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(4) If vents and/or overflow lines are provided 
on tanks, the opening shall be so located as to re­
duce possibilities of contamination to an absolute 
minimum, and the opening shall be screened with 
lS-mesh or finer corrosion-resistant wire and shall 
not terminate in food service, hospital. toilet, or 
other spaces where contamination or odors may be 
transmitted to the water. 

(5) Potable water tanks and distribution lines 
must be disinfected if the tanks are entered or ,the 
lines contaminated. (See sec. IV.) 

(6) In order to avoid difHculties with taste and 
the danger of toxic chemicals, only those tank. lining 
materials which are specified by the Bureau of Ships 
as satisfactory for potable water tanks shall be used. 
After a new coating or lining material has been 
applied, tanks shall be cleaned, flushed, and 
disinfected. 

(7) The construction features and location of 
manholes should be such as to minimize the pos­
sibility of contaminating the water in the tanks. 
If the manhole is located on the side of the tank, 
flush-type construction is acceptable. If located 
at the top (including the deck if the deck forms 
the top of the tank) a combing or curb rising at 
least one-half inch above the top of the tank shall 
be provided, and the manhole cover shall extend 
to the outer edge of the curb or flange. The cover 
shall have an intact gasket and a device for securing 
it in place. Nonnally, manholes not exposed to 
the weather decks are fitted with the flush-type 
manhole or the raised, bolted-plate manhole. The 
latter is the preferred structure. 

(8) The construction features for measurement 
of water level in potable water tanks shall be such 
as to prevent the entrance of contaminating sub­
stances into the water system. All tanks with 
sounding tubes are supplied with individual sound­
ing rods permanently stored in the tUbes. All 
sounding rods shall be handled in a sanitary man­
ner prior to insertion back into the tanks. other 
rods or tapes shall not be used for sounding potable 
water tanks. 

6-9. Distribution of Potable Water 
(1) The potable water system is designed as an 

independent water system to deliver potable water 

to galleys, sculleries, and pantries; to the sick bay 
and other medical facilities; to laundries, scrub 
decks, showers, and washrooms; and to drinking 
water coolers distributed throughout the ship. The 
potable water system must be absolutely free of 
interconnection with all nonpotable water systems 
and be protected against contamination from back­
siphonage, backflow or leakage into any part of 
the system. Potable water lines shall not be used 
for nonpotable liquids nor shall they be piped 
through nonpotable liquids unless protected by a 
sleeve or tunnel as prescribed in article 6-8 (3) . 
Lead pipe or fittings shall not be used in potable 
water systems. If any break occurs, accidental or 
otherwise, the parts concerned shall be disinfected 
after reassembly and prior to placing that part 
of the system back in service. The medical omcer 
or his representative shall be notified concerning 
the break and the measures being taken to dis­
infect the section of the system involved. 

(2) All potable water pwnps suction lines should 
be air tight and free of cross-connection. Packing 
gland seals should be maintained by using water 
identical in quality to that handled by the pwnp. 
Water inferior in quality to that pumped must never 
be used for priming of pumps. If higher quality is 
used for priming purposes, it must be admitted to 
the pwnp casing through an air gap. Pwnps that 
have been dismantled for repair should be dis­
infected after reassembly and before being pUt into 
service. 

(3) All hose valves and other connections used 
for loading potable water must be stenciled as re­
quired by current BUSHIPS Manual and Directives. 
Hydrants on the fire and flushing system are painted 
red, to prevent confUSion in emergency and also to 
forestall cross-connection of the fire and flushing 
system with the potable water system ashore. 

(4) In order to trace and identify the various 
water and other pipe systems and to warn against 
improper connections, all pipes are stenciled to in­
dicate the liquid carried. Arrows indicate the 
directiOl~ of flow. Each line should have at least 
one designation in each compartment through which 
it passes. The identification of piping 'aboard ship 
shall be in accoO'dance with BUSIDPS Technical 
Manual instruction. 

Section m. CARGO WATER 

Handling of Ballast Water 
Handling of Cargo Water ------------------------------,--------------

Management of Cargo Wat;;D~;i~~-St~r~-ie-;~d-Dis~h~~~;-- --------------

Article 
6--10 
6-11 
6--12 

6-10. Handling of Ballast Water 
(1) Potable water tanks and pipelines which have 

been filled with any polluted water (all sea water 
is to be considered polluted) for ballast purposes 
shall be disconnected and blanked off at the tank 

lJ(,(·pmher 1062 
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--'-------------
and shall not be reconnected until the contaminated 
tank, pipe, and fittings have been properly dis­
infected. Disinfection of this system shall be ac­
complished as described in article 6-14 of this 
manual. If there is a water shortage it would be 
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impractical to disinfect a large potable water tank 
as prescribed in article ~14. The following proce­
dure may be used: 

(a) Thoroughly clean and rinse the tank. 
(b) Swab all surfaces of the tank with a 

solution of 200 p.p.m. chlorine. 
(c) Allow to dry. 
(d) Rinse with potable water and the tank 

is ready for use. 
Potable water tanks and pipelines shall not be used 
for drinking purposes untn the above procedure is 
carried out aDd bacteriological analysts of the water 
is negative. If the bacteriological tests are positive, 
then the process must be repeated before this system 
is placed in service. 

6-11. Handling of Cargo Water 
(1) Water Ships. AW·s. YW's, and stationary 

water barges shall take on water from approved 
watering points (see art. 6-6) whenever possible. 
The water shall be loaded in such a manner that it 
is not contaminated. Upon completion of loading, 
the following data will be entered in the log: 

(a) Determine the residual chlorine in p.p.m. 
of each tank. 

(b) Determine the pH and temperature of 
the water in each tank. 

(c) Source of water: from an approved 
watering point or not. 

(d) Date and location of water samples taken 
for bacteriological examination. (Samples for bac­
teriological testing must be dechlorinated and should 
be refrigerated if delay of more than 6 hours will 
occur before delivery to the laboratory,) Bacteri­
ological determinations must be accomplished at 
least once each month. This is considered to be the 
minimum requirement, and it is recommended that 
more frequent samples be collected for bacteriolog­
ical analysis to insure delivery of safe water. Bac­
teriological testing shall be accomplished when there 
is doubt as to the quality as reflected by an increase 
in the chlorine demand or when received from an 
unapproved source. 

AW's, YW's, and stationary water barges shall de­
liver water to receiving ships with a free chlorine 
residual of at least 0.2 p.p.m. when the source is 
from an approved watering point. (See art. 6-7.) 
If the chlorine residual is below this, the water shall 
be chlorinated or rechlorinated to ensure that at 
least 0.2 p.p.m. free chlorine is available in the 
water when delivered. Water received from an 
unapproved source shall be chlorinated or rechlor­
inated (as the case may be) 50 that after a 30-min­
ute contact time the free chlorine residual shall 
be at least 2.0 p.p.m. The free chlorine residual 
shall be at least 0.2 p.p.m. when the water is de­
livered. Refer to chapter 5, article 5-6 for chlori­
nation as to time, temperature, and pH factors 
affecting this process. 
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(2) Temporary Water Ships. When it is neces­
sary to use AD's, ADa's, or YO's in emergency for 
transporting potable water, the tanks of these ships 
shall be cleaned as prescribed in appendix B of 
section IV. Lead determinations shall be made of 
all tanks to insure that the amount of lead in the 
water is not more than 0.05 p.p.m. (mg./!). Chlo­
rination shall be accomplished as prescribed in sec­
tion IV. A log shall be maintained the same as for 
water ships, article 6-11(1). 

(3) Hose and Fittings. Sumcient hose for com­
plete disinfection circuits and for loading and dis­
charge lines shall be carried. Washered male and 
female caps shall be provided for these hoses and 
shall be secured to the hoses with keeper chains. 
All hose and fittings used for potable or disinfected 
water shall be handled in such a manner as to pre­
vent contamination. Particular care will be exer­
cised to prevent the hose from dipping into the 
harbor water. Potable water hoses shall not be 
used for any other purpose. When not in use, all 
hose will be capped with washers in place and 
stored as directed in article 6-6(2). The plugs and 
washers and caps shall be kept clean to prevent 
contamination of the hose. Before water is deliv­
ered, hose ends shall be washed with a 50 p.p.m. 
chlorine solution and then flushed with potable 
water. 

6-12. Management of Cargo Water Dur­
ing Storage and Discharge 

(1) When the water cargo is to be transported 
or when it will be held in protracted storage, the 
free residual chlorine shall not be permitted to 
drop below 0.2 p.p.m. until delivered. Chlorination 
shall be accomplished as prescribed in section IV 
of this chapter and the residual maintained by the 
addition of liquid chlorine or High Test Hypochlorite 
as needed. Salinity tests shall be routinely made 
when the ship is under way, at least weekly. 

(2) All ships used to transport, store, or issue 
water shall determine and log every 24 hours, the 
chlorine residual in p.p.m. and the saline content 
of the water in every tank. A sharp increase in 
salinity over the initial salinity determination shall 
be considered a sign of possible leakage of sea water 
into the tank and may indicate pollution from sea 
water. YW's, YO's, and AOO's, used for local de­
livery of water taken from an approved source, 
shall determine and log only chlorine residual of 
each load. When the facilities are available, bac­
teriological examination of all water tanks shall 
be made weekly on all YW's, YO's, and stationary 
barges used as water carriers. The results of these 
tests shall be recorded, entered in the ship's log, 
and voyage or a monthly report submitted to the 
commander of the service squadron to which 
attached. 

December 1962 



6-13 CHAPTER 6. WATER SUPPLY AFLOAT 6--13 

Section IV. DISINFECTION 
Artide 

Disinfection of Potable Water Supplies_______________ ___________ 6-13 
Disinfection of Potable Water Tanks and Systems -------- 6-14 

Stowage, Handling and Disinfection of Potable W~t;;H~;e~~~========= 6-15 
Procedure for Disinfecting a Water System __________________ Appendix A 
Procedure for Preparing Fuel Cargo Tanks to Carry Potable Water ______ Appendix B 

6-13. Disinfection of Potable Water 
Supplies 

(1) Water is usually disinfected by the addition 
of sumcient chlorine compound to produce 1.0 p.p.m. 
chlorine with a residual of not less than 0.2 p.p.m. 
free chlorine after a 30-minute contact time. The 
contact time can be reduced to some extent by the 
use of higher residuals (refer to ch. 5, figs. 5-1. 5-2. 
and 5-3). The chlorine dosage is controlled by test­
ing the residual chlorine in the water after the 
required contact time has lapsed, by the Ortho­
tolidine-Arsenite (OTA) method. A standard 
chlorine residual test kit is used for this purpose. 

(2) Disinfection by chlorination is recommended 
as a routine method of guarding against the sani­
tary defects or accidents that may occur during 
the production, handling. storage. and distribution 
of water. Such use of disinfection shall be consid­
ered as providing an added factor of safety and 
not as constituting a satisfactory substitute for the 
correction of sanitary defects or insanitary prac­
tices. The absence of free chlorine in the ship's 
potable water might indicate contamination; there­
fore it would be necessary to add sufficient chlorine 
to maintain the required residual. 

(3) Grade A calcium hypochlorite originally con­
tains 60 to 70 percent available chlorine. The com­
pound loses strength gradually with age. however, 
especially when opened and/or stored in a hot space. 
Hypochlorites should be obtained in small contain­
ers. usually 6 ounces or 3% pounds. and stored in 
a cool, dry, ventilated place. About one-fifth of 
an ounce of full-strength Grade A hypochlorite is 
required to dose 1,000 gallons of water with 1.0 p.p.m. 
chlorine, although older stocks of hypochlorite may 
require a greater amount. This amount of hypo­
chlorite is only a suggested starting point. and 
the amount to be added to the water will depend 
on temperature, pH, and the chlorine demand of 
the water. Solutions for feeding through hypo­
chlorinator machines may be from 1 to 10 percent 
strength. The solution should be made up and 
allowed to clarify, and then decanted, using the 
clear supernatant solution for chlorination. Addi­
tional chlorine compounds are available that may 
be used in lieu of the calcium hypochlorite (art. 6-22. 
table 2). 

(4) Provided automatic chlorinators are not 
available in the ship. chlorination of the potable 
water tanks may be accomplished by the batch 
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method. The estimated amount of chlorine com­
pound required to produce 1.0 p.p.m. is dissolved in 
a bucket of water, and after settling the super­
natant fluid is introduced into the tank when it is 
about one-quarter full. Sufficient mixing usually 
will be obtained by the stirring action of the in­
coming water as the tank is filled. Additional mix­
ing may be obtained by reCirculation. If the chlo­
rine solution must be introduced into a full tank, 
mixing by recirculation through a pump is neces­
sary. Thirty minutes or more after the tank is 
filled or mixing is completed, the water is sam­
pled and tested for residual free chlorine. If the 
free residual is less than 0.2 p.p.m. additional 
chlorine must be mixed into the water, and after 
the required contact time the free residual must be 
determined again. As an alternate method. the 
dry powder of the chlorine compound may be added 
directly to the tank before or during filling. The 
motion of the ship will provide adequate mixing. 

(5) Hypochlorinators which inject chlorine solu­
tion in proportion to flow of water have been 
adapted to shipboard use. These may be used to 
chlorinate water entering the potable water tanks 
or may be installed to inject chlorine solution into 
the water as it enters the distribution system. 
Chlorination of the water as it enters the potable 
water distribution system provides a greater degree 
of safety but requires a delay of use of the water in 
order to permit sufficient contact time. 

(6) The chlorine dose required to produce a 30-
minute free chlorine residual of not less than 0.2 
p.p.m. varies widely because of the chlorine demand. 
This is true even for distilled water. If ammonia 
is present. to obtain a free chlorine residual in dis­
tilled water sufficient chlorine must be added to 
destroy the ammonia. This requires a chlorine dose 
in p.p.m. of at least 10. times the p.p.m. of ammonia 
(measured as nitrogen) present in the water. Un­
fortunately. the ammonia in sea water goes over into 
the distillate; and, since the ammonia in natural 
water varies widely, the ammonia content of 
distilled water also may be expected to vary. In the 
absence of information concerning the amount of 
ammonia and other chlorine demanding substances 
in the water, a dose of not less than 1.0. p.p.m. chlo­
rine should be used initially for at least a 0..2 p.p.m. 
free residual. If this does not produce a free chlo­
rine residual of 0.2 p.p.m. after a 30-minute contact 
time, more chlorine solution mtLSt be added. If de-
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sired the chlorine demand or the dose required can 
be determined by adding various amounts of chlo­
rine solution of known strength to samples of the 
water to be treated. Determination of residuals in 
these samples after a 30-minute contact time will 
indicate the proper dose. When weighing the 
chemical for batch chlorination of water, it is con­
venient to remember that 1 ounce of full-strength 
Grade A calcium hypochlorite (HTH, Perchloron, 
etc,) added to 5,000 gallons of water, or one pOWld 
to 80,000 gallons, is the approximate dose for 1.0 
p.p.m. of chlorine. (NOTE: The amount of chlorine 
in Grade A calciwn hypochlorite is reduced once a 
container has been opened and all the contents not 
immediately used. Therefore, assume that the 
amount of chlorine remaining in the container has 
been reduced and increase the amount needed to 
reach the required strength.) 

(7) It is imperative to understand that unless an 
adequate free chlorine residual is obtained after the 
proper contact time, it is impossible to determine 
whether or not the chlorination procedures have 
been adequate. 

6-14. Disinfection of Potable Water Tanks 
and Systems 

(1) There are two types of disinfection proce­
dures: (a) mechanical cleaning and chemical disin­
fection and (b) chemical disinfection. Disinfection 
of tanks and pipelines shall be done as indicated 
below before any potable water is taken aboard. 

(a) Mechanical cleaning and chemical disin­
fection shall be accomplished in the following tanks: 

1. All tanks of new ships or tanks which 
have been rehabilitated or repaired. 

2. Tanks where sludge or rust accumula­
tion seriously impairs the quality of water being 
delivered. 

3. Tanks which have been loaded with non­
potable ballast water. 

4. Voids and tanks converted from non­
potable to potable water tanks. 

(b) Chemical disinfection only is required 111 
the following tanks: 

1. Tanks in which cargo or potable water 
still shows pollution by bacteriological examination 
after normal chlorinating procedure for cargo or 
potable water. 

2. Pipelines, valves, pumps, etc., which have 
been dismantled or replaced for purposes of repair 
or alteration. 

3. Tanks which have been entered. 
(2) Tanks which have not carried ballast water 

and in which the cargo water has been satisfactory 
in the previous trip will not undergo disinfection, 
but will be kept closed to avoid accidental contami­
nation. Tanks which have been filled with clean 
sea water ballast (not in harbors or within 10 miles 
of the harbor) need not be mechanically cleaned, 
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but must be chemically disinfected before reloading 
with fresh water. This disinfection is accomplished 
by adding chlorine at the rate of 100 p.p.m. to the 
ballast water. After 4 hours' contact time the free 
residual chlorine shall not be less than 50 p.p.m. 
This chlorinated sea water ballast may be carried 
to the destination and discharged upon arrival. 
After flushing with potable water and after bacteri­
ological tests have determined it safe, the tank is 
ready for use without further treatment. 

(3) Mechanical cleaning of tanks includes all 
measures necessary to clean tanks of foreign ma­
terials, rust, and other SUbstances that are present 
within the tanks. After the tank has been thor­
oughly cleaned, it shall be chemically disinfected. 
Mechanical cleaning and chemical disinfection shall 
be accomplished when the chlorine demand has in­
creased or bacteriological evidence indicates that 
the tank has become contaminated. Mechanical 
cleaning, especially when done with sea water, pro­
motes rusting of the tanks; it is a laborious and 
time-consuming procedure and must be followed 
by chemical disinfection. 

(4) Butterworthing or mechanical cleaning at 
sea with sea water (see app. B), is permissable but 
shall always be followed by chemical disinfection. 

(5) Chemical disinfection of tanks is to be per­
formed after each mechanical cleaning of the tanks 
and whenever indicated by conditions listed in para­
graph (1). The process utilizes the disinfecting ac­
tion of free chlorine. Chlorine for this purpose is 
fUrnished in the form of High Test Hypochlorite 
(HTH, Hypochlor, or Perchloron @-available free 
chlorine 65 to 70 percent). Where High Test Hypo­
chlorite is not available, chloride of lime may be 
substituted, but it must be remembered that the 
maximum available chlorine produced from chloride 
of lime is 25 percent and that this material is sub­
ject to rapid deterioration in storage. Appendix A 
indicates the amounts of High Test Hypochlorite 
or chloride of lime to be used in order to obtain de­
sired concentrations of chlorine in parts per m1llion 
(p.p.m.) in varying quantities of water. 

(6) In all chemical disinfection prucedures the 
tank shall be completely filled with water. Chlorine 
shall be added at the rate of 100.0 p.p.m. while 
water is entering a tank, and after the tank is full, 
the water shall be circulated. The chlorine residual 
after 4 hours' contact time shall not be less than 
50.0 p.p.m. All valves and lines that have been used 
to carry polluted water must. be included in this cir­
culation process in order to disinfect the entire 
system. Samples of the circulating water are tested 
at hourly intervals to insure maintenance of the 
proper chlorine residual. 

(7) The circulation period is essential to good dis­
infection procedure. Water should be pumped out 
of the lowest opening in the tanks, through the 
contaminated lines, pumps. and valves and returned 
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through the top lines into the tank through the 
ullage hole or manhole. Contaminated hoses 
should be placed in the circuit to accomplish disin­
fection of the entire polluted system. 

(8) When more than one tank is to be disinfected 
the highly chlorinated water from the first tank 
should not be turned overboard but should be re­
used in disinfecting other polluted tanks (additional 
chlorine must be added to maintain desired resid­
ual) Wltil alf have been treated. If sea water 
has been used for the disinfection process it will, 
of course, then be pumped overboard. However. 
when fresh water has been used for chemical disin­
fection, it will be pwnped overboard unless a critical 
water shortage exists. If it is necessary to retain 
this highly chlorinated water for potable water, 
then it must be dechlorinated using soditun thio­
sulfate (X-ray fixer) or soditun bisulfite; or the 
water may be evenly distributed throughout the 
storage tanks. If all the chlorine in the water is 
removed during the dechlorination process, it will 
be necessary to rechlorinate the water to the proper 
residual. 

6-15. Stowage, Handling and Disinfec· 
tion of Potable Water Hoses 

(1) In no case shall filling hoses be cross­
connected with any other pipe system. Inlets shall 
be clearly labeled and, when not in use, covered with 
screw caps. Hose lines for taking aboard fresh 
water must not be used for any other purpose and 

shall be capped or plugged at all times except when 
actually in use. If provided by the ship, they shall 
be stowed and handled as required in article 6--6(2) 
and article 6-22(6). SUfficient number of lengths 
of hose shall be provided to cover most connection 
situations. 

(2) Hoses and fittings will be handled as dis­
cussed in article 6-11(3). 

(3) During tank disinfection procedures as out­
lined in article 6--14 (6) and (7), contaminated 
hoses shall be placed in the circuit to accomplish 
disinfection of the entire polluted system. 

(4) Hoses used for loading or transferring water 
shall be flushed to waste for 15-30 seconds prior 
to making final connection. If for any reason con­
tamination of hoses is suspected, either because 
of careless handling, dropping in the harbor water, 
or not capped or plugged during stowage, the hoses 
shall be disinfected first by a thorough flushing with 
potable water and then subjecting interior to a 
minimum of 100.0 p.p.m. chlorine and held in the 
hose for at least 2 minutes. A contaminated hose 
must not be used for loading potable water. Fit­
tings and connections shall be immersed in a chlo­
rine solution of at least 100.0 p.p.m. prior to being 
connected. These apparently minor details must 
not be neglected. 

(5) After taking on water from an unapproved 
source, the hoses used shall be disinfected as pre­
scribed in article 6--15(4). 

APPENDIX A 

PROCEDURE FOR DISINFECTING A WATER SYSTEM 

(1) Thoroughly scrub all of the storage tanks and 
:Hush the entire system with potable water. The 
interior of the tanks should be scrubbed with a 
soft brush to prevent chipping of the coating. Hard 
instruments should only be employed when removing 
the coating or rust. 

(2) Determine the volume of the storage tanks, 
pressure tank., and all the water distribution sys­
tem. Determine the amount of chlorine compound 
that will be needed in proportion to the total ca­
pacity of the system. The amounts of any of sev­
eral chlorine-bearing products for different voltunes 
of water are given in table 1. Any one of the chlo­
rine compounds listed may be used. No matter 
which one is selected for the disinfection, the quality 
indicated in the table will give a dosage of 100.0 
parts per million (p.p.m). 
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Table I.-Amount of chlorine compound for disin­
fection of a water system with a solution con­
taining 100 parts per million of chlorine 

Tank 2li percent chloride 70 percent hi!!.'h test Liquidsodium 
capacity ofUme hypochlorite hypochlorite 

Gallons 
5 per- to Pf'r-

Tons ~nt ~nt 
solu- solu-
tion tion 

-- - --
(Gal- (Gal-
lons) tons) 

1,000 4 3 pounds, 4 ounces __ I pound, 4 ounces __ 2 1 
2.000 8 6 pounds, 4ounces._ 2 pounds, 6ounces_. 4 2 
5,000 21 16 pounds __________ 6 pounds ____ -- .. _- 10 5 

10,000 42 32 pounds __ . _______ 12 pounds _______ 2() 10 

NOTE: See top of page 6-10. 
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A heaping tablespoon holds approximately one­
half ounce; a measuring cup approximately 6 ounces. 
One pound equals 16 ounces, 

(3) Prepare the chlorine solution: 
(a) CHLORIDE OF LIME. Place the proper 

amount of chlorine compound in a clean bucket 
containing no water; then add a small amount of 
water and mix to a thick paste. Dilute the paste 
by adding water gradually and stirring constantly 
until a gallon or two of solution is obtained. 
Warm water is better than cold for this purpose, 
Allow the solution to stand for 30 minutes so the 
undissolved particles may settle to the bottom. 
Pour off the clear liquid and if necessary filter it 
through muslin or several layers of cheesecloth. 

(b) HTH. PERCHLORON ®. PITTCHLOR. 
etc.' Place the proper amount in a bucket, fill 
with water to within a few inches of the top, and 
stir until the powder is dissolved. Disregard any 
slight turbidity. The dry powder may be added 
directly to the tank at the beginning of the filling 
operation. 

(c) LIQUID SODIUM HYPOCHLORITE. 
TIlis type of solution requires no preparation. 

(4) Introduce the chlorine solution into the tank. 
If there is more than one storage tank, each one 
should be treated with the correct amount of chlo­
rine compound. 

(5) Immediately after introducing the chlorine 
solution into the tank, the tank should be filled with 
potable water. Sumcient mixing will usually be 
obtained by the whirling action of the incoming 
water. 

(6) Open the taps and outlets nearest the supply 
tank and permit them to flow until the chlorinated 
water appears. After opening the nearest faucets 
the process should be continued outward from the 
tank until all taps and other outlets have been 

flushed with the chlorinated water. Care should be 
taken that the pressure tank is fiUed with the chlo­
rinated water. 

(7) After the storage tanks and the piping sys­
tem are filled, the chlorinated water shall be circu­
lated and shaU be discharged after 4 hours' con­
tact time. Prior to discharging the water, the free 
chlorine residual shall not be less than 50.0 p.p.m., 
which is the minimum that is considered safe to 
disinfect a water supply system. In an emergency 
the contact time may be shortened to 1 hour by 
increasing the dosage to allow for a minimum resid­
ual of 100.0 p.p.m. free chlorine at the end of 1 hour. 

(8) After this contact time, the tanks and pipes 
shall be flushed with water of known potable qual­
ity until the chlorine taste has disappeared. 

(9) Fill the storage tank with potable water. 

CHLORINE COMPOUNDS FOR DISIN­
FEcTIoN OF A WATER SYSTEM 

Calcium Hypochlorite, Technical, 70-Percent Chlo­
rine Minimum (HTH, Pittchlor, Perchloron @) 

6-ounce plastic jar _____ 9Y 6810-255-0471 
33/.-pound can _________ 9Y 6810-242-4770 

Chlorinated Lime, Technical (Bleaching Powder), 
3D-Percent Chlorine Minimum 

5-pound can ___________ 9Y 6810-255-0474 
20-pound paiL _________ 9Y 6810-255-0476 

Bleaching Chemicals, Liquid Form, Sodium Hypo­
chlorite, 10-Percent Chlorine Minimum 

1-quart bottle __________ 9Y 6810-251-7979 
1-galion bottle _________ 9Y 6810-290-3835 

NOTE: No other chlorine compound shall be used 
for the disinfection of a water system; particularly 
the organic bleaching compounds. 

APPENDIX B 

PROCEDURE FOR PREPARING FUEL CARGO TANKS 
TO CARRY POTABLE WATER CARGO 

The following procedure is recommended for pre­
paring saran and other plastic-coated tanks for the 
emergency transportation of water intended for 
human consumption: 

(a) Butterworth tanks with warm (60 0 _70" 
F.) sea water according to the methods described 
in "Cargo Tank Cleaning Manual" NAVSHIPS 
250-34l. 

(b) Pump the warm sea water overboard 
through the fueling station valves giving special 
attention to the pumps and strainer boxes. 

(c) Ventilate tanks until a gas-free condi­
tion exists. 

(d) Strip tanks of all remaining water. 
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(e) Muck tanks (all personnel who enter 
tanks must wear protective clothing, acid-resistant 
rubber boots, and acid-resistant rubber gloves). 

(f) Hose inside surfaces of tanks with potable 
water. 

(g) Fill the tanks to capacity with' potable 
water adding 2 ounces of 70-percent dry calcium 
hypochlorite for each 1,000 gallons of capacity. 

(h) Check for chlorine residual at destina­
tion. If it is below 2.0 p.p.m., add sufficient chlorine 
compound to bring it to that residual or advise 
recipients to adjust chlorine residual if the water is 
pumped through their treatment plant. 
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Section V. MISCELLANEOUS FACTORS IN POTABLE WATER 
SUPPLIES 

Article 

Alternate Use of Sea (Overboard) Water _______________________________ _ 6-16 
6-17 
6-18 
6-19 
6-20 
6-21 
6-22 

Control of the Water Supply __________________________________________ _ 
Emergency Su pplies __________________________________________ - ______ _ 

Sanitary Precautions in the Manufacture and Handling of Ice _____________ _ 
Cross-Connections _____________________________________________ - - - - - --
Potable Water Usage Requirements ____________________________________ _ 
Water Sanitation Bill ____________________________________________ - __ _ 

6-16. Alternate Use of Sea (Overboard) 
Water 

(1) The various installations in which alternate 
use is pennissible present problems which differ in 
type and degree of hazard and in precautionary 
measures required. The purposes for which either 
sea or fresh water may sometimes be used are: 

(a) LAUNDRIES. If sea water is used in the 
laundries it must only be sea water that has been 
taken 'aboard after the ship is under way and out­
side the 10-mile limit. It must also be relatively 
clear and free of marine growths and other sub­
stances that might cause staining. If clothes are 
bleached or ironed, any water that is clear enough 
to give a satisfactory wash will probably be safe 
to use in the laundry. Sea water from polluted 
harbors or alongside piers shall not be used in laun­
dry operations. 

(b) COOLING JACKETS OR OTHER EN­
GINE ROOM EQUIPMENT. When it is necessary 
to admit fresh water to engine cooling circuits or 
other systems which normally carry nonpotable 
water, the airgap principle shall be used to protect 
the potable water system. 

(c) FLUSHING DECKS. Good sanitary 
practice prohibits the use of sea water on the decks 
of naval ships in harbors or within 10 miles of en­
trances to harbors, rivers, ports, etc. Outside the 
10-mile limit it may be used only on the weather 
decks. 

(2) Precautions and safety factors: 
(a) Sea water outlets shall not be permitted 

in any of the food service spaces. The medical of­
ficer or other medical department representative 
should determine whether or not all sea water lines 
entering these spaces have been removed in accord­
ance with the Bureau of Ships Manual, article 
48~282 (ch. 9) excepting those to be used for garbage 
disposal units with corrected construction which 
eliminates the aerosol. A report shall be made to 
the commanding officer listing any specific violations 
and emphasizing the health hazards involved. 

(b) A water system that has been contami­
nated in port may continue to discharge impure 
water long after the ship is well at sea. The pos­
sibility of drawing contaminated water into the in­
take of a lone ship under way in the open sea is 
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relatively remote. As the nwnber of ships in an 
area increases, however, or as their motion relative 
to the water decreases, the chances of drawing con­
taminated sea water become greater and approach 
by degrees the condition that prevails in a con­
gested harbor. The water arOlmd a large aggre­
gation of ships receives the fresh fecal discharge 
from a population as large as that of a medium­
sized city and entirely without the benefit of any 
form of sewage treatment processes. 

(c) It is essential for the above reasons that 
chlorination of water distilled at sea be routinely 
accomplished as directed in article 6-13. 

6-17. Control of the Water Supply 
(1) Ships may receive water from sources listed 

in the U.S. Public Health Service publication en­
titled "Vessel Watering Points," or lUlder the sur­
veillance of U.S. Military Unit. or under the 
American-British-Canadian Tripartite Agreement. 
(See ONM INST 5711.9,) If it is necessary to obtain 
shore water from other than the above sources, the 
medical offi.cer or medical department representative 
shall investigate to the best of his ability the source, 
method of treatment and storage, and local dis­
tribution practices. He shall then inform the 
commanding officer and recommend such additional 
protective measures as may be indicated. In every 
instance where water is taken aboard a naval shiP. 
it shall be chlorinated, as outlined in section IV 
of this chapter. 

6-18. Emergency Supplies 
(1) Battle Dressing Stations. The battle dress­

ing stations should each be equipped with a potable 
water tank of capacity as follows: 200 gallons for 
ships with total ship and troop complement over 
500; 100 gallons for ships with total ship and troop 
complement less than 500, except on destroyers and 
ships of a similar type which should 'be provided 
with tanks of 50-gallon capacity. On ships having 
a midship's battle dressing station, this station 
should be equipped with a tank of 100-gallon capa­
city. Prior to action, buckets and tubs, if con­
venient, should be filled and placed at the battle 
dressing stations for use if the connections with 
gravity tanks should be damaged or destroyed. The 
water in these tanks should be changed every three 
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months and a residual of at least 0.2 p.p.m. free 
chlorine after a 30 minute contact time. 

(2) Boats and Rafts. Emergency drinking water 
supplies should be made available at battle stations 
to provide for the crew in case the potable water 
system is damaged during action. Life rafts and 
other lifesaving facilities that are normally pro­
visioned must at aU times carry supplies of potable 
water. 

(3) Inspection. Emergency supplies must be 
checked routinely to insure that the water is safe 
for drinking purposes. When the ship is operating 
in active or hostile area, such inspections should be 
made at least weekly, and any undesirable conditions 
found should be corrected immediately. 

6-19. Sanitary Precautions in the Manu· 
facture and Handling of Ice 

(1) Observations in the field have pointed out 
the need for uniform guidance in the health aspects 
of the manufacture and handling of ice. This in­
formation is particularly important when ice is 
purchased from commercial concerns because laws 
in many State and local governments do not con­
sider ice a food or food product until such time as 
it reaches the food service establishment or con­
sumer. Consequently, ice may not come under reg­
ulatory control of the local or State health 
departments until such time as it enters the food 
service establishment. It is important, therefore, 
to insure that ice manufactured and utilized for 
food and drink purposes must be afforded the same 
sanitary protection as potable water. The belief 
that bacteria are destroyed by freezing is disproved 
by the fact that many bacteriologists have found 
in their research that disease-producing bacteria 
can survive for long periods in ice. In fact, freez­
ing is now a common method of preserving cultures 
of some microorganisms in many laboratories. 

(2) Because of the special vulnerability of ice to 
contamination, the precautions outlined in article 
1-59 of chapter 1 of this manual must be followed. 
Careless practices, such as rinsing swabs in the thaw 
tanks, must not be tolerated. Filling lines or hoses 
for ice trays must not be carelessly handled by 
throwing or storage on the deck or otherwise unpro­
tected when not in use. Thaw tanks must not 
overflow into the ice trays during thawing and re­
moval of the ice. Overflow drains must be equipped 
with nonfloodable air gaps. Above all, the ice must 
not be contaminated by carelessness during han­
dling, storage, or service. sea water must not be 
used in the thaw tanks. 

(3) Ice cube making machines must be kept clean 
at all times. The storage bins must be kept cov­
ered and must be routinely cleaned and disinfected. 
It is essential that the cubes be handled in such 
a manner that they do not become contaminated. 
The cubes must not be handled by the hands but 
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by scoops or similar utensils. See chapter 1, article 
1-59 of this manual. 

6-20. Cross-Connections 
(1) A cross-connection is any connection, com­

plete or incomplete, direct or indirect, that will 
permit, or possibly permit, the flow of a nonpotable 
fluid into a conduit or receptacle containing, or 
intended to contain, potable water. Cross-connec­
tions between potable and sea water systems are 
prohibited by article 48-282, BUSHIPS Manual. 

(2) Valves and blind flanges are not dependable 
as a means of separating the potable water dis­
tribution system from other systems and must 
therefore be eliminated. Potable water should be 
delivered or discharged through nonfioodable air 
gaps to all pipes, tanks. or water-using faCilities. 
Facilities which must be provided air-gap protec­
tion are fresh water inlets and boiler feed tanks, 
engine-cooling systems, galley and pantry sinks, 
steam kettles and tables, dishwashing machines and 
other scullery eqUipment, vegetable peelers, laun­
dry machines, lavatories, hospital sterilizers, and 
other similar fixtures. Air-gap spacing must be at 
least twice the diameter of the fresh water inlet 
pipe. All drainage outlets in the fresh water sys­
tem, whether to sewers, drains, or the bilge, should 
be protected from flooding by the use of air gaps. 
Location of the fresh water inlets above the rims 
of lavatories. sinks, and other open-receiving ves­
sels constitutes an adequate air gap. Delivery of 
potable water to closed containers or systems or its 
discharge to drains and sewers should be through a 
free opening located above the rim of a receiving 
furmel. 

(3) Some examples of sanitary defects of potable 
water systems that have been noted aboard ship 
are as follows: 

(a) Laundry trays, wash basins. service sinks, 
and deep sinks with faucets below the high water 
line or with hose extending into the receptacle. 

(b) Drinking fountain orifice below the high 
water line, vertical jet, or orifice supply line sur­
rounded by waste drain line. 

(c) Bath tubs, therapeutic tubs, or steam 
tables with inlets below the high water line. 

(d) Water operated waste ejectors: dental 
units, potato peelers. or garbage grinders. 

(e) Drains to food preparation machinery 
that do not have air gaps. 

(f) Industrial vats with water inlets below 
high water level. 

(g) Rubber hoses attached to potable water 
lines that are allowed to remain in scuppers, sinks, 
etc. 

(h) Combination faucets to potable and non­
potable water: showers. used for fresh and sea 
water, fresh and sea water lines to laundry 
machines. 
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(D Leaky water lines close to drains, scup­
pers, etc. 

(j) In general, any type of water sUpply con­
nection that permits the return of used or contami­
nated water into potable water supply systems by 
drainage, back-siphonage, or higher pressure is not 
permissible. 

6-21. Potable Water Usage Requirements 
(1) While it is necessary to economize in the 

use of potable water, the rules for engineering per­
formances, U.S. Navy. do not contemplate an insum­
clent allowance of potable water to meet all hygienic 
needs. Proper indoctrination of the crew and at­
tention to leaks and waste should limit potable 
water consumption to reasonable amounts. Arbi­
trary limitation of hours during which washrooms 
are open for use, or restriction of members of the 
crew to definite small quantities of water for bath­
ing, tends to result in breaches of hygiene. Water 
hours are necessary, however, on many ships, par­
ticularly transports loaded beyond their capacity 
for living comfort and convenience, and it will be 
found that men may keep clean and live under 
sanitary conditions even with a limited water sup­
ply if proper supervision by division omcers and 
other responsible persons is maintained. If unusual 
conditions require drastic restrictions in the use of 
potable water, the allowances should not be less 
than 2 gallons per man per day to be used only for 
drinking and cooking purposes. 

(2) The use of sea water in the laundry when at 
sea will effect material savings in the quantities of 
potable water consumed. Due to the danger of 
using polluted water for these purposes and the 
danger of cross-connection, however, judgment and 
carefUl supervision must be exercised when using 
sea water In laUndries or other facilities. 

(3) The tables below give a general breakdown 
of the quantities of potable water required aboard 
ship. Actual consumption will vary widely depend­
ing on the type of the ship, the area in which it is 
operating, and on the evaporator and tank capac­
ity. When potable water serves all uses, the con­
sumption rate may faU between 12 and 35 gallons 
per man per day, although the higher figure should 
be considered far too wasteful. When sea water 
is substituted for potable water in laundries, con­
sumption should be less than 12 but rarely as low 
as 4 gallons per man per day. 

Recommended Amounts of Potable Water Aboard 
Ship 

Gallons per 
Type of use: man per day 

Drinking watf>L_________________________ 0.5- 1. 0 
Galley and sculIery_______________________ 1. 5- 4.0 
Personal hygienl'_________________________ 5.0-20.0 
Laundry _____ . __________________________ 5.0-10.0 

Total _________________________________ 12.0-35.0 
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Consumption of Potable Water When Sea Water Is 
Used in Laundries 

Gallon8 per 
Type ot use: man per day 

Drinking watel'- __________________________ 0.5- 1. 0 
Galley Ilnd scullery _______________________ 1. 5- 4.0 
Personal hyglene_____________ ___________ 5.0-20.0 
Laundry _________________________________ 1.0- 3.0 

.TotaL _________________________________ 8.0-28.0 

6-22. Water Sanitation Bill 
Presented herewith is a sample water sanitation 

bill that may be used as a guide for all ships. It 
may be added to or altered to fit local circumstances 
but the general requirements as outlined are basic 
and essential to properly safeguard the health of the 
crew. 

"WATER SANITATION BILL" 
(1) All water distributed aboard naval ships shall 

be chlorinated and have a measurable free chlorine 
residual at all pOints in the system under constant 
circulation. 

(2) All water received from sources other than 
tmder military surveillance shall be from approved 
sources, such as those listed. in the United States 
Public Health Service publication entitled "Vessel 
Watering Points," military shore activities, or those 
tmder ABC Navy Agreement (see ONM Instruction 
5711.9). and shall be chlorinated to 0.2 p.p.m. free 
chlorine residual after a 30-minute contact time at 
the point of delivery or aboard the ships. 

(3) All water obtained in foreign ports (not under 
item 2), in areas where amebiasis is endemic, and 
from sources of unknown or doubtful origin shall 
be chlorinated to 2.0 p.p.m. free chlorine residual 
after a 30-minute contact time at the point of de­
livery or aboard ship, except when the source has 
been inspected and certified as satisfactory by the 
medical omcer or his representative. 

(4) Water from the evaporators shall be chlori­
nated and have a free residual chlorine content of 
0.2 p.p.m. after a 30-minute contact time. Potable 
water ordinarily will not be evaporated in rivers, 
harbors, or within 10 miles of shore unless so dic­
tated by necessity. Procedure for evaporation as 
outlined in Chapter 58 of BUSHIPS Technical 
Manual shall be followed. Instructions contained 
in articles 58--27 and 58-42 shall be scrupulously 
carried out. 

(5) Filling hose used for potable water shall not 
be used for any other purpose. 

(6) Personnel assigned to handle hose shall be 
properly instructed in necessary procedures to pre­
vent contamination of hose line. 

(7) Hose lines shall be stowed in a separate 
locked vermin proof locker, marked "POTABLE 
WATER HOSE ONLY." If this is not practical, 
hose ends shall be coupled before rolling or stowing, 
or otherwise protected from contamination by use 
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of screw-type caps or plugs (secured with keeper 
chains) and stowed separately from all other type 
hose when not in use. Inside the doors of the 
lockers there shall be posted instructions and pre­
cautions relative to the loading of fresh water and 
care of the hose. 

(8) Hose lines shall be suitably r.larked "PO­
TABLE WATER ONLY." 

(9) Shore-to-ship water connections shall be in 
compliance with the current OPNA V Instructions 
(9930 Serie~l. 

(10) Ttl;tt hose line shall be flushed out ~t the 
source witli potable water prior to connectmg to 

• the ship's °taIik. 
S (11) 'The hose line shall be kept in good condition 

at all times. Discard all hose lengths when cracks 
begin to develop. 

(12) The filling line connections to potable water 
tanks shall be marked "POTABLE WATER ONLY .. · 
It is recommended that the inlet shall be no less 
than 18 inches above the deck and be fitted with a 
screw cap with keeper chain when not in use. 

(13) Potable water tanks shall be marked "PO­
TABLE WATER ONLY." 

(I4) Potable water lines shall not be piped 
through non potable liquids unless protected by a 
sleeve or tunnel. 

(I5) Nonpotable liquids should not be piped 
through potable water tanks. If this must be done, 
it shall be in accordance with General Specifications 
for Ships of the U.S. Navy. 

(I6) Sounding lines or rods used to measure 
potable water, in tanks not provided with sounding 
tubes and self-contained sounding rod, shall be dis­
infected before use by wiping with cloth soaked in 
chlorine solution. 

(I7) Potable water lines shall be stenciled 
"POTABLE WATER ONLY" in accordance with 
current BUSHIPS Instruction. 

(18) All potable water tanks shall be disinfected 
if entered. For disinfection procedures refer to sec­
tion IV of this chapter. 

(19) Potable water pipelines shall not be used 
for nonpotable liquids. 

(20) Potable water tanks shall not be filled with 
ballast water unless necessary to insure survival of 
the ship; in which case the tanks, pipes, fittings, and 
pumps utilized shall be disinfected in accordance 
with procedures outlined in section IV prior to re­
filling with potable water to prevent any possibility 
of contaminating any portion of the potable water 
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system. The medical o:flicer or his representative 
shall be notified if it is necessary to fill potable water 
tanks with ballast water. (See article 6-8.) 

(21) If any break occurs in the potable wa'ter sys­
tem, accidental or otherwise, the parts concerned 
shall be disinfected after reassembly and prior to 
placing that part of the system back in service. 
The medical o:flicer or his representative shall be 
notified concerning the break. 

(22) Potable water systems shall be absolutely 
free of interconnections with all nonpotable water 
systems. 

(23) A routine bacteriological analysis of water 
shall be performed, when practicable, once each 
month, but not less than once every 3 months. 
Ships with laboratory facilities shall have analyses 
performed weekly. 

(24) Potable water shall be used in the manu­
facture of ice to be used in connection with food 
or drink. Ice must be afforded the same conditions 
of cleanliness that are given to foods. Care shall 
be taken to insure the absence of submerged potable 
water inlets; provide air gaps in drains from potable 
water tanks; provide overflow pipes far defrosting 
tanks to prevent the ice being contaminated with 
water used for defrosting; provide sanitary rack or 
stowage for hose or line used to fill freezing trays; 
and provide rules of sanitary conduct of personnel 
manufacturing or handling ice. 

(25) The drinking orifice of drinking fountains 
shall be above the overflow rim of other water con­
tact surfaces, and all such surfaces must be kept 
clean and will be of the angle-jet type with the 
protective mouthpiece. 

(26) Insure that potable water connections be­
tween ship and shore are undisturbed by unauthor­
ized personnel during loading. 

(27) Each ship shall maintain the following 
records: 

(a) Each source of shore water supply: date, 
place, amount, and which tanks are filled. 

(b) Laboratory analyses. 
(c) Chlorination data: time, tanks, water 

temperature, pH of water, type chlorine agent, 
amount of agent used, time agent added, and chlo­
rine residual after 30 minutes. 

(d) Record of routine residual chlorinating 
checks. 

(e) Record of routine salinity tests of potable 
water tanks when applicable. 
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EMERGENCY DISINFECTION OF WATER FOR DRINKING 
AND COOKING PURPOSES 

If during an emergency potable water is not avail­
able, it may be necessary to obtain nonpotable water 
and use it for drinking and cooking purposes. Be­
fore it can be used for these purposes, it must be 
treated to make it safe. While a small quantity of 
water may be made safe by boiling it 15 to 20 min­
utes, it would be inconvenient to boil large quan­
tities of water. It is more desirable to treat a large 
quantity of water chemically to make it safe for 
human consumption. Chlorine is the chemical that 
is used universally for this purpose. 'This emer­
gency treatment with chlorine is known as batch 
chlorination. In the absence of other methods of 
treatment on board, batch chlorination may be used 
when it is necessary to load water of questionable 
quality for drinking and cooking purposes, and also 
for the routine treatment of nonpotable wash water. 
The water that is to be treated must be clean and 
free of turibidity. Batch chlorination should not 
be depended upon to make turbid (muddy) or 
heavily contaminated waters safe for drinking and 
cooking purposes. 

Chlorine compounds which are most suitable to 
disinfect nonpotable water are chloride of lime, high 
test hypochlorites ("HTH," "Perchloron ®," "Pitt­
chlor," and similar preparations), or commercially 
prepared liquid sodium hypochlorites ("Clorox," 
"Zonite," and similar preparations). Chloride of 
lime, or liquid sodium hypochlorite ("Clorox") can 
be purchased at most grocery or drug stores. 

High test hypochlorite contains 70 percent avail­
able chlorine and should be a product of choice be­
cause smaller quantities are needed to disinfect 
water. The percentage of chlorine in these com­
pounds is reduced once the containers have been 
opened and exposed to air. These compounds should 
be requisitioned in small containers so that the con­
tents will be used as quickly as possible-within 6 
days. The top of the container must be replaced 
tightly after each use in order to reduce the chlorine 
loss to a minimum. AU the products should be 
stored in a cool, dry, dark place at all times, and 
these products should not be used for the disinfec­
tion of water if kept over 6 months but may be used 
for other purposes. 

The procedure for disinfecting water for drinking 
and cooking purposes with a dosage of 2.0 p.p.m. 
chlorine is as follows: 

(1) Select and thoroughly clean a water tank, 
one in a potable water system. 
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(2) Detennine the volume (capacity) of this tank. 
Determine the amount of chlorine compound that 
will be needed for this tank when filled with water. 
The amounts of any of the several chlorine-bearing 
products for different volumes of water to be dis­
infected are given in table 2. 

Table 2.-Dosage for treatment of water with 
2.0 p.p.m. chlorine 

Tank capacity Amount of chlorine compowld 

---,--I-----~--
Liquid sodium 

Gal~. Tons 
25 peroont 
chloride of 

70 peroont hypochlorite 
high test 

lime hypochlorite 
1 peroont 5 percent 
solution solution 

200 %01'. J.i"' ~~ rt--____ 3 tbs. 
500 2 % 01'. HoI'. 1 pt 5 tb~. 

1,000 4 l~oz HoI'. 1 qL ______ 12 tbs. 
1,500 6 :lH 01'. % 01'. 1!r.i qt. . ___ IH cups 
2,000 8 3 OZ .. 101'. ______ . ___ 2 qt._. ____ IH cup~ 
2,W<) 10 3% 01'. IH 01'._ .. _ .. __ 2~~ qt I pt. 
3,000 12H 4Y.i 01'. _________ 1401'. ________ 3 qL ______ IH pt. 
4,000 17 60' 20' 1 ",I 1),2 pt. 
5,000 21 7H 01'. 2H 01'. 1H gal 1 qt. 

10,000 42 1501'. 50L _________ 2;~ gal. 2 qt. 
15.000 62Y lib., 801'. ______ 7J..:l oz .. ______ 3% gal 3 qt. 
ro,ooo 84 1 lb., 1401'. _____ 1001'. ______ 4 __ 5/mL _____ 1 gal. 
25,000 104 21b., 4 01'. ______ 12H OL ______ 6!4 ~al IH gal. 
50,000 209 4 lb., 8 01'. _____ lib., 9 01'. _____ 124 gaL_. 2~ g:ll. 

A heaping tablespoon holds approximately one­
half OWlce; a measuring cup approximately 6 
OWlces. Standard measuring devices are prefera­
ble-l pound equals 16 ounces. 

(3) Prepare the chlorine solution: 
(a) CHLORIDE OF LIME, Place the proper 

amount of chloride of lime in a clean enameled or 
glass container containing no water: then, add a 
small amolUlt of water and mix to a thick paste. 
Dilute the paste by adding water gradually and 
stirring constantly until a gallon or two of solution 
is obtained. Warm water is better than cold for 
this purpose. Allow the solution to stand for 30 
minutes so the Wldissolved particles may settle to 
the bottom. Pour off the clear liquid and introduce 
it into the tank of water to be disinfected or into 
the solution container of the chlorinator. If nec­
essary, filter it through muslin or several layers of 
cheesecloth. 

Ib) HTH, PERCHI.ORON @, OR PITT­
CHLOR. Place the proper amount in a bucket, fill 
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with water to within a few inches of the toP. and 
stir until the powder is dissolved. Disregard any 
slight turbidity, unless to be used in a chlorinator, 
then follow procedure in paragraph (a). The proper 
amount of the dry powder may be added directly 
to the tank and mixed. 

(e) LIQUID SODIUM HYPOCHLORITE. 
These solutions require no preparation. 

(4) Introduce the chlorine solution into the tank 
and fill it immediately with the water to be disin­
fected. Sufficient mixing usually will take place by 
the whirling action of the incoming water. 

(5) Allow the water to stand in the tank for 30 
minutes to permit the chlorine to purify the water. 
After this contact time the water must be tested 
to determine whether sufficient chlorine has been 
added to complete the disinfection process and 
produce a slight excess residual. If a standard test 
kit is not available, one of the following tests may 
be employed as a temporary sUbstitute: 

(a) If orthotolidine testing solution can be 
obtained, add about 20 drops of it to a quarter glass 
of the treated water. A yellowish color should ap­
pear in the water if any chlorine remains in it. 

(b) A testing solution may not be procurable 
in an emergency. but there is a rough test that can 
be made. Draw a half glass of treated water. cover 
it tightly with the palm of the hand. shake the water 
back and forth two or three times. and smell. A 
faint but distinct odor of chlorine should be notice­
able. (NOTE: Water for testing should be drawn 
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from all taps which are Or can be supplied with 
water from the tank. The water should be run long 
enough from each tap to assure that the treated 
water has reached the taps.) 

(c) If either test shows the presence of 
chlorine. it means that a little more chlorine was 
added than was needed to disinfect the water and 
that the water has been made safe to drink. It 
must be assume that the amount of chlorine that 
was added destroyed all of the microorganisms of 
disease and united with all of the matter for which 
it had an afiinity. and still there was a slight amount 
of chlorine remaining in the water. The presence 
of this excess of chlorine is the assurance that the 
water has been made safe to drink. This excess of 
chlorine is referred to as residual chlorine and 
should be maintained throughout the potable water 
system at all times at 0.2 p.p.m. 

(d) If the test does not show the presence of 
chlorine, it means that an insufficient amount of 
chlorine was added and that the water still contains 
contamination. More chlorine compound must be 
added: the disinfection procedure described above 
must be repeated. It must be repeated until chlo­
rine remains in the treated water after the contact 
time. 

(Important: Care must be taken to make sure 
that chlorine can be detected in the treated water 
30 minutes after the compound has been added to 
it; otherwise. eH'ective disinfection will not have 
been accomplished.) 

Deeember 1962 
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Chapter 7 

SEWAGE DISPOSAL ASHORE 
Section I. INTRODUCTION 

Introduction_ 
Detlnition __ 
Historical Data ____ _ 
Purpose of DisposaL ___ _ 
Scope ___ _ 
Responsibility _ 
Composition of Sewage_ 
Disposal of Chemical, Radioactive, and Other Industrial Wa.ates_ 

Article 

7-1 
7-2 
7-3 
7-4 
7-0 
7-6 
7-7 
7-8 

7-1. Introduction 
(1) This chapter discusses some of the methods 

of sewage dIsposal selected by the Bureau of Yards 
and Docks for use on shore-based naval establish­
ments coming under the sanitary control of the 
Medical Department and comments upon disposal 
of toilet wastes on board ships under similar con­
trol. UnderlYing engineering theory Is limited pri. 
marHy to operating principles and emciency. with 
emphasis on the limitations of each system. 

(2) This chapter will be of greatest value as a 
reference and guide for naval personnel concerned 
with the various aspects of preventive medicine 
relating to sewage collection, treatment, and 
disposal. 

7-2. Definition 
(1) Sewage is the liquid wastes of a community, 

consisting of water, fecal materials, food wastes, 
laundry and bath water, and other liquid or water­
transported wastes. 

7-3. Historical Data 
(1) Since man discontinued his nomadic way 

of living and settled in a permanent community, the 
disposal of human waste has presented a problem. 
Ancient civilizations of the East have left ruins of 
comprehensive sewer systems that date back to 
4000 B. C. In the western world, sewage-disposal 
systems were constructed in both the Greek and 
Roman empires that are engineering marvels, parts 
of which are still operable today. 

(2) With the fall of the Roman Empire the 
civiliZation of Europe retrogressed into the "Dark 
Ages," and excreta and household wastes were dis­
posed of by throwing them from the doorstep or 
window into the courtyard or street. It was during 
this period of history that Europe was swept by 
great epidemics of typhoid fever, cho!.era, plague, 
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and typhus fever. Whole populations were deci­
mated by disease. 

(3) No obvious advance was made in the field of 
environmental sanitation until the advent of the 
miasmic theory of disease transmission. Since 
there was no scientific knowledge the people could 
hold accountable for the origination of disease, 
shrewd observers associated disease with filth. 
These theories led to the enactment of laws per­
taining to waste and refuse disposal, improving the 
environment in urban areas. These measures were 
effective to some degree. 

(4) With the determination that any disease was 
caused by its specific micro-organism and the dis­
coveries of the modes of transmission of such dis­
eases at the end of the nineteenth century, rapid 
and effective advances in disease prevention were 
made possible. By the end of the first decade of the 
twentieth century the basic methods of adequate 
sewage treatment and disposal had been perfected. 

7-4. Purpose of Disposal 
(1) The proper disposal of waste materials is one 

of the important measures for the control of water­
borne diseases. It must accomplish the following: 

(a) Destruction or disposal of material which 
may contain pathogenic organisms, and destruc­
tion of such organisms. 

(b) Destruction or prevention of breeding 
places of insects and rodents that can spread 
disease. 

(c) Removal or prevention of conditions offen­
sive to the senses. 

7-5. Scope 
(1) The sewage treatment methods are selected 

to meet the demands of the individual stations. 
The field worker may find one method or combina­
tions of treatment methods in use, depending on 
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many factors. Population, type of waste, volume 
of sewage, climatic conditions, and 50 on must all 
be considered. The sequence that follows is not re­
lated to their efficiency, desirability. or recom­
mended use. 

7-8. Responsibility 
(1) The medical representative's orncial interest 

in the sewerage system Is limited to such inspec­
tion and examination as may be required to assure 
his commanding officer that the collection, treat­
ment, and disposal of the sewage do not create nui­
sances or conditions hazardous to the health of mili­
tary or civilian personnel. 

(2) Reports of suspected discrepancies in sewer­
age systems and recommendations for necessary 
corrective action should properly be discussed and 
evaluated with the public works offlcer or his repre­
sentative prior to submission to the commanding ofll­
cer, if circumstances permit. 

(3) The policies and practices of the Bureau of 
Yards and Docks with respect to the collection, treat­
ment, and disposal of sewage are coordinated with 
the standards and directives of the Bureau of Medi­
cine and Surgery. Inasmuch as the Bureau of 
Medicine and Surgery, under authority of Navy 
Regulations, is responsible for safeguarding the 
health of all naval personnel and for establishing 
and controlling the standards of quality and per­
formance of sewerage systems and appurtenant fa­
c1l1ties, the policies and practices of the Bureau of 
Yards and Docks conform closely with the stand­
ards and directives of that Bureau. The choice of 
methods to eft'ect sanitary measures and control is 
the responsib1l1ty of the Bureau of Yards and Docks. 

7-7. Composition of Sewage 
(1) Sewage contains suspended solid materials as 

well as dissolved substances. The solids include 
fecal matter, paper, sticks, rags, garbage, and other 
floating matertals, as well as sand and gravel. The 
objectionable materials in sewage are principally or­
ganiC, such as fats, carbohydrates, and proteins of 
fecal or food origin. Such organic matter decom­
poses rapidly with the production of sewage odors 
from indole, skatole, hydrogen sulfide, and other 
noxious materials. In addition to the need of con­
trolling the unaesthetic or nuisance factor by ade­
quate disposal methods, the more obvious problem 
of controlling disease requires alteration of the sew­
age so that it will be less dangerous to human life. 

(2) Treated and untreated sewage is disposed of 
on land or discharged into a body of water, river. 
or stream. In urban areas the population density 
creates such concentration of wastes that it is neces­
sary to provide some form of sewage treatment. If 
untreated sewage is emptied 1oto a stream or lake 
where the dilution factor is not adequate to accom­
modate it, the receiving body of water is rendered 
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not only unfit for drinking purposes but also un­
suitable for recreational or even industrial pm-poses. 

(3) When untreated sewage is emptied into a 
body of water, the decomposition of the organic mat. 
ter depletes the oxygen normally present in water. 
In addition, bacteria of human diseases, such as 
typhoid or cholera, may survive for several weeks. 

(4) Nature has provided a very emcient process 
or nuisance removal by providing oxygen, aerobic 
bacteria. and other organisms capable of "digesting" 
decaying organic matter. These organisms are 
present in the soil, water, and even in sewage. 
Their multiplication depends on an adequate sup­
ply of atmospheric oxygen dissolved in the water. 
This requirement (or demand) for a specific amount 
of oxygen necessary to render a given amount of 
organic matter stable and inoffensive is called the 
biochemical oxygen demand or "B. O. D." The 
B. O. D. is dependent upon the voLume of sewage and 
the amount of organic matter it contains. This 
oxygen requirement can be determined by appro­
priate laboratory tests, and the B. O. D. is used to 
determine the dilution factor necessary for satis­
factory disposal of sewage efftuent. 

(5) When raw sewage Is emptied into a stream in 
proportions greater than 1 part sewage to 40 parts 
water, the oxygen content of the stream may be re­
duced to the degree that it will not support marine 
life. Fish life requires at least 4.0 p. p. m. of dis­
solved oxygen. Any reduction in oxygen content 
either drives fish away, or, if they cannot escape, 
causes them to die. Shellfish beds become polluted. 
and the oysters or clams are no longer fit for human 
consumption. 

(6) The processes used to treat sewage are de­
signed to alter the objectionable suspended or dis­
solved solid substances in the liquid or to remove 
them 50 that the remaining liquid can be disposed 
of without harmful e:fIect. In the water-carriage 
system of sewage disposal the liquid waste contains 
solid material that is seldom more than 0.2 percent 
of the total volume; the remaining 99.8 percent is 
water. 

7-8. Disposal of Chemical, Radioactive, 
and Other Industrial Wastes 

(1) Industrial-waste-disposal procedures neces­
sarily vary from p),ant to plant depending basically 
upon the types, amounts, and concentration of the 
chemicals or other materials involved. 

(2) The disposal of liquid wastes containing ra­
dioactive materials will be in accordance with local 
directives. Consultation with the radioactive safety 
oMcer is advised in each case. 

(3) Problems concerning the disposal of any in­
dustrial liquid waste capable of adverse affect on 
domestic sewage treatment facilities or of con­
taminating ground.- or surface-water supplies or 
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suspected of otherwise significantly a1fecting the 
health or safety of naval or clvtlian personnel 
should. properly, be brought to the attention of the 
commanding omeer. 

(4) It is of interest to note that, generally, the 
investigation and evaluation of industrlal-waste­
disposal problems are the responsibility of the sev­
eral district public works officers. 

Section II. METHODS OF TREATMENT 

Cla&8illcation of Treatment __ 
Ceupools ________ . ___ ._ 
Septic Tanka ______ _ 
lm.hoff Tank. ________ _ 

7-11. Classiftca tion of Treatment 
(I) Sewage Is treated In cesspools. septic tanks, 

modifications of these simple methods, or, for large 
Navy bases or municipalities. by treatment methods 
referred. to as: 

(8) Primary treatment (with or without chem­
icals) 

(b) Secondary or complete treatment 
(c) Chemical sterilizing 

(2) Primary treatment consists of methods de­
signed to remove a considerable portion of the 
suspended eoUds and the colloidal substance (solids 
apparently in solution). The secondary treatment 
oxidizes the suspended solids and the organic solids 
in solution that remain after primary treatment. 
Sterilization, usually applied after the secondary 
treatment, is used to destroy any pathogenic bac­
teria which may have passed through the secondary 
treatment. 

7-12. Cesspools 
(1) Cesspools (fig. 7-1) are seldom, if ever, found 

on Navy stations. They are never used for disposal 
of large quantities of sewage but in rare Instances 
may be used for single, isolated buildings. such as 
houses utilized as quarters or dispersed shops, as at 
an ammunition depot. A cesspool is simply a cov­
ered pit into which raw sewage is emptied. The 
liquids leach into the soil and the solids remain 
in the pit where they decompose. Such a system is 
basically wrong in principle and may lead. to ground­
water po11ution and usually to unsanitary surface 
conditions. The usual household wastes containing 
grease, oil. soaps, and other insoluble substances all 
too quickly line the walls and bottom of the cesspool 
and impede the leaching process. Soon it reverts to 
a septic tank, and, because there are no provisions 
fol' the subsurface distribution of the liquid effluent, 
the cesspool then overflows, discharging on the 
surface. To prevent this unpleasant eventuality, a 
cesspool must be cleaned frequently. A grease trap 
installed between the dwelling and the cesspool pro­
longs the time between cleanings. 

7-13. Septic Tanks 
(1) Septic tanks (fig. 7-2) are watertight tanks, 

placed underground, into which the raw sewage 
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Article 

7-11 
7-12 
7-13 
7-14 

Alpillultural dnln 

IlL. pip. 

.,.ips of 'or up., 
laid n" lop. of jolflt 

Ftgure 7-1.-Leaching ceSSpool. (BlJrdy useet.) 

llows by gravity. A series of bames are usually 
placed within the tank to slow the fiow, allowing 
the solids to settle and. be retained. The solids are 
reduced in volume by the biological action of 
anaerobic bacteria. The liquid emuent is discharged 
from the end of the septic tank through an opening 
near the top, placed at the end opposite the in­
fluent. It may be disposed of by a network of sub­
surface tile drains. The emuent may be emptied 
into a stream only when ample dilution is available. 
Ordinarily, not more than 50 percent of the 
suspended matter, and 25 percent of the biochemical 
oxygen demand are removed in a septic tank. The 
emuent is but slightly less contaminated with bac­
teria than the raw sewage. Such Systems should 
never be used for populations of over 500. 

7-14. Imhoff Tank 
(I) The purpose of the Imhoif tank (fig. 7-3) is 

to remove the settleable suspended SOlids in an upper 
sedimentation compartment and to liquefy and di­
gest the settleable solids il\ a lower sludge cC'>mpart­
ment by anaerobic bacterial action. This is a 
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Figure 7-2.-T'JIPicaZseptic tank. 

combined process of sedimentation and digestion 
accomplished in the same two-story tank. 

(2) The Imhoff tank obtained its name from its 
inventor, Dr. Karl Imhoff, of Germany. It is a 
variation of a septic tank in which two chambers 
are provided, one above the other. The upper sedi­
mentation or flow chamber is for the settling of 
the solids from the sewage, and the lower chamber 
is for the anaerobic digestion of the sludge. The 
solids settle to the bottom of the flow chamber, 
guided by sloping sides, and pass through a slot at 
the bottom into the lower chamber. The slot Is 
baffled by one of several methods in such a manner 
that the gases rising from the lower chamber do not 
interfere with the sedimentation process in the up­
per chamber. A gas vent, known as the scum cham­
ber, extends from the lower compartment up to the 
tank surface between the outside wall of the sedi­
mentation chamber and the Imhoff tank enclosing 
wall. 

(3) The main advantage of this type of tank over 
the septic tank is the separation of the digesting 
sludge from the effluent, which allows a more com-
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plete settling out of the solids and a more complete 
digestion of the sludge. 

(4) These tanks remove from 30 to 60 percent of 
the suspended matter, and from 25 to 40 percent 
of the B. O. D . 
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Figure 7-3.-TyptcaZ Imholl tank. 

(5) Records 0/ operation.-Such records as estab­
lished by the district public works omcer are im­
portant, and as a general rule they should be re­
viewed by medical department personnel. 

(6) Foaming of ImlwfJ tanks.-This Is a condition 
which may be encountered where gas, froth, and 
scum rise in the gas vents and overftow the wall 
into the sedimentation chamber or on the ground. 
It sometimes occurs after cold weather has retarded 
the sludge digestion and the anaerobic decomposi­
tion resumes after warm weather. It may occur 
when a new tank is first put into operation, but is 
most likely to occur if too much sludge is removed 
from the sedimentation compartment. Besides be­
ing disagreeable from the esthetic standpoint, it 
interferes with the processes in the sedimentation 
tank. This often results in an overload and 1nter-
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terence with the subsequent steps in the treatment 
plant. Relief from this situation may sometimes be 
obtained by recircula.t1ng a portion of the sludge 
from the bottom to the top of the digestion cham-

ber, by hosing the gas vents with a high pressure 
hose, or by raising the pH of the digestion cham­
ber high In the alkallne ra.nge by the addition at 
large amounts of lime to the gas chambers. 

Section m. PRIMARY TREATMENT UNITS 

Purp08e ___ .. _ 
Screen8 ________ _ 

Comminutor8 __ 
Wet Wella ____ _ 
Grit ChamberB __ 
Sedimentation Baain ______ _ 
Sludge Digeation_ _ _______ _ 

7-21. Purpose 
(1) Primary treatment Is designed to remove 

only the suspended soUds from the liquid sewage 
(fig. 7-4). This Is done by screening, or by sedi­
mentation. It may be preceded by chlorination to 
minimize odors, or it may be followed by chlorina­
tion. 

DOTTED LINES INDICATE 
OPTIONAL REQUIREMENTS 

--)o-Grlt 10 fiJI 

S,dllll",."" 
".11. 

EUluent 
to .,,.0111 

Slud,. 

ChI"", ... 

Air dried 

slud, .. 
to fill 

Slud,. 
dry/nil 
b.d, 

SIgel,. 

d""tlan 
tonk_ 

Figure 7-4.-Schematic diagram of primary sewage 
treatment. 

7-22. Screens 
(1) Screens (fig. 7-5) are used to remove large 

solid materials that clog or damage pumps or other­
wise hinder the flow of sewage through the plant. 
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Article 

7-21 
7-22 
7-23 
7-24 
7-26 
7-26 
7-27 

They are placed in the path of the incoming raw 
sewage and are of two general types-course or ftne, 
mechanically or manually cleaned. 

(2) The amount of screening necessary is de­
pendent upon existing conditions in each locality. 

Figure 7-5.~A mechanically cleaned bar screen, with some 
01 the cover plates removed. It is set in an open 
channel through which the sewage is flowing from left 
to right. The cleaning rake travels upward. This 
would probably discharge the screenings into a grinder. 
After being ground, the screenings would be returned 
to the .'l'tream of sewage. 
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7-23. Comminutors 
(1) These are grinders or revolving cutting 

screens (flg. 7-6) designed to reduce the size of the 
solid matter that passes through the coarse screens 
and to prevent damage to pumps. CommlDutors 
(fig. 7-7) of a heavy-duty type are sometimes uti­
lized. thereby eliminating the need for bar screens. 

Figure 7--6.--8creen a.nd shredder. 

Figure 1-7.-Comminutor. 

7-24. Wet Wells 

(1) The infiuent sometimes flows into wet wells. 
or receiving reservoirs. from which it is lifted by 
pumps to continue its processing through the dis-
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pasal plant. There is a great fluctuation in the rate 
of flow of sewage into a treatment plant at various 
hours of the day. dependent upon demands of the 
public and industry. While these wet wells may In 
some degree reduce the tluctuation in the fate of 
flow. their primary purpose is that of pump pits. 

7-25. Grit Chambers 
(1) These are designed to remove gritty material 

that might damage pumps, valves. etc., or occupy in­
ert space in the sludge digestion tanks, if such ma­
terials were to pass through the plant. This is es­
pecially necessary in plants that combine storm 
water with the sewage. since the tnftuent under 
such conditions has a high grit and gravel content. 

(2) The grit is removed from the chamber, either 
manually or mechanically. SOme mechanical-type 
scrapers are provided with a washing device that 
washes out. along with the grit. any organic mate­
rial that might have settled. This washed grit is 
relatively inoffensive and can be used in land fllls. 
In some localities the residual of the grit chamber 
is sold as "washed sand." 

7-26. Sedimentation Basin 
(!) The purpose of this step is the removal of a 

large part of thr- settleable soUds from raw sewage. 
Sedimentation is utilized In beth primary and sec­
ondary treatment processes (fig. 7-8, A and B). so 
the sedimentation basin employed in raw sewage 
treatment is designated as the "primary sedimenta­
tion basin." These settling basins may be rectangu­
lar or circular. 

(2) Where increased capacity is necessary. an 
additional basin or basins are constructed parallel. 
It is advisable to have more than one basin to en­
sure continuous treatment in case a basin needs to 
be secured for repairs. 

(3) The inftuent enters the basin at one end, and 
by a system of bames, weirs, and multiple inlets the 
flow is evenly distributed across its width. This 
slow, even flow allows the soUds to collect on the 
bottom of the basin, from where they are moved to 
a hopper by mechanical scrapers that may run in­
termittently or continuously. These soUds are called 
"sludge" and are removed from the hopper to a 
digester tank, flowing through pipes by water pres­
sure, hydrostatic pressure from the basin, or by suc­
tion pump. 

(4) If sludge is aliowed to remain In the baaln 
and accumulate, decomposition starts and gas­
lifted soUds appear on the surface. This reduces 
the rate of settling and gives rise to odors. The 
surface of the basin should be kept free of scum 
and floating material by frequent skimming. This 
accumulation of scum can be disposed of by flush­
Ing it to a sump or trough. and withdrawing it 
with the sludge. 
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(5) The outlet weir of the sedimentation basin 
extends across the full width of the basin to ensure 
a smooth, even flow I and the efftuent continues on 
to secondary treatment. or to final disposition. 

(6) 'The circular-type sedimentation basin works 
on the same principle as the rectangular. and use::; 
the same retaining time. The influent enters in 
the center. a.nd flow Is to the periphery of the tank 
where the eflluent flows under a baflle and over a 
weir. 

(7) Primary treatment removes only that portion 
of the pollution that is in the suspended state, leav­
ing the colloidal and cl1Esolved substances in the 
liquid eftluent. Between 40 and 60 percent of the 
suspended matter is removed, depending upon the 
concentration of suspended matter, the retaining 
time in the sedimentation basin, and the evenness of 
distribution of the flow in the tank. This results in 
the nduction of the biochemical oxygen demand 
to from 25 to 40 percent. 

7-27. Sludge Digestion 
(1) Sludge Ia the Orga.nlc byproduct of any pol­

lated water. In sewage-treatment plants it accu­
mulates in both the primary and secondary sedimen­
tation basins. ThIs bulky. semifluid mass Is 
putresc1ble orgamc matter and is composed of about 
95 percent moisture. 

(2) The sludge Ia pumped from the sedimentation 
basins Into tanks where it undergoes digestion under 
anaerobic conditions--tbat Is, in the practical ab­
sence of oxygen. This process renders the sludge 
much more inoffensive by liquefaction and gasifica­
tion of the organic matter. A great reduction in 

volume of sludge results. The excess liquid portion 
from the digestion tank <called supernatant liquor) 
may be returned to the sewage influent at the be­
ginning of the treatment process and recirculated 
through the plant, or it may be separately treated, 
for example. on sand beds. 

(3) The gasification process produces about one­
cubic foot of gas per capita per day. The gases 
contain about % methane, ¥3 carbon d10xide, and 
traces of nitrogen and hydrogen. The gas may be 
collected in either fixed or floating domes on the 
top of the digestion tank (fig. 7-9) and can be 
utilized to generate heat for plant operation, or 
even to operate gas engines for power. The fuel 
has a heating emciency of about 600 British thermal 
units (B. T. U.) per cubic foot. The optimal tem­
perature for emcient digestion is 85° to 90° F., and 
a system of hot-water pipes, USing water heated by 
the sludge gas, can be arranged within the tank to 
maintain this temperature, or the incoming sludge 
can be preheated for the same purpose. 

(4) Depending upon temperature and certain 
characteristics of the sludge, a period of from 20 
to 60 days is requ1red to digest the sludge. After 
that time it is reduced to a black, tarry, inoffensive, 
semiliquid mass tha.t may be either spread on beds 
for drying, or dehydration by means of vacuum 
filters su1Hciently to form a moist cake, which can 
be further dried by applied heat. 

(5) Sludge. If properly dried and ground to a 
coarse powder. is a good soil conditioner with a 
slight fertilizer value. It can be used on lawns and 
gardens at shore stations to promote plant growth. 
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terence with the subsequent steps in the treatment 
plant. Rellef from this situation may sometimes be 
obtained by recirculating a portion of the sludge 
from the bottom to the top of the digestion cham-

ber. by hosing the gas vents with a high pressure 
hose. or by raising the pH of the digestion cham­
ber high in the alkaline range by the addition of 
large amounts of lime to the gas chambers. 

Section m. PRIMARY TREATMENT UNITS 

Purp08e __ _ 
Screen8 ___ _ 
Comminutors __ 
Wet WeUB ___ _ 
Grit ChambenL ______ _ 
Sedimentation BaaiIL ________ _ 
Sludge Digestion _________________________________ _ 

Article 

7-21 
7-22 
7-23 
7-24 
7-26 
7-26 
7-27 

7-21. Purpose 
(1) Primary treatment is designed to remove 

only the suspended solids from the liquid sewage 
(fig. 7-4). This is done by sereentng, or by sedi­
mentation. It may be preceded. by chlorination to 
minimize odors, or it may be followed by chlorina­
tion. 

j,,"uI,,' 
COTTED LI NES INDICATE 

OPTIONAL REQUIREMENTS 

-->- GrIllo fW 

Sldlrnl"h"o. 

la"II' 
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10". 

Efflulnt 

10 ,Ir..::'rn AI, drlld 

,Iu d,. 
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SIud.,1 
dl.,llIlolI 

to"U 

Figure 7-4.-Schematic diagram of primary sewage 
treatment. 

7-22. Screens 
(1) Screens (flg. 7-5) are used to remove large 

solid materials that clog or damage pumps or other­
wise hinder the flow of sewage through the plant. 

JulJ 11)56 
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They are placed in the path of the incoming raw 
sewage and are of two general types-----course or fine, 
mechanically or manually cleaned. 

(2) The amount of screening necessary is de­
pendent upon existing conditions in each locality. 

Figure 7-5.-A mechanically cleaned bar screen, with some 
oj the cover plates removed. It is set in an open 
channel through which the sewage is flowing from left 
to right. The cleaning rake travels upward. This 
would probably discharge the screenings into a grinder. 
After being ground, the screenings would be returned 
to the stream of sewage. 
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Figure 7-9.-Section of II floating-cover digestion tank. 

a, Gas pipe housing 
b. Pressure and vacuum relief 
c. Gas pipe must be accurately and 

securely centered in tank 

J. Gas takeolI 
k. Provide drip trays at low point. 

Provide flame trap and pressure 
reUet. 

r. 3" clearance 
s. Drain sump 
t. Sump well 
u. Freeboard 

7-32 

d. Entrance hatch I. Sludge drawoff v. Composition roofing, sheathing and 
e. Hand hole m. Button slope, about 1 in 6 sug- ratters furnished by others 
f. Sampling well gested w. Ceiling plate 
g. Control chamber should be venti­

lated 
n, Gas-piping support x. Rim plate 
o. Landing ledge on brackets y. 9" min. 

h. Supernatant drawoft's and overflows 
1. Sludge inlet 

p. Heating coils 
q. 6" min. 

Section IV. SECONDARY TREATMENT 

Processes of Secondary Treatment_ 
Trickling Filter __ . 
Activated Sludge_ 
Final Sedimen ta tion 
Sand Filters (Intermittent) 

7-31. Processes of Secondary Treatment 
(1) In systems including secondary treatment, 

the sewage is further purified by passage through 
trickling filters (fig. 7-10), or the activated sludge 
process (fig. 7-11>, followed by secondary sedi­
mentation, and in some cases with chlorination of 
the final etHuent for practically complete bacterial 
elimination. 

.lui;\"' 1956 

7-32. Trickling Filter 

Article 

7-31 
7-32 
7--33 
7-34 
7-35 

(1) The trickling filter (fig. 7-12) is a device de­
signed to remove most of the colloidal and finely 
divided solids remaining in the liquid effluent after 
primary treatment. and also to greatly reduce the 
number of bacteria. The filter bed is usually of 
circular construction. The liquid sewage is dis­
tributed evenly over the upper surface of the bed 

7-9 



7-32 MANUAL OF NAVAL PREVENTIVE MEDICINE 7-32 

by means of rotating arms that revolve over the 
circular filters, spraying from nozzles about 12 
inches above the surface of the stone. A row of 
spray nozzles are spaced along one side of each 
spray arm, closer together toward the periphery, 
to ensure the even distribution of the 1iquid over 
the bed. The pipe arms revolve on their central 
uts in the same manner as a rotating lawn sprin­
kler. They are driven by the reaction force of the 
flowing sewage. 

(2) The filter bed should be constructed with an 
underdrain System that not only removes the efflu­
ent to the secondary sedimentation basin but allows 
a free circulation of air throughout the bed to sup­
port the aerobiC bacteria and other organisms upon 
which the process depends. The depth of the bed 
ranges from 3 to 8 feet. It is filled with a coarse 
material (broken stone, tile, slag, etc,) that is usu­
ally not less than 2 V2 inches in diameter, 

(3) After construction, a filter requires a period 
of several weeks of "aging" to allow the surfaces of 
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Figure 7-10.-Schematic flOW diagram of secondary 
treatment '""til. trickling ftZter. 
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the material in the filter bed to become covered with 
a fllm of biological growth, called zoog1oea, which 
is primarily responsIble for the efficiency of the filter. 
As the sewage flows down through the bed, the sus­
pended and colloidal organic solids remaining after 
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Figure 7-11.-Cross section of a sec0n40ry treatment 
plant, utiliZing activated slud.ge treatment. 

EFFLUENT 

INFLUENT ____________ -' 

Figure 7-12.-Cross section of trickZing filter. 
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primary treatment are either digested or oxidized 
as they come into contact with the jellylike layer 
of living organifms. As the layer of zoogloea builds 
UP. air is not able to penetrate its thickness. Con­
sequently. anaerobic bacteria develop between the 
film and the stone, creating gas which loosens the 
zoogloea so that it falls free to ftow on to the sec­
ondary sedimentation basin. The aero bie bacteria. 
then develop again on the stone surface to continue 
their oxidative process. As a result. the filter un­
loads an organic sludge, much like a humus. 

(4) This self-cleaning process makes the trickling 
filter a very economical and emcient form of treat­
ment. It can reduce both the suspended solids and 
the biochemical oxygen demand by from 60 to 90 
percent. The eMciency of the process is reduced 
by lessening the contact time or by increasing the 
volume of the flow. 

(5) There are two types of trickling filters, the 
standard rate (Intermittent) and the high rate (con­
tinuous) . The name is indicative of the rate of 
flow through the filter bed. The standard rate trick­
ling ftlter is the most common type found in use, 
the sewage volume ranging between 2 and 3 mil­
lion gallons per acre of filter surface per day. The 
high rate trickling tllter is capable of carrying up 
to 10 times that volume. To maintain a constant 
fiow of Euch large amounts the plant is arranged 
so that a portion of the liquid effluent from the sec­
ondary sedimentation basin can be returned to the 

Serl,n 

Grl I 
chdmber 

Primary 
s.dimenlalion 

tonk 

influent line of the trickling filter; this also "seeds" 
the incoming sewage, and dilutes it with water con­
taining an appreciable amount of oxygen. 

(6) The high rate (continuous) filters operating 
with recirculation may be operated in either one or 
two stages. Two-stage filters will normally give a 
higher rate of purification than single-stage filters. 
In some sewages. preaeratlon of the primary ·sedi­
mentation effluent before discharge to the filters may 
increase the emciency of the process. 

(7) Filter fiies (Psychoda fiies) may become a 
nuirance but can be controlled by closing the efflu­
ent drain and fiooding the filter bed to a depth of 
about 4 inches above the surface of the stones. If 
the liquid is held at this level for 12 hours the fly 
larvae drown and are soon decomposed. Insecti­
cides such as DDT also have been used with some 
success. 

7--33. Activated Sludge 
(1) In the activated sludge process (fig. 7-13) of 

sewage treatment the effluent from the primary sedi­
mentation basin flows into an aeration chamber. 
The aeration chamber in some systems is so con­
structed that compressed air is forced up through 
the bottom and passes through the sewage; in other 
systems, mechanical stirring devices agitate the sew­
age to ensure air contact and movement adequate 
for supporting the aerobic bacteria and other or­
ganisms upon which the process depends. 
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Figure 7-I3.-Schemattc flow diagram 01 secondary treatment, utiliztng activated slUdge. 
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(2) As the sewage enters the aeration chamber, 
it is mixed with fresh activated sludge, the volume 
of this sludge being about 25 percent of that of 
the sewage. Activated sludge Is biologically active 
and is recovered from the secondary sedimentation 
basin. It contains organisms that are capable of 
oxidizing the solids that are suspended or dissolved 
in the liquid sewage. Its action is similar to that 
performed by the zoogloea of the trickling fllter. 

(3) The process, under proper conditions, is very 
emcient, removing 90 to 95 percent of the solids and 
reducing the biochemical oxygen demand the same 
amount. It also removes from 90 to 98 percent of 
the bacteria. However, it is dependent to a degree 
upon climatic and other conditions. Industrial 
wastes sometimes interfere with the biological action 
of the bacteria also. The aeration and agitation 
may give rise to excessive frothing in sewage con­
taining appreciable amounts of soaps or detergents 
and so present an esthetic or nuisance problem. 
The method of disposal of the large volumes of 
sludge recovered also presents a problem. 

(4) Successful results depend upon competent 
supervision. 

7-34. Final Sedimentation 
(1) The operation of this process is similar to 

that of primary sedimentation. The retention time 
in the final sedimentation basin may be less than 
for primary sedimentation. 

(2) When sedimentation follows the complete 
processes of trickling filters, or activated sludge, it 
is referred to as "final sedimentation." 

(3) As in the primary sedimentation, the em­
ciency of the process is dependent upon many physi­
cal factors. The characteristics of the sewage, the 
retention time in the sedimentation basin, and the 
ratio of the rate of sewage fiow to the surface area 
of the sedimentation basin, all influence the per­
centage of solids removed. At the end of the trick­
ling filters process about 90 percent of the settleable 
soUds have been removed and after the activated 
sludge process, about 95 percent. 

(4) Sludge from final sedimentation units is usu­
ally transferred by pumps back to the primary proc-

ess. either direct to the sl·udge digestion tanks, after 
the excess water has been decanted. or to the pri­
mary sedimentation tank. 

7-35. Sand Filters (Intermittent) 
(1) Sewage can be rendered inoffensive. and the 

bacteria content and biochemical oxYgen demand 
can be very emcientIy reduced by sand filtration 
(fig. 14). Filter beds are constructed in the same 
manner as used in slow sand filtration for water 
purification. The bottom of the bed is laid with a 
system of tile drains, covered with coarse gravel. 
On top of the gravel is placed a layer of coarse sand 
and the finer sand compriBes the top layers. The 
total depth of the filter bed is about 30 to 36 Inches. 

(2) These filters can operate with no other treat­
ment except coarse screening to remove large par­
ticles of organic matter. They are usually not prac­
tical for large popUlations, because of the extensive 
area required. The primary essential of this proc­
ess is the intermittent application of sewage, with 
resting periods between floodings to allow the mter 
to drain and reaerate Itself. and 80 permit the re­
moval of excess solids from the filter surface. 

(3) Two or three separate ftlters must be con­
structed to permit drying and cleaning operatloM 
while one bed is available for flooding. The sewage 
is brought to the filter through a system of batlled 
inlets to ensure even distribution of the liquid over 
the bed without disturbance of the fine filter sand. 
The bed is filled to a depth of about 4 inches above 
the sand surface. and the sewage fiow into the bed 
Is stopped. As the liquid flows down through the 
sand interstices. it draws in air which supports the 
oxidative processes of the aerobic bacteria and other 
organisms in the sand. 

(4) After the filter has drained. It is allowed to 
dry and the surface is cleaned by sweeping or by 
removal of a thin layer with shovel or scraper. The 
fine sand must be replaced periodically to maintain 
the filter depth. 

(5) These filters are seldom used in modem prac­
tice. but are very emcient and in some cases can be 
used eifectlvely In small Installations. 

DISTRIBUTOR 

Figure 7-14.--Cross section of intermittent sand filter. 
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Section V. CHLORINATION OF SEWAGE 

Methods of Application_ 

7-41. Methods of Application 
(1) Chlorine is normally applied to sewage for 

one of two reasons: prechlorinatlon for the control 
of the hydrogen sulfide normally found in sewage; 
and final (or post) chlorination for disinfecting 
purposes-to destroy pathogenic bacteria and other 
undesirable biological Ufe in the plant effluent. 

(2) The hydrogen sulfide which develops in stale 
sewage, in the presence of water produces sulfurous 
acid. Being a very corrosive acid it may cause rapid 
deterioration of metal and concrete structures in 
the plant, and may cause prohibitive maintenance 
costs. Chlorine is sumciently active 8.8 an oxidizing 
agent to break down the hydrogen sulflde and lib­
erate free, insoluble sulfur. 

(3) In addition to corrosion prevention, the odor 
of hydrogen sulflde and associated organic mercap­
tans (sewage stink) is controlled by the addition of 
chlorine. Thus, the use of chlorine in prechlorina­
tion serves two purposes-prevention of corrosion 
and odor control. When prechlorination is em­
ployed, it 15 important not to use excessive amounts 
so as to leave a residual of free chlorine, since its 

Article 

7-41 

bacteriostatic action will interfere with the biologi­
ca.l processes of the secondary treatment system. 

(4) None of the mechanical or biological methods 
of sewage treatment removes all of the pathogenic 
organisms even though referred to as "completed 
treatment." If bathing bea.ches, shellft~h beds, or 
water supply inlets are located near the sewer out­
fall, disinfection of the treated effluent is mandatory. 

(5) Postchlorlnation provides an effective disin­
fection of sewage effluents, which do not contain ex­
ces~ive amounts of organic matter. Chlorine does 
not have the penetrating ability to disinfect semi­
solid ma~ses. For effective disinfection, the rate 
of chlorine feed should be high enough to establish 
a residual of 0.5 to 0.7 p. p. m. at the end of a 
30-minute contact time. The amount of chlorine 
required to maintain this residual varies greatly, 
being dependent upon the composition of the treated 
effluent. 

(6) The character of sewage emuent from any type 
of treatment is subject to wide variation, and fre­
quent adjustment of the chlorine dosage is required 
to maintain unifonn results. 

Section VI. SANITARY CONTROL 

Stream. Pollution __ 
Laboratory ControL_. 
Cro .. -Connections __ 

7-51. Stream Pollution 
(1) The Federal policy for control of stream and 

harbor pollution is established as follows: 
(a) The Water POllution Control Act, 62 Stat. 

1155; 33 U. S. C. 466-466j, provides for pollution 
control activities through the Department of HEW, 
Publlc Health Service and is applicable to munici­
palities, industries, and others that may contribute 
to the pollution of surface and underground waters 
in the United States. 

(b) Executive Order 10014, promulgated 3 No­
vember 1948, implements The Water Pollution Con­
trol Act by directing the heads of departments, agen­
cies, and independent establishments of the execu­
tive branch of the Government to cooperate with 
State and local authorities concerned with control 
of water pollution resulting from Federal activities. 

(2) In compliance with Executive Order 10014, 
the Department of the Navy has established the 
following pollcies: 

(a) The general program of pollution abate­
ment shall be in accord with the Navy's overall 
program for developing shore activities. 

Jub- 1956 
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(b) The Navy shall proceed as rapidly as ad­
jacent communities to stop pollution, paralleling any 
substantial active corrective effort made by local 
and/or State authorities. 

(c) Full cooperation will be given State and 
local authorities in regard to pollution abatement, 
without permitting State control Over installations 
at naval activities. flnal decision on any action being 
reserved for the Navy. State and local authorities 
may be. contacted {or information or comment on 
drawings and specifications, but here again the final 
action or approval is reserved for the Navy. 

(d) State and local authorities are permitted 
indiVidual visits to naval sewerage and disposal 
facilities when accompanied by a responsible tech­
nical representative of the command involved. 
Verbal or written comments of visitors will be con­
sidered as advisory only, but they are to be re­
viewed for appropriate action. 

(e) Operating and analytical data on sewerage 
systems may be provided State authorities for in­
formation purposes, but no authorization will be 
given for publication of such materi~l. 

(f) PerEonnel in charge of sewerage systems 
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should be thoroughly familiar with the above~llsted 
policies and other regulations to prevent or con­
trol stream pollution. 

7-52. Laboratory Control 
(1) Laboratory control of sewage-treatment-plant 

operation includes determination for suspended 
solids. B. O. D., and residual chlorine. Plants which 
serve populations of less than 1.000 do not generally 
require daily analysis unless the e1Iluent a1fects public 
drinking water, shellfish areas, or recreational 
waters. At l.a.rge plants using complicated. treat­
ments, the routine analysis should be fairly com­
plete. In cases where public drinking water, shell­
fish areas, or recreational waters are affected by 
small plants, or at plants using complicated treat­
ment methods, routine and special analysis must be 
conducted on a schedule of reasonable time intervals. 

(a) Chlorination of sewage is required for a 
number of reasons as listed in Section V. Chlorina­
tion of sewage. 

(b) B. O. D. or biochemical oxygen demand ex­
aminations are conducted to determine the quantity 
of dissolved oxygen required. during stabilization of 
the decomposable organic matter by aerobic bio­
chemical action. 

(c) Laboratory examinations for suspended 
solids are conducted to determine the remaining 
solids in the effluent. 

(2) The above-Usted laboratory tests must be 
conducted as scheduled by the appropriate district 
public works officer. Reports are made to his office 
as required or as necessary to assure proper opera t­
ing results. These tests may be conducted by the 
plant operator, but services of the sanitary engi­
neer who is assigned to the District Public Works 
Office may be required. 

(3) All laboratory analysis and tests are to be 
performed in accordance with methods described in 
reference 1. 

7-53. Cross· Connections 
(1) All cross-connections between potable water 

supplies and sewerage Systems are hazardous. 'The 

standards contained in this article are abstracted 
from those published by the Bureau of Yards and 
Docks. and are designed to eliminate or prevent 
cross-connections, thereby el1m1nating the neceEsity 
of backflow prevention devices. Cross-connections 
with or without such devices may still be found 
occasionally at naval activities. These should be 
reported immediately to the proper authority for 
correction. 

(2) When fresh water must be supplied to sewer­
age Unes or appurtenances, an over-the-rim type 
of supply must be provided.. This type of construc­
tion prevents any possibWty of flow reversal due to 
siphonage, pressure, or 1J.ood. 

(3) When necessary, water pressure may be pro­
duced by means of a pump so applied that it takes 
suction from the over-rim supply and discharges 
it directly into the contaminated system, rather 
than by means of cross-connections to the pressur­
ized freSh-water system. The reason for this pre­
caution is that when check valves are used to pre­
vent the backward 1J.ow of sewage, they have been 
found to be unreliable. 

(4) The following are the most common cross­
connections found at sewage-treatment plants and 
pumping· stations: 

(a) Flushing connections for Imhoff tanlrs. 
sludge hoppers, or digesters. 

(b) Priming connections for pumps or water 
seals. 

(c) Makeup water connections to digester heat­
Ing coils and systems. 

(d) Water ejectors for draining sewage from 
pits. 

(e) Flushing nozzles for screening bins and grit 
chambers. 

(1) Scum-spraying or break-up nozzles at di­
gester roofs. 

(g) Sewer-ftush tanks. 
(h) Water hoses for tlushing and clean-up pur­

poses, which may be left with the nozzles submerged 
1n sewage that could permit bBckftow of sewage 
into potable waterlines. 

Section VIT. METHODS AND PROBLEMS OF SEWAGE DISPOSAL 
ON NAVY VESSELS 

Methods of DisposaL _ _ _ .. _ 
Transfer of Sewage Overboard __ 
Croaa-Connections and Back Siphonage 
Special Problena8 __________________ _ 

7~1. Methods of Disposal 

(1) Ships, in most cases, discharge their sewage 
over the side without treatment. Disposal by this 
method presents no problem when a ship is under-
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way, except that of providing adequate sea water to 
ensure flushing of the troughs and the emuent Une. 
Since sewage requires on:!·y a 1 to 40 dilution ratio. 
large bodies of water adequately handle any sew­
age discharge from shipboard. 
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(2) The discharge of sewage from vessels in port, 
or in closed waterways, must conform to port regu­
lations, and such regulations should be made avail­
able to the command of the vessel from the office of 
the port director, the senior officer present afloat, 
or other competent authority. 

7-62. Transfer of Sewage Overboard 
(1) Lines that handle the sewage must be of suf­

ficient diameter to carry the maximum load, and 
of sufficient slope to prevent settling out of the solids 
from the sewage aod consequent clogging of the 
lines if the effluent is not forced by pumps. 

(2) On some vessels the construction is such 
that drainage from the plumbing fixtures cannot be 
discharged overboard by gravity flow because they 
are below the level of the waterline or because open­
ings would weaken the armor of the ship. In these 
instances. a means of storing the wastes and lifting 
them up and out of the tanks must be provided. The 
arrangement is usually one in which the toilet wastes 
flow into a sump tank equipped with a float device 
which, when the sewage rises to a certain level. auto­
matically starts a pump that Hfts the sewage up and 
over the side. Inspections must be made to ensure 
good working order, and that there is no leakage 
01' overflow. These tanks should be cleafl..ed, scraped, 
and painted when the ship is in port for regular 
overhaul periods. 

(3) Deck drainage and ftushing water is some­
times collected in bilge wells and lifted out peri­
odically with pumps. The bilge we}.ls are vented 
and, unless cleaned and flushed frequently, might 
give off undesirable odors. Some standard deck 
drains used in Navy ships are equipped with traps 
to prevent such odors from returning to the com­
partments in which they are installed. It is neces­
sary to keep the traps filled with water to prevent 
the return of such odors. 

(4) There are three methods of lifting the wastes 
from below the waterline and over the side: 

(a) Motor driven pumps. 
(b) Eductor system. 
(c) Air blow system. 

In the Eductor system the waste is lifted by the 
suction created by the ftow of the salt (sea) water 
through the flushing system or the fire-fighting sys-

.Tnl~' 19M 

tern of the 8hip. Care should be taken to avoid clog­
ging or fouling of the Eductor valves or the salt­
water system. Discharge lines from sewage tanks 
must be designed and installed so as to be entirely 
separate from and independent of any other piping 
system on the ship to avoid contamination of lines. 

7-63. Cross· Connections and Back Siphon· 
age 

(1) Any cross-connection aboard ship presents 
a special problem due to the frequent variation of 
the; water pressure and the subsequent back siphon­
age created, especially in the fresh-water system. 
Because of necessity, fresh-water, salt-water, and 
flushing-system lines are located in close proximity 
to one another. This condition requires that spe­
cial attention be given to prevent any accidental 
contamination of the fresh-water supply by polluted 
harbor water or sewage wastes. 

(2) DUfj to the problems involved in ship con­
struction, it is often diflicult or impossible to prevent 
sewage and other waste lines from passing through 
food-service or food-storage areas. When this con­
dition doeE. exist, the lines must be marked distinctly, 
and frequent inspections should be made to deter­
mine their freedom from leaks that might contami­
nate food. 

7-64. Special Problems 
(1) Sewage dispcsal from submarines presents a 

special problem. When operating underwater it is 
necessary to force the waste out by use of compressed 
ail'. This requires special equipment and indoctri­
nation of personnel in its use to avoid blowing the 
waste back into the ship's compartment. In some 
type submarines the waste is collected in a tank 
and ejected from the submarine by air at specified 
intervals. Such tanks require periodic cleaning, 
scraping. and testing during Navy yard overhaul 
periods to prevent fouling and leaking. 
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Chapter 8 

GARBAGE AND REFUSE DISPOSAL 
Section 1. INTRODUCTION 

Sources of Garbage and Refuse _______________________________________ _ 
Article 

B-1 
B-2 
B-3 
8-4 

Responsibility _____________________________________________________ _ 
Definition of Terms _________________________________________________ _ 
Navy Housekeeping Practices ________________________________________ _ 

8-1. Sources of Garbage and Refuse 

(1) Tremendous amounts of materials enter a 
naval activity each day In widely varied forms­
foodstuffs, clothing, textiles, omce and household 
furnishings, packing cases of paper and wood, omce 
supplies, lubricating oils and greases, building ma­
terials, medical suppUes, and cOWltless others. 
With a few exceptions, each of these materials, in 
its own wa.y, serves its purpose, briefly or for long 
periods of time, then moves on as a waste material 
in the original or changed form. A relatively small 
amount of the resulting waste Is carried 011 as sew­
age, and the rest constitutes what we think of as 
garbage and/or refuse. 

8-2, Responsibility 

(1) Responsibility of the medical department 
(aJ The medical department, to carry out Its 

staff responsibility, must know the preventive medi­
cine requirements of proper refuse disposal, dis­
posal methods used within the command and in 
adjoining areas, and hazards to health resulting 
from improper practices. This information must 
be current so that any change in these factors may 
be dealt with by appropriate recommendations to 
thf' commanding omcer. Therefore, the medical 
omcer must be alert to deficiencies which threaten 
health, and to occurrence of disease or injury that 
may be associated with refuse disposal; as circum­
stances warrant, he must require periodic surveys 
of the insect and rodent populations, 

(b) The medical 01llcer also must be acquainted 
with the preventive medicine aspects of laws, reg­
ulations, omcial recommendations, and local prac­
tices relating to refuse disposal and must advise 
the commanding officer accordingly. In the ab­
sence of specific instructions, the medical 01llcer 
should recommend disposal methods based upon 
accepted principles of sanitation. 

(c) In military experience, the hazards to 
health associated with refuse disposal are fre­
quently of greater importance than is the case 
in the civilian community, In the average munici-
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pal program of refuse disposal in the United States, 
economy, convenience, and general cleanliness are 
of greater concern than is hygiene, In contrast, 
In the military establlshment-due to operatiOns 
in less sanitated areas, frequent changes in person­
nel, and disruptions resulting from combat-the 
hazards to health arising from refuse may become 
much greater. The various factors of disease trans­
mission assume significance in relation to each 
other. Transmitting agents become more impor­
tant when infective persons or anImals are present 
and under conditions favoring vector activity. For 
example, an open-face dump is less likely to be a 
factor in disease tranSmission In the United States 
than In some other area.s of the world. Such a. 
dump may be a source of plague In Naples, pappa­
tact fever and trachoma in North Africa, or ma­
laria and filariasis In the Islands of the South 
Pacific, 

(d) The medical department, in recommending 
the degree of technical reflnement to be used in 
refuse disposal, must take into consideration the 
presence of infectious agents in the area, the life 
cycle of the disease organisms and their vectors, 
and the susceptibility of that portion of the popu­
lation which is at risk. Under combat conditions, 
careful evaluation of these factors is particularly 
essential to lInding the proper balance between 
disease prevalence, combat effectiveness, and es­
thetic considerations bearing on morale. 

(eJ EconOmic feasibility should be considered 
in the development of refuse collection and dis­
posal procedures. 

(2) Responsibility of the Bureau of Yards and 
Dock8.-The Bureau of Yards and Docks Is respon­
sible for the planning, design, construction, and 
maintenance of refuse disposal systems at naval 
shore establishments, except Marine Corps man­
aged installatiOns. The public works ofllcer, or 
other omcer detailed to this duty, Is responsible to 
the commanding officer of a naval establishment 
for efllcient and economic refuse collection and 
disposal. 

8-1 
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8-3. Definition of Terms 

(1) Terms used in this chapter are based on 
these contained in reference 1, which provides de­
tailed information for the organization of an effi­
cient collection, segregation, and disposal system 
at a naval estabUshment. A review of current 
literature on the subject discloses considerable vari­
ance in definition of terms casually thought of as 
garbage, refuse. rubbish, or waste. The terms ap­
penr to have an approximately synonymous usage 
as well as a distinctive usage, and actual definition 
rests with the writer. Generally, the inclusion of 
garbage as'a putrescible constituent of refuse seems 
to be acceptable to many authorities. 

l2) The various kinds of wastes are classified and 
defined as follows: 

(a) Garbage.-Garbage is defined as includ­
ing those materials of organic substance which are 
directly significant to the public health in that they 
are capable of supporting bacterial life and/or are 
attractive to predatory animals and vectors or 
pests. This classification would include such ma­
terials as meat. fish, fowl. vegetables, fruits, and 
edible oils. 

(b) Combustible rubbish.-This term com­
pri~es such unusable, unsalvageable materials (not 
disintegrated) as can be destroyed by burning. It 
inoludes cardboard, wooden cartons and crates, 
food cartons, Wood scraps, rags, paper, books. and 
medical wastes. 

(c) Noncombustible rubbish.-This form of 
waste includes unsalvageable materials that can­
not be destroyed by burning such as glass, cans, 
metal, and pottery. 

(d) Trash.-Trash consists of disintegrated 
combustible rubbish such as paper, sawdust. and 
leaves. 

(e) Ashes.-This is the solid inert remains of 
burnt materials. 

(f) Dead animals. 
(g) Liquid and semiliquid combustible wastes.­

This term is applied to petroleum sludge, crank case 
ol1s, greases, and tars. 

8-4. Navy Housekeeping Practices 
(1) Housekeeping practices in the Navy are, by 

long custom, stringent. Years of association with 
seagoing vessels have instilled a strong tendency 
to avoid accumulations of materials which might, 
under certain adverse weather or battle conditions, 
present hazards to other useful materials, struc­
tures, vessels, or personnel. Early observance of a 
possible correlation between overcrowding, unclean­
liness, and generally poor housekeeping with occa­
sional loss of Ufe or 11mb is probably partially 
responsible for such opinionated expressions as "A 
clean ship is a happy ship." An acute awareness 
of the frequent incidence of communicable disease 
in the less sanitary parts of the world has further 
served to make naval personnel, as a whole, public 
health conscious. 

(2) In the naval service, practical demonstration 
of this attitude is apparent in "field day" and the 
weekly commanding officers' materiel inspection. 
Though these inspections were adopted long be­
fore their significance in the control of sanitary 
environment was fully appreciated., they contribute 
greatly to the end result in which preventive medi­
cine authorities are interested. 

Section II. MEDICAL SIGNIFICANCE 
Hazards to Health _________________________________________________ _ 

Article 
8-11 
8-12 
8-13 
8-14 
8-15 
8-16 
8-17 

Methods of ControL ________________________________________________ _ 
Insects and Rodents ________________________________________________ _ 
Trichinosis ________________________________________________________ _ 
Water Pollution ___________________________________________________ _ 
Safety ____________________________________________________________ _ 
Special Military Problems ___________________________________________ _ 

8-11. Hazards to Health 

\ 1) Disposal of refuse-trash and garbage-is of 
medical importance because of the associated haz­
ards to health. Refuse. by improper collection and 
disposal, becomes an indirect but important factor 
in the spread of disease. It also becomes a hazard 
to safety and gives rise to nuisances. 

(2) Refuse helps to spread disease, chiefty, by 
means of the numerous insects and rodents which 
it attracts. Accumulations of trash and garbage 
provide them with food, shelter, and places for 

8-2 

breeding. Flies, particularly, are attracted to gar­
bage. They transmit from their bodies, and possibly 
in their droppings, many infections such as typhoid 
fever, bacillary dysentery, conjunctivitis, yaws, and 
certain parasitic diseases. Several types of mos­
quitoes breed in the water, which collects in empty 
cans and other containers found in refuse. One 
of these is the Aedes aeggpti, which transmits den­
gue and yellow fever. Mosquitoes also spread ma­
laria, filariasis, and other diseases. Rats spread 
plague, murine typhus, Well's disease, and salmo­
nella infections. 
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(3) Uncooked garbage, when used as hog feed, 
transmits trichinosis to hogs, and the infected pork 
transmits it to man. 

(4) Refuse from hospitals, laboratories, and ani­
mal colonies produces disease by means of the in­
fectious agents, radioactive materials, and toxic 
chemicals which it may contain. streptococcal and 
enteric infections, tuberculosis, and smallpox are 
among the diseases which may be spread by this 
means. Rivers, lakes, and other sources of water 
may be so heavily polluted by refuse that treatment 
of the water to make it safe for drinking becomes 
difficult and costly. Pollution destroys fish and 
shellfish, or makes them unfit for food. It also 
spoils recreational areas. Fires and accidental in­
juries which arise from improper disposal of refuse 
are additional hazards to health. Pest insects, 
odors, and other nuisances from refuse can result 
in undesirable living conditions. 

8-12. Methods of Control 

(1) Both preventive and corrective methods are 
used in controlling the hazards to health which are 
associated with refuse. 

(a) Preventive methods .-Proper collection 
and disposal of trash and garbage is a method of 
prevention, and the use of insecticides, rodenticides, 
water purification, quarantine, and clean-up pro­
grams are corrective methods. 

(b) Corrective methods.-Banitary techniques 
of refuse collection and disposal are designed to 
prevent the development of conditions which re­
sult in disease, accidental injury, and nuisances. 
Corrective measures are merely temporary and re­
medial, but must be used when the hazards already 
exist in the area. Experience has proved that, 
when corrective methods are used to take the place 
of proper refuse disposal, they are less effective 
and more expensive than is the preventive method. 

8-13. Insects and Rodents 

(1) Elimination of attractants, breeding sites, 
harborage, and food sources is essential to insect 
and rodent control. The following factors of refuse 
disposal systems tend to reduce the insect and 
rodent populations: 

(a) Containers that are properly constructed 
and maintained reduce the attraction of insects 
and rodents and prevent their entrance. Con­
tainers should be designed specifically for refuse 
and garbage. To be effective, they must be con­
structed of rustproof metal and must have water­
tight bottoms and tight-fitting lids. In handling. 
care must be taken to prevent damage to lids and 
watertight seams, and any damage must be re­
paired. 

(b) Frequent collection of refuse is normally 
required to reduce organic decomposition and odors, 
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thereby, the attraction of insects and rodents is 
lessened. The deposit of insect eggs, the hatching 
of larvae, and the emergence of adults requires a 
span of time, which can be interrupted by proper 
collection frequency. 

(c) Keeping refuse as dryas is practicable 
helps to prevent organic decomposition, decreases 
odor nuisance. and makes the refuse less attractive 
to insects. Refuse with high liqUid content inter­
feres with emcient incineration and compI1cates 
burial. Separation of wet refuse from dry before 
coilection, or drainage of wet refuse, is often de­
sirable. Water must not be allowed to accwnulate 
in bottles, cans, tires, or similar receptacles in which 
mosquitoes lay eggs. 

(d) Burning is a common method of remov­
ing food and nesting material, and it also reduces 
the amount of residue requiring final disposal. 

(e) Final disposal must prevent access of in­
sects and rodents. The ideal solution is either 
complete destruction or burial. in soil or water, at 
a depth beyond the range of insects and rodents. 
Under approved conditions, disposal by compost­
ing, garbage grinders. or sale of garbage for hog 
feed are acceptable substitutes for complete 
destruction. 

8-14. Trichinosis 
f.1) Trichinosis, which is a disease transmitted 

from infected hogs to man, affects as much as 27 
percent of the population of the United States. 
This disease, often unrecognized, is frequently se­
rious. Hogs are rarely infected unless they have 
been fed uncooked garbage containing infected 
scraps of pork, although it is conSidered probable 
that they may become infected by eating diseased 
rats. Vesicular exanthema is another disease 
transmittible by Wlcooked garbage. Vesicular ex­
anthema is not known to infect man, but is of se­
rious economic importance to hog growers. Trichi­
nosis Is medically important (fig. 8-1) to man 
because he becomes an accidental host to the para­
siteE (trichinae) when he eats pork products which 
have not been cooked at temperatures high enough 
(140 0 F. in all portions of the meat) to kill the 
organisms. The actual incidence of clinical trich­
inosis Is not known, but fatal cases ar~ uncommon. 
Inspection of meat for evidence of trichinae is not 
effective. Recent reports indicate that no more 
than 60 percent of all processed pork sold for pub­
lic consumption receives even cursory inspection. 
Various Federal and State regulations and other 
regulations have been developed in efforts to assure 
safety of pork products such as freezing at very 
low temperatures. These measures cannot be re­
lied upon to resolve the problem. Therefore. all 
pork or meat products containing pork must be 
considered potentially infectious unless proved 
otherwise or adequately cooked. 
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RATS FEEDING 
ON UNCOOKED 
GARBAGE. 

MANUAL OF NAVAL PREVENTIVE MEDICINE 

RATS C:ONSIJMI'NG 
DEAD RATS. 

'" HOG CONSUMING 

'" DEAD RAT. 

FOR SAFETY'S SAKE 

cook pork until wh ite 

Ftgure 8-1.---Cycle of transmission of trichinosis from host to host. 
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8-15. Water Pollution 
(1) Disposal of refuse into rivers, lakes, harbors, 

and their watersheds overloads water-purification 
systems and destroys sources of fish and shellfish, 
or makes the fish unfit for food. In recreational 
areas, this practice may introduce pollution and 
safety hazards and decrease the esthetic appeal. 

(2) Most of the laws and regulations pertaining 
to control of water pollution are directed toward 
regulating the disposal of raw sewage into natural 
waters. However, the organic component of ref­
use-garbage-also contributes to water pollution, 
primarily, by increased biological oxygen demand 
(B. O. D.) of the water rather than by introduction 
of infectious agents. The addition of organic ma­
terial not only causes a drain on available oxygen 
but perpetuates the condition by destruction of 
plant and animal life, which, in tum, increases 
pollution and B. O. D. Progression of this cycle 
tends to produce foul anaerobic conditions, the 
correction of which is much more difH.cult than is 
their prevention. Refuse, in any form, should not 
be disposed of where it may pollute surface or 
underground waters which are eventually to be 
used as drinking water. Garbage grinders have 
made it possible to dispose of garbage into the sew· 
erage system, where it can be treated and reduced 
as sewage provided the capacity of the system per· 
mits. The sanitary landfill is an excellent substi. 
tute for the open dump, which spoils land for fu· 
tUre use. Since refuse dumped into water may 
spoil bathing and other types of recreational areas, 
this practice is usually restricted by law. In dts· 
posal at sea, both dilution and natural biological 
reduction of the organic component counteract con­
tamination of the water. 

8-16. Safety 
(1) Accumulation of refuse in living spaces and 

passages, particularly aboard ship, is conducive to 

fire and accidental injury. Control of these haz­
ards requires proper containers and proper methods 
of collection, removal, and burning or burial. 
Ashore, open-face dumps and other improper meth. 
ods of disposal also increase safety hazards. 

8-17. Special Military Problems 
(1) Aboard ship and on submarines, where space 

is Umited, insect and rodent problems and safety 
hazards become acute. Garbage grinders become 
dangerous when flushed with contaminated sea 
water from harbors and areas of ship concentration 
because contamination may be spread by aerosols 
from the garbage grinder. Obviously, the flushing 
of garbage grinders with sea water so contami­
nated is especially hazardous when the grinder is 
in a food·handling space. In port, care must be 
taken that the overboard discharge of refuse-the 
disposal method commonly used at sea-does not 
violate laws, regulations, and quarantines. In the 
absence of restrictions, disposal of refuse should be 
governed by decent sanitary practice with respect 
to water pollution. Garbage from food procured 
in an overseas area may contain infectious organ­
isms of insect, plant, and animal diseases not prev­
alent in other areas. When the ship's refuse is 
disposed of these infectious agents may enter the 
UnIted States and other countries. 

(2) Inflight dumping of refUse from aircraft 
also may spread insects and the infectious agents 
of human and animal diseases from one area to 
another; however, this does not preclude the dump­
ing of refUse over the open ocean. 

(3) Radioactive and toxic chemical wastes should 
be disposed of in a __ manner and by such procedures 
as will present the minimum necessary hazard to 
the inhabitants of the environment into Which 
such materials are introduced. Guidance to local 
commands is available through the Bureau of Yards 
and Docks and its district and local representatives. 

Section m. NAVY SALVAGE PROGRAM 
Justiftcation _______________________________________________________ _ 

Article 
8-21 
8-22 
8-23 

Responsibility _____________________________________________________ _ 
Scavenging ________________________________________________________ _ 

8-21. .Justification 
0) Economy of operation requires extensive sal· 

vage and/or reclamation of certain valuable mate­
rials iil the Navy as it does in industry. Paper, 
scraps, and remnants of sheet metal, metal castings. 
wire, certain rubber goods, and many other mate­
rials which result from various construction, repair, 
or survey operations performed in the naval aerv· 
ice carry certain values when collected and sold. 
Almost every naval activity produces a certain 
amount of such scrap material which is salvageable, 
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and efforts are constantly exerted to avoid the de­
struction of such valuable waste material along 
with refuse which carries no value. 

(2) The salvage program in the Navy varies from 
time to time in its demands, depending to a great 
extent upon the production capacity of the ns.· 
tion's industries, in relation to demand. For in­
stance, waste paper which normally carries little 
salvage value may, during national emergency or 
during periods when the paper industry experiences 
difficulty in producing sufficient paper from raw 
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materials, assume considerable value and be string­
ently collected and controlled. 

8-22. Responsibility 
(1) The Navy Salvage Program is governed and 

regulated by the Bureau of Supplies and Accounts, 
and at local activities is directed by a member of 
the Supply Department. Instructions for the ac­
complishment of the program are contained in 
"Navy Property Redistribution and Disposal Direc­
tives, Numbers 1 through 4, inclusive," and these 
manuals are usually maintained by the Supply 
Department. 

8-23. Scavenging 
(1) Considerable difference exists between 

methodical salvaging which usually occurs at the 
point of production of waste products and scaveng­
ing wWch occurs immediately prior to their de­
struction Or their otherwise being made inaccessible. 
This scavenging usually consists of permitting vari~ 
ous individuals to rummage through the collected 
refuse in an effort to find anything which may ap~ 
pear to them to have some resale value. Needless 
to say, permitting this operation usually creates 
confusion and disorder and frequently is prohib~ 
ited by local directive. 

Section IV. COLLECTION 
Methods of Storing _________________________________________________ _ 

Article 

8-31 
8-32 
8-33 

Frequency of Collectiou _____________________________________________ _ 
Collection Vehicles _________________________________________________ _ 

8-31. Methods of Storing 
(1) There are two general methods of collecting 

garbage and refuse, the mixed method in which all 
waste materials are placed together in collection 
containers, and the separate method in which gar~ 
bage and refuse are placed in different containers. 
Occasionally, even further separation for ashes, 
broken glass, ceramics, and metal products such 
as tin cans is required. The degree of separation 
required is usually dependent upon the system of 
ultimate disposal for the various types of waste 
materials. If garbage is sold for hog feeding, it 
should be free of broken glass, steel wool, coffee 
grounds, and other inedible or dangerous materials. 
When all garbage and refuse is incinerated, it fre­
quently must be drained and wrapped in paper 
before being depoSited in the container. Occa­
sionally, wrapping of garbage is required to permit 
the use of uncovered trucks. 

(2) Wastes from hospitals, laboratories, and ani­
mal colonies must be collected, stored, and disposed 
of separately unless thoroughly sterilized or neu­
tralized to make harmless the infectious, toxic, or 
radioactive materials. Personnel responsible for 
disposing of these wastes should be under orders 
which insure safe handling and effective steriliz­
ing and neutralizing of the material. When in­
cineration is recommended, care must be taken to 
insure that the materials are not placed with other 
wastes and that a practical incineration routine 
is set up. 

(3) Containers 
(a) To meet the mInImum reqUirements, ref­

use containers should be of galvanized metal, should 
be large enough to prevent overflow of waste ma­
terial, and should be covered with a tight-fitting 
lid. The cover must be tight enough to keep out 
insects, rodents, dogs, and other animals. 
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(b) The 30-gallon G. I. can frequently is used 
at small activities and Government quarters. An­
other container in widespread use throughout the 
Navy is the Dempster-Dumpster type, which is a 
cIot:ed, detachable, dump truck body of heavy-gage 
steel. The dump truck body, in which waste ma­
terials have been placed, is hoisted onto the chasis 
of the truck and hauled to the point of final dis­
pos&.l. Maintenance and operation costs are re­
ported to be less than when individual collection 
containers and collection vehicles are used. Also, 
clea.ning is relatively easy. When some of the ref­
use is wet, the container should be of the sump 
type, that is, with a bottom opening constructed 
to prevent leakage. 

(c) When separation of wastes is considered 
necessary, it is advisable to have containers clearly 
ma:'ked to indicate the type of material that is to 
be deposited therein. 

(4) Platforms.-Platforms provided for garbage 
or trash containers should be conveniently located, 
adequate in size, accessible to collection vehicles, and 
easily cleaned and drained. A solid block with 
smooth concrete surfaces is most easily 'kept in sani­
tary condition and is recommended for permanent 
installations. The cracks and crevices often found 
in asphalt and wooden Platforms collect fragments 
of refuse and may even harbor insect larvae. 
Wooden platforms are satisfactory if properly con­
structed. Space must be left between the fioor 
boards so that fragments of refuse will fall through 
the ft.oor grid, water w1ll drain off easily, and the 
space under the stand will have air and sunshine. 
The platforms also should be light enough in weight 
so that they can be moved, since the ground and sur­
rounding area must be cleaned periodically. Rou­
tine policing of the area surrounding platforms of 
any type is essential so that spillage will be cleaned 
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up. Fly screens around platforms are recommended 
only as a supplementary means of insect control. 
Proper containers still must be used and the area 
must be kept clean. 

(5) Refrigeration 0/ garbage.-Storage of garbage 
under refrigeration is not a justifiable substitute 
for frequent collection and disposal. 

8-32. Frequency of Collection 
(1) The ideal removal of refuse provides imme­

diate destruction of the waste material where it 
is produced, thereby eliminating storage and ex­
posure to rodents or flies, Garbage grinders do 
thIS, since most food scraps and the resulting semi­
liquid wastes Rre discharged directly into the sewer­
age system. The possibility of overloading sewage­
treatment plants may limit the widespread use of 
garbage grinders. Where garbage grinders are not 
used, adequate collection, removal, and disposal 
must be arranged. 

(2) Garbage produced in large volume-at 
messes, commissaries, and clubs-should be COl­
lected at least once a day. At places such as Gov­
ernment quarters, it is recommended that collectIon 
be two or three times a week, as the volume of gar­
bage and prevailing temperatures require. Rub­
bish should be removed often enough to maintain 
cleanliness and prevent hazards. 

Where individual G. 1. cans are used, cleaning 
and maintenance are best done at a central point 
where proper facilities can be provided.. 

8-33. Collection Vehicles 
(1) Collection vehicles should be designed and 

equipped to eliminate spillage and odors and must 

be closed. in order to keep out flies. Specialized 
vehicles of various design-including those fltted 
with mechanical loading, unloading, and compact­
ing apparatus-are in use throughout the Navy. 
Although specialized collection vehicles for refuse 
are preferable, dump trucks may be used if they 
have watertight bodies. 

(2) Collection vehicles at naval activities should 
at least meet the standards observed by adjacent 
communities. 

(3) The distance which garbage and refuse must 
be hauled, and. more particularly, the time re­
quired for hauling, are of prime importance in the 
cost of garbage and refuse collection. The topog­
raphy of the area, population distribution, and the 
layout of streets will all aft'ect the type of vehicles 
used and the collection routes chosen. 

(4) Cleaning of trucks and containers which 
coll.ect mixed refuse and garbage should be per­
formed. daily and at the time they are emptied, if 
practical. Containers and trucks for trash only­
as in separated. disposal systems--should be cleaned 
as often as necessary. Cleaning of individual G. 1. 
cans, vehicles, and other equipment should be per­
formed at a central point where facilities designed 
for the purpose are provided and. preferably, where 
the refuse is unloaded. Hot water and steam 
should be available for cleaning containers and ve­
hicles inside and out, floors should be of concrete, 
anti adequate drainage for runoff water should be 
provided. The drain connecting with the sewer 
should be equipped with a grease trap. F1ttings 
that allow the introduction of liquid soap or deter­
gent into the hose streams may be desirable. 

Section V. METHODS OF DISPOSAL 
Disposal lUaoat ____________________________________________________ _ 

Article 
8-41 
8-42 
8-43 

Disposal Ashore ___________________________________________________ _ 
Field DisposaL ____________________________________________________ _ 

8-41. Disposal Afloat 
(1) While underway at sea, the principles and 

standards of garbage collection and disposal are 
the same as when ashore. Except in harbors and 
in areas of ship concentration, disposal is usually 
made by overboard discharge. Special surveillance 
is necessary to prevent excessive collection of refuse 
on the fantail, storage of garbage in the reefer, and 
spillage in galleys. sculleries. and passageways. 
Garbage grinders have, for the most part, eliminated 
the problem of telltale surface debris in combat 
areas. 

(2) In port, quarantine and sanitary regulations, 
article 8-2, applicable to disposal of refuse must be 
strictly complied with. Speciflc instrUctions usu­
ally are issued by the port authority. 

.Julle 1~57 

(3) Hazards of contamination from garbage 
grinders on board ship arise from the use of con­
taminated sea water for flushing. This practice in­
troduces aerosols of more or less diluted sewage into 
the food-handling spaces. 

8-42. Disposal Ashore 
(1) Disposal problems at shore activities increase 

and become more complex as the population of the 
activity served increases in size. The importance 
here lies in the expeditious consumption as in hog 
feeding, destruction as in inCineration, modifica­
tion as in composting, or concealment as in land­
fills of the organic portion of garbage and refuse, 
which otherwise would attract and serve to support 
bacterial, insect, and/or rodent life and thereby 
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promote a threat to the public health. Thorough 
consideration of collection and disposal problems 
emphasizes the advantage of selecting a method of 
disposal which can be located close to centers of 
population. Alternate costs of using one or several 
points of disposal may be considered for population 
groups covering large land areas. Among the more 
common methods for the disposal of ODe or more 
types of garbage and refuse, which may deserve 
consideration in the light of local conditions, are 
the following, which are listed in order of receding 
sanitary acceptability and effectiveness. 

(2) Sanitary landflll.-Sanitary landfill, also 
known as "cut and cover" in this country and as 
"controlled tipping" in England. was developed in 
an effort to overcome the objections to the insanitary 
land dump. 

(a) Operation.-The operation consists of 
dumping refUse into a prepared trench, or along 
a low embankment. and covering it promptly with 
a thick layer of earth. Refuse hauled to the site 
of final disposal is dumped either along the face of 
a low embankment or into a prepared trench (figs. 
8-2. 8-3, and 8--4). Up to this time. salvage opera­
tions may be permitted. Under proper supervision, 
combustible matter may be burned out. thereby 
reducing volume. To minimize later settling, the 
dwnped refuse is compacted with heavy mechanical 
equipment similar to a caterpillar tractor or bull­
dozer. Before the end of each working day, the 
compacted refuse, which should not exceed 6 to 8 
feet in depth, is covered with at least 2 feet of dirt. 
which is adequate to insure the exclusion of rodents 
and insect larvae, and to prevent fires and the 
escape of odors. The rows, or trenches, of com­
pacted refuse are broken up into compartments, 

which are separated by 2-foot walls of dirt. These 
compartments help to reduce gross settling of the 
surface, act as fire walls. and discourage the prac­
tice of allowing accumulations of refuse to lie 
uncovered too long. 

(b) Maintenance.-Maintenance-as necessary 
to the success of the sanitary landfill as is proper 
burial, compaction. and cover-consists of trimming 
and filling cracks, erosions, and burrows. Erosion 
of the sol1 by wind and water may require additional 
fill in order to maintain the thickness of the cover 
(figs. 8-2. 8-3. and 8-4) . 

(c) Chemical, b i a log i cal, and physical 
changes.-RelativelY little is known regarding the 
chemical, biological, and physical changes which 
take place in the material deposited in landfills. 
Garbage buried deeply has been uncovered many 
years later almost unchanged by the passage of time, 
while the same type of material deposited near the 
surface apparently is decomposed rather completely 
in as short a time as 30 months. However, it should 
be remembered that the amount of garbage con­
tained in mixed refuse is less than 15 percent by 
weight during a considerable portion of the year. 
The experience with buried refuse will therefore not 
be strictly analogous to that with garbage. 

(3) lncineration.-Incineration of garbage and 
combustible refuse, in properly operated incinera­
tors, is an effective sanitation practice. but plants 
may be costly. compared to other methods of dis­
posal, and large quantities of fuel may be required. 
Occasionally there are compensating advantages 
from production of heat or power when the com­
bustible portion of refuse is high. Noncombustible 
materials which interfere with incineration may re­
quire separation prior to stoking. 

r----30~------_r--------------_r------_r------_r------~ 
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I-< MONTHLY TRENCH CAPACITY REQUIRED Upper-Range 

~ (To obtain cover material) 

1&0 (6 It. of compacted reluse; trench 3 - 4 fl. 
---1"l- ZOOI---.-t--deep and 17 ft. wide). 

~ I 
~ Lower-Range 
...l 
~-lO~------4----.~+---~~~~,-~~-----+------~ 

~ 
~ 
I-< 

4 6 8 10 
POPULATfON (Thousands) 

Figure 8-2.-Monthly trench capacity required by sanitarylandftU. 
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(a) Information on incinerators is found in ref­
erence 1. 

(b) Incinerators operate at maximum emciency 
when continuously and uniformly stoked. In plan­
ning the capacity of the incinerator in relation to 
expected volume of refuse, facilities for storage of 
refuse at the plant and the qualifications of per­
sonnel in attendance must be taken into considera­
tion. 

Typlcal Dump 

Compacted and Covered 
Face of Old Dump 

(c) To prevent odor and smoke nuisance from 
an incinerator, all combustion gases should be 
passed through a furnace at a minimum temper­
ature of 1100 0 F. and maximum of 1700 0 F.; 1300 0 F. 
is considered optimum. The 15 to 50 percent ash 
residue after incineration may become an addi­
tional disposal problem. Ashes often contain in­
completely burned material which may supply food 
and shelter for rodents. 

Maximum 
Slope 

Sanitary Landfill Disposal 
by use of Progressive Slope Method 

Excavation Carried 
up for Cover 

Continued Excavation 
for Cover Material 

7' --- --

Figure 8-3.-Converston of bank-type dump. 
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(4) Garbage grinders.-Garbage grinders are ef~ 
fective for disposing of refuse, but care must be 
taken to avoid placing in the garbage metals and 
other materials damaging to the machinery. 

(5) Composting.-Composting by modern methods 
consists of grinding, stacking, turning for aera­
tion, and regrinding the refuse. The compost prod­
uct is produced by aerobic thermophilic micro­
organisms. Parasitic ova probably do not survive 
the temperature recorded in the center of the com­
post pile, and the constant agitation prevents breed­
ing of fties. The results of current studies indicate 

that usable compost may be produced in 10 to 20 
days. The possible commercial value of the compost 
product for soil fertilization may popularize this 
method. 

(6) Biological digestion.-The Beecari process of 
biological digestion was originated in Italy and is 
infrequently seen in the United States. It consists 
of the construction of airtight cells containing sev­
eral tiers of wooden shelves upon which the garbage 
is spread. Anaerobic action for about 10 days fol­
lowed by aerobic action for 20 to 30 days results 
in a humus containing nitrogen, phosphoric acid. 

~ --------------:R::-e-f;'"u-s-e-p-u-s7"'he d back 

Construction of trench 

Compacted reCuse 

Refuse pushed into trench and compacted 

Znd trench dug to provide cove r 

Figure 8-4.--Cleaning up an area dump. 
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and potash. When pulverized, it serves as a useful 
fertilizer. A Beeaari plant will be as expensive in 
construction as an incinerator, but maintenance 
and operating costs will probably be considerably 
less. 

(7) Reduction.-The process of reduction con­
sists of cooking garbage under steam pressure for 
the recovery of grease and tankage. Solvents may 
or may not be used. Separate collection is required. 

(a) Plant construction is costly and the proc­
ess has generally been used only in cities over 100,000 
population. For many years the low-market value 
of the salvaged materials and the high cost of oper­
ation have discouraged the use of this method. 

<b) This process is partially characterized by 
the accompaniment of noxious odors with the steam 
escaping from the cookers. Several plants have 
been destroyed by fire which was supposed to have 
resulted from the injudicious handling of solvents. 

(8) Dumping into water.-In the past many large 
cities have practiced dumping refuse and garbage 
into the ocean, large rivers, or other large bodies of 
water on which they are situated. In sea dumping, 
the refuse and garbage is first carried out from 5 to 
20 miles from shore. This requires considerable 
equipment-barges, cranes, etc. The practice is 
falling into disuse generally because refuse is 
frequently washed back onto beaches where it be­
comes a nuisance. When disposal is delayed be­
cause of unfavorable weather, additional problems 
arise owing to limited facilities for storing refuse 
for an excessive length of time. 

(9) Hog feeding.-Garbage has, perhaps, its 
greatest economic value as hog feed. Recent sur­
veys by the Public Health Service indicate that 
more than 50 percent of the cities questioned dispose 
of all or a part of their garbage by hog feeding. 
The survey also showed a surprisingly high inci­
dence of trichinosis among hogs which had been 
fed uncooked garbage. 

(a) Swine are subject to many diseases, some of 
which are readily communicable and may cause loss 
from high mortality and morbidity rates. They 
are susceptible, also, to infestation with different 
kinds of parasites, most of which live in various 
passages and organs within the body. Young pigs 
are most eas1ly injured by such parasites, which 
take part of the nourishment that would otherWise 
be used by the pig in putting on flesh. 

(b) It is estimated that one million head of 
swine 10 the United States are fed raw garbage as all 
or part of their regular diet. Raw pork scraps may, 
and often do. contain the causative agents of various 
diseases in swine. other garbage materials are also 
capable of carrying disease organisms. It is gen­
erally considered that feeding untreated garbage to 
hogs is a common method of spreading hog cholera, 
foot-and-mouth disease. vesicular exanthema. 
trichinosis, and in some instances, tuberculosis, 
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swine erysipelas, and stomatitis. The disinfection of 
garbage in a manner sufficient to destroy viruses 
and bacteria. which are contained in parts thereof, 
offers a solution to the control of these diseases. 

(c) Unfortunately, the practice of feeding 
untreated garbage to swine helps to perpetuate one 
of the most important parasitic diseases of man in 
the United States. It has been stated by some 
authorities that trichinosis is more prevalent in this 
country than anywhere else in the world. Its 
occurrence is associated to a considerable extent with 
the above-mentioned practice. 

(d) Recently. the United States has experienced 
an outbreak of vesicular exanthema which is believed 
to have spread from California (where it had been 
endemic for 20 years) to 25 other states. Although 
this disease is considered nonpathogenic for man, 
and the mortality rate is not high. it is causing 
grave concern to the livestock industry because of 
financial loss resulting from decreased weight, 
retarded growth, abortions, and secondary infec­
tions among swine. Although it is recognized that 
heat treatment of garbage is not the only element 
important to control or eradication of this and other 
diseases of swine, it is believed to be an essential 
element of such a program. 

(e) Laws controlling garbage as hog feed.­
Several of the States-Florida, Kentucky, Louisiana, 
Nebraska, New York, Oregon, Washington, and 
Wyoming-have laws or regulations controlling the 
use of garbage as hog feed; the Territories of 
Alaska and Hawaii have regulations. Each State 
has expressed its requirements in different terms, 
but a review of these laws reveals the maximum 
requirement to be disinfection by heating the gar­
bage to 212 0 P, and maintaining that temperature 
for at least 30 minutes. The Territory of Hawaii 
fUrther requires that garbage so "boiled" shall after­
wards be "cooled slowly so that every part thereof 
shall have been at the boiling point of water for 
at least 30 minutes." Actually, the time required 
for cooling to a satisfactory temperature for feed­
ing is fUrther insurance of adequate heat-penetra­
tion of all garbage particles, and the practice of 
permitting slow cooling is endorsed by the Depart­
ment of Agriculture and the Public Health Service. 

(f) Garbage in interstate trabic.-The atten­
tion of naval activities planning the sale of garbage 
for hog feed should be directed particularly to the 
requirement of the Public Health Service that such 
garbage be "cooked" prior to entering interstate 
tramc. Regulation 72-25 of the Interstate Regula­
tions of February 1948, provides, in part. 

A person shall not transport, receive or cause to be 
transported or received, garbage in interstate tra1l\c 
(cross a State line) and feed any such garbage to hogs. 
unless, prior to feeding, such garbage has received minl~ 
mum heat treatment, which Is defined In the Regula~ 
tions as "causing of all particles of garbage to be treated 

8-11 



8-42 MANUAL OF NAVAL PREVENTIVE MEDICINE 

to a. bo1l1ng temperature and held at that temperature 
for a pertod. of not less than 30 minutes." 

(g) Hog farm santtation.-Frequently, con­
tracts for the sale of garbage to farmers for use 
as hog feed include a clause requiring inspection 
and approval of the hog farm by the medical om­
eer. There are certain principles covering the oper­
ation of a hog farm which should be observed if 
the requirements of good sanitation are to be met. 
Br1efly, these are: 

(1) Swine should not be given garbage or 
Similar food on the ground. Suitable feeding floors 
or platforms. preferably of concrete. and troughs 
of nonabsorbent material that can be cleaned, 
washed. and disinfected frequently should be used. 

(2) A supply of clean drinking water should 
be available at all times. Some type of automatic 
drInkIng fountain whIch does not overflow is 
preferable. 

(:0 The solid wastes and manure should be 
removed daily from hog pens. Disposal of the 
wastes should be by burial, incineration, or com­
posting for fertilizer. 

(4) The liquid wastes, including wash water 
and urine, should be disposed of in such a manner 
as to avoid their polluting the receiving waters, and 
their becom1ng a nuisance or health hazard when 
disposed of on land. 

(5) The hog-raising operat10n should be 
maintained rodent-free by the provision of ratproof 
construction for the various structures on the hog 
farm, the elimination of rat harborages, the re­
moval of sources of rodents' food, and eradication 
procedures. 

(6) The hog-raising operation should be 
maintained free of fUes. This is achieved basically 
by good sanitation. but may be supplemented by th.:a 
use of insecticides. 

(7) The farrowing houses and sleeping quar­
ters should be located on well-drained ground, 
should be kept thoroughly clean, and should be sup­
pUed with fresh bedding at frequent intervals. In 
addition, they should have tight roofs and good 
ventilation without drafts. The floors should be 
thoroughly cleaned and disinfected at least once 
every 2 weeks. 

(8) Hog pens should be hosed down or dry 
cleaned daily, to remove any accumulation of waste 
food., manure, or other matter that would tend to 
make the area insanitary. 

(9) HOg wallows should be constructed of 
such material. and should be so designed, as to per­
mit easy and frequent cleaning. 

(10) All barnyards and lots on which hogs are 
kept should be plowed at least twice a year, as an 
aid in the diSinfection of the premises. It is de­
sirable that yards which are much used by hogs be 
50 arranged that a change can be made every year 
or two to fresh ground. 

8-12 

(10) Open dump8.-The dumping of mixed refUBe 
containing garbage in isolated spots has been prac­
ticed widely. As long as suffiCient low-cost land is 
available within a reasonable distance, the prac­
tice will have many advocates for reasons of 
economy. The objections to it are so numerous 
that most cities are realizing the necessity for find­
ing other methods of disposal. The gradual urbani­
zation of the country is making it increasingly 
d!ll!cult to find acceptable dumping grounds without 
excessive hauls. 

(a) Open dumps are not satIsfactory to health 
authorities since they provide ideal breeding places 
for rats and other vermin, and usually constitute 
both a fire hazard and a. smoke and odor nuisance. 
In addition, the nuisance a1forded by an open dump 
may be expected to reduce property values in the 
vicinity. 

(b) The Bureau of Yards and Docks does not 
advise the practice of open dumping at naval activi­
ties. Open burning of garbage and rubbish, as in 
an open pit or trench, is undesirable because it is a 
fire hazard, creates smoke and odors, and encourages 
the breeding of flies, mosquitoes, and rodents when 
the unburned residue is not promptly compacted 
and covered with inert material. 

8-43. Field Disposal 

(1) Refuse disposal in combat or maneuvers 
(a) Garbage disposal in the field is usually a 

dimcult problem. Separate collections of garbage, 
combustible rubbish, and noncombustible rubbish 
are preferable, so that when military conditions 
permit, combustible rubbish can be burned. Non­
combustible refuse consiSts primarily of tin cans 
which must be flattened or otherwise treated before 
being placed in containers, so that they will not 
hold water in which mosquitoes may breed. The 
most practical method for disposing of large volumes 
of garbage is the sanitary landflll, in which other 
types of refuse may also be buried. Small amounts 
of garbage are buried in a trench and immediately 
covered. with at least 2 feet of earth, the surface 
of which is then sprayed with an insecticide, usually 
5 percent DDT In diesel oil. Garbage dumps should 
be situated at least 1,000 yards distant from living 
areas. Oarbage--even in small quantities-may 
attract birds, insects, and animals, thereby reveal­
ing the location to the enemy. Care must be taken 
that careless operators do not scatter even small 
fragments, and that they bury all portions. 

(bl When conditions permit, disposal by dump­
ing in the ocean is satisfactory. 

(c) InCineration, by means of facilities espe­
cially designed for the field. frequently is satisfac­
tory if fuel is available and if the operation can 
be supervised to insure complete reduction of the 
garbage to ashes. 
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(d) Before departure from a camp site, all san­
itary installations must be closed and left in a coo­
dition that will not foster insects and rodents. 
These installations should be filled, covered with 
earth, and treated with larvicides and rodenticides. 
Where mil1tary security is not violated, such areas 
should be marked with signs to indicate the nature 
of the sanitary installation and the date of closure. 

June 19ri7 

In the posting of the date, a number should not be 
used to indicate the month. The sign should read, 
"Dump closed 3 September 1954," not "Dump closed 
9-3-54." To some people, the latter expression 
means March 9 instead of September 3. 

REFERENCE 
1. Refuse Disposal. NAVDOCKS TP-Pu-l. 
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Chapter 9 

VECTOR CONTROL 
Section 1. NAVY ORGANIZATION FOR VECTOR CONTROL 

Article 
I>eftJUUon of Vector________________________________________________________ 9-1 
Command ResponsibUity _ __________ __________________ ______________________ 9-2 

Specific Responsibilities of the Medical Department_________________________ 9-3 
Public Works Entomologlsts________________________________________________ 9-4 
Additional Personnel and Training_________________________________________ 9-5 
Special Operating Units_ _________ ___ ___________________________ ____________ 9-6 

Control Items and Methods_________________________________________________ 9-7 
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9-1. Definition of Vector 
(1) The ·term vector is used to refer to all in­

sects, rodents, and related organisms which play 
a signiflcant role in the transmission of disease 
to man, act as intermediate hosts or reservoirs of 
disease, present problems of sanitary or hygiene 
significance. or otherwise affect the health and 
eMciency of personnel. Included are such organisms 
as mosquitoes, biting ft.ies, filth and flesh fiies, lice, 
bed bugs, fteaa, mites, ticks, reduviid bugs, rodents, 
and bats. Noxious organisms not ordinarily associ­
ated with specific diseases, such as cockroaches, ants, 
wasps, spiders, scorpions, and food-infesting in­
sects, may be considered as vectors wherever the 
medical department finds that they present prob­
lems of sanitary or morale-aHeeting significance. 

(2) Organisms destructive to structw-es, stored 
products, grounds, and other material properties are 
classified as "economic pests." Unless their pres­
ence has a public health significance, as detailed 
above, orgnnisms important to man simply because 
their presence is objectionable are included in this 
classification. For information on economic pests, 
as well as additional vector species information, re­
fer to the publication. NA VDOCKS TP-M0-310. 
Pest Control. 

9-2. Command Responsibility 
(1) I>epartment of Defense Directive 4150.7 of 

7 June 1955 outlines standards for insect and rodent 
control and related fields. These standards re­
quire that military departments maintain safe and 
economical pest control procedures supervised by 
trained and certified personnel. SECNAV Instruc­
tion 5430.54 of 27 December 1961 outlines the re­
sponsibilities and functions of the various omces, 
bureaus, and commands of the Department of the 
Navy, and establishes policies for the maximum 
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effectiveness, emciency, and safety in pest control 
operations. 

(2) The commanding officer of each activity of 
the Department of the Navy bears basic responsibil­
ity for the maintenance of an adequate vector and 
economic pest control program. Normally, these re­
sponsibilities may be delegated to the medical and 
public works departments. 

(3) The public works department is responsible 
to the commanding officer for all operational phases 
of the activity vector and economic pest control 
program. 

(4) The medical department is responsible to 
the commanding officer for the determination, 
through appropriate surveillance techniques, of the 
extent that vector organisms may aHect the health 
and effiCiency of command personnel. 

9-3. Specific Responsibilities of the 
Medical Department 

(1) Specifically, the medical department is re­
sponsible to the commanding omcer for: 

(a) Inspections and surveys to determine the 
species, source, location, and density of vectors. 

(b) Recommendations relating to sanitation 
standards and practices affecting the presence and 
abundance of vectors and to vector control methods. 

(c) Evaluation of the eHectiveness of vector 
control m.easw-es. 

(d) Inspections and instructions to assure that 
pesticides are used safely in accordance with current 
directives. 

(e) Utilization of all appropriate personal pro­
tective measures against vectors. 

(f) Coordination with civilian and other gov­
ernmental agencies having vector control problems 
that may affect naval personnel on or in the vicinity 
of a command. 
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(g) Compliance as required with all appropri­
ate public health quarantine measures. 

(2) The medical department may be additionally 
charged by the commanding officer with responsi­
bility for all operational phases of the vector control 
program, as follows: 

(a) In the event of a vector-borne disease 
outbreak. 

(b) In the absence of a public works type de­
partment. such as at certain shore installations, on 
board ships, and with troops in the field. 

(c) In the control of vectors actually existing 
on humans (Uce, scabies, mites, etc.> . 

(d) In disasters. 
(3) Vector control centers and preventive medi­

cine units. when authorized by proper authority. 
may conduct vector control operations for the pur­
pose of training personnel; field testing new meth­
ods, materials and equipment; or providing area­
wide vector control services that involve the use of 
specialized equipment. 

The Disease Vector Control Center. U.S. Naval 
Air Station. Jacksonville, Florida. is assigned re­
sponsibilities in the Eastern Sea Frontier, the Carib­
bean Sea Frontier, Naval Districts 1 through 9, and 
the river commands. 

The Disease Vector Control Center, U.S. Naval 
Air Station, Alameda, California, is assigned re­
sponsibilities in the Western Sea Frontier, Naval 
Districts 11 through 14, and Naval District 17. 

Medical entomologists are also located in each 
of the preventive medicine units and in certain of 
the research units. 

(a) Functions of the Disease Vector Control 
Centers: 

(1) Provide technical assistance with prob­
lems relating to vector prevention and control. 

(2) Accomplish surveys of ships, stations, 
and other pertinent operational areas for the pur­
pose of recognizing, defining. and preventing or 
abating vector problems of naval importance. 

(3) Conduct special studies where required 
to facilitate vector prevention and control. 

(4) Provide specialized area-wide operational 
services for the control of vectors where accomplish­
ment is normally beyond the scope of individual 
commands. 

(5) Prepare and provide locally adapted 
written guides on the survey, identification. biology, 
and control of vectors and pests. 

(6) Provide basic, advanced, and refresher 
training in vector and economic pest prevention and 
control for military and civilian personnel. Cer­
tification of vector control personnel engaged in 
vector or pest control will be done in accordance 
with DOD Directive 4150.7 and SECNAV Instruction 
5430.54, and may be coordinated with the public 
works certification training. Training concerning 
economic pest control will be coordinated with 
the Bureau of Yards and Docks or its designated 
representative. 
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(7) PrOVide aid, conSistent with their mission 
and when authorized by appropriate higher author­
ity, in the event of emergencies or disasters. 

(8) Identify suspected entomological vector 
agents of biological warfare. 

(9) Provide review of requisitions for non­
standard and controlled issue economic pest and 
vector control items as established by current di­
rectives. 

(10) Provide specialized vector survey and 
control items, including appropriate maintenance 
service thereof, where such are not normally 
available. 

(11) Conduct field and laboratory research, 
development, and testing studies in vector pre­
vention and control as practicable and when author­
ized by the Bureau of Medicine and Surgery. 

(12) Maintain such liaison with govern­
mental and civil agencies as necessary for the ac­
complis'hment of their mission. 

(b) Functions of Entomologists Attached to 
Preventive Medicine Units: 

(1) Within the primary mission the ento­
mologist has the same functions as those given for 
Disease Vector Control Centers in paragraph (a) 
above, subject to the limitations imposed by labora­
tory facilities and availability of funds. 

9-4. Public Works Entomologists 
(1) Entomologists are on the staffs of District 

Public Works Officers in various Naval Districts. 
These personnel are available for consultation, and 
in the absence of a medical entomologist w1ll be uti­
lized for both vector and economic pest control as 
necessary. The Directors of Bureau of Yards and 
Docks OVerseas Divisions may be contacted for tech­
nical assistance on problems outside the continental 
limits of the United States. 

9-5. Additional Personnel and Training 
(1) Sanitation omcers (NOBC-0811, or equiva­

lent MEDSERVWRNT) and Environmental Sani­
tation Technicians (ENJC-8432) are specially 
trained to asSist the medical officer with the ac­
complishment of the vector control responsibilities 
of the medical department. When utilized in this 
connection, these personnel are required to obtain 
certification in pest control operations in accordance 
with current Bureau of Yards and Docks directives. 
Specialized vector and pest control training leading 
to certification is available at the two Disease Vector 
Control Centers and at district and area level head­
quarters. In the same manner, refresher courses 
may be obtained for recertification. 

9-6. Special Operating Units 
(1) Advanced base functional components. 

Trained supervisory personnel and materials are 
provided in the Navy advanced base organization 
by the following components: 
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(a) 0--17 vector Control Component. The 0--17 
Component. headed by a medical entomologist. is 
designed to provide survey, coordination, and overall 
direction of vector control in an area. 

(b) 0-19 Vector Control Material Component. 
The 0-19 Component supplements the 0-17 with 
additional supplies, equipment, and technicians 
where required for more expanded control opera~ 
tions. The required number 'and type of components 
or portions of components must be determined, ac­
cording to anticipated operations, by staff medical 
offlcers responslble for advanced base planning. 
Equivalent vector control components are included 
in Fleet Marine Force preventive medicine units. 

(2) Disaster Control Vector Survey Team (Code 
ML). Within the medical element of the disaster 
control structure of the United States Navy (see 
U.S. Navy Disaster Control Manual), provision is 
made for a Vector Survey Team (Code ML). By 
this means, the early detection of vector problems 
resulting from the occurrence of enemy~caused 

catastrophes is made possible. Additionally, this 
team may be activated for service in connection 
with the occurrence of natural disasters. 

9-7. Control Items and Methods 
(1) Materials and equipment.-Department of 

Defense policy requires that only standard issue 
pesticides and dispersal equipment normally wlII be 
used in vector and economic pest control operations 
by the military services. These items are all listed 
in the Federal Supply Catalogue. Where non­
standard items must be used, approval of higher 

authority is required. Details for obtaining ap­
proval are set forth in the Bureau oj Supplies and 
Accounts Manual under the heading "Pesticides and 
Pest Control Equipment" and in current Department 
of the Navy directives of the 6250 series. United 
States Navy standard materials and equipment and 
their uses are treated in chapter 10 of this manual. 

(2) Dispersal methods.-The dispersal of insecti­
cides is fully discussed in chapter 10. It must be 
borne in mind, however I that local conditions wUl 
vary widely in the Naval Establishment and 
that modification of methods frequently may be 
necessary. 

9-8. Proper Handling of Pesticides 
(1) With very few exceptions, pesticides are toxic 

to warm~blooded animals; thus their use shall be 
attended with care and foresight. A full treat­
ment of safe and proper use of pesticides is pre~ 
sented. in chapter 11 of this manual and constant 
reference shall be made to it when pesticides are 
applied. 

(2) The development of resistance to insecticides 
by insects of medical importance continues to be 
a problem, and from time to time it becomes nec­
essary to recommend the use of new materials. 
Standardization and central stocking of such items 
are accomplished as rapidly as possible. However, 
it may at times be necessary to recommend the 
use of nonstandard materials. Where the use of 
such insecticides is believed to be required, the 
assistance or advice of speCialist personnel shall 
be obtained first. 

Section II. VECTOR CONTROL AT SHORE INSTALLATIONS 

Article Shore Installations __________________________________________ ~ ____ ~ _ ___ __ __ _ 9-11 

9-11. Shore Installations 
(1) Insect and rodent control at shore installa­

tions Is fuily treated In NAVDOCKS TP-MO-310. 
Pest Control, and will not be further discussed in 
this manual. The two manuals should be used at 
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all times as companion publications since much of 
the information presented in the former manual 
will apply to situations other than at shore 
installations. 
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