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2 NAVAL HYGIENE,

spective of the hands by which it may be held. It is the application that
may be disappointing, but, nevertheless, the value is in approximations.

The study of the pure mathematics leads the mind to the contem-
plation of absolute accuracy—to a conception of the possibility of per-
fection. DBut it is an abstract study and, applied to the affairs of every-
day life, should not disappoint when very often only approximations are
secured. In applied mathematics important results depend very fre-
quently upon dafa not mathematically true. In planning a bridge the
strains and stresses are calculated with great care, but experimental data
are used in arriving at use of material, and, in recognition of the approxi-
mate value of such data, a factor of safety is finally applied. Yet some
bridges collapse. :

Some of the minds that decline to accept vital statistics in any
form do not hesitate to accept their own results from CO, cbservations and
to make calculations of air supply based upon such observations. Yet,
all such calculations give results that are merely approximate, however
carefully they are made, as the assumed or standard excretion of CO,
by each individual is in any particular case only approximate. The
calculation of air supply by the direct method in vogue gives only a coarse
approximation to the truth. An anemometer even after the stated error
has been applied is not an instrument of such precision that it can be
used with satisfaction in connection with experimental and mathematical
work relating to the movement of air at high velocities in pipes.

The fact is that in most of the practical affairs of life men utilize
standards known to be mere approximations and find them of the greatest
value. Human progress, while associated with ideals, has depended
upon guides that, like the compass, never point a true course. It was
such a guide that made the discovery of America possible. A statistical
table necessarily has a mathematical appearance, but it should never be
regarded as having mathematical accuracy. Because it is not exactly
what it seems it does not follow that it is of no value for practical purposes.
And if it does not always lead to determinate results it should not be
forgotten that even in pure mathematics there are such terms as “ method
of approximation,” “indeterminate analysis,” “indeterminate form,”
“indeterminate problem,” “indeterminate quantity’ and “indeterminate
series.’’ e :

The vital statistics of the Navy may be defined as the results obtained
by the application of mathematics to the health records of the naval
personnel. They do not include any relation to births, marriages, and
differences of sex, but are strictly confined to men in the Navy, their
condition on coming in, the various diseases from which they suffer or
die or are discharged, and those influences that affect vitality or condi-
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those of prior years. It is true that statistics of any recent years have
some values peculiarly their own, but also other very important values
that depend exclusively upon comparison with the statistics of antecedent
years. With an understanding of the methods employed and of the data
relating to recent years, it will be practicable for anyone to utilize the
material available in any future yvear and to make the mmparisnﬁ that
may be desired. :

An appreciation of present condiiions would be greatly enhanced
if the naval vital statistics of today could be definitely compared with
those that might have been gathered in each of the historical periods
of the past—the wooden sailing ship of long voyages and wet decks,
the wooden ship with auxiliary steam power and wet decks but without
distilled water and artificial ventilation, and the wooden ship with
distilled water and shellacked decks but without artificial ventilation.
A primary object of all vital statistics is to afford the means of com-
paring the health of the present with that of the past. In that compari-
son the statistics of the past are of as much importance as those of the
present. -

The vital statistics of the Navy and Marine Corps relate to the
active list only. When a man is discharged for physical disability he is as
truly lost for all naval purposes as if he had died, and consequently at the
moment of discharge he ceases to be a factor in the study of naval life. A
stream of humanity is passing from civil life through the navy back to
civil life. It is made up largely at the beginning of selected men com-
mencing their enlistments for four years and it ends chiefly in those who
have been discharged by reason of expiration of enlistment, by sentence of
court-martial, and on account of physical disability. If all persons who
entered the navy remained until death, those persons who are now dis-
charged or retired for physical disability would of course continue to have
statistical value for naval purposes, but as the health histories of all the
men who have left the navy for any cause cease to be known from the date
of discharge, the sick days and termination in the cases of men discharged
for disability could not be utilized even if known, the individuals com-
prising that class having been forever separated from the total number of
men that furnished the cases. Therefore, a discharge for physical
disability, when considered as representing damage caused by disease or
injury, is equivalent from a service point of view to a death.

In naval vital statistics relating to morbidity the chief disturbing
factor is the mistake in diagnosis. In civil life, as the statistics of mor-
bidity are meager, the difficulty is more apparent in the returns of causes
of death. In the navy where every condition causing excuse from duty
must be given a name from the prescribed nomenclature, however short
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While the mortality rate in the hospitals from lobar pneumonia appears to
have been 8.964 per cent. during the same period (1,014 cases and go
deaths), the true rate was about g.78.

Not a few cases of typhoid fever are received in hospital after having
been treated for some days in the ships at sea often under adverse con-
ditions. The cases of pneumonia occurred for the most part among
healthy picked men and the average age at death from that disease was
28.39 years. The idea that to die of pneumonia is almost the natural
end of old people does not apply to the active list of the navy and marine
corps on which there are few old people.

Another consideration of importance in relation to naval vital
statistics, based upon records made from 18g5 to 19os, is that while such
records are utilized for statistical purposes, they were not made primarily
for that purpose. In all those records there were evidently two governing
influences,—to meet the daily requirements of the service by placing on the
sick list all men excused from duty on account of disease or injury, and to
supply medical histories that might be of value in deciding claims for
pension. It is obviously necessary on board ship to clearly designate the
men considered unable to do duty. Records of all such cases are made in
a manner that necessitates their appearance in the statistical report. But
there were many additional men under treatment whose cases do not
appear in the statistical returns unless in the opinion of the medical
officers there were likely to be sequele bearing upon claims for pension,

The pension feature has been the most important one in the medical
returns for permanent record. ‘This has led to the inclusion of all seem-
ingly important cases from that point of view and of all cases causing
excuse from duty, but it has led to the exclusion of many cases that might
be considered of importance from a purely statistical point of view. For
instance, it is not possible to ascertain the number of cases of seasickness
in the navy during a given period, but only the number that caused excuse
from duty. All cases of syphilis appear in the returns whether they in-
volved excuse from duty or not, but it is true that many cases of uncom-
plicated gonorrheea, especially repeated attacks, not having been con-
sidered by the medical officer of sufficient severity, under the conditions of
naval life at the time, to cause excuse from duty, were not regularly ad-
mitted and therefore are lost for statistical purposes.

There are some cases of venereal disease that are never discovered.
That is largely due to the influence of the “restricted list—a list of all
men having venereal disease and through which they are deprived of the
much-desired liberty. It is a list kept by regulation and represents in
part an attempt to prevent the spread of disease on shore—an attempt
not reciprocated by any civil community of English-speaking people.
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damage, received by the Navy and Marine Corps from disease and in-
jury, a discharge from service for physical disability has been given the
same value as a death, the loss of service being complete, and therefore the
same in each.

In the study of naval vital statistics it is necessary to know the mean-
ing of the following terms:

1. Average strength is the daily average number of persons in the
service during the year or period under examination. Each enlisted man
is allowed a ration daily. Therefore, the total number of rations issued
and commuted during the year or period divided by the number of days in
the year or period is the average strength of the enlisted force for that time.
To the result must be added the average number of officers in order to
obtain the average strength or force of the service. The same result is
obtained from calculations based upon the total amount of money regularly
paid to the Hospital Fund, each person contributing at the rate of 2o cents
a month to that fund. The average strength includes the sick and the
well and is the total of the average strengths of the force afloat (in the
ships) and of the force ashore (navy yards, shore stations and hospitals).
The average strength of a ship is the same as its average complement.
Ratios per hundred (percentages) and ratios per 1,000 of the average
strength or force are very generally expressed. An admission rate is
usually expressed as a ratio per 1,000 of strength and may be expressed for
all diseases or injuries or for any disease or injury. If expressed for each
disease and injury, the total is the total admission rate.

2. Daily Average of Patients.,—If one man is on the sick list
every day of the year he will give 365 sick days during a year of 365 days.
The same is true of 365 men on the sick list one day. Two men on
the sick list every day of the year would give 730 sick days, as would ten
men on the sick list 73 days. In-all cases the number of sick days during
a year, or any period, divided by the number of days in the year or period,
equals the daily average number of persons on the sick list—the daily
average of patients or non-effectives—for the year or period. If a= the
required daily average of patients, s= the sick days and {= the days in

5 c .
the year or period, then 6=3 The daily average of patients may be

obtained as the total average or as the average for any disease or injury,
the total sick days from the disease or injury being divided by the num-
ber of days. If expressed for each disease and injury, their total is the
same as the total daily average of patients.

3. The ‘“percentage of sick” is the daily average of patients
expressed in percentage of the average strength. For instance, if the daily
average of patients is 2o and the average strength 1,600, then the question
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plication of cases by errors of diagnosis. The average number of days
the individual remained on the sick list would be of some value, but it
is clear that the number of admissions and the number of individuals
are not the same. The average time a case of a given disease requires
before the individual is ready for duty is obtained theoretically by divid-
ing the total number of sick days from all cases of the disease by the
number of cases. But the result is not free from the question of diagnosis
and when applied to men actually returned to duty there must be a
calculated allowance for death and discharge for disability.

5. Thedeathrate,invaliding rate,and admission rate are expressed
in ratio per 1,000 of the average strength. Ratio per 1,000 is the rate or
proportion per r,000. For instance, if the average strength for the year
was 45,150 and the number of deaths during the year was 275, then the
annual death rate would be found by dividing 275 by 45.156 as in 45156

150 275
there are 45 > thousands. Therefore, > = 6.09 = total annual
: ¥ 1000 45.156
death rate per 1,co0 of strength. The same result would be obtained by
: 275000 .
proportion: 45I156:275:: I000: & .. X¥= 4?“:;515 = 6.0p. Percentage 1s
\ 5

ratio per oo, and therefore 6.09 per cent. of a number is that number
multiplied by .o6og. But the above is ratio per 1,000, and therefore
that ratio would be applied by multiplying by .co6og. Thus, 45156 X
.00000 or 45.156 X 6.09=275=the actual number of deaths during
the year. The same method is employed in calculating the annual death
rate of a particular disease, the deaths caused by that disease being
multiplied by 1 coo and the product divided by the average strength.
The method applies to the invaliding rate and the admission rate.

6. Damage.—As the personnel of a navy (or an army) is damaged
each year by disease (and by injury], it is of the first importance to ascer-
tain the extent of such damage and, by comparison of the loss of one year
with that of another and of the conditions under which the damage was
received, to appreciate the sources and their comparative importance and
thus be able to formulate a plan of action for their removal or limitation.

If one takes up the statistical reports of any navy or army for the pur-
pose of ascertaining even the total damage it has received from disease and
injury during any year or series of years, he will find merely a number of
items which being unlike quantities cannot be combined by addition to
form the sum total desired. For instance, in the statistical report of the
navy of Great Britain for rgoo the death rale, invaliding rate, and ratio
per 1,000 of force sick daily are given as 7.27, 35.83 and 37.62 (percentage of
sick 3.762), respectively. But such terms cannot be added to form the
total damage any more than houses, land, and horses can be added to
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But in making this comparison it is necessary torealize that men do not
die and are not invalided on the first day of the year more than on other
days of the year. In fact,as an average it may be assumed that about as
many men die in the service or are discharged from the service for disability
after the midday of the year as before that day. Therefore, the death or
discharge of 20 men at the beginning of the year is equivalent in loss of
service to the death or discharge of 40 men throughout the year, the
average death or discharge being assumed to occur on the midday of the
year and to involve the loss of service during that year of one half the year
or, in a year of 365 days, of 182.5 days. It follows then that 4o deaths or’
discharges for disability occurring during the year represent the same
damage as that caused by a disease which keeps 20 men on the sick list
every day of the year. It does not make any material difference whether
they are the same 20 men or not, as the services of 20 men, whoever they
may be, are lost. Therefore, the conclusion is that 2 deaths or discharges
for disability during the year have on the average the same damaging
effect on the navy #n that year as one person on the sick list every day of
the year. It follows then that if the damage from death or from invaliding
is expressed in ratio per 1000 it can be expressed in percentage of sick by
dividing the ratio by zo.

While that may be self-evident, it can be shown in mathematical form
as follows:

If r =ratio per 1,000 of strength that dies or is invalided, p =percentage

=number of

of sick, and f = average strength for the year, then ;;;

deaths or discharges per 1,000 of strength. If those deaths or discharges
be referred to the midday of a year of 365 days, the corresponding loss in

- & { 5 Ll -

sick days is s x 2 < _3@)’_?‘ To convert those sick days into per-
1000 2 2000

centage of sick they must be multiplied by 1co and divided by the prod-

. 3050 SO
uct of the average strength and 365. Therefore, p = s KSﬁ'S.f =
Suppose that tuberculosis in the Navy and Marine Corps has its per-
centage of sick expressed by .179043, its annual death rate per 1,000 by
6228177 and its invaliding rate by 2.4497409, what is its total damage
6228177 + 2.4497499
20
.179045 =.3326734. If this damage-percentage be applied to an average
strength of 45,000 men, the result is as follows: 45000 X .003320734 =
149.7. Inother words, the total damage during the year from tuberculosis
is equivalent to 149.7 men on the sick list every day of the year with no
deaths and no discharges for disability from that disease.

during a year in percentage of sick? Obviously,
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ratio be applied to an average strength of 45,000 men, the result is as
follows: 45000 X.104354 =4005.9. In other words, the total damage
during the year from disease and injury received by an average force of
45,000 men was equivalent to 4695.9 deaths occurring during the year
or nearly 13 deaths each day of the year. As 4695.9 deaths occurring
during the year are equivalent in loss of service to 2347.95 deaths at the
beginning of the year, the total damage in men would be represented
by the total loss in action or otherwise on the first day of the vear of the
crews of at least three first-class battleships, the service to remain without
disease or injury during the rest of the year.

The necessity for some such system or method of representing the
total damage from disease in the naval service is very apparent. Deaths,
discharges for disability, and the daily number of non-effectives, considered
as separate items and varying each year, leave one without a reasonable
understanding of the degree of damage and do not permit comparison of
one year with another, Deaths can be compared with deaths, invaliding
with invaliding, and non-effectives with non-effectives, but the conclusions
are necessarily indefinite and confusing. If a building is damaged by
fire the items are ascertained and the total loss is expressed in dollars or
in labor and material. If the naval service is damaged by disease, the
items are ascertained and by -the method proposed are expressed in
non-effectives or in deaths and invalidings.

In this method the actual number of cases of a disease or injury or
of disease and injury has no place. The year’s damage cannot be
measured by actual number of cases, for the course of some diseases is
short and of others long, the number of deaths from some diseases large
and from others small. The number of persons that a disease keeps
on the sick list daily is an important factor and, as the total number
of sick days from the average strength is not changed by any number of
errors in diagnosis and the total number of deaths and invalidings cannot
be changed by error in diagnosis, the general conclusions in the method
proposed are based upon data of considerable accuracy. It may even
be claimed that the damage ascertained in the case of any one disease is
a sufficiently close approximation for all practical purposes as causes of
death and invaliding are given, as a rule, with sufficient accuracy, and
mistakes in diagnosis affect percentages based on sick days very much
less than percentages based on number of cases.

However, it can be successfully urged that the damage-percentage
or damage-ratio proposed do not meet all mathematical requirements.
Some may claim that more deaths occur prior to the midday of the year
than subsequent to that day, and others can claim that a relatively small
number of men are invalided a short time prior to expiration of enlist-
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In the study of this table and of all the other statistical tables, it is
desirable to apply different factors to some assumed average strength
in order that the value of variations in terms of the same character may
be appreciated. Slight changes in a percentage of sick represent marked
changes in the daily average of patients. For instance, if an average
strength of 45,000 men be assumed and the percentage of sick of 18g7 be
applied, the daily average of patients would be 45000 X.02432 =1004.4;
but if the percentage of sick of 1903 be applied, the daily average of patients
would be 45000X.03183=1432.35. In the latter case the sick list
would average 338 more men daily, a number much greater than any one
of the hospitals would accommodate even as late as 1909. A percentage
of sick of 2.432 is equivalent in damage to a death or discharge rate of
48.64 per 1,000 of strength, and a percentage of sick of 3.183 to a death
or discharge rate of 63.66. Applied to a force of 45,000 men the number
of deaths or discharges in the former case would be 2188.8 and in the latter
2864.7—a difference of 676. In the one case there would be actually 338
more men daily on the sick list on the average. In the other case the
676 more deaths or discharges during the year is merely a calculated
amount of damage in terms of deaths or discharges corresponding to
the increase of 338 in the sick list. Corresponding calculations can
readily be made to show the value of variations in death and discharge
rate. '

The table shows that the service received the smallest damage from
disease in 18¢6 with a damage ratio of 6g.09, and the greatest damage in
rgo3 with a ratio of 104.156. The difference is very great and can be best
appreciated by application of the factors. The damage in a force of
45,000 men corresponding to the factors of 1896 would be an average
daily sick list of 1554.5 men with no deaths or discharges for disability or
3109 deaths or discharges during the year and no sick list; while the
factors of 1go3 would give a damage equivalent to a daily sick list of
2343.5 or 4687 deaths or discharges —789 more men daily on the sick list
or 1578 more deaths or discharges during the year. In considering these
results it should be distinctly understood that they relate to the effects of
disease only, all injuries having been excluded, as the effects of the ex-
plosion of a boiler or of the premature discharge of powder give no in-
formation relating to the movement of disease and the sanitary conditions
of ships and shore stations. )

While the table is a general one and therefore does not supply in-
formation for conclusions in detail, it is well worthy of close study. The
making of a statistical table is troublesome, but its interpretation is difficult
because it involves a consideration of circumstances and influences not all
of which may be known or appreciated. For instance, a professional
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writer who happened to be in San Francisco during the earthquake (1906),
in narrating his experiences and in giving his observations in a popular
magazine, stated that with the people gathered in the squares there were
very many more dogs than cats. He drew the conclusion from that
observation that mankind loves dogs more than cats. While that con-
clusion may be correct, he does not state whether there were as many cats
as dogs in the city, and in making his interpretation he does not seem to
have considered the very essential facts that the dog is a lover of persons
~ but not of cats, and is a following animal, while the cat is a lover of locality
but not of dogs, and in time of fear and departure has to be caught as well
as carried. When a ship is abandoned at sea the cat is often necessarily
left on board. And yet if the dogs in the squares of San Francisco had
outnumbered the cats 50 times it seems that he might have made a ratio—
the love of mankind for dogs is to the love of mankind for cats as sois to 1.

From the table it might be very natural to draw the conclusion that
the health of the navy is deteriorating and that it is becoming less suitable
as a dwelling-place for men, the influence of disease becoming stronger
on account of some change in naval conditions. But on more close in-
spection it will be found the results show very clearly that the health of
the navy is primarily in the hands of the medical officers at the recruiting
stations or with recruiting parties. The enormous increase in discharges
for disability which chiefly makes the increase in calculated damage was
not due to an increase in the relative number of undesirable terminations
of cases originating in the service, but chiefly if not entirely to the very
large percentage of discharges for disability from causes existing at the
time of enlistment. In that connection it is advisable to consider the
large increase in number of discharges shown in the /fable relating to
epilepsy. The same was true of myopia, valvular disease, and many
other conditions. Some light, though not entirely direct, is thrown upon
the relation between recruiting and increased damage due to discharges
from disability by Statistical Table 2, on next page

One complication in that table which takes something away from its
direct application is that the number accepted for enlistment includes
reenlistments as well as first enlistments. If it had been practicable
by use of the published records to consider only the first enlistments,
which were of course always the larger part and owing to expansion
increasingly so, and the death and invaliding associated with them,
the showing made would be even more conclusive that the death rate
tends to follow the enlistment percentage, and the invaliding rate has a
very close relation to the actual number of first enlistments. No oné€ would
claim that epilepsy originates to any extent in the service, yet there
was an enormous increase in its invaliding rate. Much of the invaliding

2
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Of these surveys 281 were on enlisted men of the Navy and 122 on
enlisted men of the Marine Corps. As the number of persons accepted
for the Navy during the year seems to have been 13,421 and for the Marine
Corps 4,080, it appears that the percentage for the latter was about 3 and
for the former about 2. It is considered that the recruiting errors of the
two services are at least in that proportion. All of the recruiting errors
are not included in the table, as of the 841 additional men discharged dur-
ing the vear some were invalided for causes existing prior to enlistment
and of course a number of others not discharged were under treatment
for conditions present at time of enlistment.

In recruiting, the responsibility of the examiner may in a given case
be confined to the individual, as in a deformity or in a hernia. It may
be merely centered there as in a case of tuberculosis or of itch, for such
cases when placed in the service act as sources of infection, especially
at training station or receiving ship that may be overcrowded in an
expanding service or on a cruising ship where there is necessarily a
marked concentration of human beings and which receives its men from
station or receiving ship. Faulty recruiting therefore has an influence
on the health of the service irrespective of any question of discharge from
service for disability.

Cases of diseases that come into the service directly with the recruit
have no relation whatever to hygienic conditions in the navy. DBecause,
for instance, an increasing number, especially in a growing service, are
discharged a few days or a few months after enlistment on account of
errors of refraction, valvular disease, or tuberculosis cannot be taken as
evidence of increasing adverse conditions in the Navy causing those dis-
eases.

It is equally true that the health of the Navy is very strongly in-
fluenced by conditions on shore that are not in any degree under the
control of the Navy. A man in the navy is in much more danger from
disease when ashore on liberly than when on his ship. For instance, typhoid
fever—a scourge of many armies in time of war—is little known during
war in a modern navy that is able to keep the sea. During the months
of hostilities in 1898 only one case of that disease was returned from the
entire Asiatic Squadron as the crews were to a very great extent confined
to their ships. During the same period only twelve cases were returned
from the whole North Atlantic fleet and most of those came from one
ship. The ship in question was free from the disease until it received
from the Army ‘for transportation troops from Camp Alger, Va. The
troops remained on board from July 8 to July 25, and a short time after
their departure an outbreak of typhoid fever occurred among the crew.
A corresponding record of comparative freedom from disease for the same
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period could be shown in the case of venereal diseases—a class of diseases
that certainly has very little direct causative relation to insanitary service
conditions.

The experience in relation to typhoid fever goes far to show the
general purity of water and food supplies of naval vessels, and when con-
sidered in connection with the records of a number of other diseases
emphasizes the well-known fact that the health of the navy is greatly
affected by conditions on shore not under the control of the service—the
health of ports where ships may happen to be.

Considering Statistical Tables 1, 2, and 3 and other tables to follow,
the evidence appears to be sufficiently satisfactory to prove that the
increased damage shown in Table 1 was more the direct consequence of
recruiting than of increasing defects in naval sanitation.

In an expanding navy mistakes in recruiting are not without effect on
sick days and, therefore, on the daily average of patients as shown by per-
centage of sick, If relatively more men with physical disabilities due to
causes prior to enlistment were admitted to the service, there was an in-
crease in sick days due to that cause. That would perhaps be especially
true of tubercular cases since rgo2 and also of cases not discharged from
the service but relieved by surgical interference. In considering the per-
centage of sick, given in Table 1, in relation to additions necessarily result-
ing from cases not incident to the service there is, to say the least, a strong
suggestion that n#aval conditions became during the ten years progress-
ively less conducive to disease.

The recruit himself, irrespective of discoverable defects at time of
enlistment, is more inclined to disease than other men, and that fact was
strongly emphasized by returns from training stations where with over-
crowding, unsatisfactory quarters and facilities, and greafer susceptibility
there was an increasing relative number of cases of disease, but with most
of the personnel on cruising ships and with more advantageous climatic
conditions during the winler months since 1898 there was a marked dimi-
nution in diseases with large admission rates, such as bronchial and
rheumatic troubles. The effects of malarial disease were also greatly
lessened during the period as a result in part of the general crusade
against the mosquito on shore. There were increases, dengue, beriberi,
and especially venereal diseases, but the prevalence of such diseases
depends intimately upon conditions on shore and not upon conditions
on the ships. It will be clear, however, that the diminution of discase
originating on ships as an incident of service, was more the result of a
change in climatic conditions than improvements in the ships themselves.

Preventive medicine has undoubtedly at this time a large and
important place in the naval service that can only be filled by close
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of vessels. Ordinarily the published health records of different vessels
consist of the average complement for the year and the number of admis-
sions, sick days, transfers to hospital, discharges from service for disability,
and deaths, and the ratios. Such data are similar to the unlike terms in an
algebraic equation and leave one without conclusion in regard to the com-
parative health of vessels,

It is very common to read in statistical reports of navies and armies
and of individual ships or commands that the health has been satisfactory
or relatively good, but it never is clear how much better or worse it has
been, what standard is assumed and what method is employed in arriving
at conclusions. It seems from a naval hygienic point of view that there
should be some method of comparing the health of the personnel of dif-
ferent ships—ships of the same class and of different classes, ships doing
similar duty and dissimilar duty, and ships having different lengths of
commission—with a view to the ultimate determination of a standard of
health under varying conditions. _

The method of computing the damage-percentage or damage-ratio
already described might be utilized for that purpose. To apply that
method to a ship it is necessary to have, in addition to the published data
indicated, the following information: 1. The average number of days a
person remains on the sick list after the transfer to hospital. 2. The per-
centage of persons transferred to hospital who are invalided from service.
3. The percentage of persons transferred to hospital who die. If those
three items are represented respectively by x, ¥, and z, and p=percentage
of sick of the ship, h =number of transfers to hospitals, d =number of deaths
on the ship, # =number on shipinvalided from service, and f=average com-
plement of the ship for the year, then the damage expressed in percentage
of sick during a year of 3605 days will be represented by the following:

i h x 4 100 (d+3)+h (v +3)
3:65f 2 f

From calculations based on the records of the ten years indicated it
appears that the average values of x, ¥, and z were 49.4, 16.16, and 1.9848,
respectively. If those values be substituted in the formula given, the ex-
pression for the damage-percentage of a ship during that period becomes
for a year of 365 days:

4

22.6 h + 50 (d +1)
i

For a year of 366 days the factor 22.6 becomes 22.54. In using the
formula for any particular year the values of x, y, and z should be de-
termined for that year.
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There is some revival of confidence in the tuberculin test made with
much smaller doses than those originally used but including relatively
large increases. The absence of tubercle bacilli even when associated
with the absence of physical signs is not proof of recovery; and just as
tuberculin is largely used in many places, and should be used in the
service, to clear a doubtful diagnosis so it can be used to establish recovery.
But as a general rule the patient who recovers in a given climate should
continue his life in the same or a similar climate and not expose himself
to reinfection under climatic and other conditions of environment that
have already been shown to be sufficient to overcome his power of resis-
tance. Such reinfections generally lead to death, especially perhaps if the
recovery has been secured at high altitudes,

The knowledge that tuberculosis has a living specific exciting cause
is of inestimable value in all direct methods undertaken for its limitation
or abolition, but there is danger in that knowledge if it be allowed to hide
or obscure the necessity for such measures as are required to maintain or
secure those conditions of the body which together form the basis of
immunity. Tubercle bacilli are so common in localities where men con-
oregate that the large majority of persons are necessarily exposed to the
cause of the disease. It, however, seems true that not a few who escape
infection would contract the disease if exposed to the cause in greater con-
centration or when suffering from inflammation or congestion of the
tonsils or respiratory passages, from diabetes, syphilis, or when the
metabolic processes of the body have been lowered or perhaps altered, as
the result of any disease or any habit that diminishes the power or op-
portunity of the body to properly nourish itself. In the treatment of
persons with tuberculosis the most important measures are the abolition
of habits that depress body function, more or less forced feeding with
food easily assimilated, and increased opportunity to obtain from the air
unmixed with the waste products of life the oxygen necessary for its
utilization; so to avoid the disease it is as advisable to maintain the nutri-
tion of the body, especially at that period of life where there is a tendency
to lose sleep and strength in the excessive pursuit of pleasure, as it is to
try to avoid the exciting cause.

There is a certain basis upon which each infection is apt to rest and
that is an acquired or hereditary interference with or lowering of the
nutrition. The recruiting officer should consider the hereditary lowering
of nutrition perhaps even more than the acquired if tuberculosis is to be
perceptibly lessened in the navy under a relatively large recruiting rate.
The appearance of the tuberculizable individual is much more signifi-
cant and very different from that of the man who is seeking enlistment
at some recruiting station on the Great Lakes because owing to the inter-
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The place or places where the tubercle bacillus effects lodgment or
entrance has been the subject of discussion for years. Recently the tonsils
have been given a prominent place in the question and therefore Statistical
Table 16 may be considered of interest in relation to tuberculosis from that
point of view as tonsillitis also had an increasing prevalence not varying
ereatly in relative amounts from that of tuberculosis. The relation seems,
however, to be more associated in the service with the common age at which
both diseases are most prevalent. There are a number of diseases more apt
to attack the young than the old. The increased prevalence of tonsillitis
and diphtheria in the naval service was undoubtedly primarily incident to
an increase in the relative number of minors and young adults. It has been
commonly thought that tuberculosis is most likely to appear in that class,

It is not clear why those diseases tend to select the young so frequently,
but in the case of tuberculosis it is not unusual to find in men deteriorating
physically in the early years of manhood an excessive zest in seeking the
pleasures of life, either normal or abnormal, or in following some pursuit

“involving loss of moderate exercise in the open, or perhaps loss of sleep to
further some ambition, laudable or otherwise. In the naval service it is
the young man who has the great change involved in breaking away from
home ties and taking up an unusual life and upon whom any irfegularitiea.
when ashore on liberty have the greater effect. Then there are of course
the necessary peculiarities of naval life involving loss of sleep and it is
noticeable how very many of those admitted to the sick list will sleep for
hours on the day of admission and also how commen it is to find men
sleeping about the decks especially after liberty during which there has
also been that chance of tubercular infection which always belongs to the
relation with the shore.

The average age of the personnel is least during the period of max-
imum recruiting and there are relatively more people between 18 and 25
vears of age. That in itself may declare a greater tendency to tubercu-
losis in the navy subsequent to 1898, although in civil life there are some
statistics to show that the danger from tuberculosis does not diminish as
age increases. In the study of predisposing causes, Statistical Tables 6
and 7 should also be given consideration.

As was stated in considering syphilis, the prophylaxis of one infectious
disease has much in common with that of another. Many of the measures
on a ship to prevent any extension of venereal disease apply to tuberculo-
sis, tonsillitis, diphtheria, epidemic catarrh, pneumonia and, to a certain
extent, even to measles, mumps, and scarlet fever, as measles is communi-
cable some time before eruption appears and generally before the medical
officer is aware of the presence of the case. There is danger in the material
that passes from the mouth and therefore danger in the use in common of the
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iﬁﬂ fﬂﬁutﬂﬁi hutt-,- in the careless disposition of swabs used

se E’f PEPES: cigars, mg&rettes, and chewing tobacco and
instruments in common and in spitting on any deck.
ery should be made in the routine care of a ship to prevent the
i ‘mouth of one man from gaining access to the body of another,
view, all mess gear and dishcloths after each meal should
» machine or otherwise to hot water, spitkids containing
in place, every man should be required to be at the spitkid
ctorates, and spitting on any deck day or night should be
each crew’s water-closet there should be an attachment for
) be used in the morning watch for the disinfection of
floor and woodwork of the head. Linoleum should be
od condition, in contact with the deck it covers, and frequently
- In all cases in which the contact has been broken disinfection
practised prior to repair. Damp cloths or swabs, to be daily
e steam hose or disinfected, should be used for cleaning
but a vacuum system of cleaning might be applicable even
wditions afloat. The air between decks carries much dust,
hich can be readily shown to have been derived from the
ncluding mouths and nares (coughing, sneezing, spitting,
their clothing, and food. The use of the broom between
e discarded and every means employed to keep as dry a
le consistent with cleaning without dust.
i gnosis of tuberculosis should be made as early as practicable,
. purpose there should be a zealous investigation of the sputum
se that is at all suggestive. An individual whose physical condi-
mmpa::ed with that of his fellows, is surely and steadily deteri-
‘om causes not ascertainable should be removed from a ship as
i T’Enjrnne in whom the physical signs though not conclusive are
' ive, but the diagnosis of tuberculosis should not be made
is conclusive. Any case of tuberculosis should be trans-
1l hospital so soon as practmahle and pending the transfer
> sh ould be kept under direct supervision. There should be an
press the walking patient that he is a source of danger to
| a pulmonary case that danger is in his sputa which he must
ep from affecting others. The hands should be kept clean
ould be deposited in the spit cup containing a disinfectant
here should be a separate drinking cup or glass and they, as all
&mg'handkerchmﬁs gauze, or mess gear that come in contact
‘or sputa, should be systematically sterilized in boiling water.
‘a musician the instrument he has been blowing should be
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disinfected. In any case the deck about the man’s billet should be disin-
fected when the diagnosis is made, as should the clothing and hammock
unless transfer is made without delay.

In barracks, where there is no ventilation by fan, the air space per
man should even in northern climates never be less than 6oo feet, scrub-
bing floors should be carefully avoided, and there should be the same care to
prevent expectoration on floors and stairs and to avoid dust. Drinking
water should be obtained from a jet and except for purposes of drill all |
clothes should be washed in steam laundry. All dormitories should be aired
and the men should not be allowed in them except to sleep, when those
spaces should be dry, of reasonable temperature and well ventilated. 4
cold, stagnant, crowded dormitoryis especially dangerous, and when the tem-
perature is too low ventilating apertures will be closed. When sleeping
in hammock there is a stronger tendency for covering to fall and in addition
a low temperature in a crowded room does not in itself facilitate ventila-
tion and dryness.

At nostation should there be a swimming tank without a white internal
surface and a suitable continuous flow, and any intentional pollution of the
water should be a very serious offense. Such tanks should never be over-
crowded, the time of exposure should be short, the ventilation and heat-
ing good, and one section should never be allowed to follow another until
there has been a reasonable time for renewal of water. There should be |
no swimming tank at any station unless the supply of water for that pur-
pose is practically unlimited.

Many of these measures are matters of routine for the prevention
of a large number of diseases afloat and ashore and they should also
include more frequent disinfection of decks and floors with corrosive
sublimate solution and the fumigation of sick bays with formalde-
hyde, especially when cases of follicular tonsillitis or diphtheria are oc-
curring. In epidemics of the latter disease all minors especially exposed
should receive every three weeks a preventive inoculation of serum until
cases cease to appear. The admission rate of tonsillitis, chiefly follicular,
at the Newport training station in 19o35 was 179.8 when the general ad-
mission rate of that disease was 58; of diphtheria 10.8; of lobar pneumonia
34.5; of bronchial affections 67.08 and of cerebrospinal fever 14.8.
During the preceding year the diphtheria rate was 184, the tonsillitis
rate 41, and the pneumonia rate 27, with no case of cerebrospinal fever.

The relation of tubercular infection to food is at present the subject
of much dispute. There is a strong attempt to overturn the teaching that
the germs of the disease are generally inhaled directly into the lungs and to
substitute the belief that those persons in whom the disease develops have
had the tubercle bacillus carried into the alimentary canal in milk during
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'J{q- _ {hood, the lungs becoming ultimately affected even in adult life by way
»f the blood and lymphatics. Tuberculosis is commonly a disease of slow
i evelopment and there is much evidence to show that the tubercle bacillus
j'+ n remain more or less latent within the body for very long periods.
ndnﬁhtedl]r the vital cause of the disease to a certain extent propagates
itself within the body much more often than signs of the disease during
1i ':wau]d indicate in view of the findings at autopsies on persons dead
- other diseases. At this time, while one certainly would not be
'*’-‘n:a ified in accepting the dogma that the majority of cases of tuberculosis
e infected by way of the intestinal canal, it cannot be denied that some
originate in that way and that consideration of raw milk and other
noked food, especially pork, enters into the question of the prophylaxis -
he disease. Certainly, the last word from scientific workers in that
tion has not been spoken and the discussion has advanced to such a
that the importance of general hygiene in relation to the development,
well as of the purity of the milk supply in prevention of infection, has
been very much emphasized.
~ On naval vessels food coming from the galley is very thoroughly
ted, but that the men did have access at times during the ten years to
1C0 ked food is shown by the fact that tenia was not very rare and that
isionally an epidemic of typhoid fever was considered due to milk.
h milk was, however, not a feature in the navy ration until July, 1906,
its use by the messes was generally discouraged. However, commuta-
of rations in vogue during the period and the tendency of some to
ooked sausage when on shore opened a way to the occasional consump-
‘of uncooked food. In oriental countries not a little human manure
ed on the fields, making fresh vegetables dangerous when uncooked,
that danger was very generally avoided during the period. In almost
ommunities the milk supplied is very questionable, and while as a
ce of evils its use is proper in the treatment of the sick, it is not suitable
_.jgpneral use in the raw state on a naval vessel so long as the method of
tht'-ria:g it remains in its present primitive state. In probable though
aps debatable relation to the question of method of infection it ap-
ears that over go per cent. of the cases returned during the ten years were
1e pulmonary type.
‘There is a widespread belief that a sea life or even a single voyage of
ny length at sea is good for “weak lungs.” A reflection of that belief
n pﬂiﬁnts or guardians is observable at the recruiting stations and
uld serve to induce a corresponding caution on the part of examiners.
here is an even more extensive belief that the navy makes men out of
li gs, and it was certainly a pleasing observation during the period of
ing ships to note the difference between the physical condition of
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that sudden exposure to the sunlight especially on the back of the head or
neck and that fatigue are exciting causes.

There are patients who without regard to renewed infection cannot
rid themselves of the parasite even under treatment without change of
climate, and there are persons who though repeatedly bitten by infected
mosquitoes remain unaffected among their fever-stricken comrades.
There are persons who after a single manifestation in a malarial climate
remain for months or even years in a non-malarial climate with blood
apparently free from the parasites and then without reinfection have
the paroxysm and furnish the parasites. There are those from whom
the parasites, though often in sexual form, can be obtained for very long
periods who have never given other manifestation of the disease. There
is therefore a relation between the parasites and the general condition of
infected persons that is little understood and which cannot be ignored.

The long-continued use of quinine does have effect upon the general
condition of persons irrespective of any effect upon parasites. The long-
continued use of a drug which in large doses causes deafness, vertigo,
headache, muscular weakness, tremor, staggering gait, dilatation of pupils,
amblyopia even to total blindness and can be made to produce convul-
sions and death is worthy of some consideration in spite of the voluntary
employment by the human race of such drugs as alcohol and nicotine
for which a large degree of tolerance is generally readily established.
Alcohol has also been used in enormous quantities in some cases of
typhoid fever without causing an approach to intoxication, and morphine
has been employed in dysentery with good results in amounts that in health
would have caused death,

On naval vessels, in the mouth of the Congo, sulphate of quinine has
been given in solution up to 7o or 8o grains in 12 hours without marked
or even any apparent cinchonism and with very good effect. But when
quinine, whose action is cumulative and which tends to disturb the diges-
tion, is given to a large number of men daily in doses even as small as
five grains there will be some who will rebel, especially if the usual
solution be wused, and capsules, even if the supply should be sufficient,
do not always keep well in the tropics ashore.

Moreover, the men themselves will soon be aware that cases of malaria
are appearing among them and serious or even fatal cases, and the idea,

whether true or not, is evolved that those taking quinine daily do not

respond as readily to treatment. Under those circumstances lining up
the men every day, especially when quinine is given in solution, may be
subversive of discipline. It is astonishing how many cases of tertian will
yield to quinine in two-grain doses thrice daily, but Chomel gives twenty-
two cases of intermittent fever with nineteen spontaneous recoveries, the
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tanks and careful attention and liberal use of water, the necessity for
cleaning as shown by sediment should be very rare.

In all cases of extension on the ships during the ten years there was
more or less doubt as to cause, opinion depending upon a balancing of
testimony, all circumstantial. In fact, the different methods by which the
disease may be propagated are many and one or more may be in operation
at the same time. The means by which the bacillus may find admission
to the mouth are so numerous that the routine care already indicated for
the prevention of such diseases as tuberculosis, tonsillitis and others
enumerated are just as applicable to prevention of typhoid fever. For
instance, the handling of the drinking cup in common by men not all of
whom, to say the least, wash hands after stool and from whom cases of the
disease are obtained which at time of admission already give tempera-
tures of 103° or 104° F; the avoidance of dust, and the care of clinical
thermometers, tongue depressors, swabs used on throat cases and, more
especially in this disease, of the hands of nurses, who may not only make
the routine applications in throat cases and take temperatures, but who
also bring from the ice machine the supply for the sick-bay and put it into
a cooler from which many obtain water and from which water is drawn
frequently during each day in giving medicine to men from various parts
of the ship.

Typhoid fever is not in the ordinary sense a contagious disease,
but in view of the concentration of men on a ship and the consequent
intimate relation of one part to others it should be treated in segre-
gation as such to the extent that is practicable, for the spread is often
largely by what seems to be personal contact. While infection of water
remains the most common origin of the epidemic outbreaks in civil com-
munities, that does not seem to be the case on ships. It is true that some
outbreaks have been ascribed to raw milk brought on board as on the
Texas in October and November of 1898 when nearly all the 17 cases
which appeared in rapid succession, with some on the same day, came
from three messes in which milk obtained from one dairy was extensively
used, the marines in whose mess no milk had been served remaining
exempt; but generally, as on the Pennsylvania in 19o6 when from about
8oc men there were 44 cases with nineteen days’ interval between the first
and second, the method of infection was never traced.

The line of demarcation between the variety of infectious diseases
regarded as non-contagious and that other variety known to be contagious
is not always very definite. In any infectious disease there is a living
exciting cause and the invasion may be by any route, but if that invasion
is by direct association with the primary source the infectious disease is
contagious. Yet in some case of scarlet fever the primary source may
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break caused by infected water, but the methods of contact infection do not
appear to differ materially from those of typhoid fever. In both diseases
the infectious material is in the discharges and to take effect must be
swallowed, and communication by dust seems unsupported, but while
the vibrio is readily destroyed by drying, it generally takes several hours.
It is another case of flies, fingers, and food, especially raw vegetables ob-
tained from fields on which human manure has been used, as in the East,
and of infected water. In regard to first cases it should be considered
that it is possible for a case to be so mild as to escape all recognition or
even attention and that the vibrio has been demonstrated in many healthy
persons, who have been in daily attendance upon cholera cases. As in
the case of typhoid fever, convalescents may continue to furnish the in-
fecting agent for many days. _

The vibrio is readily killed by an acid, especially in the presence
of pepsin, but that action tends to be delayed in the presence of peptone.
A healthy stomach may be a guard against infection, but dyspepsia, more
common in drinkers, is a predisposing cause, as well as fatigue, worry,
and food tending to diarrhcea, such as fruit not in sound condition. In
the distilled water supply of a ship the vital cause of the disease would
“probably live generally but a short time, as in sterilized distilled water it
dies in 24 hours, but in natural water it may live for weeks; yet where
infected water is the cause of a continued epidemic, reinfections of the
water are generally occurring. In prophylaxis Haffkine's vaccines have
been used. The recent inoculations seem to protect in considerable
degree, but case mortality is not reduced. In the face of this disease re-
liance cannot be placed in the prophylactic use of drugs, including the
acids, but in all cases at least the same precautions should be taken as in
typhoid fever.

During the ten years Shanghai, China, seems to have been respon-

sible for many of the cases of cholera on the ships. For instance, on the

Boston in 1896 the primary case appeared in a man who was infected on
liberty at Shanghai. He was transferred to hospital, his effects were
burned, most of the ship was fumigated with sulphur dioxide, and then the
berthing spaces were washed with bichloride solution. Hammocks and
clothing were aired. Bul a second case appeared eight days after the

first had been transferred and the patient had not been out of the ship for

a month, Three days later the third case occurred, and on the subsequent

day two cases were admitted. The fumigation and washing were re-

peated, all water was pumped oul of the tanks, which were then cleaned
and disinfected before being again filled with distilled water, and all cloth-

ing and other articles were disinfected. No other cases occurred. How-

ever, the extension in this instance seems very much like that of typhoid
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When a metal ship is in cold waters there is a marked tendency to
loss of internal heat by conduction and the effect is marked upon those
billeted near the ship’s sides. Within the perceptible area of this influ-
ence the effect in general varies inversely as the square of the distance
from the metal, and that effect, where there is a marked difference
between internal and external temperature, and the body is in proximity,
is equivalent to a draft of cold air. This great lack of equability of
temperature, causing one side or part of the body to lose heat rapidly and
the other slowly is emphasized in the case of the sleeper who in turning
exposes alternately to the influence of the ship’s metal side, surfaces
warm and more or less perspiring. Cork paint properly applied lessens
the effect but leaves much to be desired. On the most modern ships the
use of non-conducting ceiling or sheathing on sides in connection with a
dead air space has very greatly limited the chilling effect of plates, and
the same ceiling with ventilated air space has markedly reduced the wild
heat of ships. On ships unprovided with sheathing and which happen
not to be crowded, men can be required to swing more inboard, and in
officers’ quarters and in sick-bayvs of such ships bunks should be inboard.
As sheathing with wood is not allowable on a fighting ship, the use of
metal ceiling covered within with cork or cork paint has been necessary
and has secured a more or less satisfactory solution of the problem.

In the case of barracks the first essential is construction designed
to meet the requirements as to site, air space, heat, dryness, and
ventilation and the second a routine care of building and personnel
that avoids wetting floors, secures clean comfortable rooms for all pur-
poses at all times and protects the men from the effects of their own
carelessness or lack of knowledge. Observation emphasizes the danger,
especially in cool or cold weather, of a system of washing clothes that
requires them to be scrubbed with brush on the floor or concrete. It
generally means a congregation of men under unhygienic conditions—a
humid room atmosphere, general exposure of soiled and sometimes in-
fected clothing of many men in a closed space, more or less wetting by
water and perspiration of clothing worn and, without rubber boots or even
with them, wet feet followed often by immediate exposure to outside con-
ditions of weather. Such a method was undoubtedly during the ten
years a strong predisposing cause of disease—the rheumatic diseases and
others. In these observations the similarity to those made in connection
with care of barracks in relation to tuberculosis, bronchitis, tonsillitis, and
diphtheria is evident. The influences that tend to increase the number
of cases of bronchitis (compare Tables g and 32) have a similar tendency
in theumatic affections. There is a supposed connection between tonsil-
litis and rheumatic fever, but follicular tonsillitis is a communicable
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against the best interests of the stomach. In such cases a moderate
amount of smoking may be advisable, especially if the stomach tends to
feel food a short time after ingestion. At any rate, an after-dinner cigar
without coffee or tea generally tends to facilitate the night stool and may
be utilized by those individuals to whom the habit is not objectionable.

While at stool, sufficient time should be given to permit the act of
defecation to be entirely completed. It should be remembered that the
mass of feeces which perhaps has descended into the rectum a short time
before going to stool does not ordinarily represent the entire amount
awaiting expulsion and that usually a little additional time will permit the
rectum to receive malterial released by the muscularis, and which if not
expelled at that time will remain in the rectum ordinarily for 24 hours
when nature intended that organ to remain free from any accumulation
during the normal interval between evacuations.

In relation to hsemorrhoids as well as to the general comifort of the
men it is very advisable for every ship to afford proper facilities for each
member of a crew to have access to the water-closets at such time as may
represent the termination of the normal interval between evacuations in
his case. To that end the total seating capacity of the crew’s water-closets
should not be less than 5 per cent. of the crew complement, and cleanliness
should be the rule at all times, Urinal troughs should be provided,
toilet paper supplied, and it should be a punishable offense to drop any-
thing upon the floors or seats. In the construction and management of a
crew’s water-closet there should be continuous flushing without splashing
if a trough is used, and the trough should be so shaped as not to facilitate
the catching of fecal matter and, from smooth internal finish, not to hold it.
It is best not to have individual seats in the case of a trough, but to have
all woodwork removable and readily scrubbed. With concrete floors,
facilities for use of steam hose, a proper routine, exhaust system of ventila-
tion, and two heads, those parts of a ship can be kept free from at least
much of the objection to which such places tend to give rise.

Hernia may be considered at this time to advantage, especially if the
statistics given in Table 39, which appears on the next page, be considered
in comparison with those of varicocele.

In our naval service hernia is not considered a disease, but an injury.
It therefore does not appear in Statistical Table s, but its relative position
in the scale of damage can be readily calculated from the data in Statistical
Table 4. Although the condition caused no death during the ten years,
it damaged the service nearly as much as pneumonia and typhoid fever
together and more than the malarial diseases. It caused nearly four
times as much damage as dysentery, and nearly half the damage of tuber-
culosis with which in connection with percentage increase it may be com-
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worth while to imitate; by getting the men out of ships that happen to
be at anchor in harbors not affording opportunities for regular liberty, thus
encouraging them to engage in sailing races, seine-hauling, beach bathing,
fishing, and sports on shore; by providing place in the various navy yards
and encouraging the men to give some entertainments there under their
own auspices, ship’s or navy yard band furnishing music, thus affording
men of good conduct opportunities to make returns for kindnesses re-
ceived and to emphasize distinctions between desirable and undesirable
companions; by recognizing that the period of liberty is the time away from
work and the feeling of restrictions—the period of amusement for which
other places should be conveniently available than the saloon and resorts
for which guides under the pay of others are seeking customers—and thus
the advisability of enlisted men’s clubs, perhaps in the navy yards and
therefore erected and equipped by Government appropriation, but with
the men themselves having a requisite measure of control by responsible
boards of managers; by encouraging the various associations established
in the cities for the comfort, instruction and entertainment of men of the
service; by such associations, service papers, and other available influences
engaging in a creation of public sentiment that the location of saloons with
reference to navy yards should be within the law applicable to schools,
and by some authoritative devising of means by which a government
undertakes to secure.testimony in its own country against any engaged in
placing the sailor in a disabled condition for the purpose of robbing.

In Statistical Table 4o the figures are intended to relate to the effects
of ethyl alcohol, but it seems quite probable from consideration of the
death rate that records have included some of the cases of wood-alcohol
poisoning that belonged in accordance with nomenclature under another
heading. For some time during the period wood alcohol was used on the
ships for mixing shellac and there are methods of separating the alcohol
from the mixture. Methyl alcohol has also been used rather extensively
on shore in making a number of toilet articles, including some bay rums,
and it was not unknown for such preparations to occasionally find their
way on board. Deaths from methyl alcohol were not so very rare during
the period. For instance, from a cursory examination it appears that on
the Montgomery in 18gg a man returned from liberty under the influence
of liquor, continued his debauch by taking wood alcohol from shellac, and
died; on the Wisconsin in 1gor there was a death from the same cause,
and at Naval Station Dry Tortugas in 1904 a private marine, who had
been for some time a hard drinker at every opportunity and would when
intoxicated drink bay rum and toilet waters, procured a quart of wood
alcohol and drank it at intervals during 36 hours. He died as the others
after a period of total blindness.
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It seems advisable to state that coppers and coffee kettles should not
be brightened by the use of any poisonous substance. On the Indepen-
dence in 18gg a private marine while recovering from the effects of an
alcoholic debauch accidentally swallowed a portion of a solution of oxalic
acid contained in a mess bowl which the ship’s cook had put in the galley
preparatory to cleaning the coppers. On the Yankee in 1go4 more than
a dozen men from one mess suffered from poisoning produced by drink-
ing coffee poured from a kettle in the spout of which there was a portion
of the Putz Pomade that had been used in brightening the outside. Fine
brick dust on a damp cloth may be used for such purposes, but special
supervision is required to prevent men from using on mess gear dangerous
material then so extensively employved on ships in cleaning bright work.
But, bright work is disappearing from ships.

It seems to be generally recognized that the meal hour should be
respected, every man being entitled, so far as exigencies of service permit,
to sufficient time in which to ingest food without undue haste. Un-
doubtedly stomach troubles would be greatly diminished if men could be
brought to cultivate the habit of thorough mastication. Tt cannot be
denied that the very large majority of men bolt their food and that the
practice not only leads to the consumption of too much food, especially
protein, but also to reception by the stomach of material in such coarse
division that from.a purely mechanical point of view the digestive organs
are unable to reduce even the requisite amount to a state suitable for
absorption without undue labor against which they often rebel. Such a
practice is most uneconomical from the body point of view, as the time the
food is within the mouth is the period of opportunity to secure that cor-
relation of functions necessary for the proper coordinate action of the
digestive apparatus. The man who avails himself of the opportunity also
adjusts the total amount of work to the capacity, secures more nourish-
ment, and greater strength, and at the same time greatly lessens the work
of the body in disposing of material.

Yet, it is difficult to see how these facts can be brought home to the
average mind, or how even if the knowledge were acquired it would
make much difference in naval practice except in a percentage of the
cases already showing distress. The attempt to teach proper mastication
is much like the attempt to teach grammatical speaking to those who have
formed the other habit of speech around the home table. Yet, in all
cases of dyspepsia or gastric catarrh, however trivial they may seem, the
medical officer has opportunity to not only instruct in regard to articles of
diet, but also to impress with the necessity for thorough mastication. It
seems not improbable that if the majority of persons could be induced
from youth to thoroughly masticate their food the circulation within and
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IIZ NAVAL HYGIENE.

producing the maximum result. The hearts and kidneys and stamina
of men, if much speed is maintained, are then greatly tried, especially if
new men, some perhaps not well selected, are working as coal-passers.
It would, therefore, seem that, in a general way, tropical cruising, especially
in our summer months, and an increasing percentage of recruits in the
engineer force tend to that condition in the service known as heat pros-
tration. For instance, the records show that in 1898, when, owing to the
Spanish-American War, there were a relatively large number of recruits
and several summer months of general tropical cruising, though chiefly
at reduced speed, the admission ratio for cruising ships was 2g.4, or nearly
3 times the maximum of the table.

There were some very hot ships engaged in that war, notably the
Cincinnati, Puritan, and Ampbhitrite, and there were some firerooms in
which it was difficult to keep men at work; and the fireroom is a very im-
portant part of a ship, especially in war. The table, however, distinctly
declares that during the ten years the firerooms were being greatly im-
proved. It is also believed that during the time there was increasing
attention given to the degree of physical development of applicants for
enlistment in the engineer force, the recruiting officer having eventually
no discretion in waiving departures of weight, chest measure, and
expansion from the prescribed standard such as he could within limits in
other cases.

It is noticeable that the forms of heat prostration common in navies
does not greatly threaten life, as the case mortality was a little over 1 per
cent. and not a few of those deaths were not traceable to firerooms, as each
year there are some deaths in the force ashore from the common form of
heat stroke in civil communities. The large majority of cases on ships are
characterized chiefly by cramping of the voluntary muscles associated
often with excruciating and disabling pain. The condition is one in-
viting investigation. It is primarily due to excessive physical work in
heat, but it is not clear that it is due to the direct effect of heat as it is apt
to be precipitated by sudden change to assisted or forced drafts though not
uncommon in any unusually hot fireroom. Undoubtedly the prophylaxis
is found primarily in careful selection of the men intended for work as
firemen and coal-passers and the proper ventilation of the spaces in which
they work with a view chiefly to the limitation of wild heat and the re-
moval of overheated air. In that ventilation, properly placed and as-
sisted exits are of unusual importance as well as a recognition that air
from inlets tends to travel in a direct line to the furnaces and thus greatly
facilitates the banking of hot air above the line of the furnace intakes,
presenting a special problem in ventilation and also a question of construc-
tion on metal ships as the heat, especially perhaps in the wake of boilers,
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120 NAVAL HYGIENE.

should be required, at least in time of peace, to recruit beyond its accom-
modations to care for recruits. The care of the recruit not only requires
suitable quarters, but also a sufficient number of officers and responsible
petty officers. In a rapidly expanding service the relative scarcity of the
latter is always evident and lack of the former naturally results when
provision is not made in time for an increase commensurate with the in-
crease in enlisted men. With a lack of sufficient number of officers and
responsible leading men, and a concentration of newly enlisted men who do
not know how to look out for themselves, there is unavoidably an in-
sufficient supervision and an inability to make the most of such facilities
as may be available. If to that situation is added insufficient quarters,
there will be a number of diseases on hand, and the tendency to spread will
at times be greater than the means available for control.

Undoubtedly in every navy there is also need of a much wider diffu-
sion of the knowledge of hygiene from the lack of which situations result,
including degrees of concentration of men, that might be changed more
or less if there were a full appreciation of requirements. But, when a
large number of men are to be quartered on shore in barracks, large ex-
penditures of money are required for suitable buildings, which should
not only be of proper design, with not too many persons under one roof.
but erected on a dry site and in a suitable climate. A certain multiplicity
of buildings is necessary to limit the influence of extrinsic diseases and,
by separation of men, to diminish the tendency to the importation of
disease.  In an expanding navy there is generally developed a situation
resulting from obtaining men more rapidly than ships in the endeavor
to have the men more or less trained and suitable to man those ships,
but in the meantime, owing to the expenditures of money required, there
are apt to be insufficient, unsuitable, and overcrowded quarters on shore,
the quarters being lacking as well as the ships. -

When a small navy, that has been living entirely in ships, develops
into a large navy utilizing barracks as well, there is also a tendency to
make the routine in barracks agree as nearly as possible with that of ships
and to care for barracks as if they were ships. In these days every
ship has a very large degree of artificial ventilation and will stand an
amount of crowding, if blowers are kept running, that is impracticable in
barracks without the same degree of ventilation. Besides, ships change
locality, going into the tropics, as a rule, in winter, while barracks are
stationary. In ships doing tropical cruising blowers are run, if for no
other reason, to remove overheated air, ports are kept open as much as
possible, and drafts are agreeable. In barracks during cold months there
is a marked tendency to keep buildings closed, natural drafts are dis-
agreeable and even dangerous, and at night there are apt to be few internaj
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122 NAVAL HYGIENE,

ings, but if newcomers are carefully and repeatedly examined during a
suitable period of detention before being allowed to mingle with others,
a marked cause of epidemic disease would be removed. If the clothing
and skins of all newcomers were disinfected at time of arrival, an addi-
tional source of trouble would be eliminated. But such a course requires
buildings available for detention and a place suitable for disinfection.

In the limitation of skin troubles it is very desirable, indeed necessary,
to have the full assistance of the executive branch which can, in addition to
securing cleanliness of clothing, building, person, and locality, cultivate a
pirit among the leading men that it is in the interest of all to have diseases
of the skin promptly detected. Such persons have opportunities of seeing
the men stripped, especially in warm weather, and also of impressing
others with part of the zeal they themselves display in the discharge of
duty. It is evident that thé spirit displayed by the medical officers them-
selves will have much to do with results obtained along the lines indicated.
It is necessary for a medical officer to have all the confidence that can be
obtained by steadiness, alertness, attention, and tactful discharge of duty
that does not include a too early expression of sensitiveness in the case of
individuals suspected of malingering, cultivation of opposition by discharg-
ing men to duty before they feel they have received every consideration
reasonably due, and lack of careful investigation of cases, especially,
perhaps, those that may have found their way to him through the atten-
tion they have attracted from other men. In the tropics, on ships, where
there is a fine display of naked bodies in the morning watch, the men
themselves can exert influences to get to the sick-bay a man who is show-
ing skin troubles if a belief has become diffused that all such cases are
wanted. Knowledge of the presence of the contagious case is the first requi-
sife in prophylaxis, outside of that general routine undertaken for the
good health of all.

Whenever men are to be transferred to a ship, early opportunity
should be given the medical officer of receiving ship or station, and he
should be required, to observe the naked body of each. Whenever men
are received on a ship early opportunily should be given the medical
officer of the ship, and he should be required, to examine each man
stripped and at the same time to determine advisability of revaccination.
During such examination there should be no mixing of the clothing of
different men. It isa matter of interest that almost any crew after passing
through receiving ship will give 25 per cent. of successes on revaccination
and the same is apt to be true toward the latter part of a cruise or of men
received during the cruise.

On all ships and at all stations men doing duty as barbers have im-
portant relation to abnormal conditions of the face or scalp. The income
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128 NAVAL HYGIENE.

circumstances for purpose of early isolation. With so many susceptible
individuals living as one family and sleeping as it were in one room, the
appearance of cases in such well-defined and limited crops is difficult to
explain under the idea that so contagious a disease is always propagated
directly through the medium of the air. The history suggests some
additional or intermediate way of extension at least prior to eruption on
skin. Ultimate extension by atmosphere can apparently alone account
for many cases. On the Yankee, a marine on guard to prevent approach
to a place of isolation containing four cases, visited the place himself for
a moment under some mistaken idea of duty and contracted the disease
though the exposure was momentary.

It seems, however, in view of the long intervals between the ﬁrst
case on that ship in 1go4, and the cases comprising the first crop, that
infection may have been primarily one of locality. The records in a
number of instances indicate the contagiousness of measles during the
primary catarrhal stage. An epidemic of mumps, in which disease
the salivary secretions are apparently the chief source of infection,
is apt to have about the same characteristic run as measles when all
cases have been isolated or removed from the ship as they appear.
In fact, in all these diseases these cretions of the mouth-or respiratory
tract have much to do with extension. When cases are not promptly
isolated the sequence is changed in accordance chiefly with the number
of susceptible persons present, cases appearing perhaps daily but,
nevertheless, even then the period between the first and last case shows
either that susceptibility was not constant or that the poison was not
uniformly diffused. .

At any rate, the evidence is sufficient to suggest that in the presence
of many susceptible persons the chance of spread would be diminished, if
cases were promptly isolated, by use of bichloride solution on decks
and paintwork of quarters each day from the discovery of first case
until primary cases cease to appear, then, after a period of six days
from the appearance of first case, each day until the last case of the first
crop and so for each crop until the disease failed to appear. Such a course
may be feasible when on a crowded ship even a single general fumigation
may not be feasible away from quarantine, either from lack of material or
other facilities.  All during the period special and strict precaution should
be taken to prevent spitting on decks, and spitkids should contain water
and be disinfected with steam hose daily, preferably in first one head and
then the other, that the steam may be extended to that locality. Drinking
cups at scuttle butt should be immersed in formaldehyde solution, the
best ventilation practicable secured at all times, and, in fact, the sanitary
routine indicated elsewhere strictly carried out.
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I40 NAVAL HYGIENE.

In fact, the routine care of men involves measures based upon the
knowledge that prophylaxis is a series of methods or procedures whereby
disease is restricted and prevented as much by suppressing or removing
its predisposing causes or conditions as by destroying or modifying the
exciting causes. It therefore includes, for instance, a proper ration as well
as an uninfected ration, a proper amount and use of water as well as unin-
fected water, a proper amount and renewal of air as well as uninfected
air, proper kind and care of clothing as well as uninfected clothing; and
vet a study of the vital statistics of the service also declares that man
himself and other animals are the principal source of infection, their
excreta the primary principal vehicles, and other animals, air, and water
the secondary principal vehicles. It therefore follows that the proper dis-
posal of man’s excreta as well as the protection of man from other animals,
such as infected mosquitoes and fleas or flies and other insects carrying
infective agents, is also the best means of preventing infection. And in
the presence of epidemic disease disinfection or the destruction of the agents
causing infection becomes of first importance.

It is necessary for a naval medical officer to recognize that the general
shape of a ship is fixed by unalterable laws without regard to hygiene,
and that the great concentration of men on a fighting ship is an essential
service condition. It therefore follows that there is a singular necessity
for as complete an adaptation of the construction of a ship to sanitary
requirements as her efficiency as a fighting ship permits, and that in view of
the concentration of men it is imperative for that construction and routine
care of the ship, as well as of the personnel, to be directed to the proper
disposal of the excreta of those very men as well as to the protection of
those men from the excreta of other men, as, for instance, in the provision
and care of apparatus for the distillation of water as a measure against all
water-borne diseases.

To him who studies the vital statistics of a navy it should be very
clear that the primary problem of naval hygiene is the prevention of
disease by the preservation, promotion, and improvement of general
health, and that the satisfactory solution of that problem can only be
found in the study of air, food, water, clothing, exercise, work, recreation,
and the like in their application to the naval personnel. The naval human
being has relation to natural conditions surrounding him that are intensi-
fied by concentration, but he also has social relations that in view of special
circumstances require special consideration and has, as all mankind,
thoughts, feelings, and desires which require self-regulation and control.
Naval hygiene then involves a study of the man himself in the navy as well
as of his surroundings under essential service conditions. Tt involves an
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THE AIR WITHOUT AND WITHIN THE SHIP. 163

There are a number of direct hygrometers, e.g., Daniell’s, Regnault’s,
and Dine's, but on ships an indirect hygrometer, called the stationary
psychrometer, is employed for determination of degree of humidity. ;

An examination of the psychrometer itself is of much more value
than any description or drawing of it. But it may be said to consist of
two 12-inch standard thermometers mounted side by side on a block of
wood with their bulbs extending below. The block is fastened within

Fic. 1.—The Ship's Psychrometer. Fi6. 2.—A type of
Hygrometer (Mason)
in COmMmMOon use.

to the back of a little slatted wooden house, the thermometers being
placed vertically and facing the door. Around the bulb of one of the
thermometers is a wick which extends below into a small receptacle con-
taining distilled water. This little water cistern has a cover through
which the wick passes without being compressed and as the water
ascends by capillary attraction the bulb of the thermometer is kept
constantly moist.

The thermometer with its bulb covered with the moist wick is
called the wet bulb thermometer and the other is called the dry bulb
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This relative humidity table can be used only in connection with
a stationary psychrometer. The sling psychrometer or whirling hygrom-
‘eter is a more convenient instrument for use in occupied compartments

as the result can be determined
~ much more rapidly. In the ordi-
1..;'|'1a1;y psychrometer it is necessary
for the water in the cistern to have

~ been at the temperature of the sur-

rounding air for some little time
before the readings can be regarded
as strictly satisfactory. If the water
in the cistern is colder than the
‘surrounding air the wet bulb will
‘stand too low. Consequently, in
“earrying such an instrument from
‘one part of a ship to another there
‘is delay in filling the cistern with
‘water, which should have been
standing for some time in the
locality to be investigated, and in
waiting for the instrument to reach
an adjustment. Besides, with rapid
movement of partially distributed
air incident to plenum system of
‘ventilation there is some difficulty
in placing a psychrometer so that
the reading will be a fair average,
and to take a number of satisfac-
tory readings requires time,

The sling psychrometer also
consists of two thermometers placed
side by side but attached toanarrow
strip of metal which when in use is
made to revolve like the spoke of a
wheel around a handle held more or
less horizontally and moved by the
user to secure the revolution. The
wet bulb is generally placed for con-
venience lower than the dry bulb,

L r— e - —— L r—— ¢ pe—— - e, T ——, —p—_ — LU ——
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F1c. 3.—A Sling Psychrometer or Whirling
Hygrometer,

and being covered with wicking or silk is made wet by simply dipping the
covered end into a cup of distilled water, at temperature of compartment,
until thoroughly saturated. The instrument is then whirled 15 or 20
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180 NAVAL HYGIENE.

Hair-felt put on in sections is used on all parts of main, auxiliary, and
dynamo condensers, on feed and filter tanks and evaporators.

Boiler casings are lined with magnesia at least 2 inches thick having
inside of such lining asbestos board 1/4 inch thick. Boiler uptakes have
the space between outside and middle sheets filled with magnesia, while
the space between inside and middle sheets communicates with air space
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Fic. 4.—Non-conducting Sheathing on Side-Flates.

of smoke pipe and is open below, except when ship is under forced
draft, thus forming an uptake for hot air by way of air space between
inner and outer casing of smoke pipe which may extend without inter-
ruption to its top.

Openings are also sometimes made into outer casing of smoke pipe
just above protective deck to admit air for circulation between the smoke
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THE AIRE WITHOUT AND WITHIN THE SHIP. 227

revolutions a minute. As the effective velocity under such circumstances
was usually taken as about 75 per r;(:nl.,—‘*’}“4"’:”‘}'4
minute would be the rate of movement of air through fan outlet. Sup-
posing the outlet to be a r12-inch circle or to have area of 0.7854 square
foot, the delivery would be 777.2 cubic feet per minute, or 46,632 cubic
feet per hour on 6o revolutions per minute. a standard supply for over
13 men, and a supply of 1,500 cubic feet per man for 31 men. How-
ever, the revolutions probably did not exceed 30. The wheel was worked
by hand and seems to have been an innovation of short duration on a
few ships, though said to be somewhat similar in design to the magazine
ventilators in use in the navy as late as fifty years ago.

=0dg.55 feet per
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F16. 10.—A Type of Sturtevant Multivane Runner.,

The fan wheel in use on ships to-day is essentially of much the same
design as that of the Desagulier wheel, as may be seen in the above
illustration in which a type of the new ventilating wheel of the B. F.
Sturtevant Co. is shown without casing.

Wheels or runners vary in angle, number and character of blades
and in size in accordance with the work required, but the best angle and
number and design of blades are still undetermined by makers, as under
ship conditions the practical or stated efficiency of the best design, or
the one given in the illustration, which was primarily developed for
naval  essels, seems to be about so or 6o per cent. of the theoretical
efficiency under the advanced method of testing recently devised. There
is also in this connection considerable discussion as to the most efficient
forms of casing, but, however much the appliances may be improved
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the required quantity of air at about the same terminal velocities not to
exceed 1,000 feet per minute in crew spaces, the movement of air to be
produced by a blower (or exhauster), maintaining the necessary pressure
at its outlet on a minimum expenditure of power or coal.

FiG. 11.—Sturtevant Electric Ventilating Sets with enclosed and semi-enclosed motors,

Such a problem belongs essentially to the designer, the sanitarian
being chiefly concerned in results as exhibited by the secured renewal of
air. But, as the problem is stated, there may be some differences in
regard to what constitutes a satisfactory result, as there is no definition
of what is a sufficient number of branches or terminals, it being under-
stood that each duct from a main duct is to have no branch.

Fi6. 12.—Sturtevant Ventilating Fan. Muitivane Type.

T'he question of number and distribution of terminals is important
because with a given renewal of air it is concerned with its proper dis-
tribution. If air leaves a terminal at 1,000 feet a minute, the volume
will depend upon area, a large terminal delivering more air than a small
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one; it follows, then, that the same volume of air may be delivered by a
small number of large terminals as by a larger number of small terminals,
but that in the former case there would be less distribution than in the
latter, with, however, less friction and less expenditure of power. There
is need, therefore, on the part of the designer of recognition of the advisability
of the greatest practicable multiplication of well-distributed terminals.

In natural ventilation of buildings it is calculated that each occupant
should be allowed 24 square inches of inlet and that the area of each in-
let should not exceed 72 square inches, or enough for 3 persons, the

Fic. 13.—Sturtevant Multivane Fan, Details of Casing, Runner, Pedestal, and Bearings.

object being to secure a proper distribution of air. In the artificial
ventilation of ships there seems te have been no corresponding limitation.

On naval vessels the specification air renewal is based upon the
gross capacity of compartments, their contents in men or furnishings
not entering into such calculations. The air supply in relation to available
air space is therefore more liberal than would appear at first sight. * The
specification renewal of a crew space outside of armor bulkheads is com-
monly in from ten to twelve minutes, and inside of such bulkheads, as
there are no air ports or other means of supplying air naturally, in about
four to four and one-half minutes. If the gross capacity be considered
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as 210 cubic feet per man, there would be in the first an artificial supply
of about 1,050 to 1,260 cubic feet per man per hour and in the second of
about 3,000 to 3,150 cubic feet. These are maximum working approxi-

-

"

FiG. 14.—A group of Sturtevant multivane fans dcsigner]'far naval vessels,

mately calculated deliveries under the supposition of all available space
used for berthing purposes.

At a speed of 1,000 feet a minute, 1,260 cubic feet per hour, would be
delivered by a sectional area of o.0z1 square foot or 3.024 square inches,
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and 3,150 cubic feet per hour would be delivered by a sectional area of
0.0525 square foot or 7.56 square inches. If with these allowances a
similar degree of distribution be sought as in natural ventilation by
having one inlet for each three men, the inlet outside of armor bulkheads
would be g.072 square inches and inside 22.68 square inches, in the one
case a 3.4-inch circle and in the other a 5.37-inch circle for each three
men, any increase in area, provided each louver be limited to the supply
for three, being advisable, as thus the velocity for a fixed delivery is
diminished.

i1, il *_I‘" r1Fi ".:‘ -fH '_ r:lr!-,i

FiG. 15.—Interior of a type of casing showing a runner of the old type
with straight blades. (Taylor.)

Of course the multiplication of terminals is of chief importance in
actual berthing spaces or in spaces where men are crowded. The term
berth deck on a modern ship is usually somewhat misleading, as often
only a small part of it is used by the crew for berthing purposes and
that is chiefly or entirely outside of armor bulkheads, the large majority
of a ecrew berthing on the gun deck and under the superstructure or upper
deck with no artificial ventilation usually provided for either space.
Within the armor bulkheads there is therefore generally a large air supply
and few men, a situation lessening the importance of complete general












- - L « s o]







L | J = - ;
F T 1 . a8 | L
|} i ! ;










=i g r







244 NAVAL HYGIENE.

decks. For instance, a fan may be situated on a gun deck and exhaust
air from the head and chief petty officers’ water-closets on that deck and
also from the sick-bay lavatory, the isolation ward and the paint and oil
rooms on the berth deck below; and two blowers, one on the port side
of the ship and the other on the starboard side, may be located on a berth
deck and operate on quarters and storerooms on that deck, and on com:
munication room and switch-board room below the protective deck.
A blower perhaps situated on a berth deck may supply air to a sick-bay
and also to storerooms below. Operating on a dynamo-room may be
four fans, two supply and two exhaust situated on the berth deck, but the
supply blowers may also operate on the bakeries on the gun deck. It
is obvious that under any circumstances special outlets should be pro-
vided in bakeries. But fans are located with a view to relatively short
ducts and to ventilate spaces without piercing the principal longitudinal
or transverse water-tight bulkheads. Should ducts pierce such bulk-
heads they are made water-tight and are fitted with valves,

The men’s berthing space on a gun deck is not provided with artifi-
cial ventilation. It has a large measure of natural ventilation, but the
air supply is so variable that at times at sea, or in bad weather generally,
it is not unusual to find foul air on that deck in connection with small
air space per man, a large portion of the crew living and berthing there.
Water-closets on that deck are under an exhaust system of ventilation
with fan intakes over urinals and water-closets and air renewal in 6 minutes
or less, and sometimes bakeries in order to lessen heat are provided
with supply by fan located on the deck below. -

In view of the installation on modern ships of blowers utilized in
connection with spaces not occupied by men it would seem practicable
at times to extend a measure of artificial ventilation to the gun deck with-
out additional blowers. Perhaps among such spaces may be designated
the steering-engine room and the air casing below protective deck cover-
ing the entire area over the boiler-rooms which is connected with the ship’s
ventilation system for supply and to the funnel casings for natural ex-
haust. The supply blower for a steering-engine room is generally
located in the room itself and supplies that room and perhaps certain
storerooms. It generally gets its air through a cowl located on the
center line of the main deck aft. In view of the situation of the cowl
it is often made portable that it may be unshipped in very bad weather.
If an alternative lead controlled by valve were made, the supply, or any
portion of it, could be obtained from within the ship, say from the gun
deck aft, when desirable. Such air, while not as a rule as cool as that
outside, would in hot weather be sufficiently near it in temperature for
the purpose for which it is needed. A supply blower for the steering-
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bottoms of ash-hoist trunks and a number of dampers, even those in coal
bunker ducts, are closed. Such a course involves greater expenditure of
coal and more work in moving coal and in firing. When utilized in a
particular fireroom at any time for the purpose of lowering temperature
it would seem to indicate the advisability of steps for the increase of the
ordinary or natural means by which overheated air in such spaces is
generally removed or the routine use of assisted draft. Turrets may be
ventilated by placing the handling rooms under a plenum system.

It has at least become apparent that the ventilation of a large ship
is a very complicated problem. There are also always a number of
details, even where much care has been taken in design and installation,
that require attention after a ship has been placed in commission. In
the large number of details some things of a very fundamental character
are at times overlooked, such as is illustrated in a provision for the
extraction of air from a space without an inlet for the space. An isolation
ward is under such circumstances useless, and in an officers’ water-closet
it is possible to produce such a vacuum that the door can only be
opened with difficulty. At times a degree of local management is
also necessary in order to obtain the advantages for which provision has
been made. In a sick-bay under supply, and in a case with doors as
the only outlet at sea, it is practicable to have little or no circulation of
air, but considerable condensation or pressure within the space by closure
of doors. In every case of supply or exhaust it is necessary fo consider
provision for corresponding outlet or inlet.

The natural exhaust, or outlet, through the funnel-jacket space

by junction somewhere above protective deck may be very disappointing

owing to more or less down draft at times, as in the case of a smoking
chimney or fireplace incident to changes in weather. The ventilation
that may be provided in that manner for a blacksmith shop, for instance,
may lead at times to the room being filled with gas from the forge or
jacket. Cowls acting as intakes or exhausts on main deck, especially
forward, may have to be unshipped in bad weather, thus necessitating
the stoppage of blowers when they are most needed, natural openings
being closed. Tt is best to go to the upper deck for fresh air intakes
whenever possible. The ventilation of a laundry is important on account
of tendency to accumulation of overheated air and necessity for move-
ment of air in drying-room. The top of the drying-room may be con-
nected with boiler hatch casing and the laundry with a fan for supply
capable of renewing air in 4 1/2 minutes by adjustable louvers permitting
control of the direction of the flow of air. Washrooms are ventilated
by exhaust. The evaporator-room being a heated space should be well
ventilated by supply with air renewal in about two and one-half minutes,
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angles at which the air can be delivered, and below them is a cut of the
McCreery “shutter-gate’ that may be used for a similar purpose when,
from lack of space, it is necessary to avoid projections.

The attention of the Navy Department has been attracted for

Fig. 17.—~McCreery Sectional Adjustable Elbow or Terminal.

some time to the McCreery device for cooling and cleansing air. The
McCreery elbows have been used for years and with much sucecess in our
service, but there has been little or no experience with the other device
under naval conditions, though it is utilized on a number of merchant
vessels. However, as that device is to be installed experimentally on

FiG. 18.—McCreery Shutter Gate.

the Alabama it is advisable to give some consideration to the principles
and methods involved.

The apparatus is attached to a blower and consists essentially of
a container to which a pump delivers water from over the side. This
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appears that by a pair of three-way valves sea-water is replaced by recir-
culated water or brine.

This apparatus is very ingenious and interesting, and from the in-
stallation on the Alabama information will be obtained of applicability
under service conditions. The method will give air free from dust, and
thus prevent those deposits in pipes which increase friction and diminish
the amount of air supplied. Used in “natural cooling,” it might be

[
=
=

2

S

£ 1

Fic. zz.—Front view of a type of McCreery Air Washer and Cooler.

expected to accomplish good results in hot weather on our coasts. In
the tropics the temperature of air and water is often much the same,
and, while provision is made for utilizing a refrigerator coil and circulat-
ing brine, it will have to be determined whether the capacity of
ice machines can be sufficiently increased on our ships to accomplish
the desired result and whether the opposition to increased consumption
of coal will not be too great to be overcome. The question of coal
consumption also comes into the necessity for power to keep sufficient
spray water to accomplish the desired result, especially when the tem-
perature of water and of the air tend to approach.

The following table has been furnished by the McCreery Engineer-
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270 NAVAL HYGIENE.

completely solved as the data are always insufficient. It is a progressive
problem that should accumulate data in any progressive and growing
navy.

In addition to heat, electricity is, as has been seen, another force
which, though acting indirectly, has had marked effect on the contained
air of the modern ship. That has appeared in its use to operate fans in
artificial or mechanical ventilation, to which may be now added the many
bracket fans (6o or more on a battleship) in sick-bay, staterooms, and
officers’ quarters; the various portable ventilating sets (probably ro or
more on a big ship); and the practical abolition of candles and oil for
lighting purposes by the substitution of the electric light for them. The
bracket fans are 1/6 and 1/12 horsepower and the ventilating sets 1/4
horsepower. Ventilating sets are used for renewing air in double bot-
toms when visited for inspection or work, and in connection with any
part of the ship below the extension of the pipes of the ship’s ventilation
system. These are in addition to a compressed-air system, including
gun-gas-expelling devices in turrets and are shown in their most recent
form in the following illustration:

Fi16. 23.—Sturtevant Portable Electric Ventilating Set.  Weighs 50 lbs. 400 cu. ft. per minute.

A bracket fan does not ordinarily change the air of a room, though,
by the currents it produces, it can be made to greatly aid in the distribution
of the air supply or, by movement of contained air, can be utilized in hot
weather or in an overheated space to create acceptable cooling drafts
which, however, are capable under recognized circumstances of acting
injuriously when received directly, not a few cases of neuralgia and
myalgia being traceable to that source and occasionally even more
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THE AIR WITHOUT AND WITHIN THE SHIP. 301

of time in deep water at different depths, and stoppages during the ascent, be
supplied with each diving pump.

“6. That a new edition of the Diving Manual be prepared, containing, in
addition to other information and instructions, a clear account of the physics
and physiology of diving, and describing in detail the methods of carrying into
practical effect the results of the Committee's investigations; also that corre-
sponding practical instructions be given in connection with the diving courses
for officers and men.

““=. That, with a view of simplifying future investigation into this subject,
any cases of illness caused by diving may be fully reported, with a statement of
the depth of the dive, time on the bottom, and rate of descent and ascent, so
far as known, and the report forwarded to the Admiralty for the Medical
Director-General and embodied in the Annual Report on the Health of the Navy.

**8. That investigation on the means of avoiding the difficulties and dangers
met with in diving be continued.”

Fic, 24.—Standard Diver's Helmet, U, 8. Navy. (Front view.)

The illustrations of the diver's helmet included here will be of service
in connection with the text and may stimulate interest in the many
problems involved which present peculiar difficulties, especially if the
range of the diver’s work is to be extended. There are many very in-
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teresting problems in physiology and hygiene in the possibilities of very
deep diving. Ultimately the oxygen tension comes into question as
well as a number of factors that are, up to this time, either in a subor-
dinate position or in an unrecognized relation.

It should be noted that in all the calculations given above of revolu-
tions of pumps to obtain the required delivery of air, it has been assumed
that on each revolution each cylinder delivers { of a cubic foot of air

FiG. 25.—Standard Diver's Helmet, U. 5. Navy. (Side view.)

at the surface. That capacity would seem to be the most convenient
standard under naval conditions. But in our service each cylinder has
a diameter of 3 { inches and a piston stroke of 6 inches. Therefore,
on each stroke the piston would deliver about o.04 cubic foot at atmos-
pheric pressure, or +§ instead of {; on each revolution.

It would therefore appear that at the surface one cylinder would
deliver the 1.5 cubic feet of air per minute or 18.75 revolutions instead
of 15, and that with a diver at the depth of 66 feet, the required amount
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322 NAVAL HYGIENE.

as it may have values differing by 5 per cent. or more. It is, however,
the unit of luminous intensity in the United States, but in the photometry
of electric lamps it is common to take the Hefner lamp as the primary
standard and to express the result in British candles using the ratio,
1 Hefner =0.88 British candle. Different countries use different stand-
ards. The Carcel lamp used in France has an intensity equal to 10.69
Hefner candles and the Harcourt lamp to 10.95 Hefner.

The illumination or the amount of light on a surface is expressed
as foot candles. For instance, in the illustration employed to show that
the intensity varies inversely as the square of the distance from the light,
the illumination of the point G is one foot candle, as it is one foot distant
from a standard candle or a 1 c. p. light. If it were a 16 c. p. light, the
illumination at one foot would be 16-foot candles; at 2 feet, 4-foot candles,
and at 4 feet 1-foot candle, as the intensity varies inversely as the square
of the distance. If a light be assumed to be a point emitting rays equally
in all directions, the foot candles can then be readily calculated for any
point above or below the horizontal plane, all the data required being
candle-power and distance from light in feet; but lights, such as, for in-
stance, electric lamps, do not furnish light of the same power in all di-
rections, and therefore to calculate the foot candles it is necessary to know
what candle-power the lamp is giving in the direction of the point where
the foot candles are to be determined. In other words, it is necessary to
have a distribution curve of the lamp or a curve showing its candle-power
at every angle to calculate foot candles on every surface illuminated by it.

It is clear that if a light emitting rays equally in all directions is at
the center of a hollow globe the interior surface of the globe will be
equally illuminated. In other words, its distribution curve in any plane
will be a circle; and if the radius of the circle be considered to indicate
candle-power by length, the higher the candle-power the larger will be the
circle. The distribution curves of a number of such lights varying only
in candle-power would then be represented by an equal number of con-
centric circles arranged in order of candle-power, the smaller circle cor-
responding to the smaller candle-power and the difference between
radii corresponding to the difference in candle-power. This is shown in
the diagram on page 323 of distribution curves of different lights emitting
rays equally in all directions and varying in regular progression by one
candle-power.

It therefore follows that if a lamp is not emitting rays equally, but
has a different candle-power for each direction, its distribution curve in
any plane will not be a circle, but the line joining the ends of right lines
proceeding from the lamp at every angle and having lengths in proportion
to candle-power. For instance, on page 324 there will be found the
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334 NAVAL HYGIENE.

In the selection of fixtures there are general and specific require-
ments, as all lights in living spaces should be so shaded and placed as
not to present points of great brilliancy in the field of vision, at least
without deliberate attempt to gaze at light source, and in near work the
fixture or fixtures should not only give the required general illumination
as well as the foot candles on the work, but also the location of work
should be evenly illuminated. This last consideration is of very great
importance, for if the illuminated field has bands varying in foot candles
the retina is rapidly receiving light of varying intensity, and the iris is
unable to respond with sufficient rapidity. Such contrasts cause rapidly
repeated shocks, are often worse than glare, and produce marked eye-
strain with ultimately permanent defects. This situation is a fruitful
source of eye troubles, and is apt to occur when reflectors have a polished
white interior surface and at the same time the lamp has a clear bulb.

The necessity, as measured by retinal fatigue orexhaustion, for
removing the light source from the field of vision increases with its in-
tensity expressed in candle-power per unit of its surface. An ordinary
candle has about 3 candle-power per square inch of flame surface, a gas
flame perhaps 5 or 6, a Welsbach mantle 20 or more, an ordinary carbon
filament 400, a Gem 600, a Tungsten 1,000, and an open arc light in its
various parts from 10,000 to 200,000. This relation of candle-power
to area of light source is known as the intrinsic brilliancy, which in a
filament lamp is regarded as a measure of efficiency when considered
in relation to power expended. An advantage of glow or vacuum lights
is in the increased area of light-source or diminution of intrinsic
brilliancy.

From the figures just given it is obvious that with the introduction
of electric lighting the necessity for taking the light source out of the field
of vision was very greatly increased, and this became especially important
in crew spaces in view of the relatively large number of bulkhead or
side lights. But at this time in the crew spaces of naval vessels the bare
lamp is the rule, any additional glassware being plain and employed
solely for the protection of the lamp. Frosted bulbs were issued origi-
nally in considerable number, but the issue has been greatly reduced in
view of the important fact that a frosted carbon incandescent lamp falls
to 8o per cent. of its initial candle-power in about one-half of the time
taken by a corresponding plain-bulb lamp, although the total life of the
lamps is the same. This lowering of the efficiency of the frosted bulb
makes its use very uneconomical and in other respects undesirable as such
lamps are more apt to be continued in use in fixed locations after the illu-
mination has become insufhicient. The initial intrinsic brilliancy of the
frosted bulb is usually less than 5 candle-power per square inch, and the

































































































































THE SHIP'S WATER SUPPLY AND DRAINAGE. 377

funnel, passes through the cross, around the supply pipe, and is conveyed by
the lateral connecting pipes and drain to the feed tanks for boiler use.

“The maximum flow of water with the spring cock fully open, is regulated
by a metal washer, flanked by elastic washers to prevent leakage, which is placed
in & screw union located in the lower part of the *U’-shaped tube connecting
the faucet with the inner funnel.

F16. 45.—The Gates Sanitary Scuttle-Butt.

" This washer is reamed out to give the proper flow with the usual pressure
at the faucet. Its aperture would vary somewhat with other examples installed
where different pressures were found. In this case the orifice is only about
3 /32 inch in diameter, as the scuttle butt usually has considerable pressure from
the gravity tank which is located on the upper deck, and from which it is fed.

*When the shipisin dry dock the gravity tank supply is discontinued and at
such times the usual washers are replaced by others with an orifice of slightly
under 3 /16 inch diameter.

“When the faucet is opened a cone of water rises from one-half to three-fourth
inch above the level of the inner funnel. In drinking, by slightly protruding
the lips all risk of contact of the mouth with the funnel is avoided. If carelessly
used only the outer, skin-covered, surfaces of the lips touch the funnel.

“A man about to drink instinctively opens the spring faucet before he ap-
proaches his lips to the top of the mound of water, and in this way water that
might have touched the lips of a person previously drinking, as well as any dust
or foreign substances that may have reached the water, is carried over and dis-
charged with the first gush of the fountain.
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450 NAVAL HYGIENE.

are placed nearer amidships the leads would be much more nearly vertical
than the one shown in illustration. It is not clear, however, that a steam
lead could not be obtained for a discharger located aft, perhaps in steering-
engine room. |

There are at least two automatic sewer dischargers on the market
that have been designed for ships. One is known as the *“Hermes,”
which began to displace the “sanitary tank” on our ships in 1904. Such
a discharger must have four fundamental characteristics: It must be
sanitary, it must be of trustworthy construction or not liable to get out of

Fic. 32.—The Hermes Sewage Discharger connected with bath-room.

order, it must be entirely automatic, and its action must be instantaneous.
Such a discharger must be quite independent of every attention except
that given from time to time to every machine to insure proper maintenance,
and its action of discharge must be so frequent that there shall never be
any accumulation of sewage in quantity. One of the troubles with the
“sanitary tank” was accumulation of sewage, permitting formation of
deposits and development of odors. A satisfactory sewage discharger
must have small barrel or cylinder capacity, and be capable of very frequent
discharges in order to reduce deposits to the minimum. And it must be
so designed as to be self-cleaning and self-sterilizing at each discharge,
results best accomplished by live steam in the barrel at each discharge and
by the sewage inlet and outlet of the mechanism being both at the bottom
and in the same line of piping.

The Hermes discharger is a form of pump. In general terms, it
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554 NAVAL HYGIENE.

In this family is also the genus Sarda in which is the Sarda sarda or the bonito.
It is a poor food-fish, reaching a length of 2 or 3 feet and a weight of 10 or 12
pounds. The Euthynnus pelamis is frequently called the bonito. It has been
responsible for many cases of poisoning, but all of them seem to have been due
to rapid putrefactive changes.

Fic. 77.—Ceoryhaena hippurus Linnzus (after Jordan and Evermann).
{ Bulletin, U, 5. Fish Commission. )

The Coryphenide or the dolphins are of only two species:

The Coryphaena hippurus, or the common dolphin, may reach a length of 6
feet, and the Coryphana eguisetis, or the small dolphin, reaches a length of only
2 1 /2 feet, The illustrations given here are sufficient for their identification. The
colors are brilliant in life, but they undergo very rapid change while dying, and
after death there are only faint indications of former colors. They inhabit the
high seas in warm regions and, having a tendency to play about ships, are at
times harpooned by sailors. They are considered excellent food, but have caused
poisoning probably from rapid putrefactive changes. Yet there is a belief
that they are at times true poisonous fishes and that at such times a piece of
silver placed in the vessel in which they are cocked turns black.

Fi, 78, —Coryphana equisetis Linngus (after Giinther). (Bulletin, U, S. Fish Commission. )

The Scorpenide or rock-fishes, are a large and interesting family
of about 3o genera and more than 250 species inhabiting all seas, but
especially abundant in the temperate parts of the Pacific Ocean. They
live about rocks, and most of them are of large size. Many of the species
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THE NAVY'S FOOD. 557

The Scorpana diabolus or Scorpanopsis gibbosa is found in Tahiti, Hawaii,
Samoa, New Guinea, and East Indies. It has a wide, depressed interorbital area,
much wider than the eye, and a deep nuchal pit. There is a black band at the
shoulders covering part of the spinous dorsal fin and a black notch at tip of
upper jaw. There is a broad black band on the inner side of the pectoral fin
near the margin, and this, in the adult, breaks up into spots. It is excessively
mottled, streaked, and spotted with body dark purplish-brown or claret shaded,
the spaces gray tinged with sulphury-yellow. It seems to have the same poison-
ing qualities as the Scorpana grandicornis,

Fi16. 81.—Pterois Volitans (Linnzus.) (Bulleting U S, Fish Commission. )

In the same family is the genus Plerois of which the species are of rather
large size, abounding among coral reefs in the tropical Pacific and much dreaded
by fishermen on account of their venomous spines. Of this genus the Prerois
volitans may be taken as an example. This large and violently stinging fish is
found in New Guinea, New Britain, and the East Indies. It is not rare about
Sdmoa where it is called Sausaulete, and is blackish-red fading to pale olive-brown
posteriorly; the front of the head abruptly pale brownish-red; body covered by
narrow sharply-defined white streaks, bounding black streaks of the ground color.
The wentral fin is deep red streaked with white.

The family Sparide, or the porgies, has a genus Lethrinus, Cuvier,
which contains a species designated Lethrinus mambo, Montrouzier.
Most of the porgies are much valued as food, but this species has a bad
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Dried porpoise is sold all the year round, but it is said to require protracted
boiling in order to become safe for eating.

It is said that in China fish are often killed or stupefied by using
poisonous preparations made from a species of Polygonum, or the seeds of

a
e

s

(Bulletin, U, 8. Fish Commission. )
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Blue Tang; Medico,

Fi6. 83.—Teuthis Ceeruleus (Bloch and Schneider).

the Croton tiglium, or other vegetable substances. This practice is
occasionally prohibited by the magistrates. b

The family Acanthuride or Teuthidide, or the surgeon-fishes,
includes the genus Teuthis or Hepalus, or the tangs, in which the caudal
peduncle is armed-with a sharp, antrorse, lancet-like, movable spine.
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They are herbivorous fishes living about coral reefs, the adult protected
by the murderous caudal spine which grows larger with age and by
which they are usually readily recognized. A few species are of some
importance as food-fish. Yet while the caudal spines are entirely for
defensive purposes they are capable of producing ugly wounds and are
supposed to be associated with poison glands.

The Teuthis hepatus, Linnmus (Acamthurus phlebotomus), doctor-fish or
lancet-fish, is the most abundant of the tangs, and is found from the Carolinas
and southern Florida south to Brazil. It reachesa foot in length, and is in Porto

Rico of considerable importance as a food-fish. It is dark elive-brown with on
the sides 12 black wvertical bars narrower than interspaces and plainer in the

young.

Fic. 84.—Hepatus dussumieri (Cuvier and Valenciennes); after Giinther,
{ Bulletin, U, 5. Fish Commission.

The Teuthis carulens, or blue tang, is of a rich blue color with about 45 or 50
narrow longitudinal lines of lighter blue or purplish on body; no blue lines on
breast or head: no cross-bars. It is generally common from the Bermudas and
southern Florida to Brazil. It ordinarily does not reach a greater length than
1o inches.

The Hepatus dussumieri is the species common about New Guinea, Hawaii,
and the East Indies.

In the family Chetolloniide, or butterfly-fishes, which are carniv-
orous inhabitants of tropical seas, and in the genus Chetodon, which is
characterized by large scales, usually 35 to 30 in lateral line and 12 to
14 dorsal spines, is a species said to be poisonous at certain times when
taken as food.

30
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The Chaxtodon trifasciatus or Chalodon vittatus, Bloch, is found off Sumatra
and Java, in the East Indian Archipelago generally, and also at Honolulu and
Guam. It is widely distributed throughout Polynesia. It is said to become poi-
sonous when feeding on certain poisonous crustaceans.

The family Dasyatide, or sting rays, is well known. The tail is
armed with a large sharp retroversely serrate spine on its upper surface
toward the base. In some, 2 or even 3 spines are present. There are

)
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Fio. 85 —Chetodon Trifasciatus Mungo Park. (Bulletin, U. S. Fish Commission.)

about 1o genera and so species. In the family Myliobatide or Eloba-
tide or Fagle Rays there is usually a strong retroversely serrated spine
very near the root of the tail. The sting rays are common and on the
beach at seine hauling are capable of inflicting very troublesome and
even serious wounds. These fish are probably too well known to require
description.

In the family Murenide, or the morays, are grouped the most
degenerate type of eels, so far as the skeleton is concerned. They may be
readily distinguished from other eels by their'small round gill openings
and by absence of pectorals. They inhabit tropical and subtropical
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DISINFECTION ON THE SHIP. 609

itself, and in practice both doors of the disinfector are never opened at
the same time. All the operating valves and the formaldehyde and
ammonia generators are located in room “F" on the side of the disinfector
nearest the boiler, which is located in room “H.” Thisarrangement facili-
tates the operation of boiler and disinfector by one person in rooms il R
and “H.”
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American Rectangular Steam Pressure Disinfector.

FiG. 8.

The dressing- and inspection-room D" is also provided with toilet
and wash-basin and connects with the linen-room “E” employed for
the storage of towels and other supplies. Room “H” contains the fuel
supply and also the boiler which generates steam, not only for the disin-
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SECTIONS OF A BATTLESHIP.

-

Fi6. 103 —AFTER-MIDSHIPS-SECTION.

ight, 1904, ‘br the Derry Collard 'E‘q::iilpnny. Now the property of the Norman W. Heoley
 Company, New York.







SECTIOMNS OF A BATTLESHIP.
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Fic. 104.—FORWARD-MIDSHIPS-SECTION,

Copyright, 1904, by the Derry Collard Company, Mow the propérty of the Norman W. Henley
Pablishing Company, New York.
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