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Purpose and Plan of Study. 

III II previous paper appearing in this HEVIEW ( Vol. III, No.9, 
p. :145), one of ux ( Phelps ) has ShOWIl the extent and certain of 
the statistical charaorei-isties of diarrhea and enteritis ill Porto Rico. 
The present paper deals with the relation of the disease to domes
tic water su ppl ies. espceially public water supplies, in an endeavor 
to determine if t he disease he wholly or in part wat er-borne. The 
study is II purely st at istieal one . 

Three independent lines of investigntiou have been followed. 
.	 'I'he di stribution of dim-rhea IlIJd enter it is deaths am ong the urban 

and the rural section of the various munieipalities, with and with. 
out public water supplies. ha s been st udied to determine the rela
tion, if any, betw een public water supplies nIH] death rates. The 
seasonal d istribution of th e di sease over the whole Island has also 
been studied as cor related with temperature and raiu full. F'innlly, 
certain facts have been brought out regarding the prevalence of di
arrhea and en terit is ill Ran .Iuan . 

Public Water Supplies and Death Rates. 

The object of t his part of the st udy was to de termine the com
parative death rates f rom diarrhea and enteriti s in municipalities 
with , and those wit hout public water supplies. As death rates are 
frequcntlj affected by oth er' conditions associated with urban, as 
distinguish ed from rural life, it has been necessary 10 determine 
this effect separately and make proper allowance for it. 

Th e data employed in this study arc the official records of pop
ulations. births lind deaths maintained ill the office of the Commis
sioner of Health of Porto Rico for the years ending June 1925 and 
June 1926, and the specia l r eport of the United States Census Bu
rcau for 1920 dealing with the composit ion of the population of 
Porto Rico. The population of caeh municipality in the age group 
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under five years hal; been computed for the period of this study, by 
assuming that it bears the same numerical relation to the total pop
ulation of the muuieipality during th e per-iod t hat obtained in 1920, 
'I'herc has been deducted from each of these population figures the 
annual number of living births in each municipalitv. The remain
der llas been taken as the living population in the age group 1-5 
y uar», Death rates haw been computed for the two ag e groups using 
the last named valuo as the divisor ill the one case and the number of 
Ih'illg' hirthx as the divisor in the other. ~cith cr of these divisors 
has a strictly accurate value. The lise of living births as a divisor 
in computing' death rut ...s under one year of age is a common pro
cedure and both procedures will yi eld comparable results among the 
municipalit ies, sutllciently aeeurate for the purpose of the present 
computat ions. 

The officially recorded data eoneerning water supplies has also 
been taken as a basis except that certuin modifi cations and amend
ments have been made in the ligh t of personal knowledge, In a 
few cases, recorded water supplies have been abandoned and In 

others, supplies have been so recently made available that they have 
not exerted any influence upon the statistics now being used. 

Treatment of the Data. 
I~ach municipality in Porto Rico is composed of a center 01 

population, in which the eouditions of liv ing are urban in charac
ter, and 1111 outlying district. having rural conditions" Th e statis
tics refer to the municipality as a unit so that a st udy of the rela
tion between puhl ie water supplies and death rates is somewhat 
complicated . The population records indicate approximately the 
subdivision of the populat ions of each municipal ity into urban and 
rural, The proportion of urban population varies quite widely 
among the munieipul ities so that it is possible by the method of 
cor-relation to det ermine numer-ically whether any relation exists 
between death rates and the per cent of urban population. Inspee
tion of the tabulated death rates of the muniei palitics, when ar
ranged in the order of increasing propor tions of urban populations, 
shows that there is a well marked relation between deaths from 
enteritis ill both th e age groups ill question, and the extent of ur
banization. Moreover, in comparing this result us between the two 
classes of municipalities under investigation it appears that the 
difference between places that are largely rural and those that are 
more largely urban is more striking in the group having public 
water supplies than in the other. It has seemed worth while there
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fore to submit these data to statistical analysis, the result of which 
,will indicate by a formula, the magnitude of this apparent relation 
and the probability of the relation being a truly significant one. 

, Such a procedure can not of course prove or disprove the major 
thesis of this study. It can merely indieato within a stated degree 
of accuracy how close the relationship ill between public water sup
plies and enteritis death rates in the urban sections. It must retain 
for further studies of a bacteriological, etiological or clinical nature 
to determine finally whether the relationship thus established is a 
truly causa] one. 

The procedure adopted has been, first, to divide the municipal
.it.ies into two classes with and without public water supplies, re
spcet.ively, Ln each class there has been made a further division 
into groups according' to th e percentage of population living under 
urban conditions. 

Each gronp bas then been treated as a single community and 
the actual proportion of urban dwellers, and the death rate from 
diarrhea and enterit is in the two age groups under study, have, been 
'determined upon its combined population. 
. III order to avo id the danger, inherent in statistics, of a small 
number of units. that tIIC particular grouping' of units may by 
chance control the r esult, we have used two -sepa rute ·..systems of 
gronpings and made the computations upon each set. In the method 
most lik elv to produce /111 accurate result the III unicipulities have 
been urranged in ord er, according to the proportion of, urban popu
lation, starting with trIOSC haying the smaller values. They have 
been blocked off into groups or from one to four communities, de
pending upon their size, keeping the original order. so that each 
group has a combined population of as nearly 40,000 as is possible 
under this operation. 'rile arrangement of the groups, and the 
"per cent urban ", and the death rates of each group are shown in 
Table I for the places with water supply and in Table II for those 
without. The municipalities making up each group are listed at 
the foot of each table. 
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MUNICIPALITIES WITH PUBLIC WATER SUPPLIES IN POPULATION 
GROUPS 

1'01" ,I,i. I :(i.~~1' " Denth l tu te 

Gr ou p il l t ~~)l\~n_ I JB~I~~:~I!ll t - - --;- - 
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L ur es . J'di-u l·lns. Cfd ru . ri i .M ~ :; :!n. 1 10.8 
U t l ln.l o. :\I 'I II I I U !.t( ) . •• • • • • • . . . . . • • • • • . • • • • •• • •• • . • • • •• • ~ .. .. ·1;•.1 to.." 2,:-1,9 l UI 
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..Are c lbo . . . ... .. .. . ... . .. . . .. . . ... •. . .. . . .. .• •. . • . . • • • 6 ·IH.; I 21.1 :11.H 12.1 
( ·aye}". ~ : Ii.:un l lil . . . . . . . . . . . . . . . . . . . . . • . . , , . ~' . ::: · 1 ~ . 1 :!:!.O 5:t.a ~ I.l 
It lu PI Bd r a :-. . II 1111I11('UO ••••••••• •••••• • •• • • •• ••• • • • • • •• 10 . .. . ~H .4 :.!t'l. 7 ·1(,. 7 1 8.~ 
'~ItLl (, I) • .JU I I l'US • •• • •• • • • • • • • •• • ••• • • • • • . . • • . • • • • •• . • • • . II . . . . ID.ll 28.5 ·1Ii.:!. I fj .~I 
C:\~ UlLS _ •. • • • • •• • •. • • • •• • • • •••• • • • •• • • • • • •• • •• • • • • •• • I :!. . . . ~O. :J :t.!A ':..'\ all.a
 
A~uHtl Hln . ( :n ::.r :Hn :l . . .. • .. • • . . .. . . . . . . . . . . . . . . . . . . • •. 1:1. •. . ·." .6 :m . ~ ;11':) ~( ».1
 

Fnj arclo . .. . . . . .. •. . . . . . . . . • . .. .. . . . . ... .. • . .. . . • . . . . . B .. . . I=-~.U ·I r. . ~~ fiO.2 :!1I.1
 
~ I n ~f nl.:ii l ~;f; ' . . . . . . . . . . • .. • • • • .• • . . . . • • • • • • . . .• . • . . . . . . I f, . . . . 1:1.1 .' ';'.?' 'ifJJ, 21.9
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T ,l llLE H 

MUNICIPALITIES WITHOUT PUBLIC WATER SUPPLIES, IN
 
POPULATION GROUPS
 

I POPll la -l P <' :lli l n a te 
~Illnlejpalilie" I Gro up lion IP(Ofc r-n t 

. l n r hou - lJ rlmJl - -1-- 
I sa lld, 0 - 1 H . 1":-, yrs , 

vutnn-n. H all!lo . l: ill " (111 j J .. . .. :lK4 ;) .:'i lIlfi 1. ·1 
t t ua y n ahu, L(Jl;~lI . T r ll.il llo J\I IO ... . . . .. ... • ... . . . . . . . . ~ . . . .... 2 7 . ~ n ,-l ~u, 7 101.·1 
IhlTro~ . )ItHo\· I ~ . _\g' lw du :1. . . . . . .t.-. B 8. ~ :! ~ . :~ 8.8 
Isaln -Iu . A<lj uu tns . .. .. • . • . . . . . .. . . . . . . . . . . . . . -I . . .. . . :~ ~1. 8 11. :") :':8..1 0.8 
Bar cel ou e tu . :\loc·a . Tua Altn : . . . .. .. . ;-' . . . . . . ·t! ·J 11.1 :!;·t ; 6.6 
C n m u y. !f n rlll j :: u f()~ . ;-:'~lll S " h H.. t h'iIl \ lj ."1 ·1 I.:! l :!.t ·11';'2 8.9 
Q lI(' h r: J( lf ll ~ I:-O .• 'u Im I~ n.i o . l iu ru d o . L ti ll Ujllo . . . . . . . . . . • .. . . • . ·W.' l ,lfi t.t .n 10.1 
C uru l l nu , Ton -Hu jn , ::\hlllH t1 • . . . . . . . . , . . . . . .. .. . . .. . . . H.. . . . . 4-4 n ~' i . a ·1:2. :! 8.8 
IlHfnlllu l1 ..•.•• • . ... . . • • •• • .. • •.• ... . . .. . .... . . ...... . !I. .. .. . 34.:.! 5~ .9 UJ.;) l 'l l) 

Table I shows th e definite relation between death rates and the 
distribution of population betw een urban and ·i' liral. .This is a r e
sult whi ch would be expected were the dis ease in questi on wa ter
born e, lind wer e it more p ar ticular ly related 1.0 publi c water sup
plies than to th e domestic wa ter supplies of the rural sections, Death 
ra tes being' computed upon the total population would th en natu
rally be h igher in those communities in which a greater proportion 
of -the population is exposed to the polluted water. 

Su ch a conclusion, however, is not justified from the facts thus 
f ar developed. They would point equally well to any other con
ditions of urban life, such as crowding, improper disposal of ex
~re t a, public markets and common food suppl ies, and other factors 
of like nature. It would likewise be anticipated that if any of the 
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above-named factors, or oth ers, which are common to all municipal
ities regardless of their sources of water supply, were causative 
agencies in diarrhea and enter-itis, then a similar tabulation of data 
from the no-water-supply muuieipalities would show a similar re
lation of death rates to distribution of populations. 'I'his latter 
group of munieipalities JIllS therefore been treated in the same 
manner, and the resulting data are shown in Tuhle I r. In this 
case also there is a noticeable relation between death rates and dis
trihution of population. While the relation does not appear to be 
so st riking it will be necessary to resort to more exact. statistical 
procedure to determine its full sign ificance; namely, to a determina
tion of the eorrelation coefficients. . 

It will be UIllJeCl'SSlU'y to indicate the mathematical work by 
which the various statistical constants have been obtained, 'fhe 
correlation eoeffleieuts, and tho derived regression formulas and 
other constants are shown in Table III. 

CORRELATION BETWEEN DEATH RATES FROM DIARRHEA AND
 
ENTERITIS, UNDER ONE YEAR, AND ONE TO FIVE YEARS,
 

RESPEOTIVELY, AND PER OENT OF URBAN POPULATION,
 
IN MUNIOIPALITIES OF PORTO RICO WITH AND WITH

OUT PUBLIC WATER SUPPLIES, 1924-26
 

Derived Regression Equation and Oomputed Urban and Rural Death RateR 

\\' Ith Puhllc W"lOr Without Puhlil: Wal~r 

SuVVllc" HUIlPlh" 

Corr..Iation 0-1 .IlS ± .m . r';';:l; .1~ 
Coenlc l"'~Ul.s I_a .73 ± .08 .47 :t . 111 
ReJ:re ~~inn •.••.•. •......... .•• . . 0- L D = 19 -i- 1.0 l~ (; ) ± 10.6 II . ; , 27 + .61 1:C I ) ± tt.s 
Jo;'lualloll. ........ . .. .. .••. l -i, j) =~ (i + 0.4 (~ lj ) ± !di J) = 8 + .00 /;( Ii ) ± U
 
C OlDllll l e ,1 

\i r ll:'" uate 0-1 119 J: IO.r, ~~ ± 11.5 
Rural Hale 1 . 111 .i 10.6 27 ± ILl,
 
Ur buu Halt> 1-<> 46 ± 5.6 1-1 ± I.ll
 
Rural Rare . 6 ± 5-Ei 8- UI
 

The significance of these various constants is briefly this. 'l'he 
correlation coefficient indicates tho degree of apparent association of 
the two things compared; in this case, death rate and degree of ur
banization. If t he association were perfect, i. e., death rate increas
ing exactly as the" per cent urban ", the coefficient would he unity. 
A zero coefficient would menu 110 apparent association. The coef
ficients obtained arc high and their probable accuracy or reliabil
ity is indicated hy the standard deviation value attached to each. 

The regression equation is the cquat ion in the two variables, 
the death rate and, the "PN cent urban" (% U), whi~h best fits 
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the recor ded facts. Th e eqnations then give the mathematical rela
tion between the two. Agniu the a ttached standar d de viations in
dieate th e r eliah il ity of t he indicated death rates. 

F'inally, by subs ti t uting in th e equations a value of 100 for 
( % U ) we oht ai n t he most probable val ue of th e death rate in the 
wholly urban parts of t he muni cipalit ies, and by subs titu ting 0 pel' 
eent 'we obta iII t he corresponding rural deat h rates. These are 
the computed r at es of the t abl e, 

A similar eompulut ion has been made as 11 chec k u pon the 
work and to determi lie 1f some ot her g'ron ping of mun icipalities 
would yield a d itfe rcnt result . In t his case the muni eipal ities have 
been arran ged ill 1!ro ups acco rdi ng to per cent of urban popula
tion, 0-10, 10-20, etc " r egardl ess of t he s ize of the r esult ing group . 
As the sir-e of th e g ro ups varics widely in thi s case, eac h group is 
weighted in th e computa t ion by its relat ivc size. 'I'he final r esults 
nrc given in Table LV for compar ison with those of 'I'a hle HI. 

T .\ IlLI~ 1\' 

CORRELATION BETWEEN DEATH RATES FROM DIARRHEA AND� 
ENTERITIS UNDER ONE YEAR, AND ONE TO FIVE YEARS,� 

RESPECTIVELY, AND PER CENT OF URBAN POPULATION,� 
IN MUNICIPALITIES OF PORTO RICO WITH AND WITH

OUT PUBLIC WATER SUPPLIES, 1924-26� 

Derived Regression Equation and Computed Urban and Rural Death Rates 
(Second Method) 

I w un (' u hll e' W"1<- ' wnuo ur 1'1I1ol ic' Wa iN 
Htl pplips ~U l ) p l i (, :i 

Correla tloll ' . . . ..... .. . . 0-1 I . !I ~ ± .(It .!KJ.r .os� 
C<le-tD c ic.·u l :-t ' . . • • • • ••• ••• • • •• • • • • • • • .• . 1-5- . .j~1 ± . 10 .82 .1, .08 
Rellrc . " lnll .. .. .. . .. .. . .. .... 0 -1 I IJ~ I ; . :, 1·1.1) (% til "' ; IJ= 2:1+.i (~ lJj -"' 1 
};quaUnll.. .. .. .... .. 1 ~'> n., ; .0 ·j. .:l4 \% lJ ) · 1 n ., 7.rq-.oHI% L:) .. o.!") 
~m~Wd , 

11r b" " Hat e ' _ 1 0--1 lI ij:!:; 1I:1.L 1 
Rural Ha l" , . 18J.; ;!:1.d 
Urban Ha l l! I ~, . ·II .H 1:1.5 1:0.5 
lluml H" l1..... .. . .. .. . .. .. .. . .... ... .. .. .. ; L t i,,-i ± U"-,� 

I 

Significance of the Urban and Rural Rates. 

'I'h e real interest in the da ta of 'l'ahles III and TV centers in 
the differ ences i n the death rate as between comm unities wi th and 
without wa ter supplies. These d ifferen ces with t heir associated sta
tistical errors arc as fo llows. 
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EXCESS DEATH RATES FROM DIARRHEA AND ENTERITIS IN 
MUNICIPALITIES HAVING PUBLIC WATER SUPPLIES 

I"IT" ~ 1 !' l h ,,(1 II " .. """,1 ~1 .. rnou 
(Ta bl<: II I) (Tu ll l<' I \ ' J 

- 0--, ,-c. -'I H 

n~\~~~' : ::::::: : :: : : : :: :: : : : : :: : :: : : :: :: : : :: :: : : : : : : :: : : : : : : : : J~~:;~- t~;i ±-T 
,-- - 

Obviously th e rura! val ues are without sigu itlca uce. T he high 
standa rd deviut ions indicate rhnt the difl'eren ce migh! be reversed 
in all ex mninat ion of the data of another vear. 

The 1l1'!lIIl1 rates, under one, nr c more nem-Iv signi flcant , the 
difference heing' t wie«, or three times ih standard dev iat ion . How
ever, th is di ffer en ce m ig-h t so r eadi ly Ill' dill' to chance 0 1' t o causes 
oth er than thost~ under invextigut ion t har it ca nnot he relied upon. 
In oth er words. as far /I S t hese lIg-n l'l''' show, th ere is n o s ignifican t 
difference ill death rates ill eit her age group ill the rnral sections 

. of municip alities with and without public water supplies, and lit
tle 01' 110111' ill th e n l'!)(I 1I sect ions among in fa nts under one. The 
only trulv significant figure is th e urban rate one to fin y ear. In 
this group. th e only OI l(' in whi ch public water sup ply could pre
sumablv aff'eet th e death rate. t he rate is about thirty points h igher 
ill the nmnicipulit ies with, than ill those without public water HUp
plies . As far as statixt ieal evide n ce can go th is excess of disease 
is associated with public water supply. 

T Ilt' actual d istribution of total population in th e two classes of 
mnuieipulitics is as foll ows (ill th ousands ] : 

Withon! Wi th 
wat.er water 

fl,u ppl i. ·s s upp li es
Rural 310.2 611.9 
Urbull_____________ ________________________ 63,3 182.6 

Assuming, for the mom ent, a uniform d istribution of children 
among these population ~roups <mel approximately three times as many 
ch ildren ill the 1-5 age group as in th e 0-1 ag e gronp, it appears that 
about fifty-two per cent of all the diarrhea and enteritis deaths un
del' five years occur ill the urban section of th e municipalities having 
water supplies, twenty-two pel' cent being in the age group 0-1, and 
twenty-eight per cent in the age group 1-5. Disregarding the 
possibilities ill the younger age group, seven ty p el' cent ± t h ir t een 
per cent of the deaths in the 1-5 group arc excessive as compared 
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with tlt e sim ilar gJ'OUp without public water supplies, so that about 
tw enty per cen t _ four )WL' cen t, or probably betw een sixteen and 
twenty-four IWI' cent or a ll th e diarrhea and entii-itis deaths on 

. th e Islund. under five, would appear, with reasonable lik elihood, 
to be directly watcr-lxirne. Whut portion of the remainder is like
wise directly wurer-borue Irom other wat er than public water sup
plies, or indirec tly water-horne through secondary agencies but 
traceable to wa ter-borne east's, it is impossible to state, Experience 
with typhoid Iever would indicate tl jat t he removal of tJle known 

wat er-borue cases would r esult in a cont inuing decrease in rate 
due to tile reduction of Ioei of infect ion , 

Seasonal Relation, 

We have utrcrupted a second Iiru: or illn'stigat-iolls or the relation 
bcl.wecu water xuppl ie« awl iIlCi<1t~II Cl' of diarrhea and en ter it is by 
st udyinu 11)(· l'olTclatioll lx-rwecn th e sellsollal incidence of the dis
ease and hoi h ICIIII)('I'1ItIlJ 'I ~ 11 lid ra infull liS related xcasonal f'aetors. 
11. :s H matter or g-t'IIl'raJ expcrieuec th at in t cst iuul diseases such as 
typhoid fever, which a re at tillles water-horne and arc also often 
t ransiuit ted hy ot her iueuus, lIIay oftell be st udied in this manner 
to d et ermine t Iw major f'aetor or their causat ion ill any part icular 
casco I I' J a r gt' I ~ ' wutor-horue. th e d iseu se ha:-i II seasonal dist.ribut ion 
more 01' less correlated wit h st rvam corulition s, Heavy raiufull or 
a spr ing t haw iJl(;I'PilS('s th e iJlteJls :ty of pollution 1" '0111 surtuce 

wash , but decreases th e conceutrut ion of municipal sewage in rlie 
st re ams , III )If'riods of high wat er <11:-;0 t he t imc of transit bet ween 
sou rces of poll u t ion and wat erworks in ta kes is reduced with a cor
resp onding reduction ill th e exte nt of natural self -pur ifica t ion , 

In Porto Rico, with its relatively shor t rivers, steep slopes, 
densely populated water-sheds with little 01' no sanitation and few 
sewered places, t he factor or surface wash is undoubt edly a pre
domiuunt one ill the pollution of streams, and it- mig-lit be expected, 
therefore, that a water-borne disease would have periods of maxi
mum incidence following per-iods of rainfall. 

III the case of intestinal infect ions which are not water-borne 
h igh deg-ree of correlat ion is Irequeutly not ed between incidence 

rates and temperature, This is variously attributable to the more 
rapid rate of d evelopment of the org,~uism' ill such articles of food 
as milk, to the g-reater prevalence of flies, to out-door vacation and 
camping lito and th e more g-eneral distribution and exposure of 
infectious material exist ing under these conditions, and, according 

II 
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to Arnold ( HI~7 ), proba bly in pa r t t o a lower ed res istance of t he 
hum an intestine against bacteria l invasion. 

Th us WI· fiud, ItS was first pointed out h~' Sedgwick and "\Viw;]ow 
( 190~) th at typhoid Iev er ill cities may s how II seasonal d ist ri bu. 
t iou eurve of eit her one of t wo d istinct types, T he normal type 
elose lv para llcls t lu- tc mperut ure cu rve, whi le the curve for t hose 
cities with a la rge 11II1 0llllt of wnter-borue typ hoid has a pronoun ced 
wint er Ill' ea rl~' spri ng peak. These fac ts (H'C frequ entl y utilized 
to de ter mine t he sou rces of typhoid fe ver in a community, and (Ill 

a t tempt ha s " e(,11 made t o t hrow some light upon t he source of 
diarrh ea anrl ent eritis in POI'to Ri co by th e same mea ns, Un for
tuuutelv, T11 is met ]1011 o[ stat ist ieal st udy is not well adapted to 
th e s it uation ill Porto Rico because of t he verv high degree of cor
rela t ion existing het ween t ht' seusona I va ria t ions of temperature 
IIlId rainfnll. th eir 1lI1111l111 eorrclutiou eoeflleie nt being 0.8 ± 0,1. 
T his mea li S t hat unv ae t ua l l'(iusul rclut ion that 111igh t exist between 
a d isease a 111 1 eithe r of t hl"'se physielll fact ors would be sufficient to 
(1(' (' 0 11lit for III I a pparr-nt I'l"'la I ion of a bout 1he slime mag-nitude be

•� tW1"'1"'1l t lI.! di sease and t he nt her fne tor . even t hough t he d isease it
self lIl i!!llt be ell t ir({\' imle peudc nt of the latter, "\Ve hav e at
temp ted, hut uusuecessf'ullv. la d ist inguish hetween these two f actors 
by t he methods or p a r ! ial eOl'!'l"'lal ion, hut t he dat il are t oo meagre. 
~\. t best. t lu-refnre. it can 011]>' he expected t o det ermine th e exte nt 
of association. i f anv, bet ween t he seasonal in cid ence of t he disease 

. • •� I 

unrl hnt h t r-m perat nrc and ra in fall , and then to a nalyze t he result 
in t he Iig ht of ot he r valuable information. As a cont rol on the 
proced ure the ty p hoid Ieve r sta t istics have also been subjecte d to 
t he' sa me t es1. 

Data. 

F ur th is pin-pose th ere were available t he deaths by months, 
f'rum diurrlu-a and t'utl'r iti :; un der two ami over t wo, and from 
t,\'pllO:ll Iever. a ll ago!'s, 1'01' the periods ,JuIJ', 1918-':Jnne 1922, and 
.I uly B2:3 -.Jllne 1H2:'), As ill the previous study, it ha s seemed 
best to sepa I'al I ' the dia rrhea and euteritis deaths nuder one year, 
as t hl'S!' would he least lik ely to be influ enced by wa ter su pply, 
Th is has been do ur- ill an ap pro ximate manner hy deducti ng from 
TIll ' deat li s. all (':Juses. Hild e r 011(' vear' , given also by month s, the 
monthly d isn -ibu rod deat hs in ea rl~' infuuev, and hy mak ing' certain 
nssmupt ions a bou t the di stribution of t he rema in in g" causes of death 
unde r 0 11(' year. T he reasonab le ace u racy of th e proced ure is in
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d icatcd bv th e similari ty between the rema inder , age gr oup one to 
two yea rs . an tI th e same data for th e age g roup, over tw o. 

The ra in fall and tem perat ure da ta' for t he same periods were 
ava ilable in t he )Icteorological Data of the Un ited States W eath er 
Bureau . I n every ease thc mean va lue for each J arlllar~' , F ebr uary, 
cte., during the per-iod has been expressed as a per centage of the 
mean annua l value over th e same per iod. To mak e temp erat ures 
cOIllIHlI'H ble with rainfall and deat hs, th e annual value has been 
takeu as the sum (If th e mont hly values and the data ha ve been 
fli rt her s implified by re cord ing temper at ur e as excess over 70°. 
'rhus o.aa per cen t is the mean of all the monthly values. whether 
of dea ths, tempera tures, or rainfall , an d th e mean value for any 
month , as given ill Table VI is compa red with 8.3;J to determine 
th e depart 1I1'('S f'rom th e mean, used ill computing the corre la tion 
eor- ffic ieu ts. 

T .\ II I.f: Y I 

DATA FOR THE COMPUTATION OF CORRELATION COEFFICIENTS� 
BETWEEN MONTHLY DEATH RATES FROM TYPHOID FEVER,� 

AND DIARRHEA AND ENTERITIS, AND TEMPERATURE� 
AND RAINFALL� 

(:''';onthly Distributions, Expressed as Percentage of Annual Totals, Period 
J Uly 1911 -Juue 1922, July 1923 -June 1925) 

P i.rr ll ,·" 'Ullt EntN i t i . I I 
Tn, II"I,] I I TPm "e~· ' I\nill fn ll

~I "'"l h I"lId " r 1 1 IU:! ~ . ,Ius a ru r« 

1- - - - -
J lI II 1111rr 7.84 8.18 8 .4~ 8All I
Fphrllarr . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . :) .:.!.~ J , .n:! i. ;·U 7. 1-1� 
~[n r l ' h ' ' " . .. • . . .. . . . . 7 . ~Cj H.";1 .~. Q.t " M� 

~~11f ,> ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : : ~:: ~ : : ~ : : ~:: ~:: ] U~ ~:~ §fi ~: ~~ 
AUS: ll ~ l .. • • ••• . . .• .. . . . . .. . .. •.• •••• . .• •• •. 1 ~ .80 x.~, II. ~ ]0 .(''' ' 
~t"llh'lIl hp r . . . . . • .• . • •. . .• . . . . . • • . . • . .. • •• • !J.a·1 I tUH S.H:! 8.'26 
Ot' lo ll"r .. . . .. . . ... .. •. . . . . . . . . . . . .. . 10. 1:, ' .fili ~I .~fi. A.S. 
X(l ¥" lIIber . , 1 H.1II 7.31 1ll."~ 8 . ~7 
D(· ptl mht-'r . .. . . . . . . . . . .. . . . . ... . . . . . . . . . . .. 8 If, g.8:! ~I ..tl l:tVt i i 

:i 'E ::t('t'ts~ nn~ I ' 7() CI t ukt·u :l K u nit , n u d t he su m o f t he mont hly v nlm -s t nk e n as on e bun. 
drr -d P~ 'I' " l' n t. 

l'AIII. ~ VII 

CORRELATION COEFFICIENTS DERIVED FROM THE DATA OF� 
TABLE VI� 

CO" I!i, ' Il'lI l u l" 
(' n r r .ola l JOI) w l th 

. _ ,.-- - -
T fl-mlH'ru lU lt" [t ail1 

TY lJho it l . O. ll~ .. .(Xi .fi9 I .O'J 

J>;(lr r]u:a (uHI Enter iti s 
- (I.a -4;. :! - •.1 :!:, ,~P~~I.~ ~ .l. ::::::::::::::::::::::::: .::::::::::. :::::: ::::: ::::::::::::::: n,SIl.! .U-; . 70 " . 1 
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:\"OTt:: A 11I~ of (III" month is "l11l'lo~" 'c1 ; i , r . , ,ll'ath ra il's n rc compnrea 
with tl ", t ...111 I"· ra Iure nu d ru in fn ll o f t he p revio us mnu t lr. 

Discussion. 

'I' ll hie .\ ' II show» t lll'l'(' po ints of s!w(·i.1I inte r-ext. 'I' her c is a 
st ri king' similia ritv between the const a n ts of typhoid f eve r and 
d in rr-hea a nd 1'1ltp I'it is ()\'I' I' une ; t 11 1'1'(' is n o Sl'llSOllal cor r clat ion 
i ll till' deaths from d iarrhea and l'ntrriti s under 0 11 1.' : hoth typhoid 
I'l' \'CI' 1l nd d iarr-hea nnd I'lll l 'l' i l is ill t h« two Ilg"C grou ps over one, 
ll l'l ~ (,Ios!'l.'" em-re lat ed with t ompcra t u r e an r] sl igh t l," less so with 
ruinf'all. 

T he em-r elation with n-mperatur« ClIHl ra inf 'nl l is most sig ui fi
( ~a Ill. Sill t is ! ieallv, and points t o It d eal' seasonal , probably m eteor

()I()~!."il'lll r vlat ion. The filets a n- t hus in harmony at least with the 
view t hat dia rrhou and enter-iti s in th o Hg'l' 1!"OllJlS 0\' 1.'1' ou o is a 
wntor-hnrn« dispasl', For j"('llSOI\S prvviously stated th e cor re la t ion 
stlldies in these Cl g't' g ro ups «a u not 11," themselves produce further 
l · \ ' i cl l'lIl:( ' l'or Ill' llg"lliust this view , 

The s it nut ion lll'i r egal'cls t lu- d i'lIth" und er one, how ever, is most 
s lI;.!;.!('s l .i w , II m ijrht he e xpected t ha t infnn ts u nd vr OIlC would be 
least IIffpetl'd by 1he ljllalil.\' of H public water su p p ly and we know 
1'1'0111 othe r da tu. t hat they lire most SIlSCl'pt ihle t o te m por at n re. 

'I'he st a t ist ics f'or I Il l ' Tnit ed S ta t es He:;!ist ration .\ !'l'a for 19~8 

~i\"(· t lu- monthly distribut ion 0 1' rlea t hs under OUl' y ea r from (lia r 
rl ll'a a nd ('ute l'il is , exp ressed as r a te s IWI' 1,(JOn h ir lhs , These f acts 

an' shown ill Tahl v VIII. wh ich follows. 

T AIlf.F. VIII 

DEATH RATES, UNDER ONE YEAR, PER 1.000 BIRTHS, FROM� 
DIARRHEA AND ENTERITIS, REGISTRATION AREA,� 

UNITED STATES, 1923� 

(Dist ri bution by Months) 
.1all , _ 7,0 ./ uly _ 1:1,{J
Frb _ Aug, _

6.8 ~1. ;} 
_ Sept. ---- _~lar. lUI 22.4

Oct. _Apr. _ 1~I, " _7.3 
~ o\' • -- __7. n 8.8~Iay---- -------- - -- - Dec. _.Iune _ 11. 2 i ,l1 

The tompcrarure e tTect is su ffie icn t ly disclosed h ere, eve n in the 
absence of a ' cor re lat ion value, obviously impossible t o obtain for 
this large area. if the seasonal temperature variations in Porto 
Rico arc not of sufficient magnitude to affect the dea th rates un
der OJ1(~ , t he in fa n ts being protected somewhat from the effect of 
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poll ut ed water supplies, it seems proba ble t hat t emperature is not 
the enn t rolling fa ctor ill the sea sonal di st ribution of deaths in the 
other age groups . 

F'inal ly as l'eg HI'<),; t he s imilar-ity between typhoid fever and 
dia rrhea and enteri tis ove I' one , li S di sclosed in th e eorrclntion coer
ficient s, it can at leaxt he in ferred that t he t wo d iRNlses a re proba 
hlv r elated t o 1he same pr-imary seasona l fac tors. Since we know 
much uiorv a bou t Ilie cnusatiou of t v phoi d fe ver it ma y be of in- ' 
teres t to d ir ect at tention t o its seasonal eharaet er istios in P or to Rico 
as well as in ti ll! eon t inentnl United ~t atl's, 

Th e Ipllllw r'atll re va r iat inns in the continental Un ited St a tes t hat 
haw' hecn l'oun d to influence rua rk edlv th e seasonal inciden ce of 
t,\' pllOici 1'('\' ('1' a r c much g re ater t ha n th ose wh ich eyer occur in 
Porto Rico, 'I'hus in th e , ;it ~, of Ila lt imore t o tak e a typical Amer
icau ci ly whi ch has ill t he pas t shown hig-h typhoid f'evcr dea th rates, 
aud tak illg- ti ll' c1at a o f S('c1g-w iek a nd 'V in s]ow for the d eca de JHS8
H7 when t he typhoi d f ever d eaths showed a typ ical summer p eak, 
1he' f'olluwiIlg' Iuets aI'l ' d iseloscd. T'he mont hlv 1emperat ure means 
l'Clllg'l'd fr0111 :14 t o 76 dpgr ees with a st andar d de viat ion of 15,7 
dC~I' t' (,S . IJl P ort o Ri co t1w COl'1'cspolld iu 1-C r ange of monthly means 
is 7:3 .8 to 7n.:") w ith II standard devia tio n of 2.56 d egTl'cs. The cor
respondi1Ig' :-1 a ud a rd dovia t ion in t he m ont hly per centages of typhoid 
fever d ea t hs were 4 .07 and 1.07. I n other wor ds, th e va r-iabil ity 
in dea th ra t es was less than f ou r times as g reat in B altimore as in 
P or to R ieo wit b n tem peratu re variability of some s ix-fold , If we 
were dea ling wit h a p urely te mperat ure p1H'n0l11PllOn it mi ght rea
so na blv lx- expected that 1111 opposit e si tuatio n would be d isclosed . 
T'har is, one m ight ex pect th at sma ll tempe r atu re variations w0111d 
be associa ted with smal l variati ous in death r ate and that wit h in
creasi ng tempera tu re the death 1' lll l' S would not only increase but 
wou ld in crease at a st ill more rapid ra te, TIl is is not onl y true 
with l'f'g':lJ'(1 to luuuau IJh:"siolog',\' hut is especially true with regard 
to thOSI! auxi liary fa ctors whi ch are influen ced by t emperature, 
namely. tile devel opmen t of th e t vpho id fever organism in milk 
and ot her foods, the breeding of insects lind other animal agen cies 
ca pa hie of t ransmitt i Ilg th e organism and the genera l opportunities 
f'oi- exposu re to infect ion . All these are deflni tely modified by such 
temperature changes as OCClIl' in the cont inental Unite d Stu te s hut 
could hardly 1)(' appreeiably affected by such minor chan ges as oc
elli' du ring- the year in Porto Ri co. 

Furtherm or e the correlation coefficient for the Baltimore data is 
.9:3 ± .O:l ta ki ng the t em pe ra t ure of th e same month and 65 ± .11 
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taking the temperature of th e mon th previous, In 'other words, the 
effect of temperat ure up on typho id fever death s is so immediate as 
to be felt within one month. On the other hand the P orto Rico 
data show a cor re lation of 77 ± .08 against th e t emp erature of the 
present month and .84 ± .06 aga inst the temperature of the pre
vi ous month. Similar facts are t rue of dia rrhea and ente ritis in 
bot h age groups over one and hold also for rainfall. It would ' be 

. expected that rainfall. wash ing po llution f rom the water sheds into 
the streams, would act more slowly and more irregu larly (lower 
correlation coefficicnt), than would t emperature . The greater time 
lag in th e season al cor re lation in Porto Hico lind its lower value, 
wh en compared with Ba lt imore, bot h suggest that the significant 
correlat ion is with rainf'all rather than temperature. 

F'roin these reason s, th erefore, and because of the well-known rela
tion between typhoid fever and such polluted water supplies as exist 
in Porto Rico it may he concluded that th e correlation which exists 
between typh oid fever death rat es and both tempe rature and rain
fall variations in Port o Rico is essent ially a correlation with rainfall 
rather than with temperatu re, and that typhoid fever in Porto Rico 
is to a large ext ent wat er -borne. If th is conclus ion be ac cepted 
th en th e evidence of the sta t istical data tha t have been submitt ed 
is t hat d iarrhea and en teritis in all age groups OV6 1' one is also to 
a consi derable extent water-borne. 

'I'he extent of the correlation between death rates f r om this 
di seuse and seaso nal fact ors is much more strikingly indicated by 
diagram than in the f01'1Il of cor re lat ion coefficients . f or this pur
pose Char ts I and II have been prepared showing the seasonal dis
t r ibut ion 01' diarrhea and enteritis in th e age groups 1-2 and over 
2 r esp ect ively , an d fo r {HII'POS(,!; of eompnr ison t here is likewise 
shown in each case it curve of death rates computed from the re
gression cq uut ion which r esults fr om th e multiple cor re lation coef 
ficients t hat have been r eferred til. Wh ile th e latter in themselves 
are of little service ill disting-uish ing between the r esp ective effects 
of temperature and rainfall , th e actual, value of the whole equation 
in cxpr t's>i illg the seasonal death rate as a va riable associated with 
temperature and rainfall is indicat ed by its agreement with the ac
tual death rates. 

The reg t'essioJl cquut ion for the age group 1-2 years is
j) = 8.:J pel' cent + .:i:l d'I' + .1;) tlH ± 1.2 

D = $.:l + .~ 2 d'l' + .07 lIn ± o.a 
and for th e age group oyer 2 years is-

D is the mean monthly death rat e, expressed as per cent of the 
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mean 1I1l1lUul rate for t he whole period , and dT and dR, t he de
parturex of th e month ly temperat ure and ra infall val ues , as given 
in Table VI, fro m the mean of all th e monthly va lues 8.:33 per cent , 

A lug' of one month has been allowed in comp ut ing the cor r ela 
tion coefficients and in plotting th e da ta, Th us the death rates for 
Janllill'Y are com pared with the weather conditions of December, 
etc. 

An in teres ting effect is noted in nil th ree of t hese charts which 
is not brought out in the ligures. Table VI shows a decided dro p 
in the ra infall during August, while the t emperatu re conti nues t o 
mount to its highest point in that month. In each case the death 
rate shows a decl ine in September, even more pronounced than 
that ind ica ted in th e comp ut ed correla tio n curve. Likewise t he 
general sim ila rit v of all t hre e seasonal distributions is more strik
ing-Iy brought out i ll the p lots. 

This part ieula r bra m-h of our in ves tiga tion, there fore , ha s de
vel op orl l't'l't a ill posit ive facts an d leads t o some t en tative conclu
sion s. T he ruther st r iki ng s imi lar-ity in the sta t istica l constants of 
typh oid l'e\'l'r (1 )1(1 of d iar rhea and ente rit is. oyer one , when each 
is correlated with tempera t ure a nd rainfa ll indicates a similarity 
ill causat ion , The discus!' diarrhea and enteri tis in the age gro u p 
under 0 111' is ind icated by this sam e p r ocedu re to be of somewha t 
differen t OI,il-rill a nd possibly, therefore, of d ifferent tYIW. This 
Iatter eone lus ion was also i ll evidence in OUI' st udy of communit ies 
with aud without public water supp lies , Finally we have stated 
certain rea sons whi ch in our opinion' t end to exclu de temperat ur e 
per so or its rela ted factors of fly breed ing , food spo ilage, and hu
man suscept ihil ity as elluses for the seaso na l variution in this group 
of in test inal diseases, and which cousequently lead us to believe 
that t here is a t rue cor relation ex isti ng between these death r at es 
and th e poll ution of rivers w hich undoubtedly results largely from 
ra infa l! Il IHI snr fuce wash , 

San Jnan, 

The sta ti st ics of San -Iuan may he uti lized in connection with 
th is SIII1I1' st lIdy, and seem to fur n ish some additional evidence. Dur
ing th ~ period .July 1908 t o -Iun e 1916 t his city's death rate from 
diarrhea ami ente r it is, u nde r tw o years, had a mean value of 3.9 
per 1,000 of total population and th e death rate was increasing at 
a rate of O,l;"i per ann um, During the slime period similar data 
for th e I sla nd as a whole wer e, mean death r ate 2.4, and rate of 
increase of t ho deat h rat e, 0.15 per annum. Th ese fae ts are shown 
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g raphi('ally 0 11 C ha r t TV , The year 1916-17 wa s a ppa re n tlv a fa
" arable on e for t he d evr-lo p meut of di arrhea and ente ri tis , under 
two ,\"I'a l'S, und a striking' incrcuse or df'a th rate is no ted f or the 
Island as il wh ole Bud a mu ch mor e st l'ikiul! one for Sa il -Iuan." 
The relative valuvx 11 1'1' of pmtieular in te rest her e. Ior t he I sland 
a s a wh ole const it u tes a so rt 01' base Iinc from whi ch it is possible 
to me as u r e nnv «huugcs confin ed to th!' city al one. 

ep to 1916 the wa ter sUJlpl,\' of Sa n -lnan hall heen similar to 
those of most of th e m un icipal it ies hav iug 'rat er sn p p lies all the 
I sla tu] oxce pt. tha t, owiuz to 1he rat her denselv populat ed characte r 
of t he water sln-rl . it was prohah lj somewhat mor e heav ily pollut ed , 
III 1HI ;') pressu re filt vrs weI'\' iu stnlled !Iin 'i llg 11 r a ted capacit y of 
:l.000 .000 /.!'1l1l 0Il ii IW I' day , T'lu - perf'ornrauce of t l..-se filters was 
apparcn tlv unsat isl'ad Ol'.v owing' to in su ffi cient capacity , f or the 
(·a pa eit." was dou bled i n th e 1l('W insta llati on 111 11111' du r ing 1917. 
S ince t hat t ime the qu alitv of thp wa ter su pply has not alwa v« been 
entirelv sa t is fnc t or v hut it was mu d . im prnverl hy the new in stalla
t ion a11<1 hlli'l been ~ i "c n incr easi njr expert attention and laboratory 
cont rol sineo th at t ime. It is of spe( ~ i1l1 in terest, ther-efore, to note 

on rhe (· 1111 1'1 11 marked dp( ' I'(~ lI l; r ill t he d ea th rut e lor San -Iuan 
bcz iuninp in th.. year I !!]7-1 8 a nd 11 cont inuing drop duri ng the 
f'oll owiug' year wh on. 1'01' t ire first t ime t hroughout t he period under 
discussion , t he 1'11 11' wus as low as 1I1i1t 1'01' th e I sland as 11 whole. 
S ille' 111111. t im e hot h I'lIt ps hav« varied. as it is t o he expect ed, but 
t hev have remained of th e same g'eneral magnitud e. 

While t he improvement noted ill th e city of San Juan as com
pared with th e I sland may he a t t ributed to other measures of sani 
tat ion , it is al so entirely compa t ible with th e thesis of the water
borne na ture of d iarr-hea and ente ri tis wh ich has been di scussed in 
this paper, and in the light of oth er evidence here presented it seems 
to he somewhat con firma ror v of t ha t t hes is, 

Summary, 

1. A stud v of the distr-ibution of diarrhea and enter it is among 
th e urban and r ural secti ons of t he municipalities of Porto Rico 
with and without publ ic water su p plies indicat es 11 di stinct excess 
in death rates in th e ag e gr ou p 1-5 years in th e urban districts 
ha vhur public wa ter supplies, and a sim ila r excess of unsatisfactory 
st atist ical s i~ni (; can c (' in th e Hge gl'onp under one year. In the 
form er age group ti ll' ind icated excess am ounts to Hbout twenty per 
cent of the total deaths, all ages, fr om this l'anse. in th e I sland. 

* TJI 0 11' p r-eviou s pa TH'r it W :I !'i shown that t he su m l' f ll ('l iJoi. tr-ue for ryph nid f tl!\' €."T In 
Porto Ui...-o. 
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o Dim-rhea and enter it is under one vear of age has very little 
seasona l va r iat ion and it s d ist r ibu tio n is not associa ted with tem
perature or with rain fall. 

:\. The seasonal d ist r-ibution of dinrrheu and enteritis oyer oue 
year is d ist inctly associat ed with hoth temperature and rainfall. 
Several l ines of reasoning have beeu advanced, in cluding comp ari
sons wit h t he ty pho id fe ver sta t ist ics, wh ich ten d to show that t he 
act ua l associ at ion is with ra infall r ath er than with temperature. 
Ty p hoid l'eve r shows a seasonal distribution quito simil ar to that 
of diarrhea and enteritis oyer one year. 

4. The slat ist ies from San -Iuan for diarrhea and ente r it is under 
2, show a ma rk ed improvement in th e death rate following the in
stall ation of th e en la rge d filt er p lant in 1!J1 T, previous to which, it 
had fluet naterl at about sixty-s ix per cent. in excess of the death 
rate 1'01' th e Island as a whole and subseque nt to which it dropped 
to about the sam e general level . 

Conclusion. 

'i\'e are led to conclude from the stati stical ev idence that diar
rhea and ente r it is under our- year of age, as reported in P or to Rico, 
is p r obably of somewha t differ ent or igi n and possibly , th er efore , of 
somewhat II ifferent type from the di sease of the same name as reo 
ported in t he high er lIge groups: and that in all probability the 
di sease r epor ted in those ag e gr ou ps over one year is to a large 
extent wate r -borne . 

Such conclusions arc neeessm-ily te nta t ive, unt il furth er te sted 
by I I ppropr ia te baetcriologica I, or other etiological st udies, or u ntil 
confi rmed h~' fu rthe r stu dies of improvement following the instal
lat ion of satisfactory water p urificat ion in th e cities. 

It likewise appears th at. th e t yphoid fever death rat e in P or to 
Ri co can he materially r educed by improved municipal water works , 

PII EI.!'S, EAI!I,E B. Diarrhea and Enteritis in Porto Hieo I, An 
Epidemiological Study. P. R. Rev, Pub. II. & 'I'rop, Med., 1928, 
\'01. 3, pp, 345- 357. 

AI~:-<OLD , L I.OYD. Diarrhea in Tnfunts, Arch. of Ped., 1927, vol, 44 
pp. 71-85. 

S EDtnnCK, "\\T, '1'. , and "\VIt\SWW , C. E. A. Mom. Am . Acad, Sci .. 
1902. \'01. 12, number 5. Stud ies in the Seasonal Prevalence of 
Typhoid F'evor. 
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