well-kno~m Minimata disease outbreaks In
• ‘ apan. (8)(9) Sanitary surveys of shellfish growing areas must
include identification of potential sources of pollution containing
these metals, supplemented by hydrographic studies and analyses of’
water and shellfish meats to assure that harmful quantities of these
agents do not reach the growing area.

Trace metals are among the most common inorganic wastes. Typical
trade wastes such as those from copper plating, copper pickling, and
cuprasinonium rayon manufacture contribute the greatest amounts of
copper to streams and other water bodies. Cadmium occurs as an impur-
ity in zinc-lead ores in phosphate deposits. It is used to alloy wi th
copper , lead, silver, aluminum, and nickel and in electroplating,
ceramics, pigmentation, photography, and nuclear reactors. Organic
mercury compounds are used in herbicides, fungicides, medicines,
slime control in paper mill s, and in various chemical processes.
~miill quantities of methyl mercury continuously discharged from a
factory during the production of’ acetaldehyde was considered to he
the causative agent of Minimata disease.

Most trace mctals either are not significantly accumulated by
shellfish or kill  the shellfish before levels hazar dous to humans can
be accumulated . To date six exceptions to this rule have been deter-
mined . Certain shellfish species are known to be capable of accumulating
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zinc , copper , cadmium , mercury, lead , and chromium in su f ’l’i -f ea t
quantity to pose health hazards to human beings.

1~ccent studies in estuaries and in controlled laboratory experi-
ments lead to the following general conclusions on trace metals
accumulation by sheUfish~

1. Each species has a di fferent  pattern of accumulation of
specific metals.

~~. A seasonal cycle for trace metals levels in s h el l f i s h  may be
expected .

3. Levels of the metals in the overlying water cannot accurately
be determined on the basis of the levels in shellfi sh; they
might have been high in the water for a short period of time,
or low for a long period of time.

~‘. The rate of depletion of metals by shellfish is slow, sometimes
requiring many months . Because of’ t1ii~ , the depuration process,
applicabl e to the removal of bacteria from shellfish is not
feasible for the cleansing of’ shellfish contaminated with
metals .

Tolerance limits for metals in shellfish which would protect the
human consumer have been the subject of studies. However, the )~H
Shellfish Sanitation Workshop, in discussing a proposed guideline
rectzm~end ed that inclusion of Guides for Trace Metals in SheU fi sh
in Part I of the manunl be defer r ed .(lO) In recommending this action ,
it was the opinion expressed at the workshop that overall knowledge
of trace metals in shellfish is Insufficient to warrant such guide-
lines , but surei.y indicates potential problems.

PLSTIC I D I ~3

Pest icides reach shellf ish growing areas from many sources,
including sewage and industrial waste discharg e, runoff from land used
for agriculture and iorestry, the us e of herbicides for the control
of aquat ic vegetat ion, and the use of pesticides for the control of
shellfish predators. Shellfish rapidly accumulate pesticides and
herbicides, often to a concentration which is toxic to the molluscs.
Surveys of the pest icides content of shel lf ish in several estuar ies
in the United States have shown that, in general , the pesticide levels
are low; but in certain isolated instances, the concentrations
approached those that might be considered hazardous.

‘Ihe National ~;IiellfIsh Sanitation Program has adopted gu ide l ines
for concentrations of certain pestic ides in shel lflsh.( ll ) L imi t s
for other pesticides will  be included as additional research l i n l i n ~.,~are obtained . ~iie i:ec~~mended Guidel ines  are shown In Talle
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Table 2
Recommended Guidelines for Pesticide Levels in Shellfish

Pesticide Concentration in Shellfish
(ppn - drained weight)

Aldrin* 0.20
BEC 0.20
Chlordane 0.03
DlYr)
DDE) ANY ONE OR ALL, NOT TO FICCEED 1.50
DDD)
Dieldrin* 0.20
F~drin* 0.20
H ep tachlor* 0.20
Heptach].or Epoxide~ 0.20
Lindane 0.20
Methoxychior 0.20
2,1

~-D 0.50

* It is recommended that if the combined values obtained for
Aidrin, Dieldrin, Eadrin, Heptachior, and Heptachlor l’poxide
exceed 0.20 ppe, such values be considered as UalertH levels -

which indicate the need for Increased sampling until. results
indicate the levels are receding. It is further recommended
that when the combined values for the above five pesticides
reach the 0.25 ppn level, the areas be closed until it can
be demonstrated that the levels are receding.

MARINE BIOTOXINS

Paralytic shellfish poison ( PsP , also called Saxitoxin) is pro-
duced in certain marine dinoflagellates used as food by shellfish.
The toxin, released during digestion by molluscs, is assimilated
and migrates to certain specific tissues varying with the species
of shellfish. The toxin is retained by the shellfish in concentrations
many times greater than it exists in the water. PS? is found in the
West Coast areas of the United States , Canada , and Alaska. It also
occurs in the Bay of Fundy and the St. Lawrence estuaries on the last
Coast . In some are as it occurs seasonally ; in other areas , notably
Alaska and Cnnada, it is found during the entire year. The Manual
recommends that if the PS? content reaches a level of’ P0 micrograms
per 100 grains of the edible portions of raw shellfish, the area
shall be closed to the taking of those edible species of shellfish
subj ect to these toxins .

_________________



Another marine biotoxin has been found In shellfish on the
Gulf Coast. The occurrence of this toxin in shellfish has been
associated with blooms of the dinoflagellate, qyinnodinium breve.
Quantitative standards criteria have not been developed to date
for this biotoxin In water or shellfish, but State shellfish san-
itation control authorities may elect to close shellfish areas to
harvesters if the presence of this toxin is detected in shellfish.
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CHAPTER IV - RECREATiON A REA DEVF1OWE~’fl

This ~u idel inc  has been prepared for the use of planners and
others interested in water and related land ~ development. It is
irItenl (’d to serve as an introduct ion to the factors of concern to
I r ’ n~~J auth or i t ies  in the development 01’ recreation areas . Winter
SPC t& are not considered . Material in PuS Pullication No. 1195,
1~~vi r onj ~eiital Health Practice in Recreational Areas (1) was heavily
rsed in the preparation of this chapter. This manual should he con-

riulted for additional details .

in many instances the planning, provision , and maintenance of
facilities in recreation areas have not kept pace with the rapidly
increasing visitor load. As a result optimum use of such areas is
not possible and deterioration of overtaxed facilities is frequently
encountered . Where facilities such as water supply, sewage disposal,
and solid waste handling are inadequate or lacking, the visitors will
fend for themselves, often creating conditions which are aesthetically
offensive as well as serious environmental health hazards for them-
selves and neighborin{ community residents or visitors. Available
recreation l’acilities will need to be at least tripled by the year
f000 to meet the needs of the Nation ’s exploding population and
increased leisure time. E~timates are that adequate environmental
health safeguards comprise approximately 30 percent of development
costs of new recreation areas. Since these safeguards represent such
an appreciable investment, care should be taken in properly planning,
constructing, and maintaining adequate facilities.

Adequate consideration of factors influencing the public health
can best be achieved through active cooperation between health and
recreation agencies. The development and review of plans of proposed
developments and faci l i t ies  including a review of site selection by
qualified public health engineers is recorrmended . A program of per-
iodic surveys and inspection of facilities and their operation in
recreation areas should be established by public health and recreation
au thor i t i e s . It is reco { nized that developments in remote areas ,
wi lderness areas, and low-density use areas will often t c  served By
primitive sanitary facilities.

SiTE SELECTION

Sites selected for recreation areas should be well drained ,
~ent1y slopin ,’, free from topographical or ~eolog1cal hind rances, and
suita~ le for the use and development of a safe and adeq .ntc drIn 1n~’
water supply and of’ Ceva(e disposal works.

Sites should ic free from heavy traffl(’, air pollu t i on  r ,ol1 ’Ces ,
and noise sources . Avoiding location near swamps and ‘ nr~hes , where
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insects such as mosquitoes may breed and cause severe annoyance and
discomfort, will significantly enhance en, ’ oyment and utilization ci ’ the
area by the vis i t in, public.

Other considerations are:

1. Hazard-free entrance to and exit from the recreation area.

2. Surfaced and looped roadways within the recreation area.

3. Availability of an entomological survey of the area.

i~. Preclusion of flooding of the recreations area’s sanitary
facilities.

5. Control of undergrowth in developed places.

~~. Not subject to unusual wind conditions.

WATE SHED MANACEI4ENT

Watershed management involves the supervision, regulation,
maintenance, and wise use of the aggregate resources of a drainage
basin to provide an optimum yield of water of desirable quality,
including the control of erosion, pollution, and floods. Because the
condition of the soil and the growth it supports have a marked in-
fluence on the quality and quantity of’ water contributed by a watershed,
the use of various control measures and management practices is essential
to conserve water and land resources and to prevent economic losses
to municipal, industrial, and agricultural water supplies , fisheries ,
and recreation. In carrying out the various functional activities on
watershed lands, including grazing of livestock and game, logging,
roadhuilding, mining, house-building, fire control, sewage disposal,
and recreation, it is essential that satisfactory watershed conditions
fe preserved.

Of particular concern are:

1. Erosion control both during and following construction.

2. Logging practices.

3. Prevention or overgrazing by livestock and game.

5. Control of the disposal of domestic and industrial liquid and
solid wastes in and ad, acent to recreation areas and water-
courses.

5. Control of’ mining and ore-processing operations.
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~. Evaluation of potential health hazards through consideration

of the toxicity, persistence, and exposure factors of
pesticides or other chemicals to be used .

7. Prohibition of uncontrolled camping in areas without basic
facilities.

WATER SUPPLY (See also Chapter i)

An adequate supply of water under pressure which meets the source
and protection, bacteriological, chemical , phys ical , and rad iologocal
requirements of the Public Health Service Drinking Water Standards (2)
is essential for the convenience, comfort, safety, and health of
visitors and resident staff at outdoor recreation areas.

Points which should be considered are:

1. E~ctension to the recreational area of any State-approved
public water supply where feasible .

2. Quality and Quantity of water supplies available.

3. Degree of treatment necessary to provide water meeting the
USPHS Drinking Water Standards.

~4. Appropriate steps to provide disinfection as veil as to
prevent chance contaminat ion of hauled water.

5. Completion of a sanitary survey by a qualified per~~n as
part of the collection of initial engineering data on the
development of the water supply source and its capacity.

(. Design, construction, and super vision of the proposed water
facilities to minimize potential vandalism.

r. Qualified supervision, operation, and maintenance of the
water treatnient equipment. -

f . Protection of the water quality through the desif’n , con-
struction, and maintenance of the distribution system .

q • Design system to permit emergency operations.

SEWAGE DISPOSAL

Safe disposal of’ human and domestic wastes in recreation areas
is necessary for the preservation of’ the surface and ground waters
and the restoration of such water’s to the l est possible condition
consistent with public health and wellare . Proper sewage disposal
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prevents damage caused by sewage to the propagation and prese~’vation
of fish and wildlife and is essential to protect the v i s i t i n g  public ,
employees, and nearby communities from diseases tr’ansrnitted throuf .h
S ewa~ 

- e.

Some importan t health— related factors are:

1. Provision of a properly designed , constructed , und supervised
waler-carried sewage disposal system . 1’~cpcr I ( nc( ’ has shown
that pit toilets are a poor second choice and birorr l d only be
used for remote and lightly used recreation areas.

Locating outf’alls to minimize the potential effects of s’~im~-e
effluents .

Proximity of septic tan k and subsurface disposal systems to
buildings, beaches , camping an(I picnic areas, and water
supply systems.

5. Properly planned sludge disposal.

5. Plans f’or the installation 01’ sewage disposal facilities r~ust
provide for adequate operation and maintenance.

PLUMBING

Plumbing includes “the practice, materials, and fixtures used in
the installation, maintenance, extension, and alteration of all piping,
fixtures, appl iances , and appur tences in connection with any of the
following: sanitary drainage or storm drainage facilities, the venting
system , and the public or private water supply systems within or ad-
;acent to any building structure, or conveyance; also the practice and
mat erials used in the installat ion, maintenance, extens ion , or alteration
of storm water, liquid waste, or sewerage and water supply systems of
any premises to their connection with the public sewer system (Or
public water system) or other acceptable disposal facility.”(3 )

In planning the following should be considered:

1. The minimum number of plumbing fixtures should he based upon
peat visitor day use (see Table i).

Materials used and their’ installation should conforr’i to the
minimum standards of the National Plumbing Code (as revised)
or to local and State codes i f  they are more r estr ’iet ive .

FiI J ILI)ING AND HOIJS I N’ BY CIF~E

Housing of’ a health i~il quality must provide for l ,rlI ’lll’ ient of
the physiological need s of man , wh i ch i nc lide: a therma l environment
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Table 1
SANITANY FACILITI~~ FOB J ; ECREATI ON A REAS (4)

Pacility Waterclosets Urinals Lavatories Showers

Male Female Male

fwimrning Poo ls~ 1/15 1/50 1/75 1/100 males 1/50 males
i/ioo females 1/50 females

(minimum of’ 2)

Campground Sites

1-20 1 2 1 2
21-30 3 13

Picnic Areas

Parking

l_140 1 2 1 2
141-80 2 14 2 14
~l—l20 3 3

Each cQnfort station should be designed to provide service
for sites no further than 500 feet away.

~One drinking fountain , not installed in toilet room, should
be provided.
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that not only is conducive to good health but is comfortable and pro-
motes efficiency of living; air that is chemically pure and free from
objectionable odors; humidity that is healthful and comfortable; and
air movement that will provide the necessary air changes to assist in
maintaining the desired thermal conditions and air purity . Housing
should be free of noise that may impair health. Lighting should be
quant itati vely and qualitatively adequate, including both natural and
artificial sources. ,AU buildings and dwelling units should be con-
structed and maintained in accordance with the minimum requirements
set forth in the “AP}IA-PHS Recommended Housing Maintenance and
Occupancy Ordinance”(5) or requirements that are substantially equ iv-
alent. The “ Basic Pr inciples of Housing and its Envir onment”(E) is
another good reference in the field of housing. Those concerned
with the design, operat ion, and maintenance of public buildings should
consult these references for more complete coverage of this sub,fect.
Plans and specifications covering housing, dormitories, camps , hotels,
restaurants, and similar facilities should be submitted to the appro-
priate authorities having ,iurisdictlon for review and recommendations .

Some of the more important aspects of housing not covered else-
where in this Guideline are:

1. Provision of adequate openable window area for habitable rooms.

2. Provision of adequate outlets where electric service is
available.

3. Provision of adequate safe heating facilities.

14. Provision of screens for doorS and openable windows during
seasons when it is necessary to protect against mosquitoes ,
flies, and other insects .

5. Protection of buildings against rodent entry.

6. Construction of water closet compartment and bathroom floor
surfaces of material imperviou s to wear .

MILK AND FOOD SANITATION

Despite the progress which has been achieved in food protection
programs, foodborne illness continues to be a ma,~or public health
problem. The incidence of such illness can be reduced by the appli-
cation of the basic principles of food protection. To achieve this
on a d&y-to-day basis, however, better understanding on the part of
many food service employees and employers must be developed, and this
in turn will necessitate a maximum of cooperation between public
health agencies and the food service industry. The need for even
greater attent ion to th is problem in recreation areas is due to the
seasonal operation of many areas and the widely fluctuating visitor
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load that must be acccanodated by f ood service facilities provided .
Seasonal employees who lack adequate traini ng in good food handling
practices introduce additional hazards. The applicable State and
local milk sanitation laws and regulations and the Public Health
Service “Grade ‘ A” Pasteurized Milk Ordin ance ”( T ) should be followed
for the dispensi ng of milk and milk products . The “Food Service
Sanitation Manual” (8) includi ng “A Model Food Service Sanitation
Ordinance and Cod e, 1962 Recamn endations of the Public Health
Service” is a basic reference in the field of food san itation.
Where ice is produced for public use the “Sanitary Standard f o r
Manufactured Ice - 1964 Reccamiendations of the Public Health Service”( 9)
should be applied. A basic reference for the dispensing of foods and
beverages is “The Vending of Foods and Beverages”,(lO), a sanitation
ordinance and code recommended by the Public Health Service . Before
construction o±~ a food service establishment is initiated , properly
prepared plans and specifications showing layout, arrangement, and
construction materials and the location , size , and type of fixed
equi~~ient and facilities should be submitted for approval to the
health authority having jurisdiction.

SOLID WASTE DI SPOSAL (See also Chapter VI )

Public health problems are often associated with imprope r storage ,
collection , and disposal of solid waste in recreation areas . Experience
has shown that the application of the basic principles of sanitation
to solid waste handling resultB in substant ial reducidons in fly,
rodent, and other insect problems.(1l) Inadequate handling and
disposal of solid wastes may also result in the increased incidence
of certain diseases in humans and animals.(12)(13) Many hazards
and nuisances, such as fire, smoke, odors, and uns ightl iness, are also
created by poor solid waste handli ng practices. The full appreciation
of recreation area values by the public is often diminished by the
disorder of accumulated solid wastes .

Among the elements to be considered in planning are: (14)

1. Collection of solid waste in durable, watertight, rust-
resistant , nonabsorbent , and easily washable covered
containers.

2. M adequate solid waste collection plan ( number of containers ,
and frequercy of collection) to prevent unsightliness and
fly and rodent problems.

3. Disposal means f o r  trash and garbage.

a. by sanitary landfill
t .  by incineration
c. by garbage grinding (to sewage syst~~z)
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~ . Prohibition of open burning other than campfires .

(0~U’A ’IbiLITY 01’ RECPEATION AND PUBLIC’ DPINXING WATEfl SUPPLY (15)( l6)( l7 )

‘ihe competition among multiple uses of our land and water re-
sources demands assessment of the compatibility of uses such as
recreation and domestic water supply. There is no doubt that recreation
comprises one of the major uses of water resources, representing major
economic and social benefits. Domestic use is also a major benefit
and may often be the most exacting use of the water resources. When
various uses are not compatible and conflicts exist, compromise is
necessary. Where multiple use calls for both water supply and recre-
ation, the following factors should be considered:

1. Present physical , chemical , and bacteriological quality of the
water resource.

~~~. Comparison of the probable degree of the contamination of the
water resulting from recreational and other uses such as
mining, logging, road building, and right of way maintenance;
the resulting water quality should meet health guidelines and
the applicable State or Federal standards for recreational
and water supply use.

3. Degree of toxicological contamination arid deterioration of
water quality caused by wasted oils, moto fuels, pesticides,
and other chemicals used to maintain and vperate recreation
facilities and equi~inent.

~~~ Control of taste , odor , and color produci ng algal growth.

5. Degree of water treatment required to handle anticipated
pollution loads in order to produce water meeting the PBS
Drinking Water Standards.

C .  Provision for multiple elevation withdrawal points in the
water supply intake to allow the advantage of planned with-
drawal of the highest quality of water under the varying
conditions of water quality in the reservoir.

7. Designation of a restricted area around the water supply
intake in which recreational use is prohibited to prevent
vandalism and to provide some holding time for the recreation
water prior to its use for public water supply.

8. Complete clearance of the restricted area of vegetation,
buildings, manure deposits, swamp debris, and other sources
of contaminants.

9. Monitoring of the water quality on a regular basis.
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These fac tor s are normally considered in any drinking water
supply developnent project. They are included here to remind planners
that they should not be overlooked in multiple-use projects.

BODY CONTACT RECREATION WATER QUALITY

Limited biological, chemical, and physical quality guidelines
are outlined below.(18) Where questions arise regarding the health
aspects of water quality, local and Stat e health authorities should
be consulted . Reference should also be made to State Water Quality
Standards and the water pollution control authorities responsible
for the administration of such standards. Final judgment on the
acceptability of the use of any wat er classified under these guide-
lines should also includ e consideration of the significance of the
findings of a complete sanitary survey and continuous surveillance
of possible hazards including a review of epidemiological data and
appropriate safety considerations.

A. Biological:

The fecal coliform density should not exceed an arithmetic
mean of 200/100 ml 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 1100/100 ml.

B. Chemical

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

C. Physical

The water ’ s color should not exceed 15 standard units end
its turbidity should not exceed 30 standard units .

SWIWING PO0L~3 AND OUTDOOR BATHING PLACER

Public health authorities have been concerned with sanitation and
safety problems involving swinuning and bathing for many years . While
the probl ems of accident s and drownings are the most dramatic events
relating to sw’ininl.ng, the c~~~unicable disease aspects must also be
given attention.

The following factors should be considered:

1. Design, construction, and operation of proposed svi ing pools
in accordance with requirements of the health authority
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having jurisdiction or in accordance with the standards L~Ut-

lined in the “Suggested Ordinance anti Regulations Covertr:g
Public Swiimning Pools”(l9) and “ Environmental Health Practice
in Recreation Areas ”.

2. Acceptability to health authorities of the proposed water
supply system to serve as a potable water source for the pool
area.

3. Discharge of the swimming pool water through an air gap to
the waste water receiver and recharge of the swinmiing pool
through an air gap.

11. Proper design for “use loading’t .

5. Practice of continuous disinfection of pool water, where possible.

6. Routine examination of bacteriological samples taken from
swiniining pools and bathing places.

7. Decisions on the use of natural bathing areas based upon the
results of chemical analyses, bacteriological examinations,
and a sanitary survey of the proposed natural bathi ng area .

8. Elimination of’ possible gross animal pollution of the bathing
area.

9. Evaluation of the effects of peak visitor days on water quality
and recreational use.

BATHING LOAD FOB OUTDOOR POOLS AND BEACHER (wITHouT DISINFECTION)

In a sviimning pool whose water is derived from a public or
other supply of drinking water quality, the presence of organisms of
the coli-aero genes group should be considered as an indication of
pollution by fecal matter. The presence of such bacteria in natural
bathing places, however, may be an indication of generally harmless
soil bacteria. The portion of the total colifortns which is of fecal
origin varies radically in surface waters. Routine bacteriological
tests can detect the degree of the more hazardous fecal contamination
through fecal coliform density determinations. Where outdoor beaches
are used, the fecal contamination may be caused by sewage from boats,
individual dwellings, hotels, factories or other establlshaent8,
public sewerage systems, refuse dumping, warm-blooded animals, and
bathers themselves.

Where a beach will be dependent upon stream flow or lake
circulation for cleansing and dilution, the amount of water flowing
past the beach during the time of its use should be ascertained . Any
small stagnant pool patronized by a number of bathers is certain to

-36- 

~~~~~~~
. . .

~ _  ~~~~~~.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



show bacteriological pollution in considerable amounts unless dis-
infection Is provided . While no zpecific amount of diluting water
for outdoor beaches can be set on a scientific basis, a f igure of
500 gallons per bather per day has been used in the past. The
~nerican Public Health Association publication , “ Reccmnended Practice
for Design, Equiprent, and Operation of Swimming Pools and Other
Public Bathing Places”, (20) states “the total number of bathers using
a fill and draw swimming pool shall not exceed one person f o r  each
500 gallons of water in the pooi between complete changes of pool
water without disinfection”.

The “Becker Formula” has been used in New York State(20) as a
practical guide in determini ng necessary volume~ of diluti ng water
for outdoor beaches . This formula is Q = 6.25T’ where Q = quantity
of water per bather in gallons and T = replacement period in hours.
As an example, if the water circulation is such that the beach volume
will be repla ce in eight hours, then Q will be 400 gallons per bather;
the number of bathers permitted in eight hours would be the total
volume of the swimming area divided by 400.

Whether or not disinfection is employed, every ef f o r t  should
be made to eliminate all sources of sewage pollution on small streams
or lakes used for bathing and careful sanitary surveys of the water-
shed are reconmiended . It  is, of course, desirable that bathing be
limited to clear bodies of water and that muddy bottoms which will
cause turbid water be avoided.

RECREATION VEHICLE PARKING AREAS

The great increase in the number of recreation vehicles on the
highways during the vacationing months is quite evident to the
motoring public and reflects the increasi ng amount of leisure time
and extra spending power being enjoyed by more people each year.
It also points out the continuing need to expand recreation vehicle
parking areas together with related facilities that meet standard s
of health and safety.

Consideration s involvi ng standards of health and safety are:

1. Design of parking facilities for both self-contained and
non-self-contained recreation vehicles .

2. Provision of a sanitary station for the dispoaal of holding
tank wastes. (For design, see ‘ Envirormiental Health Practice
in Recreation Areas”.(l))

3. Design of recreation vehicle parking areas for overnight or
destination use.
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4. Availability of adequate water supply and satisfactory means
of sewage disposal at each parking site.

5. Design of approach roads for trailer traffic.

6. Conf ormance of the spacing of recreat ion vehicles to the
mininitnu 15 foot separation specified by the National Fire
Protection Association.

7. Separation of at least 60 feet between the recreation water
tank filling station and the sanitary station .

~~~. Special provisions for the disposal of sink wastes.

9. Developuent of detailed plans for solid waste disposal.

10. Convenience and adequacy of service buildings for their
anticipated use.

11. Provision of electrical service by underground cable.

12. Submission of detailed plans and specifications of the
recreation vehicle parking areas to the health authority
having jurisdiction f or  revi ew and approval.

BOATING

The boating industry reported in 1962 that there are more than
eight million pleasure boats being used for recreation in the waters
of the United States and the trend is increasing upward. More and
more of these boats are being equipped with a galley and toilet
facilities. Sewage, galley wastes, and other debris are therefore
being discharged into our watercourses threatening to damage the
recreational values of svinmiing , fishing, and other aquatic sports.
The dredging of boat basins arid the construction of small craft
harbors , marinas, boat launching ramps, and docking floats are but
a few of the projects being constructed or planned for recreation
areas. Such new developnents which attract and serve boating enthu-
siasts may create water pollution and related health problems of
concern to public health and recreation authorities.

For this reason it is most important that the planning of such
developnenta consider the environmental health aspects involved such
as:

1. Inclusion of adequate separate facilities for collection and
disposal of sewage, waste oils and fuels, and solid wastes
accumulated on boats in the planning and design of proposed
marinas .
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2. Location of a permanent comfort station with sanitary
facilities for both sexes near the piers.

3. Provision of a water-carried sewage disposal system includ ing
adequate treatment.

4. Provision of land disposal of wastes from floating facilities.

5. Provisions to eliminate waste and spillage during storage and
dispensing of gasoline from floating facilities.

6. Regulation of construction and use of boats with marine toilets.

7. Inclusion of good solid waste disposal practice.

8. Establishment of restricted areas around water supply intakes.

9. Boats should meet safety requirements recommended by the U.S.
Coast Guard and regulations should be established to control
health and accident hazards associated with boating.

10. Full separation of boating and swixrmiing areas.

11. Adequate parking facilities for automobiles and trailers.

FISH CLEARING FACILITIEZ

Fishing is an activity many visitors enjoy while visiting recreation
areas , especially where natural reproduction and stocking of local waters
is accomplished. Where fishing is productive, consideration should be
given to the installation of fish cleaning facilities near boat docking
and launching areas. These facilities are essential to control nui-
sances, odor, and pollution from the indiscriminate cleaning of fish
and disposal of the resulting wastes into lakes, reservoirs, and
along shorelines.

In planning these facilities, consideration should be given to
the following factors:

1. Screening or full enclosure of the facility.

2. Provision of tables having impervious, nonabsorbent surfaces
sloping to central drains or of adequately maintained wood
tables .

3. Provision of potable water under pressure adequately protected
against back-flow.

4. Provision of adequate disposal of collected wastes and main-
tenan ce of the f ac ility in a clean condition.
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I~~ECT ARD R0DE~T CONTROL (See also Chapter v)

Several group s of arthropods and rodents may create serious
public health and nuisance problems at recreation areas. These include
species that are vectors of human disease organisms or which serve as
reservoirs of these organisms or otherwise interfere with man ’s health,
welfare, and comfort. A number of aquatic insects may be encountered
at recreation areas located along the shore of impoundments. Mosquitoes
are undoubtedly the most important of these insects, since several
species serve as vectors of encephalitis and malaria, and others create
public health problems because of their vicious biting habits.(2l )
Other groups of aquatic insects such as deer flies, horseflies, black
flies, and biting midges are vicious biters of man and sometimes are
involved in transmission of disease. In addition to the aquatic in-
sects, people who visit water-related and other recreation areas are
often exposed to terrestrial arthr opods such as ticks, mites, fleas ,
and flies and rodents including ground squirrels, rats , and mice.(22)(23)
The public health importance of these arthropods and rodents involves
a number of human diseases including Rocky Mountain spotted fever,
Colorado tick fever, tularemia, relapsing fever, tick paralysis, typhus,
plague, bacillary dysentery, and typhoid fever. Irritation, discomfort,
and annoyance caused by bites of the arthropods can seriously reduce
the use of an otherwise attractive recreation area. Thus it becomes
most important that measures be taken to eliminate or reduce such
insect populations. State health authorities should be asked for
pre-construction surveys and technical assistance in preparing control
programs based on the following principles:

1. Delineation of mosquito production sites.

2. Implementation of mosquito control practices in preparation
of the reservoir basin prior to impoundage.

3. Utilization of naturalistic and source reduction measures.

4. Planning for maintenance practices to control mosquito
production within flight range of recreational and inhabited
areas.

State and Federal health agencies will also provide technical
information concerning:

1. Steps to be taken to control terrestrial arthropods and
rodents.

2. Hazards to humans and animals posed by proposed chemical
control measures against insects and rodents.

-
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C AMPGROUNDS , PLAYGROu NDS, AND PICNI C AREAS

Camping is of ten a neces sary part of any outdoor recreat ion
outing that exten~ beyond one day . Many vacationers stay in motels
and hotels; howe ., tents and recreation vehicles have loomed larger
and larger on th. recreation scene in recent years. Camping is in-
creasing at a faster rate than the prov!sion of sites and facilities
for camping. Thcreases in camping will most certainly accompany
increases in travel, for camping makes it possible for families to
enjoy weekends and vacations economically far from home.

When resources are developed for boating , fishing , hunting , and
related activities , adequate facilities for camping also should be
provided. Studies of participation in outdoor recreation have shown
that substantial numbers of can~per s pref er  remote areas, while many
others prefer camping in an area where they can visit with other
campers.(24) Consequently, both typeB of camping areas are needed,
with proper consideration given for environmental health factors
relating to this mode of recreation.

Factors of importance are:

1. Provision of level and well-drained tent areas.

2. Plans for regular maintenance of the grounds (cleaned, moved,
and poisonous plants and hazard s removed )

3. Remoteness of playgrounds from traffic areas, hazardous
topographic features, and hazardous land uses.

4. Convenient location of water supp ly hydrants and comfort
stations in the area.

5. Camping units should be located on one-way loop roads and/or
cul-de-sac s.

STABLE SANITATION

The primary environmental health concern associated with the use
of horses is the stabling of these animals and related manure disposal.
Accumulations of such wastes afford breeding places for flies and
unless controlled, will invariably produce large numbers of flies .
Public health officials recognize that flies constitute a public
health hazard and that the abatement of fly populations is essential
to the control of certain ccainunicable diseases .

These principles should be applies:

1. Stables convenient to recreation areas, but located to
minimize potential odor and nuisance prob lems .
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2. Provision or water outh ~s for ft)s ing down c~ and
rooms , adc 1uately protec ted fl~~~in ~ L bac . - .f low .

3. Provision of adequate water supply arid drainage liner .

~ . Implementation of insect and rodent control practices.

5. I!andling and disposal practices ror manure that prevent
the breed ing of flies.

rONCLUS ION

If ~~~~~ factors or principles have been considered and properly
:csolved , u. I .iuate attention has been given to health c~nsidera~ i ons
~ the pro, ect develolinent. however, if they have not been considered

‘~n~ resolved , the health and well-being of recreationists w il l  nct
~r ;ly he eri langered but the pro ect wi lt  fall short of its  optimal
Jevc L~ ;xi~ent and use. Additional funds for sanitary and related
t a r i l i t i e s  will often be ju st i f i ed  in achieving an optima l re sul t
t rom the expenditure of the basic deve Lop~ent fuz~ds. health
agencies at the local, State, and Federal level can Le of consid-
erable assistance in providing the technical direction necessary to
insure the inclusion of a healthful environment in the developnent
o[ water resources.
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CHAFfER V - VEC’I’OR COIffROL

Health Guidelines for Vector Control are intended for the use of
public health agencies, water resource construction and operation
agencies. The Cuidelines should assist in the study and evaluation
of vector control prob1~ns and in the prevention and control of disease
vectors and pests which may be associated with water and related land
resources.

The Guidelines may be broken down into two categories:

1. Principles and practices for the Prevention and Control of
Vector Probloma.

2. Field Survey and Epide~n.io1ogical Surveillance.

Maj or vectors considered include mosquitoes fran the water resources
and terrestr ial artbropods and rodents f’rczn the related land resource.

The major disease transmitted by mosquitoes are malaria, yellow
fever, dengue, encephalitis, and fi].ariasis. Control programs and
climate have now reduced malaria, yellow fever , dengue and filariasis
to minor or historical importance in the United States . Five types
of encephal itis continue to occur in epid~ nic form in many parts of
this country, however, end are the most important mosquito-borne
diseases in the United States today. F’rcin 1956-1968, 3,121 cases of
human encephalitis were identified as mosquite-borne(1), with the
incidence fran various strains as follows:

Western Encephalitis 665 cases
Eastern Encephalitis 92 cases
St. Louis Encephalitis 2127 cases
California Encephalitis 236 cases
( Not identified by most
laboratories prior to 1961~)

Venezuelan Encephalitis 1 case
Total 3,121 cases

The maps in Figure 1 illustrate the relative occurrence of the major
types of encephalitis in the United States.

At present, ticks are known to transmit five groups of deadly
diseases: rickettsial, such as spotted fever; bacterial, such as
tularemia; spirochetal, such as relapsing fevers; viral, such as
Colorado tick fever; and protozoa]., such as Texas cattle fever. They
also produce a toxic paralysis. Tick-transmitted diseases have
occurred primarily in the South Atlantic, Appalachian, and Western
States. Lowest incidences occur in New England, New York , the West

Jl.5 -
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Central states, Hawaii, and Alaska. Since ticks are so widespread,
however , the hazard from them should be considered in all regions.

PRACTICE FOR ThE PREVENTION AND CONTROL OF VECTOR PROBU}t3

In the prevention and control of vector problems, special empha-
sis must be placed upon the prevent ion of physical conditions which
may result in increased vector populations and upon the establishment
of physical conditions which will minimize or eliminate existing
vector problems; attention must also be given to factors such as the
maintenance of basic sanitation standards, programs for the application
of insecticides , locat ion of habitable areas away from potential
mosquito production areas, and so forth. The following principles
end practices for prevention and control of vector problems should be
followed in the planning, design, construct ion, operat ion, and
maintenance of water and related land resource projects.

A. Impoundments

Practices leading to the prevention and source reduction of
mosquito and other aquatic insect breeding sites include the
following:

1. All borrow pits and other potential ponding areas associated
with construction of the damn, relocation of highways or
road s, etc., which are located above maxinn.mi pool level
should be made self-draini ng.

2. Prior to imnpoundage, the reservoir basin should be prepared
as follows:

a. The normal. s~~~ er fluctuation zone of the pe rmanent pool
should be selectively cleared except for isolated trees
and sparse vegetation along abrupt shorelines which will
be exposed to wave action .

b. Dense stands of timber rooted below the norma]. atminer
minimum pool level but extending above that level should
be selectively cleared .

c. Borrow pits, depress ions, marehes, and sloughe which will
be flooded by the reservoir at maximum pooi level and
which would retain water at lower pool levels should be
provided with drains to insure complete dr~1nage with
fluctuation of water levels.

d. If the s~m1ner fluctuation zone of the permanent pool is
limited to a few feet , consideration should be given to
“build ing out ” mosquito-producing areas located within
flight range of population groups or recreation areas



through the use of measures such as deepening and /or
filling. This would minimize the need for repetitious
measures for controlling vegetation and mosquito
production .

e. If releases of water during portions of the year
coincident with mosquito breeding season are quite
small, consideration should be given to provision of
low flow channels in draina ge systems below the dams .

3. After impoundage, the following maintenance measures should
be carried out in all potential mosquito-producing areas
located within flight range of human population groups or
recreation areas frequented by significant numbers of
persons .

a. All dense vegetation should be removed periodically
from flat, protected areas within the normal st ier
fluctuation zone of the permanent pool .

b. Vegetation, debris, and flotage should be removed peri-
odically fran all drains to insure free flows.

1. Water level management to minimize conditions favorable for
mosquito production should be used to the maximum degree
permitted by the primary purposes of the reservoir. This
will minimize the need for repetitious measures for control-
ling vegetation and mosquito production.

5. ~.s a general principle, waters ide recreat ion areas , par-
ticularly those which have facilities for overnight human
occupancy, should be located along sections of the reservoir
which have a low production potential for mosquitoes and
other aquatic insects of public health importance.

6. Biological control measures such as maintaining populations
of mosquito larva predators should be exercised as needed.

B. Recreational Areas

1. Proper storage, collection, and disposal of solid wastes
should be practiced in order to prevent and control flies ,
wasps, other noxious insects, rats, wild rodents , and other
small mm~m~nla. Disposal of containers such as tin cans
which would hold water reduces the breeding of mosquitoes
within recreation areas.

2. All buildings should be rodent-proofed at recreation areas
where rodents which may create public health htzards are
prevalent.

L _ _ _ _ _ _ _ _ _  
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3. Debris, rubbish , and other materials which may serve as
harborage for rodents and other small animals should be
removed period ically. At least twice a week removal of
garbage is necessary to minimize fly production during
the a1.miner months . Where pit privies are provided, they
should be fly tight and constructed to minimize the pOBBi-
bility of rod ent harbora ge. Where possible, such unsatis-
factory facilities should be replaced with modern water
carriage sewage disposal systems.

~. Brush and weeds along paths, trails , roadways, and other
areas freq uent ly used by visitors should be treated with
herbicides or removed in order to reduce the likelihood
of tick and chigger infestations ; however , herbicides
should be used only in accordance with rec~~~endationa ofappropriate Federal and Stat e agencies .

5. Tree holes which may hold water should be filled with sand
or grout to elminate breedi ng places for mosquitoes and
biting gnats.

6. Proper sewage and solid waste disposal is essential to
prevent vector prob lemø.

C. Waterfowl Refuges

1. When ever possible, waterfowl habitat developaents should
be constructed so as to minimize mosquito problems .

2. Waterfowl areas which are to be flooded during the mosquito
season should be diked or otherwise prepared with steep
shorelines to preclud e shallow water areas favorable for
mosquito production . Banks should not be made so steep
as to impair stability.

3. Provision should be made for water level management in
waterf owl areas which will minimize mosquito produ ction .
This reccmm~endation is particularly applicable to shallow
areas used to provide establishment of food producing
vegetation .

D. Irrigation

1. Project Conveyance and Distribution Syskems

a. Lining or other satisfacto ry seepage control measures
should be provid ed for all sections of canals and
laterals locat ed in porous soils where excessive
leakage would result in waterlogged areas, seeps, and
ponds.
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b. Drains should be installed to prevent ponding of excess
irrigation water and natural runoff along the upper
side of canals and laterals. A1.3. drainage crossing or
inlet structures should be placed on grade to prevent
pending.

e. Borrow areas should be made self-draining to prevent the
retention of ponded water.

d. Where possible , provi sion should be made to prevent idle
turnouts and other hydraulic structures fran retaining
residua l water .

e. Effective measures should be provided to prevent pend-
ing of leakage fran water control. structures .

f. Every effort should be made to establish delivery
schedules which will provide farmers with adequate but
not excesBive amounts of water at proper intervals to
insure efficient irrigation of the crops concerned.

g. Where feasible, pipes should be used rather than open
channels.

h. Vegetation and debri a which would retard normal flows
should be periodically removed from conveyance channels ,
water control structures and drains.

2. Pro ject Drainage Systems

a. Trunk drainage systems should be install ed to insure
complete removal and proper disposal of excess irri-
gation water , natural runoff, and seepage from both
irrigable and nonirriga ble lands affected by the
distribution and use of irrigat ion water on the pro~ect.

b. Drainage ditches should be designed, constructed, and
maintained so as to minimize pending in the channels
and to insure free flows at all times .

c. Provision should be made to prevent water from pending
behind spoil banks .

d. Unde rdrains , culverts, inlets , etc. , should be placed
on grade to prevent pond 1g.

3. Irrigated Farms

a. The sponsoring agency and other organizations concerned
wi th irrigation agriculture or mosquito control should
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encourage irrigation farmers to use the f ollowing
irrigation and dra inage practices which will preven t
or minimize mosquito sources:

(1) The farm supply system, drain age system, and field
layouts should be pr operly fitted to the topograph y,
soil, water supp ly, crops to be grown , and irrigation
methods to be used.

(2)  All surface irrigated fields should be properly
leveled or graded to provide for efficient water
application and removal of excess water without
pending.

(3) An adequate drainage system should be provided for
removal of excess irri gation water from all port ions
of the farm.

(L i ) Irrigation methods should be used which will provide
optimum irrigation efficiencies.

(5) Application of irrigation water should be limited to
the amount required to fill the crop root zone plus
water to cover unavoidable losses and excess water
needed to prevent upward movement of salts.

t ) Wh’~re feasible, sprinkler systems should be employed .

~. Ponds

1. The pond basins should be cleared of trees, brush, and
other dense vegetation prior to impoundage.

2. 1~onds should be constructed with steep banks to discourage
growth of vegetation. tanks should not be made so steep
as to impair stability.

3. All dense vegetation should be removed periodically from
shallow water areas .

~ . A minimtun depth of 2 feet should be maintained.

F. Channel Improvements and Drainag~

1. Borrow areas resulting from construction of the pro,~ect
should be made self-draining.

. Material excavated from channels should be disposed of in
such a way that it will not cause pond ing of water.
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3. Adequate drains should be installed to prevent pending of
water on bexlnB or behind spoil banks , levees, and dikes .

4. Drainage ditches should be designed, constructed, and
maintained to concentrate law flows and reduce silt
deposition and subsequent pending , thereby insuri ng free
flows at a].]. times.

5. Underdrains, culverts, inlets, etc . , should be place on
grade to prevent ponding.

6. Collection simipa should be constructed with steep side
slopes, and any emergent vegetation should be removed
periodically.

7. Sections of natural channels that are cut off  or bypassed
by new channels should be filled or provided with adequate
drains.

8. Interior drainage facilities should be well maintained to
avoid excessive pending.

9. The use of biological control measures such as stocking
with the mosquitofi sh or top minnows, such as Gambu sla
affinis, should be used where feasible.

C. Wat erways 1 Terraces , Floodways~ Diversion Channels, andDrainage Ditches

1. Waterways, terraces, floodways, diversion channels, and
drainage ditches should be designed, constructed , and
maintained to prevent the retention of ponded water or the
creation of ponded areas which would be suitable for
mosquito production.

2. Biological control measures should be used where feasible .

H. Supplemental Chemical Control Measures

1. In situations where adequate vector control is not obtained
through prevention and source reduction measures, provision
Bhould be made for supplemental use of insectic ides and
rodenticides to achieve the desired level of control. The
use of Buch chemicals should be closely regulated to prevent
the possib-~1ity of water pollution resulti ng fran such
activity.

FULl) SURVEY AND ~ ‘ID ~ 4I OLOGI CAL SURVEILLANCE

In order to insure that good principles and practices are actually
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being implemented , that vectors are being controlled, and that disease
and nuisance are being prevented, arrangements should be made for
routine field survey and for epidemiological surveillance. The routine
field surveys should include not only inspections for implementation of
physical measures, but also inspections for the presence of adult and
larval mosquitoes and other vectors . Regular information on vector
populations or disease occurence is essential in guiding control
programs or instituting new programs to cope with existing vector
problems as well as unforeseen or emergency situations.
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CHAPTEfl VI - SOLID WASTE MANAGEMENT

The management of solid wastes is a growing national problem
and must meet limitations related to public health , environmental
protection, and economic resource recovery. Local and State
agencies responsible and interested in public health, environmental
protection, solid waste management, water pollution, and water re-
sources developnent should be consulted regarding such limitations
on a case-by-case basis.

Proper solid waste management will improve the safety and quality
of the environment:

1. By eliminating harborage and [‘cod supply for rats, flies,
mosquitoes, and other disease vectors or nuisances.

By controlling air pollution through the elimination of
open burning or, in the case of incineration, more efficient
combustion. Odors , fly ash, and smoke are controlled through
proper combustion control design and operation.

3. By safeguarding against surface and grour .d water pollution
associated with improperly disposed solid waste.

i~y reducing accident and fire hazards through the elimination
cl open burning or dumping of solid waste.

5. By making solid waste disposal mechanisms aesthetically
acceptable.

Solid waste management and its potential effects should he con-
sidered in water resources developnent pro,~ects, paticularly whererecreation and water quality are of importance. Harbora.ge and food
supply for insect and animal disease vectors or nuisances , surface
and ground water pollution, accident and fire hazards and aesthetic
insult often result from improper storage or disposal of solid wastes.

~CCT JMITL~TlON PND STORAGE

Solid waste management begins with the provision of an c~’t’icient
mechanism for the storage of waste generated by individuals at t he
sites of interest. Normally such a mechanism is simply the provision
of insect and rodent proof containers  of s u f f i c i e n t  volum e to hold the
max iimxrn amount of’ waste generated be twi’en collections .

(‘()LLkCT

~olid wnst s should hr collected nt np~~r oprinte lntervnls t c  p r e-
v r~t fly nnd insect breedi -ig and the Lccurr~nce of odor pr Th1~’rns.
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collection frequency should be adjusted in accordance with rates of
ac cumulation and cl imatolog ic and geogra phic factorB . Plan s should
provide not only for the efficient collection of the solid waste ,
but also for its effective and economi c disposal . (1)

DISPOSAL

After accumulation and collection, treatment and disposal of the
solid waste must be accomplished. Acceptable dispoBal occurs when no
significant deterioration of the environment results from disposal
operations . Modern practice s for disposal are discussed as follows:

Sanitary Landfill

Sanitary landfill is an engineered method in which solid wastes
are disposed by spreading them in thin layers, compact ing them
to the smallest practical volume and covering them with earth
each day in a manner that minimizes environmental pollution.(2)
The term “sanitary landfill” is sometimes mistakenly associated
with open dumping . Dumps , however , are a source of many envi-
ronmental insults.

Advantages of the sanitary landfill are as follows:

1. Where land is available, a Banitary landfill is usually the
most economical method of aolid waste disposal.

2. The initial investment is low compared with other disposal
methods.

3. A sanitary landfill is a complete or final disposal method
as compared to incineration and coniposting which require
additional treatment or dispoBal operations for residue ,
quenching water, unusable mater ials , etc.

4. A sanitary landfill can be put into operation within a
short period of time.

5. A sanitary landfill can receive all types of solid wastes,
eliminating the necessity of separate collections .

6. A sanitary landfill is flexible; increased quantities of solid
wastes can be disposed of with little additional personnel
arid equipsent .

7. Suthiarginal land may be reclaimed for use as parking lots ,
playgrounds, golf courses , airports , etc .
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DiBadvanta ges of the sanitary landf ill are as follows:

1. In highly populated areas , suitable land may not be available
within economical hauling distance.

2. Proper sanitary landfill standards must be adhered to daily
or the operation may result in an open dump.

3. Sanitary landfills located in residential areas can result
in extreme public opposition .

~~ A completed landfill will settle and require periodic main-
tenance.

5. Special design and construction must be utilized for buildings
constructed on completed landfill because of the settlement
factor.

6. Methane, an explosive gas , and other gases produced from
the decomposition of the wastes may become a hazard or
nuisance problem and interfere with the use of the completed
landfill.

Incineratio n

Properly designed incinerators can be used for the treatment of
solid wastes. It should be noted that the incinerator does not
eliminate the need for a sanitary landfill; it simply reduces
the volume of the material requiri ng eventual disposal.

Advant ages:

1. Reduces the amount of solid waste requiring final disposal.

2. Allows more efficient collection practices in some situations
by reducing haul distances when the incinerator has a central
location near the sources of waste.

I)isadvantages:

1. Capital costs and operating costs are higher than for the
sanita ry landfill .

2. Requires fufl time operators to assure acceptable operation.

WATES H}ZOUECF. AZPFC’rS OF SOLID WASTE DISPOSAl

Recreation /reas

Recreation areas and their supporting facilitie s may be expected
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t : ~e n t i a tt i~ n i f ic a n t  amounts of solid w~ ste and to present vary IYI C
problems of’ solId waste management. ~‘oiiJ waste management for recrea-
tion areas Is discussed in Chapter IV.

1 eservuir Planning

Ite[’ore impoundment , a survey should be made to locate solid waste
iisposal sites that will be inundated . This survey should be part
oi

, 
a general assessment of pollution sources, levels, and potentini.

if’ it is determined that these sites could cause a significant pollution
problem, the objectionable material should be removed or the location
o1 the reservoir altered to avoid the solid waste site.

‘the filling of a reservoir represents a change in hydrologic
conditions which will raise the nearby groundwater table. If the
Iii~ her groundwater table intrudes upon a solid waste disposal sit . ,
pollution could result. Further investigation and corrective and/or
protective measures should be taken accordingly.

Water QualitX

Most solid waste is ultimately placed in contact with the ground ,
permitting possible contact with both ground and surface water which
could cause subsequent impairment of water quall ty.(3) Investigations
into the subject of contamination of water by solid waste (lisposal have
established the fact that the physical, biological , and/or chemical
quality of’ surface and ground water may be affectNi by nearby so1id
waste disposal sites.(~ ) Turbidity is normally a problem only in the
Inmiediate vicinity of the disposal site. ‘Past’ and odor may be
particularly affected by hydrogen sulfide absorbed by water passing
through or over anaerobically decomposing ‘wastes . Al though color
may be present, it is normally removed by natural purl t’icatl ori pro-
cesses.

Bacterial contamination within and close to a disposal site may
be very high . For sandy or granular aquife r~ , bacter ia l  contamination
does not normally persist at depths greater than seven feet below a
disposal site and seldom persists in ground water in the d i rec t ion  of
flow for more than 50 yards.(5) I n l imestone , lava rock , most sandstones ,
grani te, and other crystalline rocks, however , water travels through
discrete openings such as tubes, parting planes between layers, or
fissures produced by earth movements. No filtering action occurn in
moving thro ugh these openings and contaminat i on can travel long
distance s modified only by dilution.

The mineral and organic substances in solid wastes are present
hi quan ti ti te capable of’ causing gross contamination of’ surface and
ground water supplies. Soluble Inorganies such as chlorides , nnisorlum
h ydroxide , and ar~nonium salts are not rapidly removed by natural means.
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Decomposition of organic matter produces carbon dioxide, water,
methane, ammonia , and hydrogen sulfide. The increase in hardness
caused by carbon dioxide and the increase in nitrate content resulting
from the oxidation of anmionia are among the most significant effects
on water quality. The highly soluble carbon dioxide also forms a
weak acid which can dissolve metals and other substances to produce
undesirable contaminants.

Mechanism of Contamination

The major processes by which contaminants are produced or intro-
duced into ground and surface water, other than direct dumping, are
infiltration and percolation, solid waste decomposition processes,
gas production and movement, leaching and ground water travel , and
direct runoff.(6) Infiltration and percolation of rainfall, runoff,
irrigation, and flood water can produce contaminating leachates.
Decoinpostion of waste constituents by chemical and bacterial action
depends upon time, compos ition, availability of oxygen, temperature,
moisture, salinity, arid other factors ; and makes many chemical products
available as contaminants. Aerobic decomposition produces a rise in
temperature and the pr imary products , carbon dioxide and water.
Anaerobic decomposition produces snmionia and methane as the primary
products accompanied by a rise in temperature.

For leaching and ground water travel to occur, three conditions
must be satisfied:

1. The disposal site must be over, adjacent to, or in an acquirer.

2. The fill or a portion of it must be saturated.

3. Leached fluids must be produced which have access to an
acquirer.

The possibility of contamination from a solid waste disposal site will
depend upon factors including the composition and quantity of waste
involved, the site ’s physical environment , the operation of the site,
and the volume and original quality of the water.

SAN1TAI~Y LANDFILL SITE SELECV~ION AND OPEhATION

The possibility that a landfill will pollute ground and surface
waters in the area of the fill must be considered . Various substances
may be present in solid wastes which are capable of causing contam i-
nation of surface and ground water supplies.

A competent sanitary eng ineer should be consulted to evaluate
the water pollution potential associated with disposal sites and the
protective measures that may be necessary. The services of a soil
scientist or a groundwater geologist may also he useful.
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To minimize the potential of siirftce and/ar groundwater conL- ’ln-
ination, the following guidelines should f e adhered to:

1. Solid waste should never be buried in dLect contact with
groundwater or surface water supply; burial areas should alsa
be located so as to minimize any contamination of waters
which may serve as sources for municipal or drinking water
supplies.

2. Surface water passing over or through a disposal site should
be minimized by proper drainage. Finished sites should be
covered and graded to control the flow of runoff across the
fill area.

3. Water should not be intentionally added to a solid wastes
disposal site, except to extinguish fires.

I~. Site selection should be based upon evaluation of the entire
physical environment surrounding proposed sites.

5. Recommended procedures for the operation and maintenance of
a sanitary landfill, using sound engineering practices and
judgnent, should be implemented. (2)

6. In the planning and implementation of’ solid waste disposal ,
consultation should be sought from local , 2 tate, and Federal
agencies responsible for and interested in environmental
protection , public health, solid waste management, water
pollution control, and water resources developnent in order
to minimize the hazard of water contamination and to institute
corrective engineering measures where needed to minimize
water contamination.
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CRAPI’ER VI I  - RADIOLOGICAL 1iEALTH

This guideline is directed to a general discussion of radiological
health aspects of water and related land resources in the United States.
The problem areas , sources, mechanisms of exposure, and surveillance,
should be considered for the watershed of any project Including water
supply, Irrigation, or recreat ion as project purposes. In each of the
areas discussed, more detailed information is readily available, in the
indicated references.

SOURCES OF RADIOACTIVE CONTAN1 NATION

The sources of radioactive water contamination are numerous and
include hospitals, industr ial laboratories , nuclear reactors , and fuel
fabrication and reprocessing plants. Hospitals and certain industrial
and research laboratories dispose of low levels of water-borne radio-
nuclides, used in basic research and in treatment of patients, by
flushing to sanitary sewers. Radioactive wastes can also occur at
these facilities through lealcage from continuouB processing systems.
Considering the diversity of radiological medical and research applica-
tions, almost any radionuclide might occur in the liquid wastes of
these facilities. The use of isotopes In medicine and research, how-
ever, is not normally great enough In any given area to pres ent a
hazard to individuals through contamination of the enviro nment.

The principal types of reactors currently operating in the United
~btates are electric power reactors , production reactor s, and research
reactors. Of these three types, power reactors will present the great-
est problems of radioactive liquid waste disposal in the futur e due to
the increased use of nuclear power for generation of electricity. The
data shown in Table I indicates that nuclear power will move from its
position of supplying approximately 6% of the electrical energy require-
ments in 1970 to around 30% in 1980. ProductIon of liquid radioactive
wastes can be expected to increase with thiB increase in nuclear power
generation . However , due to the mana gement of the radioactive waste
treatment system and developnent of new technolo gy , the release of
radioactive material to the envi ronment will not increase proportion-
ally but will be maintained at the lowest practicable level.
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TABLE I

Projected ~ iergy Sources for Electric Power

SOURCE 1.970 1975 1980

MW(e)x103 Total MW(e) x 103 
~o~~i 

MW(e)x103 
~otal —

Nuclear 20 - 6 69 16 160 30

Water 46 114 65 15 70 13

Oil 23 7 13 3 i6 3

Gas 69 21 89 21 75 114

Coal 172 52 194 145 214 140

TOTAL 330 100 430 100 535 100

The types of nuclear power plants presently being designed and
operated in the United States are pressurized water reactors (WE ) and
boiling water reactors (EWE). Both types of facilities have been de-
signed to release relatively low levels of liquid wastes during normal
operation. Low level liquid wastes are usually released directly to
the condenser cooling water discharge canal where they are diluted (by
a f actor of to 106) (1) wIth the condenser cooling water to accept-
able environmental levels. Where liquid wastes generated by reactors
utilizing cooling towers are released to the blow down of the cooling
towers , available dilutio n is much smaller than for facilities not
using cooling towers . Pro visions are made for removing radioactive
contaminants contained In high and intermediate level liquid wastes
by one or more of the methods given below:

1. Storage to allow decay of relatively short-lived Isotopes.
2. Filtration to remove particulate activity .
3. Ion-exchange to remove dissolved activity.
li. Distillation to reduce volume of wastes to be stored.

These treatment methods are commonly applied throughout the reactor
industry and may also be appl ied at any facility where rad ioactive liquid
wastes are generated and discharged.
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Uranium milling can contribute to the natural. uranium activityof stre ams used for di~posa]. of wastes from the milling process • The -concentrat ion of uranium in such stre ams should be carefully monitoredand contro lled in areas wher e uran ium mining is preva lent.

With the proj ected increas e in reactor use, reactor fuel reproces-sing plant s will become more important as potenta illy hazardous sourcesof contamination . Such plant s have a great er potenti al for contamin-ated waste production than reactors, but will probably number less than10 In the United States by 1980.

MECRANIS~~ OF HUMAN ~ CPOSUEE

Once water becomes conta minat ed with radioactive pollutants, thefollowing pathways for population exposure should be considered:
1. Human consumption of contaminat ed drinki ng wat er .2. Use of contaminated water in recreationa] BpOrts.3. Concentration of pollutants in edible aquatic biota, especiallyf i s h  and she11f i~h.14. Irrigation and subsequent concentration of radionuclides byfood crops .
5. Contaminatio n of var ious foods by use of contaminated wat erfor pr ocessing.
6. Settling of radioactivity and resuspension during periods offlooding. Radioactivity can also be absorb ed by part iculate de-posits and then desorbed upon changes in thermAl, chemical, orbiological character of the str eam .

The most likely occurrence of hazardous exposure would be throughdrinking of contaminated water and f r an consumption of contaminat edfood. Water resource developsent projects will be most concernedwhen water supply , irrigat ion , and /or recrea tion are included asproject purp oses. After an unintend ed release of radio active mat er-ials into a waterway, two princip al factors must be considered in con-trolli ng exposure from drinking water :

1. Min imum trave l time from point of release to water intake -determine s time available after a release of pollutants duringwhich authorities may discontinue intake of raw water In order toavoid use of the polluted wat ers or to prepare tre atment proce ssesto remove the pollutants.

2. Water plant storage capacity and population usage rate-deter-mines length of time water intake may be stopped by authoritieswithout discontinuing water Service.

3. Water plant contamina tion removal, efficiency - determinesamount of contami nation wh ich can be removed by treatment. This
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efficiency may vary for different pollutants.

14 . Decay time during treatrrent and storage - accounts for radio-
active decay during water treatment and storage before use.

5. Dilution, both in-stream arid in the treatment plant - deter-
mines the concentration which may reach the individual customer.

In protecting the population fran consumption of radiologically
contaminated food, the efficiency of food processing in removal of
the contaminant and the decay time between contamination and possible
human consumption are important factors. Where food becomes grossly
contaminated, removal of the affected foods from the foodS supply is
an obvious and effective method for population exposure control .

Radioactive water contamination can also affect the industrial use
of water at a particular location. Any industry which manufactures
a product which is affected by radiation such as film manufacturers
will be concerned about the concentration of radioactivity in their
process water.

Radioactive contamination of land usually occurs via deposition
of airborne contaminants or through use of contaminated water for crop
irrigation. The pathways for exposures of humans to radioactive con-
taininant s ertitted by a source including exposure through the human food
chain are shown in Figure l.(2) The haTard presented in any case is
highly dependent on the contaminating radionuclide. Land containin-
ation can create a more serious long-term exposure problem than water
contamination because very little dispersion or movement occurs follow-
ing deposition and fixation in the soil.

The various pathways for population expoi~ure discussed above dam-
onstrates the importance of zoning in areas where facilities discharg-
ing radioactive contaminants ar locat ed . During the initial evalu-
atiori of the site for a facility emitting radioactive substances a
certain area of restricted land developsent Is established around the
facility. In many cases , it would be possible for population or Industri-
a]. growth in the area to progress to the point where the criteria estab-
lished by the original site evaluati on wi ll no longer be acceptable
due to the larger populations which would be exposed to radiation
accidents . Certain zoning restrictions may therefore be required to
prevent unacceptable population, coxmnercial, or industrial growth
in close proximity to the facility.
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SUR VEILLANCE AND CONTROL OF RADIOA (~ IVE CO?rrA14INATION

The surveillance and control program proposed for a facility releasing
radioactive liquid wastes to surrounding waters depends upon the facility
type and the levels of activity discharged relative to permissible levels.
There are two published guides currently used for specifying permissible
activity levels in water. The first is the “Public Health Service
Drinking Water Standards - 1962 (3). The “Radioactivity ’ section of the
drinking water standards discusses, in general, surveillance of drinking
water sources and levels of radiuxn-226 and strontium-90 at which various
curveillance and control actions are necessary. The second guide is
Title 10, Part 20 of the Code of Federal Regulations(14) entitled “Standards
for Protection Against Radiation.” This guide sets forth ‘maximum
permissible concentrations” (Mpc) in air and water for most radioactive
isotopes which would be discharged to the air and water environment from
nuclear installations.

The prime objectives of environmental surveillance programs for
facilities releasing radioactive wastes are:

1. to verify the adequacy of source control.

2. to provide data to estimate population exposure.

3. to provide a sourc e of data for public information.

_ - -~~~~~~~ --~~~~~~~~ --- - - - -~~~~~~_ --~~~~ ----____



This program should includ e emergency planning designed for the purposc
of detecting individual releases in time to take protective act~on.
If environmental monitoring is conducted for the purpose of initiating
protective action, daily or continuous sampling with rapid analysis
and alarm is necessary, a requirement most routine environmental
monitoring programs cannot meet . Protective actions can appreciably
reduce the dose received if initiated quickly. The signal for these
actions should come immediately from the facility in question, not
several days or weeks later from environmental sampling. For this
reason it is essential that adequate source monitoring and control
be in effect to immediately detect significant non-routine releases
of radioactivity, and that agencies responsible for public health
be promptly not i f ied  so thay can initiate necessary sampling programs
and protective actions If needed. A special preplanned emergency
surveillance system is required to adequately assess the public health
hazard in the event of a major accidental release of radioactivity
to the off-site area.

The surveillance guidance discusse” In the remainder of the section
pertains to the operation of nuclear installations under conditions
of normal discharging of radioactive liquid wastes. The complexity
of a surveillance plan at a particular Installation will depend on
the types and levels of radioactive releases.

A routine program to meet the environmental surveillance objective
given above has been described in detain for a nuclear reactor plant
in several references.(5)(6)(7) These references Include lists of
recommended sample types, frequencies, and radionuclides of princ ipal
interest. A typical program for the water environment is outlined in
Table 2.

The Federal government conducts a comprehensive nationwide
environmental surveillance program in the form of its national surveil-
lance netvorks.( 9) Information from these networks is used to estimate
public exposure and doses relatable to environmental radioactivity.
The surveillance system is designed to be responsive to changes in
radioactivity levels in the environment. The current surveillance
activities include the collection and analysis of airborne particulates,
water, milk, total diets, human bones and organs, and special sumples
relating to human body burdens. Many States operate similar statewide
networks that are coordinated with the Federal network systems. In
addition, environmental surveillance programs are conducted In the
vicinity of operating nuclear facilities by the operator and health
agencies. With such a system of National, State, and facility sur-
veillance programs in operation, the long-term trends of environmental
radioactivity resulting from the nuclear industry can be well do,~umented .
In addition, special surveillance systems have been established which
can be activated in the event of a facility accident and which will
Indicate whether levels of radioactive contaminants exceed Federal
Radiation Council guidelines for protective action to control population
exposure. (l0 ) ( i i )
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TABLE 2

TYPICIL WATE1~ AND LAND SURVFILLANCE PROGRAM

1~D1~ NUCLEAR POWER PLANT( C)

Reccinmended Surveillance Prograir

Indices 1-d ative Frequency Analysis Sampling Locations

surface Water Continuous compos- Cross beta and Stream-above and below
1~cceiving Waters ite or weekly ganine scans. the facility; Reservoir,
of the Facility grab Periodic beta bay, lake - nearest

scintillation shoreline; any nearby
analysis for 3j~ domestIc water suppliers
with frequency a using the receiving
function of the waters as a raw water
levels measured source

~ottoin Sediments Semi-annually Gross beta and Near reactor ’s outfall
ganmia scans or above and below

the outfall if the
receiving water is a
stream

Ground Water As applicable Cross beta and Supplies within 5 miles
(usually quarter- gamma scans of the facility
ly or annually)

Aquatic Biota Variable Gasuria spectrum Near the reactor ’s out-
analysis for fall or above and below
selected radio- if receiving water is a
nuclides stream

Food Crops and Season (before or Gamma spectrum Within a 10-15 mile
Other Vegetation at harvesting analysis radius of the facility
_ _ _ _ _ _ _ _ _ _ _ _  

time) 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2oil Annually 90$r and 1-37 C8 Prevailing d ownwind
or gross beta direction in nearest

agricultural areas .
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CJ] API J :1 \T~~J 1 — All - POLLUTION

f i r  po]lutantu play a vital and Int evi-elatec~ rol with  other
( f l V ii -on~-( n t i 1 con t aninajits in effective i~n t e  i-usourct  s and land usc

~ianag( t i t .  it  Ic , ther (fore, quite important in the planning and

~anagemc-nt of a basin ’s wntc 1 and land resources that air pollution
I n cto  c rece-Iv enrc fu1 consideration .

i’hc popular concc ption ol’ a few years ago that a i r  pollution and
tc effects v- ye rest ’ ictc d or peculiar only to t} c h avy industi ial—

i n c - c t  ‘crban are-as o~ th country has b en thoroughly explod c -d and
toc~ay it is v’(ll rccognh:- (-d that ~ir  polluti on is of vi tal c O l - ( C I f l  I i i
c cl .- i~-bar n n I  ~~r-a1 cii an as wil. Ai r- pollution Is also rot cc strict —

rd to hiiucn rI’Ic ~ t~ but :-ani . 1’ests itself in esthe tic and social o f t  -ctr
~.‘ 11 an ci on property, :att -vials , cl -; 

~j  
t a t i on. ‘thus It Is

obviously ole at- l1ire ~ an c-1fe ctivc- grasp onì control Oi air pollution
inst consid c r all tin abow m t  r -r c l at i onsh ips .

‘h e control ot a i r  pollution aust not only be ‘ eshed vi ii! t h e
cont rol ol othot n i  non c-ntai pollutants bitt be attacked on tlu

s o: -xi s-f I n~ and futu i-c i-c~ -i onal and urban growth patterns .

1i pu rpose of this chapter of the health ruidelinos is to xc-
cm th var i ou s a spects 01 a i r  pollution which should bc cons - d c - r e  i i

along wIti oth c cnviconcirntal ractor-s In overall water and lan ci i - c  -

50: c( anfll c c- n t  and planning

I Cf l i J  Al Poll! ;’ i (-  COJ ’
~~~i- O L  MANN’FP J NT

The i whership ol tlu Federal rovern ~ n t  in  a u -  pollution control
- eat i n  st -on ly stablished by the ( i c  at: f-i ! A e t . ( 1)  A c t u a l

Ofli  r-ol and p r ev en t ion  or a i r  pol lut ion at i t~ S O E :r c  , h ove ‘en , is tI
~-c spons i bi l l  ty 01 - a i and local ‘c ivc i n’ i c t s  . ~lu F Fe  c - al J O V e  fl

p ’ovi(les l i n  e-nne arch , r i r i ancial assis tance, and I o n I c  -n I p  t o r  the
clcvclop ont of c i t  c-cl lvi- State , e- c~ lonal , and local p : o - -r a - - :r  t o  p c i  opt

and control  air p o l ] -t i o n .

h-d rai ae c tho - i t i s - r t n t l i s h  A i r  n - c c i i t y  Cr~ t ( n a ( 2 ) ( - ) ,  th I n c
Con ’ ro] ‘It ~ chni qim ~; ( 1 -  ) ( 5) and d n i~ nat e I i n a] I ty (‘ont col  c’~ Ions .
t : L n t e  n n t h c n i  t i e s  n t n b l i s h c  air quality etand nc’ d c (Insc d pen !

/ .  - ue eality C i ti  i - i n )  and n I ne -11 nib 1- p l c  - n t  or ]~ i n n  i- ’hich ccl]
o c - Ii i~~n c -  o cont rol t c c l i n iq i n  s nrcch which ar- c i t  r i~ noel t o  - t ‘1

r t nn la~~a v f l h i .in  a nj r i c h  ~c i r  t i :  0 1-0

i ! ~ QUALITY CCI 01 :0101 ? i - t f l  r - i . v .  - - i t  I I :  P I A T~ h

l i t -  t; iaiity (~~~i~~~i - ~~] c, tonì s (tf (T ‘ n) ay or c i ; ’  not ro r i t i t  c

w I — c r 1  cc cc i - i ] ]  overlap i t  nu I t n t  i - rn - c  . Ii r’ !— I ‘ rn- c
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deeirnated on the basis of’ reeteoroloJ ical, social, and political
f actors vhich Indicate that a ~roup 01’ coer-ccninles should I e treat-
ed as a ni t ton se t ii n l I : t It at i on s  on concent ra t ions  of at”eosphec-Ic
pollutants. in -e-neral , these AQCI1 ’s are center-ed on standard
etc-opolitan statistical areas. Full deve-iop~- m t  of the AQCH concept

~‘Jfl allow for the eventual establishi~eri u oA over 200 regions in the
inited States. Federal policy requires that air quality standards be
estan lished ny 1; tate author i t ies  ‘or the A( Ci ‘ s i ascii upon the Air
~ iality Criteria and an .i p1cc c-ntation plan to achieve and nialrita~nthe standard s wi thin  a re asonable ti-- c Ira -tes t  h e developed . In
r i v er  bas in  planrein~ these AQO: ‘s shoill Ic cores i~i t- -cd and -the appli-
cable a i r  a-r al i ty  conLrol c-e~--u latIons o al::a led or relationships to
r i v e r  ~asin p lannin ,

‘i’P: - ,S A r ;F~ 50111 CJ ;2 01- ’ A l l  PC LLU’I Ah’I t ;

The e arc a ~.iel ‘ ariety on air pollutants ‘rhich are present in
the nation ’s atr O~ ph c - i - e  today.((-)(’, )(~ ) ‘ih e f Le  ost Co:::!:ion pollu an t s
i n tons c- - t i t L e  ci p c’ ye-ar aim cart on - onoxith , s t i l t - - i ’  oxides , hydrocar-
bons, nitrogen oxi les , and particulates. ‘l’he ma i or sources of these
are motor vehicles, industrial plants, electric utility plants, space
heating, and refuse disposal.

Air pollutants are omitted in a wide variety of quantities
depending upon the source and operating conditions. As an example
Table 1 shows that , except for nitrogen and sulfur oxides, considerably
more pollutant quantities are emitted f rom back yard burning and burn-
ing dumps than from multiple chamber incinerators. Of course, virtually
no air pollution results from properly constructed and maintained
sanitary landfills.

‘I’APL F 1
Relative ~mount8* of Air Pollutants from Solid Wa8te Burning(9)

Pollutant ~-1ultiple-Chamber J ack Yard Burning
Incinerator Burning Dump

Aldehydes 1 3 14
Iienzo(a)pyrene( PaP) 1 60
Hydrocarbons 1 tOO
Nitrogen Oxides 1 O~~-5 30
Sulfur Oxides 1 0.14 0.5
Munonia 1 5
Organic Acids 1 2.5 2.5
Particulates 1 17 5

“helative amounts of pollutants were computed using the emission
f’rcin multiple-chamber incinerators as 1 for each pollutant.
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The National Air Pollution Control Administration has developed
the following breakdown of air pollution sources:(10)

1. Pa el Consumption ( Stationary Sources )

a. Resident ial - includes space heating, water heating, and
cooking fuels .

b. Commercial-Institutional-Gover~~ental - includes mainly
space heating fuel .

c. Industrial - includes space heating, process heating, and
steam and electric production fuels.

d. Steam-Electric Power Plants - includes steam and electric
production fuels.

2. Industrial Process Losses - includes losses fran all manu-
facturing processes.

3. Solid Waste Disposal

a. Incineration

b. Open Burning

14. TransportatIon (Mobile Sources )

a. Motor Vehicles

b. Aircraft

r’. Railroads

d. Ships

EFFEC’rs OF AIR POLLI JTAN’T’S

The effects of air pollutants upon the envlroninent (ll) in which
we live are becoming more evident and more people are expressing the
need for eliminating these adverse effects. t:ane effects of particulates
and sulfur dioxide which have been established cart be summarized as
follows:

Particulates

1. Effects on h ealth
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Analysis of numerous epidemiologicrtl stt~~ics clearly indicate
art association between high levels of air pollution, as meat w ed
by particulate matter together with sulfur dioxide, and the
cccurx’cncc cf hcaltb ~f f cct s .  TLi~, ~~~~~~~~~~~ i.. LILUbL j~~~ i j

for the short-term air pollution episodes. Conclusions whi te
have been reached by various studies are:

a. At concentrations of 750 pg/rn3 and higher for particuJates
on a 214-hour average, accompanied by sulfur dioxide core-
centrations of ‘(15 )lg/m3 and higher, excess deaths and a
considerab~.c increase in illness may occur.

b. If concentrations above 300 jig/i-i3 for particulates persist
on a 214-hour average and are accompanied by sulfur dioxide
concentrations exceeding 630 pg/rn3 over the same average
period, chronic bronchitis patients will likely suffer
acute worsening of symptoms.

c. At concentrations over tOO jig/tic3 for particulates on a
21k-hour average, accompani~d by concentrations of sulfur
dioxide exceeding 250 jig/in~ over the same period, in-
creased absence of industrial workers due to illness may
occur.

ci. Where concentrations range from ii’( A i g / : n 3 to 130 Jig/ri-
and above for particulater ; (a n nu al mean) with sulfur
dioxj ~th ccncentrations (annual i- ran) greater that 1- (~‘

pg/m a , children residing in su ci. c c - ens  are 111-u ly to
experience increased incidence or cer ta in  respi ratory
diseases .

e. At concentrations above 100 ,~~ ,‘ c - - ‘or- particuJ.ates
(annu~l geometric m ean ) wi th  s i t  at - ion  levels above ~O

• mg/ca’ —rico., increased deat~- m e - c ; or- persons ove r ~ (

years of au nc- c 11i’eiy.

j - f Ce ct n  on I t i x e c t .  ?un1i~ht

At concentrationr ranging from 100 .l;f’/cfl-~ to ~~~~~~~~ for
particulates, wlu re large str o l— e turbid i L~

,’ factors persist.,
in middle and high latitudes dl ‘- i-I sunlig ht is reduced
up to o r i e — t h i r - i:  in surrne-r and l y e - tb  I -- i l - c; in w i n t e t - .

3. FlCf’c- ct~r on \lcil iiU ty

At concentration s 01 about 150 ) ; f ’ /  - 
for particulates, viee’r c

the predominant particle si -c ne r m~’. - r l i - c - 0.2 p to l.O~~t
and i-dative he i r -  Idity is less titan C p -c e-n t , visibility
is reduced to as low as 5 mlh
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14. Effects on raterials

At concentr~tIons ranging from (co pg/m3 (annual geometric mean),
to 180 pg/rn— fo r -  particulates ( annual geometric mean), in the
presence 01 sulfur dioxide and moisture, corrosion of steel and
zinc panels occurs at an accelerated n-ate.

5. Effects on Public Concern

At concentrations of approximately ‘-‘0 pg/rn3 for particulatcs
( annual geo” . t -r ic mean),  in the presence of other pollutants,
public awareness and/or concern for air pollution nay become
evident and increase proportionately up to and above concert-
ti-ations of 200 pg/rn3 for particulat-es.

Sulfur Dioxide

1. Effects of h ealth

Analyses of numerous epidemiological studies clearly indicate
an association between high levels of air pollutIon, as r~easiu-ed
by sulfur dioxide, accompanied by particulate matter, and the
occurencc oI ’ health effects.  This association is c ost l i e n  for
the short-term air- pollution episodes . Conclusions which have
been reached by var ious studies are:

a. At concentrations of about 1500 pg/i c 3 ( 0 .52  ppm ) of sulI’ur
dioxide (214—hour average), and suspended part iciclatr
mat ter  !.-reasured as a soiling index of ( Cobs or greater,
increased mortality may occur.

b. At concentrations of about 500 j ig/rn3 (O.ln ppm) of sulfur
dioxide (214-1iour mean), with low particulate levels,
increased c-cortality rates may occur.

c. At concentrations ranging i roc;~ 300 ~ig/m
3 to 500 j ig /rn3

(0.11 ppnt to 0.19 ppm) of sulfur dioxide (2 14-hour mean) ,
with low particulate levels, increased hospi tal admissions
of older persons for respiratory disease may occur;
absentecj s : ,  from work , part I er elai-ly wi th older persons ,
nay also occur .

d . At concentrations of abOut 120 Jet /rn3 (O.o) c ) of sulfur-
dioxide (annual mean), accompanied by s o t  concentrations
of about 100 pg/rn3, increased f requ ency  and severi ty of
r -esp ii-atory diseases in school children may occur.

I .  1-~f1’ects on V i s l f i l I t y

i t .  n conc c;- ~ c -n t Ion o! t 5 / e r - / c;1 3 ( - .i e pp~ ) or s l i — e r diox ide
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with comparable concentration of particulate matter and
relative humidity of 50 percent, visibility may be reduced to
about five miles.

3. Lffects of Mater ials

At a mean sulfur dioxide level of ? i 5 J c g / r - (0.12 ~~~ ii),

accompanied by high particulate 1e\-els , thee corrosion rate
for steel panels may be increased by 50 l- -rcent .

14. Effects on Vegetation

a. At a concentration of ahou t~ 5 p ( - / c n- (0.03 ppm) of
sulfur dioxide (anrn;al meat;) - chronic plant in, ury and
excessive leal drop c ray 0cc- r.

b. At concentr-atlons or about l)i5 j i~~/ r i~ to t 1 5 j i.gj m3 
(0 . 05

ppn; to 0.25 p pn r ) ,  sulfur dioxide r ay react synergistically
with either ozone or nitrogen dioxide in short-term
exposures (e.g. it hours) to produce nrodee-ate to severe
in ury to sensitive plants.

F~~EcT OF All- ~~LLUTI01~ COIITIt OL ON OTHEI~ ENVI1cONT J’:I-JTAL AZPECTS

In consideration of the aix pollution aspects o f -  regional environ-
rental matters, careful attention m ust l c - - i ~ - en to the e ft e ct s  of air
pollution control upon other environmental areas. Control techniques
which reduce the amount of air pollutants (:inchar~:cd to the atmosphereusually result in an increase of -materials which - rist be disposed of
by other means . icr example , wet collectors r ;sed f o r  a i r  cleaning
devices result in water pollutants which ray t-e d isch arged from facilities.
Cartrell has given an excellent review 01 t l ;r- water pollution potential
of air pollution control devices . In this review he states that an
impact on strean pollution has been experienced In aliriost every type
of industr ial  situation where extensive air polL Lion control or &-ate-
c-r ent has been attempted . lIe cite8 air pollrtf ants such as fluor ide
cor .epound s t ro c - - t ertilizer , aluminum, steel, and - m r ’ani i i c r  pr-ocess her
plants; sulfur compound s from smelters , pOu ;r plants , coke plants , and
re fineries;  particulates I ron power plants , t last frcxnaces , ferro—
alloy, calci te -c carbide , and other types of plants; and rad ioact~ ”c
wastes fr-or atomic energy installations . ( )

In view of the s i t n i t ’icant e f fec ts  whic h al  pol lut ion control
can have on water pollution, solid waste s, and other en vlton’ ~ental
factors and the s ign i f i can t e f f e c t s  which wat ( ‘ C ’ r r s o i r ,  cc develop-cent
care have on m istrial (lCVClopi’ tnt and o t l u r -  t a r  I er -S -e .’h l ci ; ‘c ay In e r t  asc ’
ai r- pollution prol ic -~~~~, it i~; I perat ive that air poll ctlon aspects I c
conside cci In r i - - c-i- asin plannIn~- anti It -;r’l c-p c tel. .
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