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I. Introduction

As litmus was formerly the favorite detector of "acidity," so
methylene blue is to-day the favorite indicator of reduction.
The reason for this would be difficult to see without historical

perspective. The past has left no accumulation of data on oxidation-
reduction comparable in type to the semi-quantitative data which led
to the supremacy of litmus in differentiating "acidity" from "alka-
linity." No one, to our knowledge, ever drew an artificial line of
demarcation between oxidative and reductive solutions at the region
of methylene blue decoloration; and while certain specific phenomena
have been treated as if methylene blue were a unique reagent, there
has remained a saving sense of a wider view. But when we trace
significant events in the history of this interesting dye, we find that
at almost the same moment it gained prestige as an invaluable stain-
ing reagent (Dreser, 1885, Ehrlich, 1886), and as an indicator of
biochemical reduction (Ehrlich, 1885).- As a staining reagent, the
commercial grade of this dye has ever since been considered an essen-
tial of cytological equipment. As an indicator of biochemical reduc-
tion, it has held its place through a process akin to natural selection.
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We are now able to show in quantitative terms what can be guessed
from Elhrlich's (1885) qualitative study of the combined velocity,
capacity, and intensity factors of biological reduction; namely, that
the oxidation-reduction system of methylene blue stands in the scale
of oxidation-reduction intensity distinctly beyond the position of the
very easily reduced indophenols, but yet distant from the utmost
limit of reduction intensity. Consequently, the decoloration of
methylene blue reveals a reduction intensity unmistakably distinct,
yet not extreme. Moreover, it is a much more intense tinctorial
agent than the sulphonated indigoes, the potentials of which stand
midway between the reductive intensity of indophenols and the
extreme of hydrogen overvoltage. Thus methylene blue, among the
mainv dyes which were products of an enthusiasm for "synthetic
colors," happened without design to possess characteristics so well
adapted to a first crude survey of biologrical reduction that it has
survived.
As a staining reagent, and as an indicator of reduction, methylene

blue soon became a common laboratory supply. As such it seems to
have fallen into almost every conceivable use, ranging from an indi-
cator in volumetric analysis to a therapeutic agent.

In several of these uses there can now be revealed common prin-
ciples. Since these are operative in phenomena which have been
cited by those who have speculated upon biological oxidation, we
shall make this paper the occasion for remarks of general interest.

First we shall lay before the reader the data that we lhave obtained
on the oxidation-reduction equilibria.
The main features of the potentiometric studies are so like those

described in previous papers of this series that only special aspects
need be mentioned. However, these special aspects are important
for an appreciation of the more formally tabulated data; and assuming
that the reader is familiar witlh the main features of previous papers,
we shall save space by placing in perspective at the outset the diffi-
culties attending the establishment of accurate chlaracteristic con-
stants for the peculiar compound, methylene blue.

II. Preparation and Analyses of Material

Preparations of methylene blue chloride, which, for brevity, we
shall call methylene blue, were made by two well-known methods.
An examination of the products and a consideration of the numerous
side reactions which are possible, convinced us that the preparation
of puire methylene blue is largely a problem of purification subse-
quent to synthesis. Since commercial preparations were available
in the quantity required for adequate fractionation, we made use of
tlhem, drawing our supply from five different manufacturers at home
and abroad.
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In the following stummary will be found analytical data which
require a foreword. There is still dlisagreement upon the determina-
tion of moisture in inethylene blue. Koch (1879) and Bernthsen
(1885) report different results. Atack (1915) states that methylene
blue is not completely dried at 1050 C. and that decomposition sets
in at 1100 C. Wales and Nelson (1923) state that "in every case
the salts (samples of methylene blue chloride) could be completely
dehydrated by drying them at 1100 for one day, thereby confirming
Koch's results." Wales and Nelson used a vapor-pressure method
involving drying at low pressures. In vacuo (2 cm. Hg.), at 1000 C.,
our samples attained only approximate constancy of weight within
the periods recorded below and underwent changes, presently to be
mentioned, which make us skeptical regarding the significance of
this and further drying.

Loss on drying sample F
Loss,

Gram per cent.
Weight of sample before drying -0. 5008
Weight of sample after 5 hours drying -. 3922 21. 69
Weight of sample after 8 hours drying -. 3914 21. 85
Weight of sample after 13.5 hours drying -. 3908 21. 96

Loss on drying sample G

Weight of sample before drying -0. 5026
Weight of sample after 2 hours drying -. 3967 21. 07
Weight of sample after 7 hours drying -. 3940 21. 61
Weight of sample after 11 hours drying -. 3933 21. 75

These samples had been recrystallized from water and dried for
a short time in air at laboratory temperature. For a similar prepara-
tion, Atack found, indirectly by titanium titration, 22.7 per cent
moisture. This, he noted, agree(d closely with the formula contain-
ing "5120," for which the percentage moisture should be 21.99.
As indicated above, our water-crystallized samples give "moistures"
close to that required by five molecules of water of crvstallization;
but as Wales and Nelson (1923) have shown, their vapor-pressure
miiethod gives no evidence that this water is present as water of
crystallization. It is not perfectly clear that Atack's experiment on
drying was made with material which contained no trace of ethianol.
We found that a sample containing ethanol, on heating in air at 400,
gave a "disagreeable odor," as noted by Atack. We recognized the
odor of acetaldehyde.
Assuming, for purposes of comparison only, the essential correct-

ness of the "moisture determinations," we can put our data in the
form shown in Table 1.
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TABLE 1.-Compatison of estimated dye content of methy-
lene blue samples

Percentage dye in anhydrous material calcu-
lated from-

"mois-
Sample ture" Titanium titration

(per cent) "Mois- -Nitrogen__________

ture" cnitroentIcontent content Before After Loss on
drying drying drying

F - 22.0 1 100 99.4 98.2 80.2 18.0

G - 21.8 100 98.7 98.1 85.8 12.3

A- 12.8 100 101.1 94.4 48.1 46.3

H - 16.9 100 -97.8 75.0 22.8

B -100 97.0 90.9 6.1

I Figures in italics are arbitrary reference values.

Samples F and G had been "air-dried" at room temperature.
For these there is shown, on the one hand, a substantial although
not satisfactory agreement in three different estimates of anhydrous
dye, and, on the other hand, a very serious loss in titratable material
on drying. Sample A had lhad no heat treatment so far as we
know. However, the available record states that it had been
"desiccated." The sensitiveness of this sample to desiccation was
suoggested by the first titanium titration, and was made very evident
on heat treatment. Sample H was a commercial one and we know
nothing. of its possible previous heat treatment. In the case of A
and H our heading "before drying" in Table 1 refers to treatment
in our hands. A portion of sample H was also dried in air at 1500 C.
The resulting material was quite insoluble in water and in ethlanol
and could not be titrated. Data on sample B are included, although
the percentage of dye is estimated on the basis of nitrogen. Pro-
gressive drying gave in sequence 90, 70, 60 per cent titratable
material.

Atack's note on the effect of drying differs in detail from our
observation, but the general import, which Ataczk had no occasion
to emphasize, is the same. There is uncertainty regarding the
value or even the meaning of " inoisture " determinations in a scheme
of analytical assay; and yet for this compound, which persistently
occludes material that interferes with precise assay through chlo-
rine and sulphur determinations, "moisture " determinations are
of importance. According, to Wales and Nelson the water held by
metlhylene blue is not constitutive even to the extenit of being water
of crystallization. Yet its loss under the conditions that we have
described is associated with loss of the essential properties of methy-
lene blue. The effects of longf desiccation at low temperature



should be investigated in detail. We suspect slight denaturation
even at low temperature.

Finally, since an error of one millivolt in otherwise acculrate
electrometr ic measurements can be occasioned by 2 per cent of
reactive impurity, it is evident that the precise definition of electro-
metric constants is impossible until analytical control to within at
least a few tenths of a per cent is assured.
Sample A.-This was a portion of the material purified by Mr.

Zoller ini 1919 and used in the studies reported in Clark's (1920)
preliminary paper. The detailed description of the purification has
been lost, but according to the available record the material was
dlied at room temperature in vacuo over stick KOH and concen-
trated H11SO4.
We found 11.54 and 11.64 per cent nitrogen. The average indi-

cated 88.2 per cent anhydrous dye, while moisture determination
indicated 87.2 per cent and titanium titration 82.3 per cent.
Sample B.-Sixty grams were added to 500 c. c. of water con-

taining 10 c. c. of concentrated HCI. The suspension was heated
on a water bath one hour and then filtered. On cooling, a large
part crystallized out. The crystals were dried in air 48 hours, and
then were placed in 250 c. c. of absolute ethanol which was heated
to boiling. The solution was then filtered into 300 c. c. of ether.
The resulting crystals were sucked dry on a Bilchner funnel and
dried in a vacuum desiccator for 24 hours. When this material
was heated in an air oven (temperature rising slowly to not over
400), a strong odor of aldehyde was noticed. *The crystals were
therefore redissolved in water and recrystallized. The final material
was sucked dry and dried in an air oven at 600 for 20 hours. Weight,
28 grams.

The percentages of components found in Sample B and anhydrous
dye calculated therefrom were as follows:

Calei-
Found Average lated an-
per cent per cent hydrotis

cent

Nitrogen - ------------------------------------------------------- { 11.85 11.90 90.51. 11.95
Chlorine--------------------J------- -----------

10.59 } 10.55 95.210.51j
10. 23Sulphur (Parr bomb)---------------------------- 10. 27 10.16 101.3

Sulphate sulphur ----------------------------- Trace
Ash less than-0 .--------------------------------------------- 0.10

Titration with titanium trichloride indicated 88 per cent an-
hydrous dye, and progressive drying, as already noted, progressively
diminished the titratable material.
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Sample e was crystallized from water twice. It was then dis-
solved in hot absolute ethanol and filtered into ether. The crystals
were sucked dry and further dried over soda-lime in a vacuum
desiccator at room temperature.

In sample C the percentages of components found and of an-
hydrous dye calculated therefrom were as follows:

|Calcu-
Found Average hydrous
per cent per cent dye, per

ceat

11.41
Nitrogen-- -- ----------- -- - 11-41 11.43 87.0

1 11.48
Chlorine ------------------------------------------------------- {9.85 88.8

Sulphur (Parr bomb) --9 75 1
9.78 9.82 97.9

(Fusion) ----------------j 9.96

__
~~~~~~~~~~~~I._7_

Sample E.-In the preparation of this material an attempt was
made to remove such excess sulphur as might be present as sulphate.
Commercial, medicinal methylene blue -was dissolved in acidified
water containing 1 per cent barium chloride. After the solution
had been heated on a steam bath it was filtered and cooled. The
crystals were sucked dry and re-formed from aqueous solution. They
were then dissolved in absolute ethanol and the methylene blue was
precipitated with ether. The sample was dried at room temperature
in vacuo.
The 11.50 per cent and 11.58 per cent nitrogen found, indicated

87.8 per cent,-and the moisture content, 87.6 per cent anhydrous
dye. There then should hiave been 8.8 per cent sulphur. There
was found by the Parr bomb method 8.84 and 8.44 per cent, average
8.6 per cent, and by the fusion method 8.60 and 8.32 per cent, average
8.5 per cent. On the same basis, chlorine should have been 9.7 per
cent, but there was found 10.3 per cent-again an excess. Titanium
titration indicated 82 per cent dye.
The material, when studied potentiometrically, behaved as though

a reducing material were present in the oxidant. This was confirmed
by titrating a solution of the oxidant with quinone. This reducing
material probably resulted from the action of ethanol.
Sample F.-A commercial sample of "medicinal methylene blue"

was (lissolved in hot water, filtered, and cooled. The large crystals
wvhich formed over night were filtered with the aid of suction. This
process was repeated three more times with particular care in the
last two crystallizations to cool the solution very slowly. Thus large,
bar crystals were formed. Finally the crystals were spread on filter
paper and exposed to a gentle current of air while being turned
frequently. After four hours of this drying they were bottled.



1137 June 5, 1025

Moisture determinations in(licated 78 per cent anhy(drous dye.
On this basis there may be calculated the quantities given below:

Calcu- Found,
late(l per cntper cenitprcn

Nitrogen -10. 25 10. 19
Chlorine 8.65 8.93
Sulphur -7.82 8. 11

On titrating with titanous chlori(le, there was indicated 76.6 per
cent anhydrous dye. The reduced solution was clear, with a slight
yellow tinge.
Sample G.-This material was recrystallized four times from water

exactly as was sample F, except that it was given a preliminary salting
out with NaCl and particular care was taken from the first, by slow
cooling, to form large crystals. The sample was air-lried at room
temperature exactly as was sample F.

Moisture determinations indicated 78.3 per cent dye. On this
basis there may be calculated the quantities given below:

Fae,Vound,l
per cent per ce:At

Nitrogen - 10.28 10.15
Chlorine - -88 .------------------------------------------------------- 868 8.9
Sulphur -7.848.03

Sample H.-An untreated commercial material.
Sample I. A material certified by the Commission on Standard-

ization of Biological Stains as suitable for bacteriological and general
staining.
Sample J.-This was sample F after repeated extraction with

cholorform and ether in a Soxhlet extractor. In the case of the
chloroform, extraction was continued until little color, and thtit
apparently methylene blue, was removed. In the case of ether
extraction, it was continued until practically no color appeared in
the extract. The samnple was dried at room temperature in racuo.
Sample K.-A commercial material wvhich spectrophotometric

measurements by Mr. French indicated to be of high purity.
In every analyzed sample of inethylene blue, except sample E,

there was evidence of excess sulphur. In every case there was evi-
dence of excess chlorine even when the material had been crystallized
several times from distilled water. The basis of this evidence is the
nitrogen value; but if this be set aside, there still persist discrepan-
cies in the ratios of chlorine to sulphur. These ratios should agree
with theory even if there were present such impurities as under-
inethylated thiazines.
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Spectrophotornetric absorption curves, kindly made by Dr. Scott
and Mr. Frenchi, of the Walter Ree(d Hospital Laboratory Service,
slhow appIrecia.ble although slight (lifferences between all the samples
we have tested.
The titration cuives N-hich will be discussed later, all suggest the

presence of small percent ages of electromaot ively ac(tive impurity.
Sucll impurities could be identified vx-ere it practicable to apply the
method used by Sullivan, Colhen, and Clark (1923) in showing
contamination of one sulphonate of indigo by another. But to applv
tlhis miethod it is obvious that basic data for pure materials must
have been established.

Undermethylated products.-For a reason wlicll will be made clear
later, we thought measurements on an underiimethylated product
would be useful. Doctor Scott anid Mr. Frenclh supplied us with a
comnmercial product the absorption curve of whiclh was indicative
of a dimethyl thiazine, according to the criteria of Formanek (1908),
and Doctor MacNeal (1924) gave us a beautifully crystallinie prepara-
tion of his dimetlivl thionin.

Lauth's tiolet chloride, hereinafter called Lauth's violet, was pre-
pared by oxidizing, a solution of para-plienylene-dian1ine and hydro-
gen sulphide with ferric chloride solution.
The para-phenylene-diamine was dissolved in a 10 per cent

aqueous solution of' hydroclhloric acid, and this solution, cooled with
ice, w as saturated with hydrogen sulphide. The theoretical amount
of ferric chloride required for the oxidation was dissoIb-ed in water,
and the solutioni was slow ly run into the mechanically agitated, cold
solution of para-phenylene-diamine, while at the same time hydrogen
sulphide was being continuously led in. Finally, an excess of ferric
chloride w-as added. The black mud which separated was filtered
on a Biuchner funniel and extracted with hot ethanol. From this
solution Lautlh's violet crTstallized on cooling. These crystals were
purified by recrystallization fromii hot etlhanol containing sufficient
ammonium hydroxide to precipitate the iron compoun(ds present as
impurity. Excess of ethanol was remo-o ed by drying at low temper-
ature. We have since come to suspect a slight reaction of thie dye
with ethanol, wlhich may account in part for discrepancies in analysis
and in electrode measurements.
Two preparations were imade as desciibed. The preparation used

contained 14.39 per cent nitrogen, indicating 90.28 per cent anhy-
drous dye. By titanium-titration there was indicated 89.6 per cent
anhydrous dve.

III. Sources of Error

In the titration of thiazines a difficulty arises which was not en-
countered in operating with the compounds described in our previous
papers. The tlhiazines are bases and tend to form insoluble salts
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with some of the acidic oxidizing or reducing agents previously
used. For instance, it is impracticable, except for end-point work, to
titrate the reductant with ferricyanide or the oxidant with leuco-
indigo carmine, because in each case a salt of slight solubility is
formed. We have already described in the third article of this series
the objections to the titanium method used in the preliminary work
of Clark (1920) and of Cohen and Clark (1921). We have, therefore,
depended for the determination of an orientina value of E'. upon the
method of mixtures and upon titrations of reductant with benzo-
quinone.
Of these two methods, the quinone-titration method involves a

slight source of error due to the fact that the potentials of the
thiazine system, on the one hand, and the potentials of the quinone
system, on the other, slightly overlap near the end-point of the
titration, even at the pH of the buffer used. The error, which is not
large, could be quantitatively allowed for and correcte(d were there
not evidence of several other sources of error which rendler correc-
tions for any one precarious. One such source is of special interest
and will now be noted very briefly.
We have described in previous papers our methods of preparing

the reductant of a dye by reduction with hydrogen in the presence
of platinized asbestos. When filtered from the asbestos, washed
with purified nitrogen, and preserved under nitrogen without any
rubber connections to the nitrogen train, such solutions have been
kept for days without sign of re-oxidation. In the case of reduced
methylene blue there promptly appeared re-coloration. This was
not due to leakage of oxygen; it was found to be a light effect. Solu-
tions of methylene white prepared as above noted remained per-
fectly colorless for 24 hours when properly protected from light.
The effect of light can be observed very nicely by the following

simple procedure: A solution of methylene blue mixed- with a little
platinized asbestos (coarse) is placed in a separatory funnel having
well-greased glass cocks. The dye is then reduced with a stream
of hydrogen. After complete reduction of the dye the cocks are
closed, and the asbestos is allowed to settle out in the dark. LTpon
irradiating the clear supernatant solution with sunlight, the solution
becomes blue. If, now, the apparatus is taken into darlkness and
shaken, the residual hydrogen in the platinized asbestos reduces the
solution, and a test of the light effect may be made again. In the
absence of the reducing agent the decoloration in darkness will not
take place.
We are indebted to the color laboratory of the Bureau of Chem-

istry for a spectrophotometric measurement showing that the blue
color developed by light in a solution of methylene white is methylene
blue.
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If the methvlene white solution an(d hydrogenated platinized as-
bestos be kept in a light-tight reservoir over mercury as displacement
flui(d, portions can be (lelivered at will through a control cock and
a filter. We have used this device to deliver methylene white solu-
tion to a narrow, transparent quartz tube, where the color developing
on ex'posure can be compared with a copper sulplhate standard.
This is an extremely sensitive actinometer.
An attempt was made to determine the region of the spectrum

having tile greatest effect. For this purpose the actinometer was
modlified as follows: There was blown from narrow tubing of trans-
parent quartz an electrode vessel of the form shown in Figure 1.

a
ti Cll.

_ _
-Li LJ

S

Sc

to caN.
FIG. 1

Metlhylene white in a citrate buffer solution was delivered from the
reservoir through a. The mercury electrode in tube c could have its
suiface renewed by wasting mercury from a reservoir into b. Tube
b (lipped into a saturated solution of potassium chloride through
which was made liquid junction with a calomel half cell. The po-
tential of this chain is a function of the ratio of methylene white to
methylene blue. Consequently, by irradiating the methylene white
from slit s until sufficient oxidant is formed to give a stable potential
and then noting the time required on further irradiation for the po-

-
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tential to pass between certain arbitrarily chosen values, we have an
indirect measure of regenerated methylene blue which is far more
delicate than visual observation of color.
The little vessel was firmly clamped against a slit 8, placed at the

telescope of a Hilger monochromatic illuminator having quartz
optical parts.
The light source was a carbon arc operated by a 110-volt alternat-

ing current. The control of carbon feed was by clockworlk in the
main, but had to be supplemented by hand control in an attempt to
make this powerful but unsatisfactory light source as steady as
possible.

Insignificant changes in potential and no bluing of the solution
visible by the light of a carbon filament electric light bulb were noted
when light of the visible zones of the spectrum was streaming through
the vessel. On the approach to the ultraviolet, bluing and conse-
quent changes in potential were observed.

It is, of course, obvious that only the crudest sort of data can be
obtained with the unsteady carbon arc. This is evident in Figure
2, where there are charted in , the centers of the narrow bands of

%32l I28Fi

24

16~~5

*a.+ .38 .40 .42'
FIG. 2

wave leng,ths passing the slit and, as ordinates, the potential change
in millivolts per minute required for the potentials to pass between
two arbitrarily fixed points. The relative values of these rates are
measures of relative effectiveness of the wave bands. In spite of
the crudeness of the data, it is obvious that the maximum effect is
centered at about 0.380 ,u.
For final definition it will be necessary, of course, to operate with

a more satisfactory light source. Nothing definite was gained with
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the quartz-mercury vapor lamp available1. Although the intense
0.365 ,I line of this source falls within the zone of goo(d effectiveness,
inisufficienIt energy passe(l through the illuminator. We have not
stu(Iie(l the possible effect of the citrate buffer in screening the lower
wave lengths, nor have we attempted to correct our data for the
uncertain energy distribution of the carbon arc. Therefore, all we
can say is that the light effcct begins to be appreciable only at the
elg of the visible spectrum, and this conclusion is confirmed as fol-
lows: Exposure of methylene wlhite to (laylight is much more effective
when the solution is contained in quartz than in glass. Intense
irradiation by monochromatic light of the visible region (e. g., yellow
and green) is ineffective. Light from a carbon filament electric bulb
whlich has little or no light of wave length shorter than 0.400 ,u is
ineffective, while light from a tungsten filament bulb, which has
appreciable quantities of light of wave length in the zone about 0.380 ,
is effectivc by direct exposure.

Before it was found that methylene white is sensitive to the violet,
we had been manipulating our apparatus by the light of tungsten
filament lamps, and we are not sure that the absence of visible
coloration can be regarded as proof that there did not take place
changes too small for positive identification but large enough to
have a significant part in cumulative errors. Indeed, our titration
curves often have the form which would result from the presence of
very small percentages of oxidant in a solution treated as if it were
completely reduced.

In the preliminary paper by Clark (1920) it was shown that meas-
urements of the methylene blue-methylene wvhite system in neutral
and alkaline solutions are rendered difficult by the slight soluibilitv
of the methylene white base. Rough estimates of the solubilities of
this compound were made as follows: There was (lis3.;l.-ved in 200
c. c. of water, 0.07 g. of methylene blue. This was filtered and then
reduced with hydrogen and platinize(d asbestos. The reduced solu-
tion showed precipitated methylene white on the walls of the vessel
and therefore must have been saturated with this compound at
Ioom temperature (about 28°). The solution was filtered into a
nitrogen-protected burette and aliquots were titrated with 0.00025
molar solution of quinone. The solution in different experiments
was found to be 0.00030 and 0.00035 molar. Of course, the solution
prepared as above described must have been virtually acidified to
a slight extent in the process of reduction.
Of more importance for present purposes are solubilities in buffer

solutions. The experiment described above was repeated with
proper titratinig reaaents, in the one case with buffer solution No.
5 as the solvent and again with buffer solution No. 22 as the solvent.
In each case the temperature was about 250. In buffer No. 5 the
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acidity is such (pH 2.9) that according to our estimates of the dis-
sociation constants, metlhylene wlhite should furmii stalts, while in
buffer No. 22 (pH 8.6) only the free base couldl be plresent. The
concentrations of methylene white at saturation were found to be
0.0005 to 0.0006 molar in solution No. 5 anid 0.00002 molar inl solu-
tion No. 22.
Such low solubilities definitely limit the range of experimental

studies oni homogeneous systems; and bv forcing the investigator of
such systems to use hig,h dilutions, they magnify the possible effects
of adsorption.
Everyone who has worked with methvlene l)lue must lhave ob-

served its very strong tendency to deposit on glass surfaces. Un-
doubtedly this withidrawal of oxidant from solution could be of
appreciable effect in suclh studies as ours, but we have not investi-
gated the matter because quantitative knowledge sufficient for our
purposes wouldinvolvea study both of metlhylene whiite ads7orption
and of the still more difficult problem of the effects of adsorption on
electrodes. We may note in passing that methylene white appears
also to have a hiigh adsorptive tendency. Recognizing thle problem,
we leave its quantitative significance in abeyance.
The considerable differences in the solubilities of methylene blue

and methylene white at different acidities are correlated with those
marked differences of these two compounids which will be dliscussed
later. At present we shall simply note that since imethylene bltue
must be classed as a "strong" electrolyte and methylene white as
a "weak" electrolyte, we should expect to find anomalies when the
data are treated by means of the classical methods. Indeed, if
difficulties that we have already mentioned could be completely
overcome, the system would provide excellent material for certain
investigations on the difficult subject of "activities." Since the
accuracy of the present measurements does not give assurance for
an excursion from our elementary mode of presentation, we shall
simply uncover the order of magnitude of the suggested secondary
relations by showing, on the one hand a "salt effect" and on the other
a dilution effect.
For one experiment on the "salt effect" there were prepared solu-

tions of the composition shown in Table 2. The pH values of the
buffers diluted with water were measured and consi(lere(1 to be the
same as those of the buffers diluted with the methylene blue-methly-
lene white mixture. Since, as we shall show later, the potentials
increase 0.0902 volt for eaclh decrease of one unit of pH in this
region, it is necessary to compare the observed electrode potentials
Eh at a common pH. In this case, we took as a reference ploint p1H
1.011. The last column of Table 2 shows the comparable values of
Eh + 0.0902 x pH.
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TABLE 2.-Effects of salt concentration and dilution on methylene blue potentials

Solution pli . A1lI XO.0902 Eb EXO.Ap11

50c.c. C + 5c.c. Afe 1.011 - - 0.4409 0.4409
50 c.c.C.+10 c. c. Me 1.04Us 0.037 0.0033 .4335 .4368
50 c. c. C+15 c. c. Me- 1.090 .079 .0071 .4280 .4351

50 c. c. B+ 5 c. c. Me- 1.041 .030 .0027 .4363 .4390
SOc. c. B+10 c. c. Me- 1.079 .068 .0071 .4301 .4362
50 c. c. B+1.5 c. c. Me-. 1.123 .112 .0101 .4253 .4354

.'0 c. c. A+ 5 c. c. Me- 1.064 .053 .0048 .4332 .4380
50 c. c. A+10c.c..lMe 1.098 .087 .0079 .4280 .4359

A=0.1 Al HCe, 0.1 M NaCl.
B=0.1 M HCI, 0.3 Al NaCl.
C=0.1 M HCI 0.6 M NaCI.
Me=partially reduced, aqueous, methylene blue (F) approximately 0.002 molecular before reduction.

It will be noticed that while there is an appreciable "salt effect,'"
the dilution effect is much larger.
The order of magnitude of the "salt effect" here shown was con-

firme(d by experiments with citrate solutions, and the dilution effect
was shown more clearly in the following experiment. We have
already mentioned a limit to the range over which concentration
effects may be studied and the possibility that adsorption effects
may upset calculations dealing with the very low concentrations we
are forced to use. This will be remembered in considering the
following remarkable data. A solution, the analysis of which proved
to be 32 per cent oxidant, 68 per cent reductant, and 0.00083 molar
with respect to total dye, was prepared in buffer No. 5 and added
in successively increasing quantities to 50 c. c. of buffer No. 5.
The potential was measured after each addition. Assuming no
alteration of pH, there is a remarkable variation of potential with
concentration of dye, as showni in Table 3, in which concentration
is found in the first column and the averages of two closely agreeing
sets of potential measurements are showvn in the second column.
TABLE 3.-Apparent effect of concentration of total dye on the potential of a fixed

mixture of methylene blue and methylene white

Concentra- Average
tion of Ei, ob-

total dye served
(molat) (volts)

0.000016 +0. 2674
.000032 . 2626
.000076 . 2597
.000138 .2572
.000192 .2556
.000237 . 2544
.000277 .2535
.000311 .2527
.000342 .2521
.000369 .2516
.000393 .2511
.000415 .2508

These data include a part of that range of concentration within
which Holmes (1924) finds remarkable changes in the absorption of

1144
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light. In the paper referred to, Holmes raises several serious ques-
tions of interpretation whiclh can not he adequately answered until
several methods of study are focused upon the problem.
We had intended to include in this paper studies on various sub-

stitutions in the thiazine group of dyes. With commercial sanmples
of toluidine blue, gentianine, and similar thiazines, we had nmade
titanium-titrations according to the method of Clark (1920) and had
reported the results at the New York meeting of the American
Chemical Society (Cohen and Clark, 1921). But since materials of
high purity would have to be used to obtain data on substitution
comparable in accuracy with those obtained witlh indophenols (see
previous papers, this series), it seemed hardly worth wllile to repeat
the earlier work on various thiazines before there can be a thorough
mastery of the preparation and control of this troublesome group
of dyres.
On the other hand, a basic dissociation of Lauth's violet, the

simplest thiazine, furnishes the key to tlle correlation of structure
with electrode equation. Accordingly, significant data for tllc
Lautlh's violet system are presented.

IV. Buffer Solutions

In the composition of the buffer solutions some changes from the
previous series were made. The new solutions are recorded in Table 4
andl in subsequent tables will be referred to by number.

TABLE 4.-Composition of buffer solutions

Solution! Composition
No.

1 2.50 c. c. Mj5 NaCI+250 c. c. M/5 I1I(+ 0 c. e. water.
2 250 c. c. M/5 NaCI+125 c. c. M/5 IIC1+125 c. c. water
3 250 c. c. M/5 NaCl+ 30 c. c. M/5 HC11+220 c. c. water.

4 250 c. c. M/5 citric deid+ 50 c. c. M/5 NaOI±+450 c. c. M/5 NaCI+250 c. c. water.
5 250 c. c. M/5 citric acid+125 c. c. MI/5 NaOlI+375 c. c. M/5 NaCl+250 c. c. water.
6 250 c. c. M/5 citric acid+210 c. c. M/5 NaOH+290 c. e. M/5 NaC1+250 c. c. water.
7 250 c. c. M/5 citric acid+300 c. c. MI/5 NaOH+200 c. c. M/. NaC1+250 c. c. wvater.
8 250 c. c. M/5 citric acid+400 c. c. M/5 NaOI1+100 c. c. M/5 NaC11+250 c. c. water.
9 250 c. c. M/5 citric acid+500 c. c. M/5 NaOI1+ 0 c. c. MI/5 NaC1+250 c. c. water.

10 208 c. c. M/5 citric acid+500 c. c. M/S NaOH+292 c. c. water.
li 185 c. c. M/5 citric acid+50 c. c. M/5 NaOH+315 c. c. water.

12 2,50 c. c. MI/5 Na2I'PO4+230 C. c. M/5 IIC1+520 c. c. water.
13 250 c. c. M/5 Na2HPO4+190 c. c. M/5 HC1+560 c. c. water.
14 250 c c. M/5 Na2IIPO4+145 c. c. M/5 1101+605 c. c. water.
15 250 c. c. M1I5 Na2IIPO4+lO1 C. C. M/5 11C1+650 c. c. water.
16 250 c. c. IM/5 Na21IPO4+ 40 c. c. M/I 11C1+710 c. c. water.
17 250 c. c. M/s Ni2HPO4+ 15 c. c. M/5 11CI+735 c. c. water.

1X 250 c. c. MI/5 113BO3+ 10 c. c. MI5 Nal1I+490 e. c. MI/ Na('1+2.50 c. c water.
19 250 c. c. M%I5 113BO3+ 16 c. c. IS/5 NaOlI+481 c. c. M/5 NaC1+250 c. c. water.
20 250 c. c. Mj5 113BO3+ 30 c. c. M/5 NaOI+470 c. c. M/5 NaC1+250 c. c. water.
21 2;0 c. c. MISI/5 3BO3+ 55 c. c. M/5 NaO.I0+445 c. c. M/5 NaCl+250 c. c. water.
22 250 c. c. I /j5 113BO3+ 80 c. c. MIS N.a01I+120 c. c. MIj NaC0+2.50 c. c. water.
23 250 c. c. Aj5 H13BO3+160 c. c. M/5 Na011+-340 c. c. Ml/5 NaC1+250 e. c. water.
24 250 c. c. M/5 113BO3+240 c. c. M/5 Na011+260 c. c. MI5 NaC1+250 c. c. water.

25 1235 c. c. M/T5 Na2HPO4+ 40 c. c. M/5 NaOI+210 c. c. MNI/5 NaC1+62.5 c. c. water.
26 125 c. c. M5 Na2IIPO4+ 90 c. c. M/5 NaOH+1f0 c. c. 1/S5 NaC1-+625 c. c. water.
277 125 c. c. M1I5 Na23PO4+150 c. c. M/5 NaOI+100 c. c. M15 NaCl+625 c. c. N ater.

28 250 c. c. M/S NaOH1+250 c. c. M/5 NaCI+500 c. c. water.
29 250 c. c. M/5 NaOI1+750 c. c. water.
30 250 c. c. MI/5 NaOI1+250 c. c. water.
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V. Electrode Measurements on Lauth's Violet

In Table 5 are the results of two series of measurements on Lauth's
violet by the inethod of mixtures. A saturated aqueous solution of
Lauth's violet was filtered and divided into two portions. One was

de-aerated and the other reduced with hydrogen and platinized
asbestos. These two solutions were then added in the ratios shown,
so that a total of 5 c. c. of oxidant and reductant was held in 50 c. c.

of buffer solution. Assuming no effect of this small amount of dye
solution on the pH, the pH of the dye-free buffer +-5 c. c. of water,
which was found to be 2.867, was considered to be the value for the
mixture.
TABLE 5.-Mixtures of equimolecular solutions of Lauth's violet and its reduction

product. In buffer of pH 2.867

Ratio
tISl Eb E'o

60.8 +0.2986 0.3043
39.2

60
.3000 .3053

50

500 .3040 .3040

40

.3091 .3038

Average, 0.3M2

In Table 6 are the data on a titration of reduced Lauth's violet
with benzoquinone. It will be understood from what has already
been said that the end point is somewhat uncertain, that consequently
the point taken is to some degree uncertain, and that corrections for
change in p1I can not be made with assurance.

We shall assume for pH 2.867, the value E'o=0.305.
TABLE 6.-Titration of reduced Lauth's violet (GB) with benzoquinone at pH 2.867

Oxidation 0.03006 log Deviation
Quinone (c. c.) [prcet sd] E'0 from(peScet)0.3052

1 ----------------------------------------- 8.77 +0.0306 0.2771 0.3077 +0.0025
2 -17.54 . 0202 .2859 .3061 +.0009
3 -26.32 .0134 .2920 .3054 +.0002
4 -35. 09 .0080 .2973 .3053 +.0001
5 -43.86 +.0032 .3020 .3052 .0000

6 -52. 63 -.0014 .3066 .3052 .0000
7 -61.40 -.0061 .3113 .3052 .0000
8 -70.17 -.0112 .3169 .3057 +.0005
9 -78.94 -.0173 .3235 .3062 +.0010

10 .87. 72 -.0257 .3336 .3079 +.0027
11- 96. 50 -.0433 .3566 .3133 +. 0081
11.4 -100.00
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In Tables 7 and 8 are summarize(d measurements ma(le upon
fixed mixtures of oxidant and reductant in solutions of (lifferent
pH values. As has been our custom, we have redluce(d the data to
E'o values for thle convenience of the rea(ler, and to do this have
made measurements in each series with solution No. 5 for which
at pH 2.867 we have already selected the E'o value of 0.305. Since
it was necessary to operate with the oxidant pre(Iolninating and
upon the "0.09 slope" of the Eh:pH curve an experimental error
is to be expected in reducing the original data to E'. values, and, in-
(leed, there appears a discrepancy between Tables 7 an(d 8 reveale(d
by the predominating negative deviations of Table S. Evi(lently
undue weight was given to one orienting value in eithler Table 7 or
8, and since the reduction to E'0 values has no weight in determining
Kr2, Kr3, K.b, and the slopes of the several sections of the curve,
we have made an arbitrary constant correction of the deviations
in Table 8 which gives a fairer picture of the alignment of the experi-
mental data (exclusive of one orienting experiment) with the cal-
culated curve.

TABLE 7.-Lauth's violet. Relation of E' to pH. First series

[E'pu o=0.563; Kr2=5X10'; Kr3=4.2X10-5; Kob=1.88X 10-31

Solution No. pH E'0 Calc. E'0 found Deviation

I------------ ------------- ------------- ----------- - 1.076 +0.466 +0.465 -0.001
2- 1.369 .440 .437 -.003
3- 1.982 .384 .384 . 000
4- 2.441 .343 .339 -.004
5------------- ------------- 2.867 .305 .303-.002
6- 3.340 .263 .261 -. 002
7----------- ---------- ---------- _3.864 .218 .218.000
8- 4.396 .177 . 178 +.001
9- 4.901 .144 .145 +.001
10 - '------------ 5. 477 .115. .115 .000

11 -5.896 .098 .098 .000
12 -5.896 .098 .099 +.001
13 -6.333 .083 .083 .000

14 -6.662 .072 .072 .000
o -6.967 .063 .062 -.001

16 -7.517 .046 .045 -.001
17 -7.844 .036 .031 -.005

18- 7.493 .047 .046 -.001
19 -7. 691 .041 .040 -.001

21 -8.393 +.020 +.021 +.001
23 -9.238 -.006 -.006 .000

26 -12. 115 -.127 -.123 +.004
30 -12.589 -.154 -.149 +.005

454870-25t 2
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TABLE 8.-Lauth's violet. Relation of E'. to pH. Second series

IE'pH o=0.563; Kr2=5X1O-6; Kr-=4.2X1t-5; Kob=1.SX1uO---

Solution No.

1-
3-
5

9.

11-

15-
16-
17-
20
21-
23-

25i
25-

28-
30-

p1i

1.073
1.978
2.872
3. 344
3.828
4.377
4.919
5.4S2
5.911
6.351
6.971
7.517
7. 965
8.055
8. 396
I9. 241

10. 129
10..A89
11. 455
11. 759
12.273
12.293

E'. calc. E'. found JDeviation Deviation

0.466 c~~~~~orrected
0.466 0.457 -0.00 -0.006
.385 . 379 -.006 -.003
.305 .302 -. 003 .000
. 263 .263 .000 +.003
.221 .222 +(01 +.004
.178 .180 +.02 +.(05
.143 .142 -.001 +.002
.114 .114 .000 +.003
. 098 .095 -.003 .000
.082 .079 -.003 .0O0
.063 .059 -.004 -.001
.046 .043 -.003 .000
.033 .030 -. COG3 .000
.030 .026 -.004 -.001

+020 +.018 -.002 +.001
-.006 -.011 -.005 -.002
-.034 _. 039 -.005 -.002
.C67' -.072 -. s003 -.002

-.090 092 -.002 +.001
-.106 -.110 -.004 -.001
-.136 -.138 -.002 +.001
-.137 -. 136 +.(01 +.004

VI. Electrode Measurements on Methylene Blue

Sample A, by the method of mixtures, gave the data of Table
9, anid( titration with quinone of the reducedl solution gave the data
of Table 10. A repetition of this experiment gave essentially the
saine picture.

TABLE 9.-Methyleve blue (sample A). Mixtures of oxidant
pH 12.859

[Total oxidant and reductant approximnately 0.001 niolarl

First series Second series

Et, E'o Eh E'o

0. 2625 0. 2.36

.2681 .2734 0. 2679 0. 2732

.2724 2724 22 . 2728

.2777 .2724 .2781 .2728

.2830 .2719

and reductartt at

Average- +0. 2727 +0. 2729
E'ju o-.- + .5306- + .5308

Ratio[Sr

70
30

C0
4()

50
50

40
60

30
70

-i
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TABLE 10.-Titration of reduced

June 5, 1925

methylene blue (sanmple A) with benzoquinone
at pH 2.859

Oxidation 0.0300) E'o DeviationQuinone (c. c.) (per cent) locg S'I Et from 0.2730

1 6.45 0.0349 0. 2395 0. 2744 +0.0014
2 12.90 .0250 .2491 .2741 +.0011
3 19.36 .0186 .2555 . 2741 +.0011

4-. 25.81 .0138 .2C01 .2739 +.0009
5 32. 26 .0097 .2640 .2737 +.007
6 3 71 .C"Or .2674 .2734 +0. 004
7 45.17 +0023 .2705 .2730 .0000
8 51.61 -.0008 .2738 .2730 .0000
9 58.06 -.0042 .2772 .2730 .0000

10 -64. 52 -.0078 .2807 .2729 -.0001
11 70.97 -.0117 . 2845 .2728 -.0002

12 -77.42 -.0161 .28S8 . 2727 -.0003
13 -83. 87 -.0215 .2942 .2727 -.0003

14 -90.33 -.0292 .3013 .2721 -.0009
15.5 -100

AVerage -+0. 2730
E pHO0--__--------------__-----_----------------------________________ _____ *E9

Sample B in preliminary measurements seemed very unsatisfactory
and was rejected for electrode measurements.
Sample C gave, on titration of the reduced solution with quinone,

an estimated end point at 15.87 c. c. When this value was used, the
E'o values calculated from the observed potentials are those of the
second column of Table 11.

TABLE 11.-Methylene blue (sample C). E'. values calculated from quinone-
titration at pH 2.863

[Methylene blue approximately 0.0001 molarl

Quinono E'ocrQuinone (c. c.) Eto (corrected) recte

1 0.2779 1.4 0.2736
2 .2767 2.4 .2743
3 .2759 3.4 .2743
4 .2756 4. 4 .2744
5 .2752 5.4 .2742
6 .2749 6.4 .2740
7 2.746 7.4 .2739
8 .2746 8.4 .2739
9 .2745 9.4 . 2739

10-_--------- .2744 10.4 .2738
1 1 .2743 11.4 . 2734
12 - .2742 12.4 .2738
13- .2747 13.4 .2743

14-.2750 14.4.2746
15.87 - - 16. 27

Average-0. 1-------------------------------------------------------------- 0.2741
E p l o --------------------------------------------------------------------------------___ =0 .3 22

Such a distribution of values is much like that which would occur
were the titration begun on a solution already partially oxidized.
The solution had been fairly well protected from light and appeared
colorless when delivered to the faintly illuminated burette. However,
if we assume about 2.5 per cent initial oxidation and correct for this
by assuming that the equivalent of 0.4 c. c. quinone was alretady
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present, we obtain the EV. values of the last column of Table 11.
Allowing for minor corrections of acidity change, which would have
to be made to perfect any such series of values, the agreement seenms
reasonable.
A subsequent repetition of the quinone titration on sample C

gave-E'. uncorrected average 0.2756, and corrected, 0.2745, or
E'pH o=0.533.
Measurements on mixtures of oxidant and reductant at pH 2.863

gave the data of Table 12.

TABLE 12.-Methylene blue (sample C). Mixtures of oxidant and reductant at
pH 2.863

[Total oxidant and reductant approximately 0.0001 molar]

Ratio Ratio
[s,] Eh, E'O0 ql "

[1.1 IS-' corrected
corrected

60 I58.5
40 0.2692 0.2745 41-.5 0.2737
50 48.7550 .2745 .2745 51.25 .2738

40
.2789 .2736 3&8.8 273060 612.278 .2736 61.2 2730

Average+0. 2742 -+0.2735
E'pHo= +0. 5324 - +0.5317

In the last two columns of Table 12 are given the results of correc-
tions for the 2.5 per cent oxidant in the reductant assumed to correct
the quinone titration of the same sample.
Sample E on titration with quinone gave a series of E'o values

with graphic mid-point at 0.276, which became reasonably concordant
with 0.2739 (E'pHo=0.531) (see Table 13) when an end-point at
2 c. c. less than that judged by graphic inspection of the original data
was selected. This suggested the presence of reducing impurity active
in the zone intermediate between the methylene blue system and the
quinone system. Comparable data obtained by the method of
mixtures also showed deviations which could be interpreted as due
to presence of a reducing impurity in the oxidant. A quinone titra-
tion of the sample definitely disclosed the presence of a reducing
substance which had, strangely enough, survived air exposure and
which was sufficient to account for the above discrepancies.

1150
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TABLF 13.-Titration of reduced methylene blue (sample E) tith benzoquinone at
pH 2.849

[Methylene blue approximately 0.00009 molar]

0.03006Deito
Quinone (c. c.) | Oxidation | s°j Devato nQuinone(c.c.)(per cent) log is Eh E' from-[Sol ~~~~~~~0.2739

2 - -8.70 0.0307 0.2418 0. 272. -0.00143 - -- 13.04 .0248 .2483 .2731 -.0008
4 - -17.39 .0203 .2530 .2733 -.0006

5 -------------- ------------- ----------- 21.74 .0167 . 268 .2735-.0004
6 - -26.09 . 0136 .2601 .2737 -.0002
7 - -30.43 .0108 .2630 .2738 -.0001
8 - -34.78 .0082 .2656 .2738 -.0001
9 - -39.13 .0058 .2679 .2737 -.0002
10 - -43.48 .0034 .2703 .2737 -.0002
1 - -47.83 +.0011 .2727 .2738 -.0001

12 - -52.18 -.0011 .2750 .2739 .00013 - -56.52 -.0034 .2773 .2739 .0000
14 - -60.87 -.0058 .2797 .2739 .0000

15 - - 65.22 -.0082 .2821 .2739 .0000
16 : 69.57 -.0108 .2847 .2739 .0000

17 - -73.91 -.0136 .2876 .2740 +.0001
18 -------- 78. 26 -.0167 .2908 .2741 +.000219 - -82.61 -.0203 .2945 .2742 +.0003

2 - -86. 96 -.0248 .2991 .2743 +.0004
21 - -91.31 -.0307 .3046 .2739 .0000

22 ---- ------------------------------------- 95.65 -.0403 .3122 .2719 -.0020
23- 100.00 - .3250 .------------.

E'pHo=0. 5309

Sample F.-By the method of mixtures at pH 2.851 (solution No.
5), there were found the relations seen in Table 14.
A titration of the reduced solution with quinone gave a series of

E'o values, varying in a more or less orderly fashion. Graphically,
we estimate the mid-point of the titration curve to be 0.276, giving
E'pHo= 0.534. The average of the two measurements is 0.533.

TABLE 14.-Methylene blue (sample F). Mixtures of oxidant and reductant at
pH 2.851

[Total oxidant and reductant approximately 0.00009 molar]

Ratio [IS' Eh E1'

60 0.2712 0.2765
40 ..2711 .2764

50 .2760 .2760
50 ..2757 .2757

40 .2804 .2751
60 .2800 .2747

Average - +0.2757
E'P -0___ _-___________ = +0. 5329

Sample G, by the method of mixtures at pH 2.851, gave the values
shown in Table 15.
Quinone titration of this sample gave uniformly varying values

of E'o which we were not able to interpret. Graphically, a mid-
point was estimated at 0.277, givinog E'pR= 0.534.
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TABLE 15.-Methylene blue (sample G). Mixtures of oxidant and reductant at
pH 2.851

[Total oxidant and reductaTnt approximately 0.00006 molar]

Ratio-[SId Eb E,o

40 0.2723 0. 2776

50
.2774 .2774

40 -' 28131 2.2761
Averge -08277
Average---------O. 2770
E I 0- _--___________-__ 0.5342

Sample H was found too impure to work with.
Sample I was found by titration to be grossly impure. It should

here be noted that commercial grades of methylene blue suitable for
staining need not be, and perhaps are preferably not, pure methylene
blue. (Compare Scott and French, 1924.)
Sample J, which was sample F extracted with chloroform and ether,

was titrated with benzoquinone and gave the same type of deviation
observed with sample F and a graphically estimated mid-point
identical with that found for F at the same pH.
Sample K gave a peculiar titration curve difficult to interpret but

surely indicative of some impurity.
In brief summary, we have the better values for the potentials of

ani equimolecular mixture reduced for convenience of comparison to
the values at pH-= (E'p o) which are assembled in Table 16. Of
these, the most consistent are the values for sample A. In the case

of sample E the presence of the reducing impurity, of which there
was (lirect experimental evidence, woIuld interfere with the determi-
nation of an E'. value by the method of mixtures, but it nee(l not
niecessarily injure seriously the results of a quinone titration if the
impurity becomes active only near the close ol the titration and if
we correct for the en(I-point fromi internal evidence. If the end-point
correction (which was made solely to characterize the first, larger
section of the titration) be allowed, it turns out that the constant
for samiple E is remarkably close to that of.sample A.

TABLE 16.-Mcthylee blue. Summary of values for E'P/ o

| Mfethod of niixturles Quinone titration

Sample Corrected Corrected

Observed for Graphi-c Calculaited fo
pfrity estimate in detail foprit

Il
.5308A{ ( .05308 t}-0.~~~------- 5309 ~~~~~~

-- .5324 0. 5317- 0.5323
F --- .533- 5309

F -.5329-- . 534
0 -. 15342 .534

A verage - . 5322 . 5317 . 534 | .5309 .5316
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Some of the measurements were made before the effect of dilution
was fully realized (see p. 1144), and consequently the (lata as they
accumulated were data for somewhat different concentrations.
However, on looking back over our notes we fin(d that the variations
in concentration were certainly not of sufficient magnitude to account
for the discrepancies of Table 16.
A tempting hypothesis which we considere(d is this: Having shown

that certain characteristic potentials for inethylene blue are distinctly
lower than those of Lauth's violet, we might assume that under-
methylated preparations would show intermediate values. We
would then expect that a pure methylene blue would give not only
the most negative potential but the most uniform sets of data as
are found for instance with sample A, while samples containing
undermethylated products as impurity would give variable and more
positive potentials as are actually found with the other samples.
Aogainst this hypothesis stands a titration we made of a commercial
preparation reported to us on the basis of spectrophotometric data as a
distinctly undermethylated product. In comparison with sample A,
it gave distinctly more negative values. We then obtained froIm
Dr. W. J. MacNeal a sample of his beautifully crystalline "dimethyl
thionin." On titration this gave a peculiar series of deviations
s?uggestive of a small percentage of some active impurity. Howeveir,
the graphic mid-point at pH 2.83 was +0.268, or E'p-o= +0.523,
wlich, by inspection of Table 16, indicates again a displacement in
the direction opposite to that expected from the hypothesis suggested
above.

These comparative data might appear conclusively to militate
against the hypothesis proposed above; but, as we have emphasized
in previous papers, it is dangerous to interpret substitution effects
before dissociation constants are known. We shall show presently
that in acid solutions, where alone it is feasible to make measure-
ments of the type now under consideration, we are on a " 0.09-slope "
of the E'0:pH curve which is comparable to a similar slope of time
itidophenols. Inspection of Figure 1 of the sixth paper of this
series will suggest the danger we now note. In the present instance
we have not completely defined each system because we saw no use
in developing the refined aspects of the subject with material of
dubious purity. Consequently the hlypothesis that discrepaint
results with different samples of methylenie blue are due to under-
methylated impurities must be left undecided until the effects of
dissociation upon the position of the curve lhaving the "0.09-slope
are determined.

In Tables 17 and 18 are summarized measurements made with
fixed mixtures of oxi(lant and reductant (corrected to an equimole-
cular mixture) introduced into buffers of different pH values.
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Here again it vil1 be seen that the data are not so conlcor(dant
as those Ob)tailled with other types of compound; but that the essen-
tial featuress *f the relations aie fairly clear will be seen from Figure 3,
whiere the (lata of Table 17 are shown as dots, and supplementary
data from Table 18 are shown as circles.

FIG.3
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In this figure we have exten(led the "0.09-slope" of the curve to
pH =0, since preliminary measurements at hligh acilities indicated
that this extension coul(l be made. There is, however, an apparent
deviation in 3N HCI, which may mean eitlher that the curve tenids to
return to the '"0.06-slope" or that our preliminary m-neasurements
were wrongly interpreted through our failure up to this point ade-
quately to allow for relative activities.

TABLE 17.-Methylene blue. Relation of El. to pH. First series
[E',Ho=0.532; Kr2=1.4X1"; Kri=3XI0-5]

Soluition No. p11 calculated | folE | Deviation

1 -- 1.07 0. 435 0.436 +0.001
2-- 1.37 .409 .409 .000
3-- 1.98 .353 .353 .000
4-- 2. 45 .311 .311 .000
5-- 2.88 .273 .275 +.002
6-- 2. 36 .230 .233 +.003
7-- 3.84 .188 . 192 +. 004
8--------------------------------------- -- 4.39 .144.145+.001
9-- 4. 92 .105 .105 .000
I- 5.92 .051 .051 .000

14 -6.67 +.022 .024 +.002
16 7.48, . O I . 000 +. 004

22 --8.62 -.039 -.040 -.001
23 1/2-I 9.61 -.069 -.068 +.001

25 ------------------------------------------------------ 10.82 -.105 -.103+.02
27 -- 11. 74 -.133 -.132 +.001
30 -- 12.28 -.149 -.149 .000

TABLE 18.-Methytene blue. Relation of E'0 to pH. Second series
[E',j,1o=0.532; Kr2=1.4X1O; Kr3=3X10-51

Solution No. 1)11 V calcu- E'. foundi Deviationlated

1 -- 1.08 0.435 0.437 +0.0Ow
2-- 1.37 .409 .409 .000
4-- 2.48 .312 .311 -.001
5-- 2.88 .273 .275 +.002
6- - 3.34 .232 .235 +003

3.86 .186 .188 +.002
8-- 4. 40 .143 .145 +. 002
9-- 4. 90 .107 .107 .000
10 -- 5.48 .072 .071 -.(01

11 --5. 90 .052 .050 -.002
13 -- 6.33 .034 .033 -.001

14 --6.66 .022 . 024 +0021;5 -- -6.97 +.012 +.014 +.002
16--f 7.49 -.005 .003 +.002
17 -- 7.84 -.016 -.016 .000

19 --7.69 -.011 -.011 . (00
23 --9.24 -.058 -. 057 +.001

We lhope that this account of our experienice with methylene blue
will be helpful to someone who shall overcome the difficulties anid
establish more accurately the fundamental constants of the svstem.

After this our third series of measurements, with experience gained
by studies of othier systems, we are convinced that our failure to
obtain conicordant data of the order of agreement found in our
stu(lies of other systems is due in large measure to the inherent
peculiarities of this unstable, adsorbing, polar compound, with its
difference in structural type from the light-sensitive, slightly soluble
reductant. Indeed not only the difficulties encountered but peculi-
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arities which are suggested by experiments supplementary to the
main course of experimentation, such as the dilution effect and its
correlation with Holmes' observations, make it appear that methy-
lene blue, in spite of its popularity, will ultimately be rejected from
lists of oxidation-reduction indicators destined for precise use. But
for the present, numerous applications of this indicator remain to be
clarified, and for this purpose our data are certainly adequate.

VII. Electrode Equation

With the experimental data before us, we comne to their formulation
in accordance with the principles outlined in the second paper of
this series.

Since the Lauth's violet system displays an inflection of the E'0: pH
curve (fig. 3) in alkaline regions which the methylene blue system
does not, it furnishes the more complete picture. Therefore the
following interpretation will be made with the aid of data on Lauth's
violet:
The E': pH curve of Lauth's violet (fig. 3) appears to have char-

acteristics distinct from those of the dyes reported in previous papers

of this series. In the acid region, the value of lpdE is 0.0902, which

we shall call the "0.09-slope." While such a value was discovered
among the indophenols, and was especially distinct in the case of
2, 6-dibromophenol indophenol, it had no such extension as is found
in the data on the thiazines.

In Lauth's violet, the "0.09-slope" abruptly changes to a "0.03-
slope" near pH 5; and since two electrons or their equivalent are

RT
concerned in the reduction process making the nF coefficient 0.03,
this change of 0.06 (i. e., 2 x 0.03) indicates that two acid-base dis-
sociations are encountered in this pH region. The two dissociation
constants concerned are obviously not identical, because the actual
inflection of the curve is not nearly so abrupt as would be the case
were they identical. Do both of these constants represent ionizable
groups created or destroyed in the act of reduction? If they do, we
still leave unaccounted for a third group made apparent by the change
from a "0.03 slope" to a "0.06-slope" at pH 11.

Since the clectrometric data reveal directly little regarding the
nature or the location of the acid-base groups encountered, it is
possible to express the experimental data by a number of equations
derived in accordance with the principles outlined in the secon(i
paper of this series. Without claiming to have exhausted the possi-
bilities, we have constructed several such equations which express
the experimental data well enough, but which call for bizarre chemi-
cal properties in the thiazines. But by adopting the following,
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rationtal devclopment, we have reachedl a result wlich seems satis-
factory from every viewpoint.
We shall assume that Bernthsen's (1883-1889) forntla foi the

thiazines, supporte(d as it is by a clever and( extensive array of svn-
theses, is essentially correct, and we shall then write this formula in
accor(Iance with the octet theory of electronic configuration. We
then have for a thiazine, Formula I, an(d for its reductant, Fornmula II,
of Figure 4.
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It will be particularly note(d that the doulble-bonded, terininal
nitrogen of Forinmula I contributes but four electrons to the surround-
ing octet, while it has five p)ositive charges reserv-ed for its outer slhell.
ConIsequently this group has a (listinet polai-valence comipartible
,w%ith that of aminoniuim. Onl re(luction, this pola-r vaience is
(lestroyed an(l at the same time a potential anlion is created at the
bri(lging nitrogen as in the case of the indophenols.

The oxi(ldation-redtuction process mnay tlherefore be expresse(d in the
followillng form

Ox+ + 2e-RMd
and the correspon(ding electrode equation is 1

Eh= C-iRTIn [Rie(1]h2CF-- (1)
I Sec first and second papers of this series.
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Next, in summing the various species of oxidant and reductant to
obtain the e(quation embodying total oxidant, [SO], and total reduc-
tant, [Sr], we shall have to take into consideration the experimentai
fact that three chaniges in steps of 0.03 are found in the slopes of the
E'o: pH curve, indicating that three dissociation constants are to bo
consi(lered. In addition, there are potentially active groups which
it may be, well to consider.

Since we shall have to deal with basic groups and, for the sake of
uniformity, desire to deal with hydrion rather than hydroxvl ion
concentrations, we shall find the first section of our derivation simpli-
fied if we adopt Br6nsted's (1923) extension of Michaelis' (1922)
formulation of acid-base equilibria.

Br6nsted unifies the representation of acid-base equilibria by the
expression: acid = base + H+. Specific cases are:

acetic acid = acetate ion + H+
(acid) (base)

NH+ = NH3 + H+
(base)

The group RNH2 may be treated as if it acquired basic properties
eitlher by addition of water and subsequent ionization of hydroxyl
or by direct addition of hydrion. It is therefore immaterial to the
present formalistic treatment whether we use the ordinary Kb dis-
sociation constants or Ka constants, so long as we retain the relation

K;a= KWVe shall use either constant in atccordance with con-
Kb

venience and shall later summarize with the customary Kb symbols.
In the following summations we shall regard each represented

species as equivalent to the sum of hydrated and unhydrated mole-
cules of the same species. For the reductant, the sum [Sr] of all
species is

_ ~~~~+++
[Sr] = [Red] + [H Red] + [H2Red] + [H3Red] (2)

[Red] [H+]K (3)
[IH Red] =K 3

[H Red] [H+]K (4)
[H,Red]
+

[H,Red] [H+]-K (5)
[H3Red++] -
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In the oxidant, the group/C -NH+ can be brought into Bronsted's
formalistic scheme, but it is mnore realistic to treat it as a cation,
adding the hydroxyl ion directly. Hence

[So] = [Ox] + [OxOH] (6)

[Ox] [OH] K
[OxOHI ob7)

or, since we wish to use [H+]

[Ox] K, -Koba[H+][OxOH]=- b (7a)
Solving equations (2) to (7a) for [Ox] and [Red], substituting in

(1) and collecting constants, we then have (8) in its numerical form
for 300 C.:

E b= Eo-0.03006 log is 1-0.03006 log Kr1 KrIKr3 [HK+KHrir3iHt+Kr3 [18)+13I t

Without further discussion, we shall assume that the bridIging
nitrogen fixes H+ as was assumed for the indophenols. Consequently,
Kr1 has a value so low that the term in which it occurs can be neg-
lected, and (8) becomes (9):

E1,=EE-0.03006log[[Sr]-0 03006 log K0b [H1±+ Kw (9)rs0] 6 Kr2~Kr3[H+]2 + Kr3[H+]3 + [H+]4(9
In previous stu(lies, the equations used for the construction of the

Ila, ~~~~~~~~~~~~~~~~Sri.1alculated E'o : pH curves were all of such form that when- = landISO]
[HI1 - 1 normal, the neglect of secon(l or(ler magnitudes gave EV. = Eo.
On the assumptioni that no essential change wouldl occur ¢ilien
[S ri normal[[S] -norml' the Eo found with dilute solutions under the above con-

(litions coIld be called the "nornmal potential." In the present instance

(equation 9) it will be note(d that whlen [H+] 1 and [5rJ = 1, the neglect
of second or(der values in applying the values of tlle constants to be
griven later leaves

EIo = Eo-0.03006 log, Kob
This pecuiliarity arises from the fact that we have assumed botl
hy-(droxyl an(l hydlrogen ions to be concernedl, andl obviously we would
have met a similar situation ha(l we continued with the same assump-
tioIn and chosen to formulate the equation in terms of hiydroxyl ion
concentrations instead of hydmionl concentrations. In short, it is
necessary to remember the formalistic nature of "normal potential"
and, as has frequently been noted, to define clearly the sense in which
the expression is usedl. Indeed, had we clhosen the perfectly legiti-
nmate procedure of including both hydroxyl an(d hydrion concentra-
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tions in our equation, tlhe term "normal potential" woul(1 become
nonsense. We shiall, tlherefore, r'etain our E. in its mathematical
meaning as (lefine(1 by specific equations. For potentialg at pH=0
we shall use the symbol EpHo, an(d for the half reduce(d solution at
pH 0, the symbol E'D,,o.

VIII. Dissociation Constants

Since we ascribe a polar valence to the "(louble-bonded" terminal
nitrogen and (liscover in Lauth's violet an inflection of the E':pH

curve at pH 11, we shall give to Kw a value of 10-11. Tentatively

accepting the value 1.88 x 10-14 for K, at 300 as given by Michaelis
(1922) we find Kob= 1.88 x10-3.

It will have been noted that we have left out of consideration a
secon(l group of potentially basic properties in the oxidant. Were
this group active, forming the cation OxH within the experimental
range of pH, we would have found at some pH-zone lower than that
in which the "0.03-slope" occurs an inflection of the curve tending
toward "zero slope." The inflections observed are in the opposite
(lirection. Consequently, we can conclude-that the basicity of the,
amino group in the oxidant is so "weak" that for all practical pur-
poses it can be left out of account with resulting simplification of
the equation. The inflections found must then be ascribed to ioniza-
tions of the two remaining groups of the reductant. The constants
for these groups are represented by K,2 and K'r3.

In determining the values of K, and Kr3 it is helpful to use the
intersection of the projections of the so-calle(d "0.09-" and "0.03-
slopes." Those sections of the curve which are found at the region
concerned are (when considered independently) determined by equa-
tions (10) to (12).

-E1=0.03006 log Kr3Kr +0.03006 pH1- C (10)
1-E2=0.0601 log Kr +0.0601 pH-C (11)

-E3 = 0.0902 pH-C (12)
Equation (10) determines the "0.03-slope" and (12) the "0.09-

slope"; while (11) determines the "0.06-slope" between these two
limbs, which in the present case is obscured.
The intersection of (10) and (12) occurs at E = E3, or when log-

K1r2Kr3 =2 xpl
Graphically we estimate the intersection to be at about pH=4 9

(fig. 3). Hence, log 1 +log = 9.8.;n y Kr2 r-- K~~~~~~r3
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By subsequent trial we find that log =- = 5.3, an(l lo Kr 4.38
(sum 9.68, intersection 4.84) fit the data fairly well. Hence we shall
use Kr2= 5 x 106 and Kr3 = 4.2 x 10-5.

W"Tith the values of Kob, Kr2, and Kr3 describe(d above, Kw= 1.88 X
10-14, an(d the E'Pl,O previously discussed we obtain with equation
(9) the calculated E'O:pH curve shown in Figure 3 (E'0 being the
value of an equimolecular mixture at any given value of pH).

It was mentione(l above that the section of the E'0:pH curve
having a "0.09-slope" is comparable to the same slope foundl among
the indophenols. In the latter case it occurred between two "0.06-
slopes" andI was accounted for- by two (lissociations, one of the oxi-
dant and the other of the reductant the pK values of which were
(listinctly different. It is now evident that the same explanation
hol(ds for the thiazines, the "0.09-slope" lying, between the region
of ionization of a group in the oxidant so weak that its Kb value is
negligible an(l the region of an appreciable ionization of that same
group as it appears in the reductant.

Turning now from Lauth's violet to metlhylene blue, we can apply
the same principles, and with the exception of the new values of
the constants employed, the only essential difference is the absence
of an inflection of the curve in the alkaline region. This simply
means that in methylene blue the value of K.b is too large to perInit
suppression of its basic ionization by the alkaline buffers employed.
Summarizing, and using for (lescriptive purposes the, mor e famlliliar

btisic ionizations shown in Table 19 rather than the corresponding
acid constants employe(d for convenience in developing equations,
we hiave the following concept.
Among the thiazines, the oxidant is a strongly polar cation, corn-

p)aral)le to a substitute(d ammonium, NH4,. As the substitution
of alkyl groups for hy(drogen enhiances the basicity of ammoiiiumii,
so we should expect metliylene blue to be a stronger baise than
Lauthi's violet. In Lauth's violet we find a color change occurring(
in the zone of pH 11 and correlating withi the dlissociation constant
determined by the inflection of the E'0:IpH curve. The precipitate
there formed was identified as the free base by Bernthlsen (1885).
On the other hand, mnuch more intense alkalinization is require(d
to in(luce a color change in methylene blue, an(l its free base was
obtaine(l by Bernthsen (1885) only by the use of silver oxi(Ie. W.Ne
mnay tlherefore conclude that in "strength" rnetlhylene blue cation
is comparable to sodium ion. Its chlori(le hias been foundl by the
conductivity nmeasurements of Jaubert (189l5) to compare with NaCI.
Pelet-Jolivet and Wild (1908) regard it as completely dissociated in
dilute solution. Hantzsch and Osswald (1900) say of the thiazines
that in spite of their complex structure and high molecular weicgit
they should be classed with the strongest bases.
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TABLE: 19.-Ionization constants, inflections of E'0: pH curves, and characteristic
potentials at pH 0

Lauth's violet Methylene blue

Group Symbol of
constant Inflec- Inflec-

Value of constant tion Value of constant tion
at pH at pH1

Oxidant's polar.- Kob ----------- 1.88X10- - 11.0 Too high to measure None.
Oxidant's amino- Kob2 ----- Negligibly small None. Negligibly small None.
Reductant's bridging N.. (K.i)- Fixes H+-None. Fixes-+__ None.
Reductant's lst.anmino--- (K,2)Krbl l- 3.8X10 --5.30 1.35X10G- -- 5.8.
Reductant's 2d amino (K,r.)Krb2- 4.5X10-1 -4.38 6.3X10-1 - 4. 52

E'pH-o - 0.563 -0.532 .

Incidentally, the structures accorded the thiazines indicate that
the salt of methylene blue base with hydrochloric acid should be
termed a chloride and not a hydrochloride as has frequently been
done. The curious fact that silver nitrate does not readily pre-
cipitate silver chloride from acid solutions of methylene blue chloridle
is not proof that the chlorine is intimately incorporated in the organic
molecule, for other reagents act as if an ionic metathesis does take
place (Atack, 1915). Lenz (1895) suggested a soluble silver chlori(le
double salt as the explanation of the peculiarity note(d above. What-
ever the explanation, the peculiarity is not unique.
The second potentially basic group in the oxi(lant appears to

be so weak that it forms no salt in the regions of pH we have studie(l.
Kehrmann, lavas, and Grandmougin (1914), on the basis of spectro-
scopic data, believed that three salts are possible. These three salts
they formulate for Lauth's violet in the following scheme:

-N- N=

HN -5--NHHN -N lNIHCI

[Orange] [Violet]

HCI IICl

H:E-N IIHHCI HRCIll2Nl -5- NHHIICI

[Greenish blue] [Yellowish green]

Our data show that, if more than one salt is formed, intense
acidities are necessary. In conformity with this is the fact that
Kelhrmann, Havas, and Grandmougin required 35 per cent an(d 50
per cent oleum to obtain the allege(d evidence of the second an(d thir(d
salts.
On redIuction, the polar valence of the oxidant is destroyed. In

the symmetrical reductant the two terminal nitrogen groups becomo
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structurallv identical, and our interpretation of the (latta before us is
that they have distinguishable dissociation constants of the same
order of magnitude, comparable in value with tlhose of most sub-
stituted aromatic amines. Thi's was confirme(d for Lauth's violet
by alkali titrations comparable with those male with oxidlized and
reduced indigo tetrasulfonate and described in the fourth paper of
this series.

/ dE\The over-all slope (dpH) never tending to a zero value in(dicates
that another group, presumably the bridging nitrogen, fixes a non-
dlissociating hydrogen or its equivalent; but there appears to be
no evi(lence that there can be formed at this point a sodium salt
of ordinary type as Landauer and Weil (1910) believed.
The interpretation we have given to the experimental data has

allowed no place for the orthoquinoid formula, III, advanced by
Kehrmann and Schaposchnikoff (1897) and Kehirmann (1902),

RN \- NR2 III

While we again emphasize the fact that the methods now under con-
sideration can give no definite assurance to the allocation of dis-
sociable groups, and while we might cite certain analogie3 as justifica-
tion of Kehrmann's first formula, we consider it less l)robable than the
Bern-thsen formula, when wsitten with the guidance of accepte(l
principles of configuration. Although Formula III is still widely
accepted and is still copied in many texts, Kehrmann himself aban-
doned it in 1914 as the result of investigations made with Havas and
Gran(imougin.

IX. General Discussion

(A) MECHATNTISM IN BIOLOGICAL OXIDATION-REDUCTION

Data in this and preceding papers of this series have a bearing
upon certain current views of mechanism in biological oxidation-
reduction.

It is of course obvious that the various schemes used to describe
oxidlation-reduction processes are formally interchangeabl and
each is legitimate for mental orientation of certain relative relations.
However, there lhave been postulated from time to time various specific
mechanisms for the operation of whichl one or another component
of a reaction is required. In dealing witlh such mechwanisms not all
formal schemes of descriptioi) are, interchangeable. It is conceiv-
ab)le, for instance, that the livin,g cell las evolved a type of catalyst

454870 25t 3
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dealing with tlhe transport of hydrogen. Unless we are prepared to
reinterpret this conception in more universal terms, we miust formu-
late oxi(lation-reduction processes in terms of actual hydrogen
transport wherever the formulation is to conform witlh the postulate(I
catalysis. It then becomes imiiportant to distinguish carefully be-
tween formalism with its legitimate uses andl such qufantitative data
as bear upon actuality. Wieland (1922) hias ina(le an attractive
case for the assumption that many important biological oxi(lation-
reductions are essentially cases of hydrogen transport. To illus-
trate tllis thesis, Wieland cites certain reactions which have fallen
within the scope of our own studies, and it is with these alone that
we shall now deal.
Among Wieland's illustrations are the quinone-quinol, the indigo-

indigo white, and the methylene blue-methylene white transforma-
tions. In each case two hydrogens are concerned when the isolated
compounds are considered. In each case our own treatment has not
only inclu(led the participation of these hydrogens, but has made
use of electronic structures which suggest that very widely among
organic systems in aqueous solutions the rule of electrical neutrality
can be satisfied by the participation of the ever-present hydrions.
Thus Wieland's orientation from the point of view of hydrogenation
an(l dehydrogenation receives support from our treatment to a
certain limited extent, but the nature of the limitation it is important
to perceive. It becomes plain whlen we consider the significance of
the ionizations of the compounds now under consideration.
Wieland makes the difference between quinone and hydroquinone

a difference of two hydrogens, as may reasonably be done in neutral
and acid solutions. The same is assumed for indio, although we
have shown (cf. 4th paper of this series) that in solutions of mild
alkalinity only one lhydrogen remains fixed in the reductant. The
other hydrogen (which, in an artificial systematization on the basis
of hlydrogenationi, can be assumed as one of the two equivalents
required for reduction) can, in a generalized theory, be considered
as belonging to the indigo no more than to other constituents of the
solution. Indeed there is no experimental proof that hydrogen
per se is essential.
The case of the methylene blue system is complicated by the

variety of ways in which its reversible oxidation-reduction can be
written rationally; but it is reasonable to assume that although two
equivalents are required for the reduction of the discrete, free, methyl-
ene blue cation onlv one hydrogen, as hydrogen, becomes fiLxed and
that on tlhe bridging nitrogen. The nonpolar group created from
the polar group can acquire basic properties, either by direct addi-
tion of hydrion or by addition of water and subsequent ionization
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of hydroxyl, but does not do so appreciably in neutral solution. The
balancing of the equation eitlher as

MCI+H2=MH+HCI
or MCI+H2=MHHCI
concerns the solution as a whole and may be of entirely secondary
significance for mechanisms concerned in the conduct of an active
species of the methylene blue molecule.

Incidentally it may be said that no one wlho appreciates the evolu-
tionary nature of scientific thought would be hypercritical of the
implication in Thunberg's (1922) simultaneous use of the termns
"hydrogen potential" and "active hydrogen" in hiis adaptation
of Wieland's theory to his valuable experimental work with methyl-
ene blue. At the same time it must be pointed out that if the basis
of calculation previously described (Paper II, this series) be accepted,
the data now available show that a half-reduced solution of methyl-
ene blue at pH 7 is in equilibrium with a hypothetical hydrogen
pressure of only about 10-15 atmosphere. Likewise a half-reduced
solution of 2,6-dibromo phenol indophenol at pH 7.0 in the presence
of washed tissue should have a hypothetical hydrogen pressure of
only 10-21 atmosphere. If equilibrium conditions have any signifi-
cance, and it remains to be shown that they do, then any postul-
ated molecular layer of hydrogen on the surface of a catalyst must
hiave its covering ability in harmony with these calculated partial
pressures.
Further discussion will be found in the fifth paper of this series.
Of course, it is perfectly easy to accommodate some of the implied

demands if the schematic aspect of the affair is the sole consideration.
If this alone is the object of Wieland's theory, then our suggestion
is trivial. But it seems that Wieland has attempted to trace a
mechlanism, and in our conception of this problem it is of consid-
erable importance to know whether or not hydrogen regarded as an
actual and not as a schematic representative of an electrochemical
equivalent is required for the transformation of any given species.
The considerations we have urgedtare not to be regarded as definite

refutations of Wieland's theory. They are of the nature of intuitive
deductions rather than of compelling necessities. However, they
are of the type which, had they been appreciated earlier, might
have directed speculation into a channel other than that followed
by the current of the present period.

Anotlher aspect of the Wieland theory we shall discuss in a later
paper.
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(B) AIETIIYLENE BLUE IN CYTOLOGY

'We come iiowx to an aspect of methylene blue or of the thiazines
wliilc rmay appeeaI at first to lie entirely outsidle the province of
this paper. 'We refer to the use of thiazines as cytological staining
reagents. There are two points of contact. In the first place, the
condluct of thiazine as a stainingf reagent may be complicated by
its re(luctioin. In tlle seconid( place the thiazines have been classed
as basic stains without that more detailed knowledge of their
"strength" as bases which we now possess.

In the voluminous literature, which may be traced through v.
M16llendorff's (1920) monograph, Lee's (1921) "The Mlicrotomist's
Vade-Mecum," and Michaelis' (1902) review, there will be foun(d
frequent references to the reduction of the staining reagent as an
experimental fact which sometimes complicates the interpretation
of staining reactions. Furthermore, there has run through the
literature from the time of Ehrlich's (1886) suggestion, a stream of
speculation regarding some vaguely defined relation between the
staining properties of certain tissues and their oxidation-reduction
metabolism. Unina (1913) has made much of one aspect of this;
and Child (1919, 1920) (cf. McArthur 1921) has suggested a corre-
lation between "staining gradient" and his so-called "metabolic
gradient." In all such speculations there has been a noteworthy
absence of quantitative data of the type we now have to contribute
as a minor but essential part of the subject.

If the interpretation long accepted and confirmed by the present
studies be correct, the dissociation of methylene blue chloride itself
is such that no ordinary changes in pH can affect its degrce. Con-
sequently, if we exclude from consideration phenomena which were
formerly called "salt effects," changes brought about in a solutioI
with the object of altering the "reaction," (acidity) of the cell's
environment carn not affect the metlhylene blue and any observed
change in staining quality must be explained otherwise. Inci-
dentally this conclusion has a bearing upon the attempt by Fleischer
and Amster (1923) to determine whether the toxicity of methvlene
blue to bacteria may be modified by changes of pTl in accordance
withi the principle of Michaelis and Dernby (1922).
But to return to the subject of vital staining, let us recall that

methylene blue under certain circumstances is readily reduced bv
many living cells. If now a tissue maintains at its periphery a
sufficient reduction intensity, its interior will have to deal wvith-
not methlvene blue itself but a compound of very djtfu'rent type.
namely-methyilene white. While this compound may still be classe(d
as a base, its basicity is very lowv an(l, relative to the reaction of
ten cell as a wh}ole andl perhaps to many of its constituent chemical
groups, it is a neutral substance.
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The practical significance and possible application of these rela-
tions we must leave to the judgment of those who are familiar witl
the problems of staining. They will recognize that our remarks
apply to methylene blue and not to those constituents of commercial
samples which are not methylene blue but which nevertheless are
the most valuable in certain staining reactions. Compare Scott
and French (1924).
We had hoped that a definite potentiometric characterization of

each thiazine and of related compounds would aid in the assay of
different samples of these important staining reagents, but liavina
been unable to obtain from others or by our own efforts any thiazine
sufficiently free from the last traces of active impurity to establish
fundamental data of requisite refinement, we have had to leave this
problem unsolved.

(C) METHYLENE BLUE AS A CHEMICAL REAGENT

As a chemical reagent, methylene blue has several interesting uses.
It has been employed as an end-point indicator in oxidation-reduction
titrations of quinone (Knecht and Hibbert, 1910), iron (Knecht and
Hibbert, 1910, Jellinek and Winogradoff, 1923), tin (Atack, 1913),
molybdenum (Knecht and Atack, 1911), sugar (Lane and Eynon,
1923) and selenious acid (Moser and Prinz, 1918). Details of some
of these cases are described in Knecht and Hibbert's (1918) moIno-
graph, "New Reduction Methods in Volumetric Analysis" and in
Atack's (1915) review of the analytical uses of methylene blue.
Methylene white in solution has also been employed as the reducingc
agent in volumetric analysis, as, for example, by Hibbert (1909),
Atack (1913), Thornton and Elderdice (1923). See also Atack (1915)
and Kikuchi (1922). The methylene white-methylene blue system
lhas recently been employed by Spoehr (1924) as an oxygen carriei in
the oxidation of carbohydrates by air.
The systematic, as contrasted with the empirical, use of sucl a

reagent requires the quantitative data on equilibriuim potentials
which we have furnished. Since such data are the begiinnin of
svste-matic indicator theory in the oxidation-reduction realm, it may
be illuminating to chart the methylene blue system in such a way as to
show its relation to a few other systems.

In Fiaure 3 are drawn the E'0: pH curves of methylene blue and
Lauth's violet, 2, 6-dibromo phenol indophenol, ferrievanide, an(l
feilic iron. The indophenol curve is drawn from data given in the
sixth paper of this series; that of iron is drawn on the assumption that
in the zone of pH covered the potential of an equimolecular mixture
of ferrous and ferric iron does not varv from 0.73 (Abegg, Auerhach,
and Luther, 1915). For the ferricyanide system Kolthoff (1920) ie-
viewed the earlier work upon the relation of acidity to potenitial, an(l
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by use of hiis (lata for acid solutions he arrived at the approximate
estimatte of 5 x 10-4 for the fourth (lissociation constant of HFeCy,6.
The comiiplete E'.: pH curve of tl-his system remiiainis to be (leteininiC(l.
Sevetal years ag(o, one of us (WX. MI. C.) made a series of crude measuie-
menits by introducing an equimolecular mixture of potassium ferro-
cyainide and(l potassium ferricyanide into buffers of the Clark and Lubs
serieis and imeasuruino the (diferenlces of potential betweein a satturatedI
KCI-calorimel half-cell an(l platinumii electrodes imnmeised in these solu-
tioIns. The results are shown in Figure 3. There it will be Inoted that
ill the less acid solutions step-wise deviations appear. These are due
to the well-known effect of varying cationi concentration (Schloch and
Felsing, 1916) upon the ferricyanide potentials. These concentrations
vary in the Clark and Lubs buffer solutions in a step-wise fashion
through the phthalate, phosphate, and borate systems, indicate(d
respectively by large dots, small dots, and crooses in Figure 3. As
hiigher acidities are approached, we should expect to encounter the
region where the dissociation of the fourth hydrogen of H,FeCy, is
suppressed and where there is consequently an inflection of the curve.
Assuming this constant to be 1 x 10-3 we should have the curve as
drawn. Considering that no allowance is made for varying cation
concentration, the agreement of the observed values with the calcu-
lated is fair until the higher acidities are reaclhed. In the more acid
solutions experimental errors of diffusion potentials and uncertainty
rega.rding possible effects of the group created by reduction upon
ionizations comm1iion to oxidant and reductant combine with tlhe
"salt effect" and especially with the rapid decompositions to make
impossible even an approximate conmparisoni betwxeeii these crudle
experimental data and the elementary theory. However, the striking
effects of variation in pH are clear.
With these systems charted, it now becomes clear that if the older

assumiiiption regardling the invariance of potential with change of
acidity were true, an excess of ferrocyanide should reduce metlhylene
blue at hig,h acidities. As a matter of fact, it does Iot, as is clearly
reveale(l by the chart. On the other hand, an excess of ferrocyanide
caII reduce the in(lophienol at a properly a(djusted value of pHI. Now,
it has been stated that ferrous salts will not reduce inethylene blue.
WVe can niot of course, project our culrves into the pH region of
ext eeme acidity without encountering complications, but we may
foresee the possibility that at very high acidities a large excess of ferrous
ironi-ni'qtt reduce imiethylene blue. It does.
The ferrous-ferric system at higher pH should slope toward more

negative p)otentials in accord with the principle outlined in the secon(d
paper of this series; but in addition to the more simple effect of change
in p1H, there is the effect of differential solubilities of the ferrous and
ferric hydroxides to be taken into consideeration. In the presence of
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hydroxy acids, such as citric, another complication arises-the for-
mation of iron complexes. While definite data on these effects are
lacking, the general trenids are known. Since, then, the position of
the metlhylene blue system is well established, the outline of the in-
teraction of methylene blue and iron compounds is clcarer than at the
time Morgan and Quastel (1923) discussed it in its relation to bio-
logical oxidation-reduction.

In view of the well-known general characteristics of the titanous-
titanic system, it is, of course, evident that it will reduce methylene
blue. Knecht (1907) found that very small conicentrations of
titaniuin can be detected by the reduction of tlhe highlylv colored
methylene blue solution provided no otlher reducing, agent is present.

Less amenable to systematic treatment at the present time is the
use of methylene blue in testinog the reducing properties of solutions
such as those of the sugars and other materials (ef. Hasse, 1919).
Ihl (1888) applied methylene blue to the detection of impurities such
as invert sugar in sucrose, and several investigators (e. g., MIuster
and Woker, 1913, Kashahara and Ilattori, 1921) have applied it
to the estimation of reducing sugars in biological fluids.
Methylene blue as a cation (see p. 1161) forms several interesting

salts (cf. Atack, 1915, Monnier, 1916, Sinnatt, 1910-1912, Rozier,
1917), some of which are of value in analytical procedures. A salt
of special interest to the cytologist is the insoluble neucleiniate
(Feulgen, 1913). But undoubtedly the insolubility of methylene
blue silicate is of most general interest, since it can be correlated with
tlie remarkable persistence with which methylene blue solutionls
stain glassware.
We fail to find any common principle underlying the manifold uses

of methylene blue as a therapeutic agent, aind the nature of some of
these uses leads us to wonder whether any principle was conisidered.
However, the definite data on some few properties of nmetlhylene blue
which we have described should be useful to the pharmacolo(rist wlho
will Inot fail to note the radical changes induced by reduction at a )o-
tential readily acquired by cells.
Among the miscellaneous applications of this remarkable and

ubiquitous dye is the employment of acetone-methylene blue mix-
tures for measuring the intensities of ultraviolet liglht for physiological
purposes (Webster, Hill, and Eidinow, 1924). The reaction involved
is said to be the decomposition of acetone to form reducing sub-
stances which decolorize methylene blue. If so, this process must
be complicated by the more direct action of light upon methylene
wlhite, which we have already discussed. At any rate the employ-
ment of electrometric methods of measuring methylene blue-methy-
lene white ratios might be applied to a moce detailed study of Web-
ster, IHill, and Eidinow's system.

116G9



June 5, 1925

(D) ENERGY CHANGES

It is well known that from electromotive force measurements such
as those lhere described, certain thermal data cail be calculated withi
far greater accuracy than can be found by the calorimetric method.
So far as we know, Meyerhof (1912) is the only investigator whlo has
given any calorimetric data on methvlene blue. Unfortunately,
Meverhof, in reducing his methylene blue in alkaline solution, em-
ployed a concentration which undoubtedly resulted in a partial sepa-
ration of metlhylene white. Furthermore, he does not record the
pH of the measurement. Therefore, since heats of solution and of
ionization are also neglected, Meyerhof's data are inadequate to sup-
port the value for the heat of reduction at 26.5° C., which he places
at 25.7 kg. calories.
To obtain the order of magnitude of the change in heat content on

reduction, we made one preliminary set of measurements as follows:
A fixed mixture of methylene blue and methylene white of total

concentration 0.0001 molar was found to give an Eh value of - 0.0231
at 300 and of -0.0113 at 20°. At 300 the pH value was 8.62. As-
suming that this borate buffer (No. 22) suffers a pH- change with
change of temperature equal to that of the S0rensen buffer as given
by Walbum (1920), the pH at 20° should be 8.68. Undoubtedly the
slope of the E'.:pH curve at 200 is comparable to that at 300. Hence
we can correct the Eh values at 300 and at 200 to what they would
be at pH 8.62, and we then find that Eh at 200 and pH 8.62 is

-0.0096. Consequently d -= _ 0.00135.

From previous measurements at 300 and pH 8.62, E'. -0.039.
Assuming the above temperature coefficient to be linear, E'o at
26.50 C. (the temperature of Meyerhof's experiment) is - 0.034.
From the Gibbs-Helmholtz equation

A H=nFT dET°-nFE'o
A H= - 17.1 kg. calories at pH 8.62.

In a similar manner at pH 10.62, we find AH -14.4 lg. calories.
These values include the heats of reduction and of ionization at given
dilutions of H+. Somewhat different values would be obtained if the
comparative data were reduced to a common dilution of OH-.
For comparison with data on other compounds, we might add that

the free energy of reduction by one atmosphere hydrogen at pH 0
and 300 C., is 25.97 kg. cal. for Lauth's violet and 24.53 kg. cal. for
methylene blue. We have not determined the effect of temperature
on the dissociation constants and therefore can- not give several
other interesting relations which it is possible to determine witi
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potentiometric data. We believe the quality of the materials wlhicl
are available does not justify the extension of these studies at the
preseilt time.

(E) MISCELLANEOUS APPLICATIONS

It is fairly obviouls that data of the type we are reporting can be
of llSC in the investigation of a variety of )roblems. The following
exleriments are in themselves of value merely as illustrations.

In subsequent papers we hope to exten(l this illustrative material
and furnish mzore defiinite contributions to the several problems we
now only touch upon.

(1) MILK TESTS WITII MIETHYLENE BLUE

In the Schardinger (1902) reaction a mixture of methylene blue
and formaldehyde is incubated with milk; and in milk that has not
been heated, the methylene blue is soon reduced. This reduction is
supposed to indicate the activity of an enzyme native to fresh milk.
Bredig and Sommer (1910) simulated the Schardinger reaction with
platinum as catalyst.

Since methylene blue indicates but a comparatively narrow zone
of re(Iduction intensity, we suspected that the course of the activation
of formaldehyde by milk might be followed in more detail by electrode
measurements. A sample of fresh whole iimilk was divided into four
portions. One was heated in an autoclave at 15 pounds pressure for
15 minutes and then cooled. A second portion was acidified withi
HCl to p11 5.9. A third was alkalinized with NaOH to pH 7.
The fourth portion was left at its original reaction of pH 6.5. The
sev-eral p)ortions were then warmed to 370 C., and to 100 c. c. of each
there was added 5 c. c. of 1 per cent formaldelhyde solution. The>
were placed in vessels such as A of Figure 5 and liquid contact with
a saturate(l KCI calomel half-cell was made through B. The results
of mneasurements are shnown in Figure 6, where electrode potential
re(luce(l to the customary hydrogen scale is plotted as or(linate (Eh)
an(l tiimie (in minutes) of incubation at 370 is plotted as abscissa.
The zonies of )otential within which metlhylene blue passes from 4
per cent to 96 per cent reduction at each p1I are indicated by tri-
anigles. It is evident that this indicator reveals but a limited part
of the course of re(luction, that a reaction proceeds in the absence of
iletlivlene blue, and that there is a distinct pH effect bothi upon the
rate of action (Cf. Allemann, 1918, Virtanen, 1922) and the level of
potential at wlicih mnethylene blue is reduced.

This metho(d of following the Schardiliger reaction is comparable
to a certain extent with Reed's (1916): mlethod of following, oxidase
activity, but witlh the important difference that some of Reed's ex-
perimnents were on depolarization plhenomena anid others on the
"oxygen electrode," both very difficult to interpret.
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Milk, when subjected to bacterial action, becomes reducing (cf.
Duclaux, 1894). This fact has been elaborated upon in the design
of the so-called methylene blue test of milk. (See references.)
Owing to its practicability in factory, home, or rural district un-
equipped for more elaborate milk control, this simple test has been
studied extensively. The opinion seems to prevail that if artificial
interpretations are not stressed, the test can be of considerable
public-health value. It is therefore important to establish the pri-
mary interpretation to be given to the observed fact of methylene
blue reduction. Secondary correlations can theni be made clearer.

In Figure 7 are shown electrode measurements made with milk
subjected to the following manipulations: The sample designated
"direct from cow" was delivered from the udder to a sterile tube.
The sample designated "bottled" was herd milk, passed through
the ordinary processes for bottling raw milk. Some of this same
milk was heavily inoculated with a culture of Bact. coli. Each
saml)le was placed in a bottle as shown in Figure 5, incubated
at 300 C. and its electrode potential against a calomel cell measured
froin time to time. The potentials reduced to a hydrogen standard
are plotted in Figure 7 against time in hours as abscissa.

PIG. 5
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We have repeatedly observed differences in the potential: tiimie
curves such as are slhown in Figure 7. The (lifferences in tiine
required for methylene blue reduction have been repeatedly corre-
lated by others with conditions such as were impose(d in thiis experi-
ment, and consequently there is nothing new in this aspect of the
sulbject. However, we emphasize the possible advantages of obttilln-
ing for the reduction: time relations more complete histories thati are
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revealed by methylene blue alone. It is entirely possible that an
electrode study of more varieties of market milks than those available
to us will show the advantage of using a more electro-positive indi-
cator, and that this, together with simple devices, will very materially
reduce the time required for the test. If given the more extensive
scientific investigations it deserves, the test may well be imnproved.
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FIG. 7

(2) BACTERIAL REDUCTION

The reducing power of bacterial cultures as displayed in this test
of milk is rathier general and has been frequently investigated. In
almwost every one of these investigations methylene blue has beeii
mentioned or has been made the specific tool. (See references under
General Bacteriology.) We shall postpone an account of our general
studies on bacterial reduction and recall to the reader Gillespie's
(1920) demonstration that reduction by bacterial cultures is measur-
able by potenitiometric methods. The data we report define the
intensity factors controlling the reduction of methylene blue, and it
is important to distinguish these from the capacity factor. Wiclhern
(1908) was the first, we believe, who made ainy quantitative measure-
ments of methylene blue reduction. lie, and later Fred (1912) witlh
bacteria and Strassner (1910) with tissues, allowed cells to act upoIn
known quantities of tlle dye and then estimated the residual unre-
duced imiethylene blue by the titanium method of Knecht and Hib-
bert. They thus determined the mol fractions of dye reduced.
This shows the reducing capacity which, when converted to electro-
cheinical equivalents and multiplied by the intensity factor in volts.
gives the free energy involved. The capacity factor and the intensitv
faictor each has its unique significance. Both are of coordinate
importance.

Just as different organisms are equipped to attain different levels
of acid inteinsity (pH) under a given set of conditions, so our prelimi-
nary work has slhown that different bacteria are equipped to attain
(lifferent levels of electrode potential under a given set of conditions.
They miiay inow be correlated with the reducing action on dyes. One
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instance is found in the observation by Shermnan aid Alb)us (1918) (of
the reductivc abilities of milk streptocoi. laving(r ma(de a grou)ing
of certain cultures on the batsis of origin, 11-oI'j)t1l0olYv, andl a staltis-
tical anialvsis of other characters, Shermn atid A1hus found(l thhat their
Stfep. lcthcus ty-)e redItuced niethylene 'bltue i nm il'k, whi-- l as all1
cultures of their Stfrcp. JpyogeneS type failedl to re(luce. (Conare
Ave'ry, 19229, ad1 B3rown, 1920.) Stchi (lifferences imiay now be
expressed in numnerictal values for reduction initernsitv.
Other similar limitations in the re(luction initenisities attained by

pre cutltures mightt be cited.
If, however, organic nmaterial is subjected to general infection,.

tlhere develop bacteria which are almost sure to carry the reduction
potential well beyond the zone of mlethvlene blue if the reduction be
not opposed by air or other oxidations. Indeed, it is a prinlciple
emphasized by Pasteur, and now capable of reinterpretation, tllat
with the ever-present reducing tendency of cellular life there will
occur, in a general infection, a tendency for tvpes to succeed onie
another in the or(ler of their ability to endure a more and more
iintensely reducing environment.

(3) " RELATIVE STABILITY" OF SEWAGE

It follows, then, that a sewage, while fresh, will tend to reduce
methylene blue. Recognizing this fact, Spitta and Weldert (1906)
proposed the reduction of methylene blue as a test of the state of a
sewage effluent.

In modern treatment of sewage it is not always practicable to
effect a complete purification of the refuse-bearing water. The
effluent from a sewage-treatment plant carries a residue of organic
matter which is considered satisfactory if its organic content can be
"burned" by the oxygen-bearing waters into which it is (lumped.
Therefore, following the development of the Spitta and Weldert
test by Phelps and Winslow (1907), Phelps (1909) emphasized the
advantages of so interpreting the test that it can indicate the con-
dition of the effluent in relation to the degree of oxidation still re-
quiredl, thlat is, its "relative stability." Since Phelps's treatment
involves some quiestions of general importance, we shall subject it to
a brief critical ex-amination. &

Thlere are involved the following postulates:
1. It is assurme(I that the bacterial activity of an effluent has

alrea(ty settled down to a steady state, and that lag or acceleration
of grrowth and significant changes of flora will not occur to invalidate
tile followinc argtumnent.

2. It is then assutmed that under condition (1) the rate of (lis-
appearance of dissolve(d oxygen or equivalent oxidlizing material will
be proportional to the concentration of the oxygen or its equivalent.
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In other words, the oxygen consumption while undoubtedly not a
monomolecular reaction is postulated to have the rate of a mono-
molecular reaction. There can then be applied the familiar equa-
tion which Phelps has recast to form (A).

Y=1-kt (A)a

HIere a is the total amount of oxygen required to oxidize the
material to a stable condition, k1 is a constant, and t is the time
required to exhaust the available oxygen, y.

3. It is assumed that of the family of curves corresponding to
equation (A) there is one having, a definite value of k defining the
rate for sewage.

4. It is, assumed that this k can be determined by a statistical
treatment of Phelps's data on the time required for reduction of
methylene blue by a large number of tests; and finally,

5. It is assumed that the disappearance of available oxygen, y,
at time, t, is determined by the decoloration of methylene blue.
Thratio beig available oxygen

a g total oxygen demand d b
and then called the relative stability, S.

S= 100(1-kt) (B)
The time, t, in days, required for methylene blue reduction is the

only experimental datum required to determine S if k- be fixed.
The following critique is an effort to revert attention to the basic

phenomena whicil deserve investigation unembarrassed by concepts
formed to meet pressing demands of a practical problem.

Starting with postulate 5, we fin(d that the con(dtuct of methylene
blue as an oxygen-end-point indicator is of basic importance.
Phelps has considered this with caution. I-e recalls, in the first
place, the claim of H. WV. Clark and Adams (1908) that indigo car-
mine is reduce(d before methylene blue. So far as interpretation of
intensity is concerned, these authors must have been misled either
by an inhibitory action of their sample of methylene blue, by a
quantity factor, by their statistics, or by some unknown factor.
because a comparison of the datta in this paper and the data in th(
fourtlh paper of this series shows that indigo carmine requires a morl
intenise reduction tendency than does rnethylene blue. However,
the fact of a diference exists and was recognized by Phelps, whu
states that " it is possible that the end-point of metlhylene blue is a
little too far alon."

It would take us far afield-if we entered into a discussion of what
constitutes a theoretically good oxygen-end-point indicator. The
fact of th:e matter is that under thle conditions of the putrescibilit.y
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test there is a gradual change of potential with time, that frequently
no characteristic of the time: potential curve reveals the monment of
oxygren exhaustion, and that methylene blue con(lucts itself in the
course of the potential change as an indicator of a (lefinite level of
re(luction potential. For instance, consider the following experiment:
A raw Washington sewage taken from the main durin(g a storm

and( therefore hihlly diluted, was added in 50 c. c. portions to a
solution made by diluting 30 c. c. MW/90 buffer to 250 c. c. with water.
Botlh buffer solutions and distilled water hadl been aerated by stand-
ing a week or so at room temperature. (The oxygen conitents were
not (letermined.) The mixture was carefully siphoned into vessels
of the form shown in Figure 5. The changes of potential and the
pH values of the different mixtures are shown in Figure 8. Again,
there are shown by means of triangles the zones of potential within
which methylene blue is reduced at the different values of pH. It
is obvious that the same quantities of the same sewage, diluted with
equal quantities of buffers, presumably containing the same amounts
of oxygen, require different periods of time to reduce methvlene
blue. Evidlently, the variation in pH is one of the factors to be
considered.

+.4hlltredSew

days
FIG. 8

Parallel experiments show that indophenols, mnethylene bluie, and
indigo, carmine, with qualifications which will be discussed in a
later paper, are educe(l in the order named an(l at times predlicted
froin the order of their reduction characteristics and from the course
oL potential change in the absence of the indicators. It should be
noted, however, that too much indicator can prodtuce, in addition to
a poisoning action on the bacteria, a poising (see Paper I) effect with
consequent delay. Compare Lederer (1914).
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Other tests on sterile organic media inoculated with-various bacteria
show the course of the potential change to be dependent on the nature
of the flora.
Of particular interest at the moment is the fact that the curves of

Figure S give no indication of the time of oxygen exhaustion. Un-
doubtedly this means that the trend toward reducing potentials is
not rigidly held in check by oxygen, but is delayed. Under anaerobic
conditions:,the restraint is removed and still it is found that an appre-
ciable time is required for the reduction of methylene blue. This
has not been taken into consideration in the formal derivation of the
relative stability equation. It should vary with substrate, flora,
physical conditions, and amount and kind of indicator. (cf. Clark
and Cohen, 1922.)
Let us next consider postulate 4.
For the determination of k, Phelps employed a large number of

data on times required for methylene blue decoloration, but he does
not describe the logic of this application. We find that without an.y
reference whatever to mechanisms, Phelps's data can be formulated
by a certain type of probability equation which finally assumes the
form of the relative stability equation. This is not strange, since
the law for the rate of monomolecular reaction can itself be derived
from equations of probability. The important aspect is that Phelps's
equation can be considered as purely descriptive of a set of data on
reduction times. His extension of the equation to postulate 2 appears
then to have been intuitive.
That the intuition was very good is suggested by Theriault's (1920)

investigation of actual oxygen disappearance. Unfortunately the
data reported by Theriault in this paper were incomplete; but he
informs us in a private communication that recent data show not
only that the rate of oxygen disappearance is that of a monomolecular
reaction, bat is characteriZed by a constant numerically very close
to that deduced by Phelps for the relative stability equation.

This is so remarkable that it deserves close study. It would have
seemed improbable that such variable material could be characterize(d
by a constant in any way other than statistical. If it be true, then
the relative stability equation with its statistical constant can apply
only when the volume of oxygen (with its characteristic rate of ex-
haustion) is high with respect to the sewage demand. For we find
that it certainly can not apply when the time of the anaerobic phase
is large in relation to the time of the aerobic plhase. Indeed this is
implicit in Phelps's treatment by his rejection of all cases of low
stability.
Without taking up in detail all the ramifications of this compli-

cated p)rol)le:n, we believe that we have made it clear that the primary
conditions revealed by the decoloration of methylene blue is of aii
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entirely different category from that which it wl.as forimerly possible
to perceive, and that if othier methods of evaluatitng sewates are to
be correlated with the putrescibility test, the cod(litions un(l(IL wllich
the correlation is validl must be determine(l.
However, quite aside from the laborious task of establishing these

conditions of correlation, there riemains the inherenit value of tlle
primnary fact revealed by methylene blue reduction. Coupled with
extensive experience, such as Phelps and others have brought to bear,
the simple test is of considerable value. However, by confining
themselves to one indicator without even a quantitative evaluation
of the characteristics of this one indicator, the stu(lents of the putresci-
bility test have been limited in their power to analyze their problem.
There must have come witllin the view of the more experienced in-
vestigators, phenomena whose significance was obscutred by the
arbitrary emphasis upon the value of methvlene blue. We therefore
recommend that the subject be investigated with the aid of electrode
imeasurements and without any attempt to prove or disprove pre-
conceived ideas. Difficulties in the use of the electrode will be en-
countered; but we are confident that, in spite of all the difficulties,
the electrode in cautious hands can contribute valuable information.
We finid it applicable in cases where suspended material precipitates
iietlhylene blue. It can be led to points inaccessible to ordinary
methods of sampling. It can reveal a complete history of the
time: reduction intensity curve. It can be used with apparatus
wlhich will furnish a continuous record of the reduction intensity
wherever oxygen and other agents do not upset its conduct.

Tlhus there should be revealed characteristics of industrial wastes,
the effects of materials poising, the potential above and below the
region of methylene blue, the oxygenation delay, the effects of pre-
stabilized material, and, perhaps, correlations between state of reduc-
tion and flora.

Finally, we would emphasize two radically distinct aspects of
the subject. In the first place, there remain to be investigated in
(letail those phenomena of sewage conduct which fall strictly within
the category of changes in reduction intensity. Quite aside fromii
thiese, but indirectly connected with them under certain circuin-
stances, are the various problems which have entered into discus-
sions of the putrescibility test. Ther efore, in the second place,
there remain to be determined the unique facts of the first category
which can be correlated with those of the second.

454870-- 25t 4
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(4) THE RATE OF OXIDATION OF METHYLENE WHITE

Into various problems there enters the rate of methylene white
oxidation by atmospheric oxygen. Atack (1915) states that leuco-
nietlhylene blue may -be very slow in becoming oxidizedlby atmos-
p)heric oxygen. The following crude experiment slhows the in-
fluence of pH:
An aqueous solution of methylene blue was reduced with hydrogen

and platinized asbestos. The resulting saturated solution of methy-
lene white was filtered under nitrogen protection into a burette and
aliquots of 5 c. c. were added to 50 c. c. portions of different, de-
aerated buffer solutions. With the same apparatus a fairly con-
stant air stream was passed tlhrough each solution and titrations of
regenerated inethylene blue were made. In each case the initial
concentration of methylene white in the buffer solutions was approxi-
nmately 0.0001 normal. Instead of a special titanium solution
adapted to the case at hand, a stock solution 0.018 N was used. A
stop watch was used to timne the aeration.
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FIG. 9

The following results were obtained: In Figure 9 are plotted the
pI1 values of the solutions anrd the logarithims of the rate of regenera-
tion in terms of cubic centimeters of titaniuiii trichloride per minute.
Of course, in such an experiment, precise ainalysis of conditionis is
difficult, sinice even the rate of diffusion of oxygen from air bubble
to methylene white is a complicated process. Nevertlheless, tlle
striking effect of p1I is evident in Figure 9, and for the conditions
obtaining, the rate of regeneration is roughly proportional to the
fifth root of the hiydroxyl ion concentration.



Since the basic dissociation constant of the oxidant is vervimuchi
higher than. that of the reductant and( since increase of pH increaSes
the rate of oxi(lation, an unbuffered solution of pur'C iiiethlvlene
white exposed to oxygen should exhibit autocatalysis.

(5) ANAEROBIOSIS

There was mentioned above tile difficulty in placing end-point
indicators for fiee oxvyen upon a sound theoretical basis. The
difficulty applies to the use of methylene blue as a criterion of
anaerobiosis (cf. Hall, 1921). Here is a very real problemn whicll,
perhaps, will not be solved until tile electrometric conduct of oxygen
as displayed, on the one hand, in the oxygen electrode and, on the
other hand, in the conduct of oxygen-comnbining compounds is
satisfactorily described. But wllile this problem remains a very
important one in itself, it has been suggested by Clark (1924) that
the subject of anaerobiosis may be regarded from a fresh point of
view which will, perhaps, leave the filst problem in a positioIn of
minor significance to so-called anacrobiosis itself.
We may here ag,ain emphasize Clark's (loc. cit.) view that the

isolation of anaerobic processes from the very confusing phenomeina
of aerobic life may simplify experimental attack and reveal in their
elementary form phenoinena which have been lost in confusion
arising from the complexity of two opposing tendencies. At any
rate the numerical data we furnish relieves the subject of certain
speculative ideas which are rampant in the literature.

X. Conclusion

In listing the biolo(rical applications of methylene blue which can
profitably be approachecl with a fresh andc broadler viewpoint, we are
not overlooking a most serious difficulty which will be encounteredl
at every turn. Briefly stated it is this: When the observational
facts with their various practical uses are accumulated, what, after
all, is the fundamental signi:ficance of the potentials biologically in-
duced? The answer will be found very much more difficult thail the
answer to hydrogen electrode potentials. We shall discuss thbis more
at length in a later paper. In the meantime it is pertinent to ask
why it is that students of those bioclhemical reactions which are often
called electromotively inactive or irreversible have insistently usedl
the beautifully reversible and definitely electromotively active metlh-
ylene blue system afs a favorite reagent. Is it, as suggeste(l in
tlhc introduction, merely the prestige of this ubiquitous dye or has
there been an intuition of a fun(lamental significance? We shall not
now attempt an answer, but we have furnished in this paper siich
answers as are implicit in the potential measurements of the mncth-
ylene blue system.
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Since mnethlylene bltue as ain in(dicator of reduction hias been used
in a wi(de variety of stu(dies whiclh it is imiipracticable adequately to
review, aIid silce in mny of these cases the comnments we lhave inade
m11ay be Iap)licable, there is appended to the list of referencees cited
in the text an incomplete bibliography wlichl we lhope will be useful.

Ackniotwledg?nests.-FOr chenmical analvses rep)orted in this paper
we aIe iid(lebted to Clhemilist 1E. Elvove and Assistanit Chemiiist C. G.
Remsburg. Mr. W. L. Hall tassisted in soimie potentiometric meas-
ur'emlienits. We also wisli to express our appreciation of the assist-
ance rendlered by Dr. J. A. Ambler and W. C. Holmes, of the Bureau
of Chemistry, aIn(l by Doctor Scott and Mr. French, of Walter
Reed Hospital, in spectroplhotomietric measurements.

XI. Summary

Met-hylene blue was found to be difficult to purify. Various
sainples carefully recrystallized contained excess chlorine anid sulplhur
andl gave evidences of small percentages of electronlotively active
impurities. Dryinog was found to destroy progressively the charac-
teristic properties.

MIethylene white solutions were found to be scensitive to light.
Evi(dence *s given tllat the near ultraviolet is most effective. Methy-
lene wliite is soluble only to the extent of about 0.0003 molar in acid
solutions anid about 0.00002 nmolar in alkaline solutions. The rate
of oxidationi of methylene white solutions by air varies as the fifth
root of the hydroxyl ion concentration.

MILxtures of methlvlene blue and mnethylene white give electrode
potentials whiclh vary with total concentration. Differenit samilples
behave as if there were present small quantities of active impurity.
While the limitations implied by the above facts have m-nade

impracticable a high order of accuracy in the determination of con-
stants of the oxidation reduction equilibria, these constants have
been determined sufficiently well to characterize the main features
of the methlylene blue and of the Lauth's violet systems. Tile
iinterpretation is that methylene blue base is an extremely strong
base witlh dissociation constant too higlh for measuremiient by tile
mietlhods employedl. Lauth's violet hias a basic (dissociation constant
of 1.9 x 10-3. In each case the nonpolar aminio group lhas a basic
dissociation constanit too low to miieasure by the miet-hod employed.
The reductant in each case fixes one hydrion and, in addition, the

two amino groups have basic dissociation constants as follows:

Krbl Kri,2

1.4X1G--- 6.3X1O10
et -. 3.SX1O19 4.5X1-'0
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The characteristic potentials at p'1 0 and 300 C. anid the corre-
sponding free energies of 1hydrogenation are:

Methylene blue systemii 0.532 v., AF = 24.53 kg.-cal.
Lauth's violet system 0.563 v., AF= 25.97 kg.-cal.

An equation is developed relating these constants in convenient
form with pH and with electrode potenitial-difference, andcl values
calculated thereby conform satisfactorily with experimental (lata.
The interpretation is in harmony with the constitutional fornmula

proposed by Bernthsen.
The peculiarities of methylene blue are such that it will be found

inconvenient as a practicable reduction indicator for precise mcasure-
ments.
The bearina of the concepts and of the numerical data on Wieland's

theory of hydrogen transport, upon concepts used in the theory of
cell staining, upon the use of methylene blue in analysis aind in a
variety of tests is discussed.
Experiments are described as illustrative material for the reinter-

pretation of methylene blue reductioni in the Scharding,er reaction,
in the methylene blue test of milk quality, in the putrescibility test
of sewage, in the differentiation of bacterial species, in the test of
anaerobiosis, and in a wide variety of other applications.
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WYOMING LAW PERTAINING TO PREVENTION OF GOITER
The following is a Wyoming law (ch. 123) approved February 25,

[925, giving the board of health of that State authority to adopt
regulations looking to the prevention and control of goiter:
SECTION 1. The State Board of Health of the State of Wyoming slall have

authority to pass such rules and regulations as sball be necessary to regulate the
sale of domestic salt or prescribe such manner of treatment as has been found
practical to prevent goiter from becoming more prevalent among the citizens of
the State of Wyoming.

SEC. 2. This act shall take effect and be in force from and after its passage.

DIGEST OF CURREiNT PUBLIC HEALTH COURT DECISIONS

Local sanitary code held nu,llity because board adopting same laeked
legal existence (New Jersey Supreme Court).-In 1912 the town of
Nutley changed its form of government to the commission form pro-
vided for by chapter 221, laws of 1911. At that tim-e Nutley had a
board of health as provided for by the board of health act of 1887.
In 1913 a law supplementing the 1911 act was passed, such supple-
mental act being chapter 282 of the 1913 laws. This 1913 law pro-
vided that whenever the provisions of the 1911 act had been adopted
by any municipality " all boards and bodies, whether State or local
municipal agencies then existing in such municipality (except the
board of education and the district court or courts), shall be ipso facto
abolished." The board of health created under the 1887 act continued
in office and continued to function, adopting in 1914 a sanitary code.
In 1917 this board of health was abolished by the board of commis-
sioners, who, in 1924, repealed the 1914 sanitary code and adopted
a new one. In 1922 the plaintiff was convicted of three separate
offenses under the 1914 sanitary code. The supreme court set
aside all three convictions, holding that the 1914 sanitary code never
had any legal existence as a piece of municipal legislation. The
court held that the board attempting to adopt it had no legal exist-
ence because by the 1913 act their offices had been abolished and
thereafter they were neither de jure nor de. facto officers and their
acts were nullities. (Corb v. Board of Health of Town of Nutley et al.,
127 AtI. 812.)

Liability for injury caused by consumption of food containing mouse
(Massachusetts Supreme Judicial Court).-The plaintiffs, husband
and wife, boarded with a certain person, who, through her agent,
purchased of the defendant a raisin pie. Portions of the pie were
served to the plaintiffs who partook of the same, the husband finding
the body of a mouse in his portion. Both plaintiffs were made ill,
and each brought action for alleged negligence. The defendant com-
pany bought the filling for its pies but made the pie crusts and baked
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the pies. The lower court directed the jury to return a ver(lict for
the defendant. The supreme court held that, upon the evi(dence,
the jury could have found for the plaintiffs and that the case slhould
have been submitted to the jury. The court stated that the defend-
ant, being a manufacturer of a part of the pie, was, for that reason,
responsible for the finished product. (Sullivan v. Manlhattan
Market Co., 146 N. E. 673.)

Seller of unwholesome meat held liable (Ohio Supreme Court).-The
plaintiff in the lower court was made ill by eating sonme veal pur-
chased at retail from the defendant. The jury found(i that the veal
was unwholesome when sold by the defendant, such a sale being in
violation of a State law. The supreme court held that suchl unlawful
sale was negligence per se and basis for recovery of damages, pro-
vided there was no contributory negligence on the plaintiff's part.
It was further held that neither lack of intent on the seller's part to
violate the law or the seller's ignorance of the unwholesome conidition
of the meat constituted a defense. (Portage Markets Co. v. George,
146 N. E. 283.)
Law prohibiting use of saccharin in soft drinks held valid (Ohio

Supreme Court).-Section 1089-9, Ohio General Code, prohibiting
the use of sacchlarin in soft drinks, was held constitutionally valid
and within the inherent police powers of the State. Regarding the
contention that the act was discriminatory because the prohibition
was confined to soft drinks, the court stated that "The constitu-
tional validity of the act can not be attacked because its scope was
not extended to cover the entire field of possible abuses." (Long-
brake v. State, 146 N. E. 417.)
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PREVALENCE OF DISEASE

No healt.i department, State or local, can effectively prevent or control disease without
knowledge of when, where, and under what conditions cases are occurring

UNITED STATES

CURRENT WEEKLY STATE REPORTS
These reports are preliminary, and the figures are subject to change when later returns are received by

the State health officers

Reports for Week Ended May 30, 1925

ALABAMA

Cerebrospinal meningitis .
Chicken pox-
Diphtheria--
Dysentery --

Influenza-
Malaria-
Measles --

Mumps-
Pellagra --

Pneumonia - -

Polionmyeiitis.
Scarlet fever-
Smallpox-
Tetanus - -

Tuberculosis.
Typhoid fever - --

Whooping cough .

ARIZONA

Cerebrospinal meningitis - -

Chicken pox _
Diphtheria
Measles
Mumps.
Pneumnonia --

Scarlet fever --

Tuberculosis --

Typhoid fever.
Whooping cough

ARIANSAS

Chicken pox -------------------

Diphtheria
Hookworm disease .
Influenza.
Malaria
Measles
Mumps
Ophthalmia neonatorum .
Pellagra --

Scarlet fever
Smallpox
Trachonia.
Tuberculosis ----

Ty)hoi( fever --

hooping COUghl ----------------------------

Cases
CALIFORNIA

1 Cerebrospinal meningitis ,
32 Diphtheria
6 Influenza

88 Leprosy----------
71 Lethargic encephalitis
63 Measles--
10 Poliomyelitis:
27 Ffesno
40 Long Beach
51 Los Angeles
1 Los Angeles County

25 Orange County _
134 San Francisco _
2 Santa Ana

53 Williams. --.
36 Scarlet fever _
35 Smallpox:

Los Angeles
Los Angeles County

1 Monterey Park
7 Oakland
1 Riverside County

35 Sacramento
2 Scattering-
I Typhoid fever
5
9 COLORADO

3 (Exclusive of Denver)
3 Chicken pox -.-.---------------------------

Diphtheria
Measles.

17 Mumps
2 Pneumonia-
41 Rocky Mountain spottedl fever

37 Scarlet fe-ver--
116 Tuberculosis--
16 Typhoid fever

281Whooping cough
2

25 CONNECTICUT

2 Cerebrospinal Ineningitis
1 Chicken pox---------------------------------

2 Diplhthieria ------------------------------
9 Germiian measles ---.---.------------------

19 Lethargic encephalitis
48 Influenza

(1204)

Cases
7

89
20
2
1

62

1
1
2
1
1
1
1
1

96

40
10
5
17
6
5
23
11

2
6
3
17
1
1
3
19
1
2

1
34
17
86
2
2

4
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CONNECTICUT-Continued

Measles
Mumps
Paratyphoid fever
Pneumonia:

Broncho - -

Lobar-
Scarlet fever --

Tuberculosis (all forms) -

Typhoid fever --

Whooping cough - -

DELAWARE
Diphtheria .-
Scarlet fever --

Tuberculosis
Whooping cough -- -

FLORIDA

Cerebrospinal meningitis .
Chicken pox - -

Diphtheria -v -

Malaria _
Measles -----------------------------------

Mumps - .
Pneumoia - -

Smallpox - -

Tuberculosis-
Typhoid fever --

Whooping cough -

GEORGIA
Anthrax -,
Cerebrospinal meningitis - -

Chicken pox - -

Diphtheria-
Dysentery - -

German measles -_-
Hookworm disease - -

Influenza --

Malaria ----------------- -

Measles -------------------------------
Mumps .
Pellagra ___----__.--
Pneumonia -

Rabies ----------------------------- -----

Scarlet fever -- -

Septic sore throat - -

Smallpox-
Tetanus - --------------- -

Tuberculosis----------- -

Typhoid fever-- ---------- -

Whooping cough -- -

ILIUNOIS

Case
17
I:

I.,

8.,

I

6

0
1

25
1

10
14
15
3

1
2

42
3

92
1
7

49
87
28
78
12
29
2

.5
11
30
1

64
54
31

Diphtheria:
Cook County - 49
Scattering - 24

Influenza -- 50
Lethargic encephalitis-Cook County-- 1
Measles -- 1, 210
Pneumonia - 159
Polionmyelitis-Rock Island County -- 1
Scarlet fever:

Cook County - 204
Clinton County - - 10
Stephenson County - - 11
Scattering - - 85

Jui,e 5, 1925

ILLINOis-continuedl
ISmallpox -- ------------- ---------
3 Tuberculosis
2 Typhoid feer --------f

Whooping cough
5
9 INDIANA
7Chicken pox ---

I Diphtheria --
7 Influenza ----------------------

I Measles-
Mumps - ----------- -----

IPneumonia ----

Scarlet fever - - -

Smallpox -----------------
Tuberculosis -------------
Typhoid fever ---

Whooping cough

IOWA

Diphtheria --

Scarlet fever -----
Smallpox .

KANSAS

Chicken pox-------------------
Diphtheria --

German measles - -

Influenza----------
Lethargic encephalitis - -

Measles -------------

Mumps ------------

Pneumonia - -

Scarlet fever
Smallpox
Tuberculosis
Typhoid fever
Whooping cough

LOUISIANA

Diphtheria-
Dysentery _
Influenza----------- -

Malaria - -

Pneumonia - -

Poliomyelitis
Scarlet fever
Smallpox -------------------------------
Tuberculosis-
Typhoid fever _-- _
Whooping cough _

MAINE

Cerebrospinal meningitis
Chicken pox
Diphtheria - -

Influenza
Mumps-
Pneumonia
Scarlet fever
Tetanus-
Tuberculosis
Typhoid fever-
Vincent's angina
Whooping cough-

Cases
35

2.30
20

245

64
12
19

124
2

11
104
102
90
4

27

13
26
25

71
10
3
5
1

12
115
26
46
1

50
3
51

13
2
40
14
44
1
6
16
21
54
18

1
19
3

21
3A
10
20
2
6
3
1
2

I

I
1.

c
A
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MARYLAND I Ca

Cerebrospinal meningitis -.
C'hicken pox
Diarrhea etnteritis - ---

Diphtheria ---------
Dysentery ----------

German measles - ----------

Influenza-
Lethargic encephalitis - -- -

Malaria -----------------

Measles --------------------
Mumnps ----------------------
Pneumoniia (broncho)-
Pneumonia (lobar)-
Scarlet fever --------

Tuberculosis ----
Typhoid fever ------------

Whooping cough -

MASSACHUSETTS

Cerebrospinal meningitis-
Chicken pox ------------

Conjunctivitis (suppurative)-
Diphtheria-
German measles -

Ilookwormii disease-
Influeiiza
Lethargic encephalitis-
Measles--------------
Mumps
Ophthalmriia neonatorumi-
Pneumonia (lobar)-
Scarlet fever
Trachoma .--
Tuberculosis (pulmonary)-
Tuberculosis (other formiis)-
Typhoid fever --

Whooping cough-l ------------------------
MICHIGAN

Diphtheria
Measles
Pneumonia
Scarlet fever-
Smallpox-
Tuberculosis --

Typhoid fever
Whooping cough-

MINN 5SOTA

Cerebrospinal meningitis-
Chicken pox ------------------
Diphtheria
Influenza--
Measles --

Pneumonia ---
Scarlet fever
Smallpox-
Tuberculosis
Typhoid fever-
Whoopinlg cough-

MISSIS31PPI
Diphthera ---

SC.I let fever _

SmAllpox-
Typhoid fever --

I Week ended Fri(day.

ses
I

108
1

26
1
4
15
2

33
81
31
37
46
57
5

116

3
113
33
75

267
1

10
a

707
44
24

981
216
2

163
93
9

118

55
553
98

291
15

303
8

121

1
105
41
6
48
3

239
21

113
8
38

6

ii

MISSOURI

(Exclusive of Kansas City) C

Chicken pox - ------------------------

Diphtheria
Influenza--
Md:laria--
Measles-- ----------- -

Pnieumionia -------------------
Scarlet fever - -----------

Smallpox -.-.-------
Trachonia - --------
Ttuberculosis --

Typhoid fever --

W'looping cough .----

MONTANA

Chicken pox - -------------- -

Diphtheria-
German measles-
Measles
Mumps
Rocky Mountain spotted fever-Forsyth
R.D

Scarlot fever
Tuberculosis --

Tularsemia-Hamilton - -

NEBRASKA

Chicken pox --

Diphtheria--
Measies --

Mumps
Scarlet fever-
Smnallpox--
Typhoidl fever --

Whooping cough --

NEW JERSEY

Cerebrospinal meningitis - -

Chicken pox
Diphtheria--
Inlltonza ---

measles --

Pneumonia --

Scarlet fever --

Smallpox-
Typhoid fever--
Whooping cough-

NEW MEXICO

Chicken pox- - -- -

Diphtheria--
Dysenrtery--
German measles --

MeasIes --

Mumps - -

Pnieuimonia--
Scarlet fever-
Tetanus --

Tuberculosis ---

Tularemia
Typhoid fever-
Whooping cough-

lases
90
59
4
7
22
17
157
26
2
96
2
45

4
1
2
7
1

2
10
2
3

20
7

1
31

10
20
2
7

2
138
60
3

415
108
186
4
12

165

4
2
3
2
7
8
7
4
1

60
1
1
6

I
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NEW YORK

(Exclusive of New York City)

Cerebrospinal meningitis - -

Diphtheria --

nfluenza --

Lethargic encephalitis - -

Measles ---

Pneumonia ----

Scarlet fever--
Smallpox ---

Typhoid fever _ ----

Whooping cough --

NORTH CAROLINA

Cerebrospinal mgitis -
Chicken pox --

Diphtheria -_
German measles - _-
Measles-
Ophthalmia neonatorum
Scarlet fever -_---- __----
Septic sore throat _ ----

Smallpox - _--__-
Typhoid fever-
Whooping. cough --

OKx AHOMA

(Exclusive of Oklaboma City and Tulsa)
Chiekcl,n po--------------------------------
Diphtheria --

Influn.za --

Mum-11-n-ps--
Pneumonia --

Scarlet fever-
Smallpox-
Typhoid fever
Whooping cough

OREGON

Cerebrospeinal meningitis - -

Chicken pox ------------------
Diphtheria:

Portlandi
Scattering

Influenza ------------------.--
Measles --------------
Mumps -

Pneumonia --

Scrlet fever - --- --

Smallpox --

Tuberctulosis--
Typhoid fesver --

Whooping cough --

SOUTH{ DAKOTA

Measles --

Scarlet fever ---

Smallpox --

Tuberculosis-
Typhoid fever --

TEXAS

Chicken pox - ----------------------
Diphtheria - ---------------------

I Deaths.

Cases

1
83
22
3

669
213
186

9
8

135

58
12
3
28
1

10
2

56
16

144

5
1

34
4
9

18
.5
3

17
25

20

23
4

11
1
6

17
7
5

24
2

16

2
7
3
2
1

9
3

TEXAS-continued
Dysentery (epidenic) - -

Influenza --

Measles ---

Mumps - -

Paratyphoid fever - -

Pellagra - ----------- -----
Pneumonia --

Scarlet fever--
Smallpox --

Tuberculosis--
Typhoid fever
Whooping cough _-.--

VERM1ONr
Chicken pox ---

Measles-
Mumps - -

Scarlet fever ---

Whooping cough.
VIRGINIA

Smallpox:
Franklin Couinty
Henry County

WASHINGTON

Cercbrospirna1 meningitis-Tacoma
Chicken por --

Dli phttheria
German meawlcs
M,easles ---------------------
Niumrps -----
Scarlet fevcr--
Smallpox
Tuberculosis
Typhoid fever --

Whooping cough _---_-_--

WEST VtGINLIA

Diphtheria-
Scarlet f

---er.
Smallpox --

Typhoid fever

WISCONSIN
MAilwaukee:

Cerebrospinal meningitis .- _
Chicken pox-------------------------------
Diphtheria
German measles - --

Measles-I-
Mumps ---- ----------------
Pneumonia - -

Scarlet fever ---

Snr:allpox--
Whooping eough - -

Secottering:
Chicken po --

Diphtheria --

German measles - -

Influenza-
Lethargic encephalitis - -

Measles--
Munmps- -------
Pneumonia -__

June 5, 1925

Cases
1
4

24
7
1
7
3
2
11
1
2
12

22
19
52
7
4

1
2

1
56
9
18
5

45
21
29
63
2

99

6
15
12
3

2
22
12
60
211
64
23
21
26
36

102
13

256
81
1

296
123
19
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WIScONSIN-contlnued

Scattering-Continued
Polioiliyelitis _--

Scarlet fever.
Smallpox - -

Tuberculosis - -

'I'yphoidl fever --

Whooping cough

1208
WYOMING

Cases Cases
Chicken pox - - 14

2 Diphtheria----------- 4
133 Influenza - 1
23 Measles- 4
20 Mumps . 1
1 Scarlet fever-- ------- 3

94 Whooping cough - 13

Reports for Week Ended May 23, 1925
ALABAMA

(
Cerebrospinal meningitis - -

Chicken pox - -

Diphtheria --

Dysentery --

Influenza ---

Malaria --

-easls ---

Mumiips ------ ------------------------
Pellagra-
Pneumonia - -

Poliomyelitis --

Scarlet fever--
Smallpox --

Tetanus-
Tuberculosis--
Typhoid fever --

Whooping cough - -

CALIFORNIA

Cerebrospinal meningitis:
San Francisco - -

Diphtheria --

Influenza ---

Leprosy:
Los Angeles Cotinty - -

Lethargic encephalitis:
San Francisco - -

Measles ---

Poliomyelitis:
Alhambra. -

Los Angeles County-
Monterey Park - -

San Francisco - -

San Gabriel --

Scarlet fever ---

Smallpox:
Ber'keley - -

Los Angeles County - -

Oakland - -

San Diego - -

Scattering--
Typhoid fever --

36
12
62
60
59
9
37
39
70
3

34
92
1

51
45
72

1
67
23

1

1
1

1
21
1
2

87

91
9
17
10
36'
81

DISTRIT OF COLUMBIX
Chicken pox 11
Dinhtheria-- 11
Lethargic encephalitis 1
Measles-- 35
Pnetiumlonia 11
Scairlet fever 21
Sm-rnlpox- I
Tubhrecnlosis-- 24
Whooping cougli ---------------------------- 19

GEORGIA

Chicken pox -----_
Diphtheria--
Dysentery.
Hookworm disease - -

Influenza --

Malaria --

Measles - ---
Mumps - -

Pellagra '--
Pneumonia - -

Scarlet fever --

Septic sore throat - -

Smallpox --

Trichinosis--
Tuberculosis --

Typhoid fever --

Whooping cough - -

INDIANA

Cerebrospinai meningitis - -

Chicken pox --

Diphtheria.
Influenza --------------------
Measles --

MIump- - -

Pneumonia - -

Scarlet fever:
Clark County - -

Elkhart County - -

Marion Couinty .
St. Joseph County
Vigo County .
Scattering ---

Smallpox-
Tuberculosis --

Typheid fever.
Whooping cough

MINNESOTA

Chicken pox --

Diphtheria -----_
Influenza--
Lethargic encephalitis - -

Measles --

Pnetumonia.
Poliomryclitis --

Scarlet fever --

Smnallpox --

Tuberculosis --

Typhoid fever ---

Whooping cough-

-ases
36
13

126
3
75
51
15
58
17
45
5
15
31
1

93
34
85

2
95
21
30
86
13
8

9
10
8
16
11
56
57
48
8

36

117
83
14
1

61
3
1

215
23
53
2
36

Ases
I
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MississiPPI

Diphtheria--
Srlet fever--
smallpox ,---

Typhoid fever --

MISSOURI
(Exclusive of Kansas City)

Cerebrospinl mieningitis-
Chicken pox--
Diphtheria---
Influenza --

Malaria --

Measles --

Mumps-
Pneumonia --

Scarlet fever-
Smallpox --

Trachoma ---

Tuberculosis-
Typhoid fever --

Whooping cough - -

MONTANA

Cerebrospinal meningitis - -

Chicken iox--
Diphtheria--
German mreasles --

Leprosy --

Measles-
MIumps --- --------------------------
Rocky Mounta1n spotted fever:

Lismas-
Milltown - -

Saco----
Scarlet fever-
Sirallpox--
Tuberculosis-
Typhoid fever
Whooping cough --

NEBRASKA
Chicken pox--
Diphtheria.
Measles-
Mumps-
Scarlet fever-

June 5, 19:25

| NEBRASIA- continued
ases C

4 Smallpox --

2 Tubereulosis --

17 WVhooping cxmugh . --
22

NORTH1 DAKOTA

Chick-en pox--

1 Diphtheria --

71 Germlan measles --

Measles
2 Mumps - -

2 Pneunmonia ----

37 Scarlet fever--
7 Smallpox --

10 Tuberculosis ---

173 Typhoid fever - -- -

10 lihooping cough --

1 OXLAHOMA
76 (Exclusive of OLlahoma City and Tulsa)
3 Cerebrospinal meningitis:

44 Lincoln County - -

Chicken pox --

1 Diphtheria--
12 Influenza --------

6 Mieasles.
28 MumPs-p
1i Pneumonia --

9 Scarlet fevr:
28 I W.NIashington County-

Scattering-
1 Smallpox.
1 Typhoid fvyer-
1 Whooping couigh-

57 WYOMING
3 Chicken pox-
5 Diphtheria-
7 Influenza --

8 MAleasles -----------
MAumps

15 Pneumonia --

3 Itocky Mountain spotted fever -
1 Scarlet fever--
3 Tubercutlosis--
7 Whoopirg couigh-

SUMMARY OF MONTHLY REPORTS FROM STATES

The following summary of monthly State reports is published week}ly and covers only those States from

which reports are received during the cutrrent wveek.

State

March, 1925

Tennessee-

April, 1925

Kansas
Mississippi-
Missouri-
Oregon-
South Dakota-
Virginia-
Washington-
Wyoniing-

Cere-
bro-

spinal
menin-
gitis

43

2
1
1

24

3
9
2

Diph- Influ-
theria enza

47

68
51

131
13
83
105

7

MIa-
laria

Mea-
sles

Pella-
gra

1.402 64 i S) 1 20

83
5, 518

169
570

7
3, 174

0

1

0

4,019
5

86
0

79

16
4

970
22

53

Iases
25
2

13

14
2
2
2

25
8

32
4
2
1
10

1
14
7

63
6
6

22

10
19
12
14
29

8
10
1
2

10
3
10
4
2

24

myc- Scarlet
litis fever

Small-
pox

251

35
145
61
31
57
19

196
0

Ty-
phoid
fever

26

6
134
24
14
70-

13
2

116

397
14

1, 051
125
199
106
119
34

O O
90fi 3
O 1

.2 1
22 l

O .O-----

I

7

I-

11
1-



June 5, 1925

PLAGUE-ERADICATIVE MEASURES IN THE UNITED STATES

The following items were taken from the reports of plague-eradica-
tive measures from the cities named:

Los Angeles, Calif.
Week ended May 16, 1925:

Numll)ber of rats examined - 2, 714
Number of rats found to be plague infected - 4
Number of squiirrels examined - 976
Numniber of squirrels found to be plague infected - 0

Totals, Nov. 5, 1924, to May 16, 1925:
Number of rats examined - 101, 884
Number of rats found to be plague infected -186
'Number of squirrels examined - 13, 677
Number of squirrels found to be plague infected - 9

Date of discoverv of last plague-infected rodent, May 26, 1925.
Date of last human case, Jan. 15, 1925.

Oakland, Calif.

(Including other East Bay communities)

Week ended May 16, 1925:
Nuimber of rats trapped - 1, 847
Number of rats found to be plague infected - 0

Totals, Jan. 1 to May 16, 1925:
Nuimber of rats trapped -45, 827
Nuimber of rats found to be plague infected -21

Date of discovery of last plaguie-infected rat, Mar. 4, 1925.
Date of last hum-nan case, Sept. 10, 1919.

New Orleans, La.
Week ended May 16, 1925:

Number of vessels inspected - 305
Number of inspections made - 745
Number of vessels fumigated with cyanide gas - 24
Number of rodeints examined for plague -6, 679
Number of rodents found to be plague infected - 0

Totals, Dec. 5, 1924, to May 16, 1925:
Number of rodents examined for plague - _ 102, 987
Number of rodents found to be plagtue infected - 12

Date of discovery of last plague-infected rat, Jan. 17, 1925.
Date of last lhuman case occurriiig in New Orleans, Aug. 20, 1920.

GENERAL CURRENT SUMMARY AND WEEKLY REPORTS FROM CITIES

Diphtheria.-For the week ended May 16, 1925, 35 States reported
1,254 cases of diphtheria. For the week ended May 17, 1924, the
same States reported 1,540 cases of this disease. One hundred and
three cities, situated in all parts of the country and having a popu-
lation of nearly 28,800,000, reported 904 cases of diphtheria for the
week en(led May 16, 1925. Last year, for the corresponding week,
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they reported 930 cases. The estimated expectancy for these cities
was 929 cases. The estimated expectancy is based oIn the experience
of the last nine years, excluding epidemics.

Measles.-Thirty-two States reported 5,161 cases of measles for
the week ended May 16, 1925, and 10,997 cases of thils disease for
the week ended May 17, 1924. One hundredl and tlhree cities re-
ported 3,444 cases of measles for the week this year anlil 4,015 cases
last year.

Scarlet fever.-Scarlet fever was reported for the week as follows:
34 States-this year, 2,971 cases; last year, 3,170; 103 cities-this
year, 1,941; last year, 1,495; estimated expectaney, 973 cases.
Smallpox.-For the week ended May 16, 1925, 33 States reported

790 cases of smallpox. Last year, for the corresponding week, they
reported 1,233 cases. One hundred and three cities reported small-
pox for the week as follows: 1925, 252 cases; 1924, 527 cases; esti-
mated expectancy, 104 cases. These cities reported 22 deaths from
smaUpox for the week this year.

Typhoid fever.-Two hundred and fifty-six cases of typhoid fever
were reported for the week ended May 16, 1925, by 34 States. For
tlle corresponding week of 1924 the same States reported 244 cases.
One hundred and three cities reported 74 cases of typhoid fever for
the week this year and 71 cases for the corresponding week last year.
The estimated expectancy for these cities was 69 cases.

hnjluenza and pneumonia.-Deaths from influenza and pneumonia
(combined) were reported for the week by 103 cities as follows: 1925,
764 deatlhs; 1924, 792 deaths.

454870-25-L--6
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City reports for week ended May 16, 1925

The "estimated expectancy" given for diphtheria, poliomyelitis, scarlet fever, smallpox, and typhoid
fever is the result of an attempt to ascertain from previous occurrence how many cases of the disease under
consideration may be expected to occur during a certain week in the absence of epidemics. It is based on

reports to the Public Health Service during the past nine years. It is in most instances the median num-
ber of cases reported in the corresponding week of the preceding years. When the reports include several
epidemics or when for other reasons the median is unsatisfactory the epidemic periods are exclu(ted and
the estimated expectancy is the mean number of cases reported for the week during nonepidemic years.

If reports have not been received for the full nine years, data are used for as many years as possible, but
no year earlier than 1915 is included. In obtaining the estimated expectancy, the figures are smoothed
when necessary to avoid abrupt deviations from the usual trend. For some of the diseases given in the
table the available data were not suflicient to make it practicable to compute the estimated expectancy.

Diphtheria Influenza

IPopulationI Chick- Mea- N,Mumps, Pneu-
Division, State, and July 1 enpox, Cases, C cases monia,

city 1923, css esti CasCases Deaths css re- dah
estimuated r- mated re- re- re- orted ported re

ported expec| ported ported ported p ported
tancy

NEW ENGLAND

Maine:
Portlan -----

New Hlampshire:
Concord-

Vermonit:
Barre

Massachu,setts:
Boston-
Fall River-
Springfield
Worcester

Rhode Islanid:
Pawtujcket
Providence

Connecticut:
Bridgeport-
Hartford- _
New HIavei-
MIDD)LE ATLANTIC

NTew York:
BufTalo
New York-
lRochester
Syracuse --

New Jersey:
Canmden-
Newvark
Trenton

Pennsylvania:
Philadelphia
Pittsbui gh
Reading
Scranton

EAST NORTH CENTRAL

Obio:
Cincinnati
Cleveland
Columbus
Toledo

Indiania:
Fort Wayyn-.
Indianapolis
South Bend
Terre lhaute

Illincis:
Chicago - .--- 2
C'icero
Springfield .-.

Michigan:
Detroit-
Flint ----
Grand Rapids

I Population Jan. 1, 1920.

73, 129

22, 408

10, (08

770,400
120, 912
14-1, 227
191, 927

68 799
242, 378

1143. 555
138,036
172,967

536, 718
5, 927, 625

317, 867
184, 511

124, 157
438, 699
127, 390

1, 922, 788
613, 442
110, 917
140, 6306

3

0

0

6
3
20

1
0

1
2
4

4
191
4
16

0
28
3

47
21
8
1

5r

11

4
6
4

11
256

6
8

4
16
4

64
19
3
3

0

0

34

34
2
2

0
6

7
810

5
296
14
4

3
13
0

125
9.
2
4

2

0

0

14
0
0
0

0
0

1

41

0

4
24
0
0

9
0

0
0

0

0

0

1
0
01

0

0
0

0

0

10
0
0

0

0

4
2
0

O

406,312 7 71 5 0 0

888,519 63 20 29 -- | 5
261,082 1 3 3 -----I 2
208,338 18 4 3 -------- 2

93,573 6 2 0 0 0
342,718 G 2 0 0
76,f709 2 1 3 0 0
68,939 4 1 0 0 0

,886,121 68 102 53 12 4
51).968 5 2 3 0 0
61,833 3 1 0 1 0

9.5, C68 38 48 28 9 3
17.968 8 31 4 0 0

145,947 0 3J 2 0 1

0

1

0

286
0
16
49

1
4

22
2

97

244
187
83
8

61
77
6

372
333
147
0

23
0

2

0
9
0

0
0

0
3
0

3
44
14
22

6
0

24
3
3
0

2

4
0

27
2
1
3

1
9

2
3.
0

18
165
5
1

4
15
1

45
29
0
10

2 0 3
10 2 23
4 1 4

114 1 3

9 0 0
13 9
2 0 2

27 0 1
652 33 70
18 0 1
35 36 2

15 15 29
30 1 2

123 2 2

.

I

2

5

I
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City reports for week ended May 16, 1925-Continued

Diphtheria Influenza
Population Chick- Mea. up Poniu,

Division, State, and July 1, en pox, Cs ses, Mups,mPoneicases Canes Cases Deaths cases ces deathscity 1923, r- esti- Css Cae Dats r- re- eestimated porte mted re- re- re- rte ported ported
expec- ported ported ported

____________ _____ ___ tancy, _ _ _ _

EAST NORTH CENTRAL-
continued

Wisconsin:
Madison
Milwaukee.
Racine-
Superior-

WEST NORTH CENTRAL

Mininesota:
Duluth
Minneapolis
St. Paul-

Iowa:
Davenport-
Sioux City
Waterloo

Missouri:
Kansas City-
St. Joseph
St. Louis-

North Dakota:
Fargo
Grand Forks

South Dakota:
Aberdeen
Siouix Falls

Nebraska:
Lincoln
Omaha

Kansas:
Topeka
Wichita

SOUTH ATLANTIC

Delaware:
Wilmington

Alaryland:
Baltimore
Cumberland
Fre(derick

District of Columnbia:
Washington

Virginia:
Lynehburg
Norfolk
Richmondi
Roanoke-

West Virginia:
(harleston
Hun; iagton
Wheelin-

Northi Carolina:
Raleigh
Wilmington
Winstoni-Salem

South Carolina:
Charleston
Coluinbia-
Greenville

Georgia:
Atlanta -----

Brunswick
Savannah-

Florida:
St. Petersburg
Tampa
Population Jan. 1, 1920

42,519
484, 595
64,393

'39, 671

106,289
409, 125.
241,891

61,262
79,662
39,667

351,819
78,232

803,853

24.841
14,547

15, 829
29,206

5g, 761
204,382

52. 555
79, 261

117, 728

773, 580
32,361
11,301

437, 571

30, 277
159, 089
181, 044
55, 502

45, 597

57,918
56, 208

29, 171
35, 719
56, 230

71,245
39, 68

25, 789

222, 963
15, 937
89,448

24,403
56,050

32
7

0

12
1
1

0

16
1

0

0

0

0

0

0-

3
209

0

2 2 0 0 0 0

41 15 26 2 16
37 13 17 0 0 8

0

9

11
0

30

1

2

0

15

10

5
18

2

59
0

0

8

o
5

10

1

1

2

12

24

0

1

0

7
1

39

0

0

4

1

4

18

1

1

1

1

I

1

1

1

1
0

1

0

0

0

0

1

2
0

0

5
0

48

0

0

1

3
0

2
3

5

22
1
0

9

0

1
1

0

00

0

0
0

0

0

0

1
0

0

0

1

0
0

0

2

0

1

0

0

0

0

0

0

0

0

11

0

0

0

0

0

0

0

0

0

0

0

0

0

0

12

0

0

0

0

2
0

1

0

4

0

0

0

0

0

4

0

0

0

0

0

0

0

-6
1
0

0

0

0

1

3
0

10

0

0

0

0

0

0

4

18

0

0

30

0

4

25

16

54

0

6

0

0

4

00

0

0

0

1

0

0

15
59
16

0

6
19

0

8
1

22
2
8

4
0

0
O--

1

0

36
0

64
0

0

0

19
28
1

0

0

0

3

10
0

3
0

7

0

1
17

3

1

5
8

7
1

0

1

2

2
0

0
17
0

0

17

0

1
6
3

1

0

2
1

0

3

10
0
2

0

1
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City reports for weck encded May 16, 1925-Continiued

Division, State, and
city

Population Cik
Jly! en psox.Jutily 1, se
1923, re-

estlimntted ported

EAST S.OUITH CENTRAL

Kentucky:
Covin-ton 7, .s77
Louisville --------- 257, 671

Tem.v.55s(c:
Mtemphis-- 170, 067
Nashlville---- 11228

Alaabama:
IBini-ngham -- 19.5, 901
.mobil -- 63,858
Montgonlry-- -- 45, 383

WFkST SOUT11 CUNTRAL

A ikansas:
Fort iti-t 30, f,3
Little ltockl 70, 916

Louisiana:
New Orleans ---4-0575
Shreveport ----- 5, 5j90

Okla.hoimia:
(ikliahona . 101, 150

Texas:
D)allas -------------- 177, 274
(Gaiveston ---- 40, 877
llouston- 151.,. 9*70
San Antonio -- 184, 727

MOUNTAIN

Montana:
Billings-.- 16, °27
( reat Falls----.---I 27. 787
Helena --- 12 03'7
M issoula --- 1 12, 66a

Idaho:
oise - ---- 22, K;6

C'oloradfo:!
D)emver -- 272. C.31
Pueblo --------4-- ,43,519

New Mexico:
Albufquer(lue ------ 16, 648

Arizona:
Phoenix -- 33, S99

Utah:
Salt Lake City 126, 241

Nevaada:
Reno -- 12, 429

PACIFIC

Washington:
Seattle-
Spokanie-.
Tacoma-

California:
Los Angeles .
Sacramento-
San Francisco-

I Population Jani. 1, 1920.

1 315, 685
104, 573
101, 731

666, 853
69, 950

5391, 038

0

1
12
12

1
3

0
1

3
3

3

(1
2

0
0
0
0

0

23

0

39
6

36
0
20

Diphtlei-ia

Cases,
esti- Cases
inated re-
expec- porte(l
tancy

4

3

1

1

0

10

0

10

.3
0
3

I

0

2

O

1 0

I

O

3

4

5

33

24

2
2

00

0
0

0
0

7
1

1

3
0

0

0
0
0

15
0

0

0

0

0

Influenza

D s ea-
sles,

C7ases 'Deaths:|(e

ported iorted

Oi

21 2

3
3

14 5
O 0o 0

0 0

3
U, 00
2 1

o! 0
0' 0
0 0'

1

0' 0
oi

0 0

0 0

o 0

0;0

5 O

23
0

12

2
0

1

re-
ported

0
6

6
15

2
0
0

0
0

2
0

1

1
0
0
0

1

Ii0
11

0

3
1

0

1

0

0

1
0

46
0

11

June 5, 1925

Mumps, Pnc_-
eases monia,
re- deaths

ported

0
1

5
1

2

9

2
0

0

0

0
15

0
0
1

0

41
0

35

0

3
9

2
4

7
3
1

1

9
1

2

4
0
0
7

0
0
0
2

0

10
2

0

0

2

1

65 _
0-------

22 16
1 1

36 2
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City reports for week ended May 16, 1925-Continued

Scarlet fever Smallpox Typhoid fever

____ - ___- 'Tuber- Whoop.
Cases, C~~~~ulber ass ing Dts

Division, State, Cases, Cases, culoss, Case cough, Deallhs
and city esti- Cases esti- Cases Deaths dea esti- Cases Deaths cases cauesmated re- mated re- re- pred mated re- re- re-

expect- ported expect- ported ported expect- ported ported ported
ancy ancy ancy

NEW ENGLAND

Maine:I
Portland 1 2 0 0 0 0 1 0 0 2 21

New Hampshire:
Concord - 0 1 0 0 0 0 0 0 0 0 11

Vermont:
Barre-1 0 0 0 0 0 0 0 0 0 4

Massachusetts:
Boston- 52 66 0 0 0 18 2 1 0 216
Fall River 3 6 0 0 0 2 0 2 0 8 30
Springfleld-- 6 22 0 0 0 0 0 0 0 14 33
Worcester 7 12 0 0 0 4 0 0 0 9 65

Rhode Island:
Pawtucket -- 1 3 0 0 0 0 0 0 0 1 25
Providence.-- 11 12 0 0 0 4 0 0 0 0 79

Connecticut:
Bridgeport- - 5 10 0 0 0 0 0 0 0 4 28
Hartford 4 3 0 0 0 2 1 0 0 14 37
New Haven- -i 5 7 0 0 0 2 1 2 0 34 42

MIDDLE ATLANTIC

New York:
Buffalo- 18 18 0 1 0 13 1 0 0 26 142
New York- 208 293 0 3 0 1123 11 14 8 126 1,520
Rochester 13 40 0 0 0 3 1 0 0 14 60
Syracuse 12 5 0 0 0 2 0 0 0 3 46

New Jersey:
Camden- 3 14 0 3 1 2 0 0 0 2 32
Newark- 20 23 0 0 0 10 1 0 0 63 111
Trenton- 2 2 0 0 0 1 0 0 0 9 36

Pennsylvania:
Philadelphia. 74 166 0 7 1 56 5 4 1 63 536
Pittsburgh--- 23 81 0 0 0 14 1 0 0 13 174
Reading- 2 12 0 0 0 0 0 1 0 1 24
Scranton- 2 3 0 0 0 0 0 0 0 4 ----

EAST NORTH CEN-
TRAL

Ohio:
Cincinnati 11 17 2 0 0 6 1 1 0 8 122
Cleveland 21 26 1 1 0 12 2 0 0 41 190
Columbus 5 13 2 4 0 3 1 0 0 6 88
Toledo- 14 15 4 0 0 7 1 0 0 24 74

Indiana:
Fort WVayne 2 6 3 0 0 1 0 0 0 0 22
IndianapolLs_ 16 6 6 7 0 6 0 0 1 l--- 84
South Bend- 3 5 0 0 0 0 0 0 0 0 16
Terre Haute___ 2 6 1 2 0 0 0 0 0 0 16

Illinois:
Chicago- 70 235 2 2 0 44 3 5 0 96 642
Cicero-1 13 0 0 0 1 0 0 0 6 5
Springfleld --- 2 8 1 1 0 1 1 0 0 1 28

Michigan:
Detroit- 76 124 9 0 0 20 3 1 0 124 247
Fliut ----- 5 4 2 0 0 1 0 0 0 10 30
Grand Rapids 6 50 1 1 0 4 0 0 0 5 35

Wisconsin:
Madison 2 1 1 0 0 1 0 0 0 15 10
Alilwaukee- 28 17 1 57 1a 5 1 1 0 30 128
Racine- 5 7 2 1 0 0 0 0 1 6
Superior 2 2----- .1 9

Pulmonary tuberculosis only.
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City reports for week ended May 16, 1925-Continued

Searlel

Division, State, Cases,
and city esti-

mated
expeWt-!
ancy

WEST NORT1I CEN-
TRAL

Minnesota:
Duluth 3
Minneapolis_ 27
St. Paul- 18

Iowa:
D ivenport -- 2
Sioux City- 3
WIaterloo 2

Missouri:
Kansas City 9
St. Joseph 2
St. Louis- 30

North Dakota:
Fargo- 1
Grand Forks 1

South Dakota:
Aberdeen 1
Sioux Falls 1

Nebraska:
Lincoln- 2
Omaha- 5

Kansas:
Topeka- 2
Wichita- 2

SOUTH ATLANTIC

Delaware:
Wilmington- 3

Maryland:
Baltimore 25
Cumberlaad_ 1
Frederick 2

District of Colum-
bia:
Washington- 17

Virginia:
Lynchburg. 1
Norfolk- 1
Richmond 3
Roanoke 1

West Virginia:
Charleston 1
Hluntington-- 1
Wheeling 2

North Carolina:
Raleigh- 1
Wilmington - 0
Winston-Salem 1

South Carolina:
Charleston 0
Columbia 0
Greenville 0

Georgia:
Atlanta- 3
Brunswick 0
Savannah 0

Florida:
St. Petersburg 0
Tampa - 0

EAST SOU'THl
CENTRAL

Kentucky:
Covington 1
Lotuisville 3

Tenniessec:
Mnemphis 4
Nashville ----- I

Alabamna:
Birmingham. 2
Mobile- 0
Montgomery__ 0

tfever Smallpox Typhoid fever
Tuber- Whoop.

Cases, ~~culosis ing Dets~~~~~~~Cases, s e' cough, St,
Cases esti- Cases Deaths deths esti- Cases Deaths cases all
re- mated re- re- re- mated re- re- re- causes

portediexpect- ported ported portd expect- ported ported ported
ancy ancy

19
112
43

0
0
0

62
6
95

5
1

3

0
2

3
2

43
0

24

4
1
0
0

1
6
4

0
0
0

0
0
0

3
0
0

0
0

2
24

6
9

16
0
0

5

5
1
0

3
0
2

1
0

0
0

1 1
3

0
3

0

0
0
0

2

0
0
0
1

0
0
0

0
0
3

0
0

0

0
0
0

0

0

2

0
1
1

0

10
7

1

0

2

1

0

8

0

0

0

0

10

0

0

0

2

0

0

3

1

0

0

0

2

10

0

1

3

4

0

0.

2

0

0

0

0

0

0

0

4

4

24

0

1

o
4
2

0

0

0

0

01

00

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

I
0

D
6

.

1

19
1

1

13

0
1

3

0

l---.---

0

2
1
2

6

1 1
4

0
4

0

1

8

8
8

0

0

0

0

0
0

0

3
1

0

0

0

0

0

0

1

0

0

1

1

0

0

11
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

1

2

0

1

0

0

0

0

0

0

0

2

0.

1

3

0

0

0

4

0

2

3

1

0

0

1--------

0

0

0 |

0

0

0

0

0

0

0

0

0

0

0-l
I--

o
o0
o
o
o0

,---

°l
ol
o

21

o
o

1
2

28

0

0

2

10
4
17

4

0

3

9
4

4

31

2

103
0

0

19

12
6
9

0

1

0

0
2

0

3
0

15
0

2

0

0

10

17
11
2
0

0

17
110
61

80

27
212

13
59

8
26

28

237
9
3

125

4

52
9

12

17

15
16
20

36

12

83
3
24

11
17

19

56
46

76
23
17
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City reports for week ended May 1G, 19257 Contifulled

Scarlet fever Smallpox Typl'.oid fever
Tuber- - hoop-

Division, State, Cases, I easesCthsetisCass souehI Deatlls,
and city esti- Cases esti- Cases 'Deathis re- esti- )elis ces CAues

imiatedi re- miiatedl re- re- ionemtelld! e- re- rt-
exiect-:1ported expect- ported ported p exect-,pa ted potted ported
ancy ancy ancy ___

WEST SOULTH
CENTRAL

Arkansas:
Fort Smith 1 1 1 0 -0 0- 2 .
LittlolRock.--- 1 1 1 0| 0 2 0 1 O o --------

Louisiana:
New Orleans_ 3 12 3 1 0 10 3 14 0 4 146
Shreveport ---- 0 -- 1 0 ° ------- 00° 0 20

Oklahomia:
Oklahoma 2 0 4 0 0 1 0 4 0 2 23

'Texas:
Dallas 2 2 3 1 0 4 0 0 1- 40
Galveston-__ 0 0 1 0 O 0 1 1 1f 0 7
Houiston- 1 1 0 0 5 0 2 0 0 01 0 55
San Antoniio 0 0 0 0 0 4 0 1 0 0 64

MOUN'TAIN

Mlontana:
B3illings 1 3 1 0 0 0 0 0 0 7
Great Falls 1 13 2 0 0 0 0 0 0 2 6
Helena 0 0 0 01 0 0 0|) 0 2

Missoula 1 2 0 0 0 0 0 0 0 1 9
Idabo:

Boise----------- 1 1 0 0 | 0 0 0 0 2
Colorado:I

Denver- 1 1 13 1 0 0 12 0 0 0 12 81
Pueblo 1 2' 0 0 0 2 1 0 0 0 8

New Mtexico:
Albuquorque 1 0 0 0 0 4 0 0 0 0 8

Arizona:
Phoenix--1-- 3 0 0 01 6 0 0 0 0 14

'Utah:I
SaltLaeCitye C 1ty2 3 0 0 0 1 0 0 0 3 32

Reno ----------
0 0 3 0 00 0 1

PACIFIC

Wasliington:
Seattle 7 10 3 26 I--------- 0 01----- 98----
Spokane 4 0 5 2 -----I----- 0 ------ 24----

Lo gle 13 36 1 271 0 18 21 1 61, 214

Sacramento - 2 1 0 2 0 2 0 0- 0 31 28
San Francisco- 114 171 2 5 1 9 1 1 0 421 140
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City reports for week ended May 16, 195-Continued
Cerebrospinal Lethargic Pellagra Poliomyelitis (infan- Typhus fevermeningitis encephalitis tile paralysis)

Division, State, cases,
and city esti-

Cases Deaths Cases Deaths Case Deaths mated Cases Deaths Cases Deaths
xpect-anIcy

NEW ENGLAND

Ma,ssachusetts:
Springfield-_ 0 0 0 1 0 0 0 0 0 0 0

Rhode IslanOd:
Providenc- 1 0 0 0 0 0 0 0 0 0 0

MIDDLE ATLANTIC

New York:
New York 0 1 3 2 0 0 1 2 0 1 0

Pennsylvania:
Philadelphia-- 0 0 1 1 0 0 0 0 0 0 O

EAST NORTH
CENTRAL

Ohio:
Cleveland 2 1 0 0 0 0 0 0 0 0 0

Indiana:
Indianapolis- 0 2 0 0 0 0 0 0 0 0 0

Illinois:
Chicago- 2 2 0 0 1 0 0 0 1 O O

Michiigan:
Detroit-0 0 2 0 0 0 0 1 0 0 0

Wisconsin:
Milwaukee- 1 0 0 0 0 0 0 0 0 0 0
Superior- 0 0 0 1 0 0 0 0 0 0 0

WEST NORTH
CENTRAL

Missouri:
St. Louis 1 0 0 0 0 0 0 0 0 0 0

SOUTH ATLANTIC

Maryland:
Baltimore 0 1 0 0 0 1 0 0 0 0 0

Virginia:
Norfolk- 0 0 0 0 1 1 0 0 0 0 0

North Carolina:
Raleigh-0 0 0 0 0 2 0 0 01 0 0

Atlanta 0 0 0 0 0 1 O0 0 0 0
Savannah 0 0 0 0 1 1 0 0 0 0 0

EAST SOUTH
CENTRAL

Alabama:
Mobile-0 0 0 0 0 1 0 0 0 0 0

WEST SOUTH
CENTRAL

Arkansas:
Littlc Rock---- 0 0 0 0 1 0 0 0 0 0 0

Louisiana:
New Orleans- 0 0 1 1 1 2 0 0 0 0 0
Shreveport 0 0 0 0 0 1 ------- 0 0 0

Texas:
Dallas- 0 0 0 0 1 1 0 0 0 0 0
Houston- 0 0 0 0 0 0 0 1 0 0 0
SanAntonio 0 0 0 1 0 1 0 0 0 0 0

MOUNTAIN

Colorado:
Denver-0 0 0 1 0 0 0 0 0 0 0

Utah:
SaltLakeCity 0 1 0 0 0 0 0 0 0 0 0

PACIFIC

California:
Los Angeles 0 2 0 0 0 0 0 1 0 0 0
San Francisco 0 0 0 0 0 0 0 1 0 0 0
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The following table gives the rates per hundred thousand popula-
tion for 105 cities for the 10-week period ended May 16, 1925. The
population figures used in computing the rates were estimated as
of July 1, 1923, as this is the latest date for wlhich estimates are
available. The 105 cities reporting, cases had an estimate(d apggregate
population of nearly 29,000,000, and the 97 cities reportiing, deaths
had more than 28,000,000 population. The number of cities in-
cluded in each group and the aggregate populations are shown in a
separate table below.

Summary of weekly reports from cities, March 8 to May 16, 192-l-5-Annual rates
pcr 100,000 population 1

DIPHTHERIA CASE RATES

Week ended-

Mar 14 Mar. 21 Mar. 28 Apr. 4 Apr. 1 Apr. 18 Apr. 25 AMay 2 May 9 May18

105 cities -- 167 167 2168 177 158 160 162 158 2157 a I"

New England 176 147 119 171 166 129 144 127 109 154
Middle Atlantic 214 196 231 241 220 228 218 213 212 238
East North Central 128 134 112 93 96 110 113 110 113 110
West North Central 201 199 247 220 226 168 187 201 278 4 212
South Atlantic 91 136 95 81 73 102 108 104 104 85
East South Central 40 69 57 23 34 46 40 40 11 34
West South Central- 158 97 121 83 107 74 79 70 65 58
Mountain -105 143 134 124 105 239 267 115 105 153
Pacific -197 249 2179 374 171 168 165 206 2 123 5 138

MIEASLES CASE RATES

105 cities- 449 506 2 507 558 531 589 645 5811 2627 ' 624

New England- 542 725 755 957 1,011 917 1,217 1,004 984 1,188
Middle Atlantic 518 598 633 734 680 815 782 734 797 768
East North Central 740 775 798 736i 710 742 901 761 890 854
West North Central 75 93 89 77 58 91 102 79 112 ' 80
South Atlantic- 146 189 136 209 207 256 295 305 240 329
East South Central 11 69 34 69 34 97 189 200 343 166
West South Central 88 42 9 88 51 65 37 28 32 14
Mountain -763 573 38 219 57 267 219 534 181 57
Pacific -110 189 2 151 209 241 154 203 162 2 95 ' 178

SCARLET FEVER CASE RATES

105,cities- 432 427 2419 409J 367 | 342 f 360 309 '323 ! 352

New England 534 544 604 534 529 350 407 430 415 358
Middle Atlantic 439 417 405 436 359 343 336 323 319 331
East North Central 497 498 483 442 422 403 433 324 366 399
WestNorth Central. 719 792 755 736 647 651 692 518 618 4 734
South Atlantic- 219 146 167 175 152 167 175 132 106 165
East South Central- 355 286 286 263 280 229 257 263 263 326
WestSouth Central 107 134 102 51 88 60 121 111 88 74
Mountain -200 429 248 277 258 315 401 334 277 353
Pacific -229 218 2222 191 174 145 148 125 2 151 1197

I The figures given in this table are rates per 100,000 population, annual basis, and not the number of
cases reported. Populations used are estimated as of July 1, 1923.
'Spokane, Wash.,'not included. Report not received at time of going to press.
aSioux Falls, S. Dak., and Tacoma, Wash., not included.
'Sioux Falls, S. Dak., not included.
'Tacoma, Wash., not included.
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Summary of weekly reports from cities, March 8 to May 16, 1925-Annual rates
per 1,000 population-Continued

SMALLPOX CASE RATES

Week ended-

Mar. 14 Mar. 21 Mar. 28 Apr. 4 Apr. 11 Apr. 18 Apr. 25 May 2 May 9 May 16

105 cities 611 63 2 58 57 51 48 62 50 2 46 846

New England 0 0 0 12 2 0 2 0 2 0
Middle Atlantic 5 8 7 21 10 18 12 8 6 7
East North Central 39 32 33 24 22 27 39 30 44 56
West North Central 124 102 135 87 97 85 89 75 60 4 80
South Atlantic 59 57 67 49 43 53 79 63 45 37
East South Central 446 646 423 42 572 395 457 435 377 189
West South Central 74 107 107 46 51 14 42 32 28 37
Mountain -95 67 19 19 19 10 29 10 48 29
Pacific -247 212 2191 255 148 162 264 206 2176 8191

TYPHOID FEVER CASE RATES

105cities 10 12 '11 9 10 12 16 18 214 3 13

New England-- 5 30 12 5 2 7 17 10 5 12
Middle A tlantic-- 5 8 7 4 9 11 14 22 13 10
East North Central 4 7 3 4 6 4 7 4 9 6
West North Central 10 8 6 2 2 2 6 12 2 4 0
South Atlantic 24 22 12 30 20 12 14 28 21 26
East SouthCAlntral- 34 46 57 17 17 34 80 46 46 63
West South Central 28 23 42 32 37 53 51 51 46 79
Mountainth-Centra- 19 0 0 0 19 38 29 0 0 0
Pacific -15 0 2 28 20 9 12 23 17 2 9 53

INFLUENZA DEATH RATES

105 cities 34 42 33 34f 27J 271 30 22 15 4 14

New England- 35 30 30 35 32 27 30 20 10 7
Middle Atlantic 24 29 22 21 16 24 17 14 10 12
East North Central 33 49 40 38 27 24 33 23 161 11
West North Central- 33 42 46 39 37 50 48 31 11 4 11
South Atlantic 33 53 12 28 26 12 43 26 24 | 10
EastSouth Central - 91 120 86 69 74 80 86 51 51 80
Wcst SouthCentral 107 76 36 36 46 36 25 31 15 20
Mountain -48 48 38 181 86 38 76 48 19 57
Pacific -16 12 53 291 12 29 12 12 16 12

PNEUMONIA DEATH RATES

105 cities- 222 217 1 2061 204 201 192 203 1 671 151 4 127

New England . 229|9 211 1219 1251 211 206 186 149 161 134
Middle Atlantic_ - 214 217 199 215 190 204 223 1 206 185 1 143
East North CentiraL 241 222 214 182 190 190 211 148 130 | 125
West NorthCentral- 174 173 166 193 228 171 136 72

1 771 413South AtlanticC r 2461 290 1252 1234 238 1232 13 156 136
East SouthAtlantic i 36n1 286 2 1692 343 206 281 192 124 166
West South Central 178 178- 168 168 168 173 158 127 138 112
Mountainth-At-antic 210 172 269 2 343 2106 219 1241 124 162
Pacific - 155 131 159 159 119 98 147 127 123 78

' Spokane, Wash., not included. Report not received at tiune of going to press.
I Sioux Falls, S. Dak., and Tacoma, Wash., not included.
4'Sioux Falls, S. Dak., not incluiided.
I Tacoma, Wash., not included.
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Number of cities inculded in sitmmary of weekly reports andl aggregatc population of
cities in each group, estimated as of July 1, 1923

Number Number Aggregate Aggregate
of cities of citiespiuo)lation I)popuationf

Group of cities reportingy reporting of (ities of cities
cae deth rporting reportingcases deatl eases deaths

Total-- 105 97 28,898,350 28,140,934

New England - -12 12 2,098, 746 2,098,746
Middle Atlantic 10 10 10,304,114 10,304,114
East North Central - -17 17 7,032,535 7,032,535
West North Central ,,-,---- - 14 11 2,515,330 2,381,454
South Atlaintic - .. 22 22 2,566,901 2 566, 901
East South Central -7 7 911,885 911,885
West South Central---------------------- 8 6 1,134,564 1, 023, 013
Mountain-- 9 9 546,445 546, 445
Paifcic--- 6 3 1, 797,830 1,275,841__-



FOREIGN AND INSULAR

THE FAR EAST

Wireless health news messages.-The following data were sent by
wireless from the far eastern bureau of the health section of the
League of Nations located at Singapore, to headquarters at Geneva,
Switzerland:

Week ended Satuirday, May 9, 1925

Plague Cholera Smallpox
Port I

Cases Deaths Cases Deaths Cases Deaths

Calcutta - -0-- 49 107 100
Bonbay - -- 4 0 14 18
Madras - -0 41 18
Itangoon-- ----------------------------24 5 6324
Karachi - -3 0 7 3
Negapatan - -0 0 0 0
Singapore I ------------------ 6 6 0 0 0 0
Penaing-_--------------------------- 0 0 0 0 0 0
Batavia -0 0 0 0 0 0
Socrabaya -0 ------------- O O 1
Samarang -0 0 0 0 0 0
Belawan Deli -0 0 0 0 0 0
Macassar-0 0 0 0 0 0
British North Borneo -0 0 0 0 0 0
Bangkok -1 1 0 0 1
Saigon and Cholon-0 0 0 1 ---
Ilongkong
Shanghai 2______________-____ ________
N agasaki-0 0 0 0 3 -
Manila-0 0 0 0 0-
Kobe -0 0 0 0 0 0
Shimonoseki -0 0 0 0 0 0
Yokohama - -0 0------------------------ OO O 0

'Infected rats found.
2 Report not received for week ended May 9, 1925.

CANADA

Mosquito destruction-Fredericton, Nova Scotia.--Information re-
ceived under date of April 30, 1925, shows that measures for the
destruction of mosquitoes have been put into effect at Fredericton,
Nova Scotia, Canada. The ponds and marshes in the vicinity of
the city have been sprayed with oil.

(1222)
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CZECHOSLOVAKIA
Communicable diseases January-March, 1925.-During the period

January 1 to March 31,1925, communicable diseases were notified in
Czechoslovakia as follows:

Disease Cases Deaths Province showing greatest numnber of casesand deaths

Anthrax -8 1 Bohemia, cases, 4; Rtuss-inia, 1 death.
Cerebrespinal meningitis -62 18 Slovakia, cases, 22; deaths, 2.
Diphtheria -1,101 83 Bohemnia, cases. 544; (feaths, 52.
Dysentery -72 2 Slovakia, cases, 23; Bohemia, deaths, 2.
Malaria- 8 --Jlheinia, cases, 4.
Paratyphoid fever A -2 Bohemia.
Paratyphoid fever B -21D------- Do.
Scarlet fever -2,683 84 Bohemia, cases, 1,311; denths, 45.
Trachoma -651 --Moravi.L, eases, 211.
Typhoid fver -1,280 126 Slovakia, eases, 474; deaths, 38.
Typhus fever -54 2 Russinia, eases, 53; deaths, 2.

Typhus fever outbreakc.-The occurrence (luring the period under
report of 54 cases of typhus fever with 2 deaths, indicates unusual
conditions in the prevalence of this disease, only 8 cases hlaving been
reported during the preceding 6-month period. From December 31,
1924, to the latter part of March, 1925, 28 cases of typhius fever were
reported from the small town of Smerekov and its immedliate vicinity.
As the town is situated S miles from the main lines of travel it was
quiollly isolated by the health autlhorities and placed in charge of a
divisional uInit operating, in the section of the Republic. No workers
were permitted to leave the town.

JAVA
Farth,er relative to epidemic malaria-Soerabaya.'-Reports of the

prevalence of epidemic malaria among natives at Kedamean, Soera-
baya Residency, Java, have been received as follows: Week ended
Februtary 2, 1925, 1,752 cases with 19 deaths; week ended March 2,
1925, 449 cases with 8 deaths; week ended March 9, 1925, 72 cases
with 9 deaths. For the week ended March 16, only 17 cases were
reporte(d, with 1 death. Duiring, a period of 4 months, 6,000 cases
of malaria were reported at Kedamean.

MADAGASCAR
Plague-M11arch 1-15, 1925.-During the period March 1 to 15,

1925, 104 cases of plague with 87 deaths were reported in the island
of Madagascar, occurring in the Provinces of Itasy, Moramanga, and
Tananarive. Of the cases, 65 were stated to be bubonic, 14 pneu-
monic, and 25 septicemic in type. For distribution according to
Province, see page 1224.

M{EXICO
Cerebrospinal meningitis-State of M1,orelos-Eppideric stated to

have ceased.-Under date of Matv 16, 1925, epidemic prevalence of
cerebrospinall meninigitis in the Statte of Morelos, Alexico,' wis stated
to have cetased. A few sporadic cases were reporteed on the date
quoted at Cuernavaca.

JPublic hIealth Reports, May 1, 1925, p. 916.
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UNION OF SOUTH AFRICA

Smallpox- Typhus fever- March, 1925.-During the month of
March, 1925, 9 cases of smallpox, of which 3 cases were in tlle white
an(l 6 in the nattive popuilationi, and 41 cases of typhus fever with 7
(ldteths, of which 5 cases were in the Euiropean population, were re-
porte(l in the Union of South Africa. For distribution of occurrenice
of typlhus fev-er according to locality, see page 1225.

VIRGIN ISLANDS

Communicable diseases-April, 195O.-During the month of April,
1925, conimunicable (liseases were reported in the Virgin Islands of
the Unite(l States as follows:

Island and disease Cases Remarks Island and disease Cases | Remarks

St. Thomas and St. St. Croix:
John: Chicken pox 1
Chancroid 1 Filariasis 13 Bancrofti.
Dengue 20 Leprosy- 2
Dysentery 2 Unclassified. Malaria -2 Malignant tertian.
Gonorrhea 5 1 St. John. Syphilis 1 Secondary.
Malaria-1 St. John. Benign Trachoma 1

tertiani. Tubercu osis____ 3 Chronic pulmonary.
Syphilis-1 Secondary.
Tetanus . 2

1 Public Health Reports, May 8, 1925, p. 972.

CHOLERA, PLAGUE, SAIALLPOX, TYPHUS FEVER. AND YELLOW FEVER
The reports contained in the following tables must not be considere(d as complete or final as regards either

the lists of countries included or the figures for the particular countries for which reports are gixven.

Reports Received During Week Ended June 5, 1925 1

CHOLERA

India:s
Calcutta -Apr.IMadras ------------|- Apr.

PLAGUE

Egypt -l- -----.-------------- Jan. 1-Apr. 29, 1923: Cases, 24;
City- deiths, 14.

Suez ---------------- Apr. 2-22 -2 2
Province-

Beni-Souef-Jan. 18-1 1
Dakhalia -Jan. 7 1 1
Fayoum -- Apr.5-14 3 2
Girgeh -Jani. 9-Apr. 5 2 2
Kalioubi- Jan.. .5-Apr. 22 ....5 2
Mfenotufieh-Jan. 1-Apr. 9 8 4
MTiniia- Arr. 1-5- 2

In(lia:
Karachi --- A pr.19-25- 27 16Maldras Presidency- do 27 16

MadIaascar Proe -- --Mar. 1-15, 1925: Cases, 104;Itsy Province Aear. -15 -3 3 deaths, 87. Bubonic, 65; pneu-Mloraniianga Pro-i-oe do- 2 2 monic. 14; septicenmic, 25.
T.ananarive ProviliLee do- 99 82

Tanan.irive town-I---- do -3 3 Pneumonic.
Other localities- (lo-96 79

Straits Settlements:
---------J--ir--Apr. 5-lI -- ---- 21

FFrom medical otfcers of the Public hleailtlh Service, American consuils, and other sources
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CHOLERAs PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continuied

Reports Received During Week Ended June 5, 1925-Conitinued
SMALLPOX

Place Date Cases Deaths Remarks

Algeria:
Algiers --

Brazil:
Porto Alegre .

British South Africa:
Northern Rhodesia

Canada:
Britishl Columbia-

Vancouver ..
Ceylon:

Coloribo - .- .
China:

Amoy-.--..-----
Antung-
Canton-
Chungking
Foochow-
Manchuiria-
Dniren-
Ilarbin .

Nanking-
France:

Boulogne-sur-Mer
Gibraltar-
Great Britain:

Newcastle-on-Tyne
India:

Calcutta.
Karachi - -!
Madras-

Indo-China:
Saigon-

Apr. 1-30-...

Apr. 12-18 .

Mar. 17-Apr. 14t

May 4-17-...

Apr. 12-18-..

Apr. 5-18 -
Apr. 12-26-
Apr. 12-18-
Apr. 5-11-
Apr. 5-18-

Mar. 16-Apr. 5 --

Apr. 15-21-
Mar. 29-Apr. 18

Apr. 1-30
May 4-10-

May 3-9-

Apr. 5-11-
Apr. 19-25-

-do ---------

Mar. 29-Apr. 4--

6

9

5

1

14

2

3

404
5

64

8

Japan:
T'aihoku - Apr. 4-10- 1

Mexico:
Guadalajara -May 12-18-
Mexico City -Apr. 26-May 2-- 7

Persia:
Teheran -Feb. 19-Mar. 19 .-

Spain:
Malaga --May 3-9-

Switzerland:
Berne - ------------- Apr. 12-18 -1

Turkey:
Constantinople- Apr. 16-30-3

UTnion of South Africa-

TYPHUS FEVER

Chile:
Concepcion
Valparaiso

China:
Manchuria-

Ilarbin
Czechoslovakia
Egypt:

Alexandrias
Greece:

Saloniki
Mexico:

Mexico City-
Turkey:

Constantinople-
Union of South Africa-

Cape Province

Natal-

Orange Free State-

Trmnsvaal -
Yugosla-via:

Belgde- -----

Apr. 14-20.
Apr. 5-25-

Apr. 8-14-

Apr. 2-8-

Mar. 31-Apr. 20

Apr. 26-May 2

Apr. 24-30-

Apr. 24-30-

1

1

2

2 .

1

8

I.

3

313
2

27

2

Port case.

Prevalent in surrounding district.

Present.
Prevalent.
Present.

Prevalent.

Including 100 square kilometers
of surrounding country.

3
-------- Incltiding municipalities in Fed-

eral district.

9
4

1
3

Mar. 1-31, 1925: Cases, 9; wbite,
3; native, 6.

----------January-March, 1925: Cases, 54;
deaths, 2.

Inciliding nmuinicipalities In Fed-
eral (ldstrict.

Mar. 1-31, 1925: Cases. 41; deaths,
7. Native-cases, 36; deaths, 7.
White or European-cases, 5.

Mar. 1-31, 1925; Cases, 17; deaths,
3.

Mar. 1-31, 1925: Cases, fi; deaths,
2.MIar. 1-31, 1925; Cases, 9; deaths,
2.

Mar. 1-31, 1925: Cases, 4.
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continued

Reports Received from December 27, 1924, to May 29, 19251

CHOLERA

Place Date Cases

Ceylon
Colombo -Nov. 16-22- 1

Do -Jan. 11-24- 2
India

Bombay -Nov. 23-Dec. 20- 4
Do Jan. 18-24 1

Calcutta -Oct. 26-Jan. 3 59
Do -Jan. 4-Mar. 21 205
Do -Mar. 29-Apr. 4 49

Madras -Nov. 16-Jan. 3 69
Do -Jan. 4-Mar. 7 139
Do -Apr. 5-18 3

Rangoon -Nov. 9-Dec. 20 -- 9
Do -Jan. 4-Apr. 11 20

Indo-China-
Province-

Anam -|Iug. 1-31 ICambodia Aug. 1-Sept. 30.- 6
Do - ec. 1-31 -1

Cochin-China- Aug. 1-Dec. 3I1___ 10
Saigon- Nov. 30-Dec. ---- 1

Do - MIar. 15-21- 1
Tonkin - - Dec. 1-31 -1

Siam:
Bangkok Nov.929- 4

Do Jan. 18-Mar. 21L. 8

Deaths Remarks

-. -June 29-Dec. 27, 1924: Casesq, 14;- deaths, 13. Dec. 28, 1924-Jan.
2 24, 1925: Cases, 24; deaths, 17.

Oct. 19, 1924, to Jan. 3, 1925:
Cases, 27,164; deaths, 16,228.

1 Jan. 4-Mar. 29, 1925: Cases
51 26,127; deaths, 11,462.
164
46 Reported to be epidemic May 9,
40 192.5.
99
1
2

13
----------Aug. 1-Sept. 30, 1924: Cases, 14;

deaths, 10. Dec. 1-31, 1924:
1 Cases, 5; deaths, 2.
5.

5

1

2
5

PLAGUE

Azores:
Fayal Island-

Castelo Branco
Feteira ---

St. Michael Island
Do

Brazil:
Bahia
Santos

British East Africa:
Tanganyika Territory

Do
Uganda

Do
Canary Islands:

Las Palmas
Do
Do

Realejo Alto
Teneriffe-

Santa Cruz
Celebes:

Macassar --- ---------
Ceylon:

Colombo
Do

China:
Foochow
Nanking
Shing Hsien-

Ecuador-

Chimborazo Province-
Alausi District

Daule ---

Guayaquil

Nov. 25 .
-o- -.

Nov. 2-Jan. 3.
Jan. 18-24-

Jan. 4-Apr. 18 .
Year, 1924-

Nov. 23-Dec. 27--
Jan. 18-Mar. 14--
Aug.-Dec., 1924
Jan. 1-31-

Jan. 21-23-
Feb. 4-------------
Mar. 26 .
Dec. 19-

Jan. 3

30
3

11
2

17
18

279
29

2
1
1
3

1

Oct. 29-

Nov. 9-Jan. 3
Jan. 4-Apr. 14

Dec. 28-Jan. 3
Nov. 23-MIar. 7 ---
October, 1924

Jan. 14
Mfar. 16-31 .
Nov. 16-Dec. 31---

Do - Jan. 1-Apr. 15
Naranjito - Feb. 16-Mar. 15-
Yaguachi --Feb. 1-Mar. 15a

Egypt

12
21

----------I. 790

1--------

1
9

68
1
21

I--------I

13
1

7

10
12

243
28

--------1-
1

9
21

14

3

29
---i--

Present with several cases.

Bubonic.

Stated to be endemic.
Stated to have been infected
with plague Sept. 30, 1924.

V'icinity of Santa Cruz de Tepa-
riffe.

In vicinity.

Epidemuic.

Present.
Do.

Mar. 16-Apr. 15, 1925: Cases, 10;
deaths, 4.

At 2 localities on Guayaquil &
Quito Ry.

Rats taken, 27,0041 found in-
fected, 92.

Rats taken, 67,317; found in-
fected, 294.

Year 1924: Cases, 373. Jan. 1-
Apr. 22, 1925: Cases, 24;
deaths, 14.

I From medical officers of tlhe Public hlealth Service, American consuls, and other sources.
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOWV
FEVER-Cointinuiietd

Reports Received from December 27, 1924, to May 29, 1925-Coistinued
PLAGUE-Cointintued

Date Cases Deaths Remarks

Gold Coast Septemilber - December, 1924:1- D)eaths. 52.
Greece:

Patras-
Hawaii:
Honokaa-

India-
Bombay-
Do-
Do1-

Calcutta-
Karachi-

Do
Do

Madras Presidency-
Do--
Do

Rangoon
Do

Indo-China
Province-
Anam-

Do
Cambodia

Do
Cochin-China

Saigon

Do
Iraq

Bagdad
Japan
Java:

East Java-
Blitar
Pare --------
Samarang
Sidoardia
Soerabaya

Do

Soerakarta
West Java-

Cheribon
Do

Do
Do
Do
Do

Pasoeroean
Pekalongan-

Do .
Do
Do _
Do
Do

Probalingga
Tegal

Do
Do
Do
Do

UIadagascar:
Fort Dauphin (port).

Do

Itasy Province
Do

Majunga (port)
Moramanga Province
Tamatave (port)-

Tananarive Province-

Do
Tananarive (town).

454870-25t 7

Apr. 5-.

Nov. 4

Nov. 22-Jan. 3.---
Jan. 4-17
Feb. 8-Apr. 4-
Jan. 18-24-
Nov. 30-Dec. 6
Jan. 4-Feb. 21
Mar. 29-Apr. 18-
Nov. 23-Jan. 3.---
Jan. 4-24
Mar. 8-14-
Oct. 26-Jan. 3
Jan. 4-Apr. 11.

Aug. I-Sept. 30
Dec. 1-31

Aug. 1-Sept. 30-
Dec. 1-31-

do --- -
Dec. 25-31-

Jan. 11-17
June 29-Jan. 3.
Mar. 22-28
Aug. 10-Dec. 6

Nov. 11-22-
Nov. 29
Mar. 22-28
Jan. 2
Nov. 16-Dec. 31---
Jan. 15-Mar. 25---

2

156
2

12
6

685
658
so

26.
187

4
5

18
6
3
1

2
20
1

19

71
25

Feb.20--

Oct. 14-Nov. 3
Nov. 18-Dec. 22..
Jan. 1-14-
Feb. 5-11
Feb. 19-25-
Mar. 5-11-
Dec. 27
Oct. 14-Nov. 3.---
Nov. 18-Dec. 31
Jan. 1-14
Feb. 5-11
Feb. 19-25-
Mar. 5-11
Dec.27-
Qct. 14-Dec. 31.----
Jan. 1-14
Feb. 5-11

Feb. 19-25
Mar. 5-11-

Nov. 1-Dec. 15_
Feb. 1-15-
Nov. 1-Dec. 15...
Feb. 1-28
Nov. 1-30-

12--
1---
3---
1---

Nov. 1-30

Mar. 1-15-

3
2

47

1
11

6
487
511
48
25

j164

4
5
15
6
1
1

14

22

14
80

44

13

13

14

29
177

81

36

38

28

26

37

7
10

3

5

1
2

3
1

14

Plague-infected rodents found
Dec. 9, 1924, Jan. 15--Apr. 28
and 30, 1925. icinity Pacific
Sugar Mill, Island of Hawaii.

Oct. 19, 1924, to JanI. 3, 1925:
Cases, 28,154; deaths, 21,505.
Jan. 4-Mar. 28, 1925: Cases,
57, 672; deaths, 48,562.

Aug. 1-Sept. 30, 1924: Cases, 25;
deaths, 20. Dec. 1-31, 1924:
Cases, 11; deaths, 11. Corre-
sponding month, 1923: Cases,
15; deaths, 5.

Including 100 square kilometers
of surrounding territory.
Do.

Province of Kediri; epidemic.
Do.

Declared epidemic, Province of
Soerabaya.

Mar. 29-Apr. 4, 1925: 2 plague
rats found.

Epidemic plague in one locality.

Province. Epidemic in one
locality.

Pekalongan Province.

Province. Epidemic.

Pekalongan Province.

Bubonic.

Nov. 1-Dec. 15, 1924: Cases, 49;
deaths, 34. Jan. 16-Feb. 28,
1925: Cases, 6; deatbh, 6.

Oct. 16-Dec. 31, 1924: Cases, 298;
deaths, 274.

Jan. 1-Mar.15: Cases, 456; deaths,
387

Place

.

I
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continued

Reports Received from December 27, 1924, to May 29, 1925-Continued
PLAGUE-Continued

Place Date Cases Deaths Remarks

Mauritius Island ......
District-

Flacq ---
Pamplemousses.
Plaines Wilhems

Port Louis .---

Mexico:
Tampico .-----

Morocco:
Marrakech- ,

Nigeria

Palestine:
Jerusalem

Peru:
Callao ----

Sianii:
Bangkok ,----

Do-- - - - -

- -

Siberia:
Transbaikalia-

Turga . --
Straits Settlements:

Singapore --
Do

Syria:
Beirut ---

Turkey:
Constantinople -- ---

Union of South Africa .....

Do

On vessels:
S. S. Conde __-_----.,

Stedmship

Dec. 1-31-
do ------

January - Decem-
ber, 1924.

February - De-, cember, 1924.

Apr. 6,1925

Mar. 3-9-

February, 1925...-.

Dec. 28-Jan. 3
Jan. 25-Mar. 21

October, 1924-

Nov. 9-15-
Jan. 4-Apr. 4-

Jan. 11-Apr. 10-

Jan. 9-15-
Nov. 22-Jan. 3-

Jan. 4-Apr. 4--

November, 1924 ---

5
1

54

101

1

6

1
7

1
27

2

5
28

55

4
1

47

92

6

1
6

3

8

15

23

Year 1924: Cases, 161; deaths, 144.

Not present March, April, May.

Plague rat found in vicinity of
Governnient wharves.

Feb. 9, 1925: Present in native
quarter of town. Stated to be
pneumonic in form and of high
mortality.

August-November, 1924: Cases,
387; deaths, 317.

On Chita Railroad.

In Cape Province, Orange Free
State, and Transvaal.
Do.

At Marseille, France, Nov. 8,
1924. Plague rat found. Ves-
sel left for Tamatave, Mada;
gascar, Nov. 12, 1W4.

At Majunga, Madagascar, from
Djibuti, Red Sea port.

1 I

SMALLPOX

Algeria
Algiers

Arabia:
Aden

Argentina:
Buenos Aires

Belgium .
Bolivia:

La Paz
Do

Brazil:
Pernambuco

Do
British East Africa:

Kenya-
Mombasa

Do .
Uganda-

Entebbe .
Tanganyika Territory

British S,outh Africa:
Northern Rhodesia

Do
Sothern Rhodesia

Bulgaria:
Sofia

_Ja-n_. 1_-M a-r. 31::
Jan. 25-Apr. 18___

Mar. 15-21
Jan. 1-Feb. 10

Nov. 1-Dec. 21____
Jan. 1-Mar. 31

Nov. 9-Jan. 3.
Jan. 4-Mar. 28____

Jan. 18-Feb. 28._.
Mar. 8-28 .

Oct. 1-31 .
Feb. 15-21 .

Oct. 28-Dee. 15--
Jan. 27-Feb. 2
Jan. 29-Mar. 25--

Mar. 12-18..

July I-Dec. 31, 1924: Cases, 409.
Jan. 1-20, 15: Cases, 107.

Natives.

Varioloid.

14 1

4 -.

20 11
-------- 12

100 27
111 56

66
29

4
1

57
3
4

1

14
7

2

--------i'
I

-----------I-.--------
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continued

Reports Received from December 27, 1924, to May 29, 1925-Co'ntinued
SMALLPOX-Conitiiiued

Place

Canada:
Alberta-

Calgary - -

British Columbia-
Ocean Falls .
Vancouver- -

Do--
Do .

Victoria-
Manitoba-

Winnipeg ----------.
Do-
Do

New Bruinswick-
Northumberland

Ontario-
Hamilton
Kingston .
Ottawa-

Do
Welland

Ceylon-
Colombo-

Do
China:
Amoy-

Do
Antung

Do
Do

Canton
Chefoo
Cbungking

Foochow
Hongkong

Do
Do

Manchliuria-
Dairen-
Harbin .

Nanking
Shanghai-

Do
Do

Chosen:
Seoul

Do
Colombia:

Buenaventura
Santa Marta

Date

Mar. 15-21-

Mar. 7-27-
Dec. 14-Jan. 3
Jan. 4-Apr. 12
Apr. 19-May 3 --

Jan. 18-Apr. 25.--
Dec. 7-Jan. 3-
Jan. 4-Feb. 27-
Apr. 5-11-

Feb. 814

Jan. 24-30-
Apr. 12-18 .
Mar. 29-Apr. 4___-
May 3-9-
Mar. 22-Apr. 25 -

Jan. 8l-Feb. 7-
Mar. 8-Apr. 11___-
Nov. 9-Feb. 21__-
Feb. 22--Mar. 28-
Nov. 17-Dec. 28-
Jan. 5-Feb. 14-
Mar. 2-Apr. 5-Mar. 15-Apr. 11
Mar. 15-21-
Mar. 22-Apr. 18...
Nov. 2-Mar. 28--
Nov. 9-Jan. 3-
Jan. 4-Feb. 7-
Feb. 15-Apr. 4 - --

Jan. 19-Mar. 15--
Jan. 15-Feb. 11____
Jan. 4-Mar. 28 -

Dec. 7-27-
Jan. 18-Mar. 7
Apr. 12-25-

Dec. 1-31 --

Mar. 1-31-

Feb. 15-Apr. 4 ---

Mar. 15-28-

Cuba:
Santiago Apr. 12-18

Czechoslovakia -

Dominican Republic:
Puerta Plata - -

Dutch Guiana:
Paramaribo --

Ecuador:
Guayaquil-

Egypt:
Alexandria

Do
Do

Cairo
Esthonia - ----------.
France -

Do .
Dunkirk
St. Malo --------------

Germany -

Frankfort-on-Main
Gibraltar --------------

Gold Coast - ------------

Mar. 8-21-

Apr.20-

Nov. 16-Dec. 15..
Nov. 12-Dec. 31
Jan.8-28-
Fcb. 26-Mar. 4
Jan. 29-Feb. 4

January, 1925
Mar. 2-8-
Feb. 2-8-

Jan. 1-10-
Dec. 8-14-

Cases Deaths

1-I _X--I

1

6
32
305
11
11

14
30

I1

1

11
2
7

4
16

5
15
9

9
27

4
5

1

1
2

3

11

--------1-1

7
13

2
8
1

.-- --

Remarks

Very mild.

County.
Nov. 30-Dec. 27, 1924: Cases, 33.
Dec. 28, 1924, to Apr. 25, 1925:
Cases, 69; deaths, 1.

July 27-Nov. 29, 1924; Case-s, 27;
deaths, 1.

Present.

Prevalent.
Prevai(-nt. No foreign vases.
Stated to he widely prevalent;

less than in period in year 1924.
Present.

Do.

Present in mild form in localities
in vicinity.

-Apr.-Juine, 1924: Cases, 1; occir-
II---------- ring in Province of Moravia.

3

4

10
8
1
1

10
1
7

1.

1

Dec. 1-31, 1924: Cases, 2.
July-December, 1924: Cases, 81.

From vessel. In quarantine.
Believed to have been imported
on steamship Ruyth from Sfax,
Tunis.

June 29-Nov. 8, 1924: Cases, 7.

July-December, 1924: Cases, 106;
deatbs, 1.

@ @ . Z



June 5, 1925o 1230

CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continuied

Reports Received from December 27, 1924, to May 29, 1925-Continued
SMALLPOX-Continued

Place

Great Britain:
England and Wales-
Do-
Newcastle-on-Tyne- - _.

Do-
Greece - ----------------

Date

Nov. 23-Jan. 3 - -

Jan. 4-Apr. 18
Jan. 18-Feb. 21 -
Mar. 1-May 2-

Do -- --

Saloniki-
Do-

Haiti:
Cape Ilaitien .

India-
Bombay-
Do-

Calcutta-
Do
Do-

Karachi-
Do
Do

Madras-
Do
Do

Rangoon-
Do
Do

Indo-China-
Province-
Anam-

Do
Cambodia

Do
Cochin-China-

Nov. 1l-Dec. 22-
Feb. 17-Mar. 2- -

Mar. 22-Apr. 2---

Nov. 2-Jan. 3-
Jan. 4-Apr. 4-

Oct. 26-Jan. 8-
Jan. 4-Mar. 21 ---
Mar. 29-Apr. 4
Nov. 16-Jan. 3---Jan. 4-Feb. 14-
Feb. 22-Apr. 18-
Nov. 16-Jan. 3- -

Jan. 4-Mar. 7-
Mar. 15-Apr. 18 --
Oct. 26-Jan. 3
Jan. 4-Feb. 7-
Feb. 15-Apr. 11 - -

Aug. 1-Sept. 30 -- -

Dec. 1-31-
Aug. 1-Sept. 30 ---

Dec. 1-31-

Saigon- Nov. 16-Jan. 3

Do--
Do--

Tonkin--
Do .

Iraq-
Do .
Bagdad .

Do .
Italy
Jamaica -

Jan. 4-Feb. 21 -

Mar. 1-28-
Aug. 1-Sept. 30 - --
Dee 1-31-
June 29-Jan. 10_
Jan. 11-20-
Nov. 9-Dec. 27 - -

Mar. 1-28-

Cases

472
2,047

e9 I-

3
4

6

601

307
2,669
392
16
52
85

422
552
489
86
287

1,121

49
167
40
30

17

32
39
19

238
138
4
2
2

Deaths

18
307

170
1,875
260
2
6

23
48
212
197
28
49

225

11
26
9
13

5

8
6
7

62
67
2
1

Do--I-
Kingston-

Japan-
Nagasaki
Taiwan

Java:
East Java-

Pasoerocan
Do

Soerabaya-
Do

West Java-
Batam-
Batavia_-

Do .
Buitenzorg
Cheribon .

Do
Krawang-
Pekalongan-

Do .
Pemalang
Preanger

L-stvis------ -------

Nov. 30-Dec. 27

Feb. 9-Apr. 2B
Jan. 1-31-

Oct. 26-Nov. 1
Nov. 12-19 .
Oct. 19-Dec. 31 -

Jan. 15-Mar. 25 -

Oct. 14-20-
Oct. 21-Nov. 14 --

Dec. 20-Jan. 2
Dec. 25-31-
Oct. 14-Nov. 24 --
Jan. 1-28-
Jan. 15-21-
Oct. 14-Nov. 24--
Dec. 25-31-
Jan. 8-14-
Nov. 18-24-

4

31

9

685
559

2
2
19
1

15
3
1

22
3
I1
1

1

78

4
.----

Remarks

January-June, 1924: Cases, 170;
deaths, 27.

July-December, 1924: Cases, 38;
dcaths, 26.

Oct. 19, 1924, to Jan. 3, 1925:
Cases, 12,564; deaths, 2,857.
Jan. 4-Mar. 28, 1925: Cases,
54,626; deaths, 12,494.

Aug. 1-Sept. 30, 1924: Cases, 223.
deaths, 76. Dec. 1-31, 1924;
Cases, 485; deaths, 114.

Aug. 1-Sept. 30, 1924: Cases, 115;
deaths, 49. Dec. 1-31, 1924:
Cases, 50; deaths, 13.

Including 100 square kilometes
of surrounding country.

Do,

June 21-Dec. Z7,1924: Cases, 03.
Nov. 30, 1924-Jan. 3,1925: Cass,

50. Reported as alastrim.
Jan. 4-Apr. 25, 1925: Cases, 2L7
Reported as slastrim.

Reported a alastrim.
Aug. 1-Nov. 15, 1924: Cases, 4.

Epidemic in 2 native villagM

Batavia Residency.

Province.
Pekalongan Residecy.
Oct. 1-Nov. 30, 1924: Cases, &
Jan. 1-Fab. 28, 1925: Cases, S

1..!
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Conttinued

Reports Received from December 27, 1924, to May 29, 1925-Continued
SMALLPOX-Continued

Place Date Cases Deaths Remarks

Lithuania-
Malta-
Mexico:

Chiapas (State)- Mar.I-
Durango -Dec. 1-31-

Do - Jtua. 1-Apr. 30
Guadalajara.------------- 1 Dec. 23-29-
Do- Jan. 6-ar. 23 --

Do -pr. 21-May11.
Mexico City -Nov. 23-Dec. 27 - 5

Do - Jan. 11-Apr. 25. - - 2
Monterey ---------- -----

Oaxaca (Stat)- Mar. 1
Salina Cruz -Dec. 1-31-

Do -Feb. 22-Mar. 31 7
Saltillo -Feb. 22-Apr. 11--.
San Luis Potosi- Mar. 29-May 9.
Tampico - Dec. 11-31- 5

Do -Jan. 1-Apr. 30 - - - 66
Torreon- Apr. 1-30 1
Trupesn district--- Apr. 17-May 720
Vera Cruz -Dec. 1-Jan. 3 .

Do - Jan. 5-Apr. 19-1 .
Via Hermosa- Dec. 28-Jan. 10--.
Yucatan (State)- Apr. 5-11.-.

Nigeria --

Do -.. --------

Paraguay:
Asuncion ---------------- Jan. 4-10 .

Persia:
Teheran -Sept. 23-Dec. 31.

Do -Jan. 1-Feb. 18-
Peru:

Arequipa -Nov. 24-30-
Do - Jan. 1-Feb. 28-

Philippin Islands:
Manil aMar. 29-Apr. 4.. 3

Poland .

Portuga:
LAsbonQ---------------- Dec. 7-Jan. 3 17
Do- Jan. 4-Apr. 25 140

Oporto - Nov. 30-Dec. Z7_ 3
Do -Jan. 11-Mar. 14... 3
Do -Apr. 12-25--. 2

Russia -- - - - -

Senegal:
Dak..-.-.-- .

Siam:
Bangkok ..------

Do
Do

Sierra Leone:
Freetown
Kaiyima .-. ---

Spain:
Bareolo.a

Do
Cad.- .- -

Do
Madrid

Do
Malaga

Do
Valencia

Straits SetUements:
Singapore

Mar. 16-22..

Dec. 28-Jan. 3.
Jan. 18-Feb. 21....
Mar. 1-21

Feb. 7-Mar. 15....
Mar. 9-15 .-.

Nov. 27-Dec. 31..
Mar. 19-25
Nov. 1-Dec. 31....
Jan. 1-Feb. 28.
Year 1924
January-February
Nov. 23-Jan. 3 -,
Jan. 4-Mnay 2.
Nov. 30-Dec. 6 .--
Feb. 15-May 2.-_

Feb. 22-Apr. 4....

4

1

11

3
1

......

6

----------i p. 1-1L, 1J : Cs, 3.
---------- Apr. 1-15, 1925: Cases, 3.

5
29
1
4
11

1

1
2
4
4
20
1
3
10
39

1
12
10
1
4

19
4

5

1
51
1'0
40
13
97
98

I

Reported severely prevalent.

Jan. 24, 1925: Outbreak. Mar.
14, 1925, present.

Reported severely prevalent.

Present. Tocality, capital, State
of Tabasco.

In country towns.
January-June, 1924: Cases, 357;

deaths, 87.
July-November, 1924: Case, 87;
deaths, 25.

Sept. 21-Dec. 28, 1924: Cases, 30;
deaths, 2. Jan;. 4-Feb. 14, 195:
Cases, 15; deaths, 1.

Jan. 4-Apr. 18, 1925: Deaths, 35.
2

January-June,1924: Cascs,18,229.
July-November, 1924: Cases,
3,665.

T., - I -1 I 'I AlM " --_ n
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continuied

Reports Received from December 27, 1924, to May 29, 1925-Continued
SMALLPOX-Continued

Place Date Cases Deaths Remarks

Swit7erland:
Berne -----------
Lucerne

Do
Syrla:

Aleppo
Do

Beirut
Do

Damascus
Do

Tripoli:
Tripoli .- -

Tunis:
Tunis

Do
Do

Turkey:
Constantinople

Do
Union of South Africa

Cape Province
De Aar District

Do .
Natal-
Orange Free StatC

Ladybrand District....
Transvaal

Do
Uruguay .

Do .-- -

Yugoslavia
Do--
Belgrade ------

On vessel:
S. S. Eldridge
S. S. Habana

S. S. Ruyth-

Mar. 15-Apr. 11
Nov. 1-Dec. 31 -

Jan. 1-31-

Nov. 23-Dec. 27
Jan. 4-Feb. 28
Feb. 11-20-
Apr. 1-10-
Jan. 6-13-
Feb. 11-

July 14-Jan. 2-

Nov. 25-Dce. 29--
Jan. 1-Apr. 22-
Apr. 30-May 6

Dec. 13-19 .
Mar. 16-Apr. 15.---

Feb. 1-21-
Jan. 2.5-31-
Nov. 9-Jan. 17--- -

Mar. 1-7 .
Nov. 2-8 .
Jan. 15-31 .
Nov. 9-Jan. 10. --
Feb. 1-21 --

Year 1924 .
Jan. 1-Feb. 28
Mar. 1-Apr. 7.

Mar.23-

Feb. 18-

4
19
24

13
71
1

2
22

53

42

18

35
325
13

5-
5 1

330
6
6

1

1

64
1

Nov. 1-Dec. 31, 1924: Cases, 14.
Jan. 1-31, 1925: Cases, 4-na-
tives.

Outbreaks.
Outbreak at railway camp.
Outbreaks.

Do.
Do.

Outbreak on farm.
Do.

Outbreaks.
January-June, 1924: Cases, 101;

deaths, 2.
July-November, 1924: Cases, 53;
deaths, 2.

At Port Townsend, from Yoko-
hama and ports.

At Santiago de Cuba, from
Kingston, Jamaica.

At St. Malo, France, January,
1924, from Sfax, Tunis; be-
lieved to have imported small-
pox infection.

TYPHUS FEVER

Algeria
Algiers -Nov. 1-Dec. 3I1__.

Do -Jan. 1-Apr. 20

Argentina:
Rosario

Bolivia:
La Paz --

Do
Do

Bulgaria

Do .
Chile: 0

Concepcion
Do ------
Do

Iquique-
Do-

Talcahuano
Do

Valparaiso
Do

Jan. 1-31

Nov. 1-Dec. 3I1_..
Jan. 1-31-
Mar. 1-31-

Nov. 25-Dec. 1
Jan. 6-12-
Jan. 27-Feb. 2
Nov. 25-Dec. 1

Feb. 1-Mar. 28
Nov. 16-Dec. 20--
Jan. 4-10-
Nov. 25-Dee. 7
Jan. 11-Mar. 28---

5
14

3
2
I

7---

1

1

2
1
2
2

1
4
17

July 1-Dec. 20, 1924: Cases, 101;
deaths, 14.

In villages, department of
Algiers: Cases, natives, 24;
Europeans, 3.

January-June, 1924: Cases, 191;
deaths, 28.

July-October, 1924: Cases, B.

_. .
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CHOLERA, PLAGM SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continued

Reports Received from December 27, 1924, to May 29, 1925-Continued
TYPHUS FEVER-Continued

Place Date Cases Deaths Remarks

China:
Antung -.-

Chosen:
Chemulpo-
Seoul-
Do-

Czechoslovakia-
Do-------------

Egypt:
Alexandria-
Do-

Cairo-
Do-

Esthonia-
Do-

France-
Gold Coast-
Greece-

Do-
Athens --
Saloniki-
Do-

Japan-
1r_'.sxtvi

Mar. 16-22

Feb. 1-28
Nov. 1-30-
Feb. 1-Mar. 31__--

Jan. 1-31L-

Dec. 3-9-
Mar. 12-18-
Oct. 1-Dec. 23.
Jan. 22-28-

Jan. 1-31-

Fl). 1-Apr.----
Nov. 17-Dec. 15---
Jan. 25-31-

1

6

1-

1
1

4
1

1~
2

1
.

10
2

&._444. -I I--

Lithuania

Do-

Mexico:
Durango-

Do
Guadalajara
Mexico City

Do-----------

San Luis Potosi -

Do
Morocco-
Palestine

Ekron-
Jerusalem
Do-

Mikveh Israel-
Petach-Tikvah-
Ramleh
Tiberias ---------

Peru:
Arequipa

Do
Poland -------

Portugal:
Lisbon-

Do
Oporto-

Rumania

Do
Constanza

Do--
Russia

Leningrad ---

Spain:
Madrid
Malaga

Sweden:
Goteborg-

Tunis
Tunis

Do

Turkey:
Constantinople

Do

Dec. 1-31-
Mar. 15--Apr. 30--.
Dec. 23-29-
Nov. 9-Jan. 3
Jan. 11-Apr. 25--
Mar. 8-14
Apr. 26-May 2

Dec. 23-29-

-do
Jan. 20-26-
-do --------

Mar. 24-30-
Feb. 10-Mar. 23-
Feb. 24-Mar. 2-

Nov. 24-Dec. 31-
Mar. 1-31

Dec. 29-Jan. 4-
Apr. 6-12-
Jan. 4-Feb.7------

Dec. 1-20-
Feb. 1-28-

June 29-Nov. 22.-

Year 1924
Dec. 21-27 ---- --------

Jan. 18-Feb. 28_

Mar. 5-25-

Apr. 2-May 6

Nov. 15-Dec. 19---
Jan. 2-Mar. 7-

.80
96

*I
. --------

2
1

1

1
2
2

--------

2

1
2

12

2

25

6

9

2
1

1

3

1

2

1--

3
1

1--- -- -- -i-

15

5

1~

December, 1924: Cases, 5.

Dec. 1-31, 1924: Casos, 5.

July-October, 1924: C(ases, 7.
Oct. 1-31, 1924: 1 case.
May-June, 1924: Cases, 116;
deaths, 8.

July-December, 1924: Cases, 40;
deaths, 4.

Aug. 1-Nov. 15, 1924: Cases, 2.
October-December, 1924: Cases,

30. Feb. 1-28, 1925; Cases, 11.
August-October, 1924: Cases, 15;
deaths, 1.

Jan. 1-31, 1925: Cases, 27; deaths,
2.

Including municipalities in Fed-
eral District.

November, 1924: Cases, 5.
Nov. 12-Dec. 29, 1924: Casos, 1J.

Sept. 28, 1924-Jan. 3, 1925: Cases,
751; deaths, 57. Jan. 4-Feb. 11,
1925: Cases, 827; deaths, 68.

January-June, 1924: Cases, 2,906;
deaths, 328.

July-December 1924: Cases, 288;
deaths, 38.

Jan. 1-June30, 1924: Cases, 95,682.
July-November, 1924: Cases,
34,729.

July 1-Doe. 20, 1924: Cases, 40.
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CHOLERA, PLAGUE, SMALLPOX, TYPHUS FEVER, AND YELLOW
FEVER-Continued

Reports Received from December 27, 1924, to May 29, 1925-Continued
TYPHUS FEVER--Continucd

Place Date Cases Deaths ]Remarks

Union of South Africa ---- Nov. 1-Dec. 31, 1924: Cases, 345;
Cape Province- iov. I-Dec. 126 24 deaths, 87. Jan. I-Feb. 28,
Do- Jan. s-M%ar. 15 1 74 9 1925: Cases, 159; deaths, 17;

lnative. In white population
cases, 12.

Do -Mar 22-Apr. 4 --- Outbreaks.
East London-ov 16-22 1

Do -Jan. 18-Apr. 4 3 2
Port Elizabeth- Feb. 22-Mar. 7_ 1 I

Natal -Nov. 1-Dec. 31-- 130 50
Do- Jan. I-Feb. 28 43 5

Do -Mar. 1-Apr. 4 --- Do.
Dtirban -Feb. 15-Mar. 28- 4

Orange Free State- Nov. 1-Dec. 3L 59 8
Do -Jan. 1-Feb. 28 32 3 Native.

Transvaal -Nov. 1-Dec. 31_ 30 5
Do -Jan. 1-Feb. 28 10 j-- Do.

Yugoslavia - - - - Year 1924: (ases, 319; deaths,
Belgrade -Nov. 24-Dec. 28-- 5[---- 22. Jan. 1-Feb. 28, 1925: Cases,

Do -Apr. 8-14 2 87: deaths, 8.

YELLOW FEVER

Gold Coast - October-Novem- 4 4
ber, 1924.

Salvador:
San Salvador- June-October, 77 28 Last case, Oct. 22, 1924.
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