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16 CHOLERA IN RELATION TO [Part 1.

Tt will be observed thatin both table and diagram the months are arranged
starting from November, in place of from the commencement of the calendar
vear. The same arrangement has been followed in the subsequent tables and
:liagrams in connection with Calecutta. The arrangement was adopted because
November, as the month of average prevalence, forms a good starting point for
comparison ; but other advantages also attend it, one of which is that, so far as
the phenomena of rainfall are concerned, October makes a more natural termin-
ation to the year than December.

Atmospheric-pressure curve [g years] - < =

Cholera Deaths [38 years] - - - o L

Diacram 1.—Atmospheric-pressure and Cholera-prevalence in Calcutta,

The result of the comparison shows that the season of minimum prevalence is
Low pressure coincides witn Characterised by low atmospheric pressure. Farther
IR SOy Alens: than this, however, the coincidence ceases. There is
no indication of the existence of any definite relation between degree of at-
mospheric pressure and-prevalence of cholera. December and January, the
months of maximum pressure, show less prevalence than November on the one
hand, and much less than February, March, April and May on the other. So
again June shows lower atmospheric pressure, but much higher prevalence than
August and September. Atmospheric pressure, considered in the light of these
data, cannot be regarded as exerting any direct influence on the prevalence of
cholera. The coincidence of low atmospheric pressure with minimum prevalence
must be regarded as such only, or if any influence be exerted by the pressure, it
must act through some intermediate agency.

(b) Atmospheric Temperature.
A mere glance at the table and diagram below renders it evident that tempera-
ture, if it exert any influence on the variations in pre-
valence of cholera in Calcutta, does so only in a

Temperature acts in a subordi-
nate manner,
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very subordinate way. We find periods of maximum, minimum, and medium
prevalence occurring with an almost unaltered temperature. For example, the

Tasre XIX.—Average monthly Temperature (23 years) compared with Cholera-prevalence.

=

Nov, Jan, Feb, | Mar. | April, | May. | June, Sept. | Oct, | Now. | Year.

|
Average temper- i
% B 835 | 881 | i Bl'5 T49 | 7093

Dee, July. | Aug.

ature | 9] enf o7l el e sr:r| 862 | B9
= e SRR W R S
|
6,325 | 3,070 | 3440 | EﬁIi.'l! 6,211 | 8,323 |10d4,205
2081 | 1,318 | 1,884 | 1,543 | 1,505 | 2,780 | 31,548

8,846 | 14,710 | 19,383 | 18,335
3,226 4,543 4,868 | 3,300

{Macpherson) | 8,325 8 150 7,160
(Payoe] .. 2,780 8,176 1,845

—— ——

E
=
= |
(&) I 10,641 |

]

Torar .. | 11,112 | 10,334 | 9,106 | 12,572 | 19,558 | 24,040

i O e
average temperatures of April and July only differ by 1*2, whilst the former
montb is one of maximum, the latter one of minimum prevalence. Again, the
temperatures of March and October differ only by 1°0, but March is a month of
maximum, October of medium, prevalence :—

8,560 | £,207 | 51% | 5478 | 8018 | 11,112 |185833

Atmospheric Temperature [ mean of 23
years).

Total monthly Cholera (Deaths)[38 years].

Dhicram 2. —Atmospheric Temperature and Cholera-prevalence in Caleutta.

Whilst this is the case, there is at the same fime some evidence which
seems to be in favour of the temperature exerting a subordinate influence on
the prevalence. Taking the months from November to April, we get the
following results :—

Tasre XX.—Temperature and Cholera from November to April.,

' | ! | i

| Nov. | Dao, | Jan, Feh, March. | April. |
Temperature 749 | 681 l 677 ‘ 780 | 80 | 847 I
Cholera we | 11,112 | 10,534 | 9,105 | 12572 | 19,668 | 24,040
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the coincidence being of the reverse nature, the amount of it is rendered
more clear by arranging the lines accordingly.

—Lowest Humidity = 67.

Average monthly Relative Humidity
[8 years].
Saturation = 100. Curve inverted.

—Highest Humidity = 88,

Total monthly Cholera  Deaths
[38 years].

Diacram 3.—Atmospheric Humidity and Cholera-prevalence in Calcutta.

Starting as usual from November, we find a considerable decrease of humi-
dity in December, continuing until February, and followed by a slight fall to
the minimum in March. A considerable increase occurs in April, followed
by a smaller one in May; next follows a rapid increase through June and
July to the maximum in August. This is followed by a slight fall in Septem-
ber, succeeded by a considerable fall in Oectober, and an even greater one in
November. The above data refer to the facts of 8 years, but very much
the same results are shown in the following table of monthly averages from
November 1864 to October 1876, which was specially compiled from the meteor-
ological abstracts of the observations taken at the Surveyor General’s Office
for comparison with the figures of cholera-prevalence of the same period.

Tasre XXIL.—deerage monthly Huwmidily (November 1864 fo Oecflober 1S76) and average
monthiy Prevalence (Janwary 1565 fo Oeclober 1570).

Momth, : Kow. Dee, | Jan, Feb. Mar. April, May. : June, | July. Aug. | Sept. | Oct. | Xov,
l—l__. _— —— — —_— S — —_ = —_— o—— _I — I —
Humidity ...| 70 . (8 | i) | i (15 68 | 72 80 | 85| 86 ] | 70
Average cholera| 230 78 | 162 | 268 ‘ 404 ! 388 i 276 | 185 | 109 | 140 | 128 | 150 | 230

I I | | |

In this table the humidity of November is slightly lower than in the
previous table. That of December is the same
as in it, but January shows a slight increase, and
February a decrease as compared with December. March again gives the

Humidity and cholera from 1864
to 1876,
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intensity, and the conditions of the month which favour prevalence must
therefore occupy a similar position in respect to those of other months. The
humidity of November is 71, its temperature is 74°9. Passing to December,
we have a humidity of 68 and a temperature of 68°1; that is, we have
increased prevalence favoured by 3 degrees of humidity, and diminished pre-
valence favoured by 6'8 degrees of temperature. According to this there is
an excess of 38 in favour of diminished prevalence, and the conditions of
December in respect of temperature and humidity in relation to prevalence are
as —3™8, compared with those of November as zero.

Proceeding in the same way with the remaining months, we obtain the
following series of figures:—

Tasre XXIII.— Relations of the various months in respect of combined influence of Humidily
and Temperature,

|
Feb. | March. | April.
| i

Montha. Nov.| Dee. Jan. May. June, July, |(August.| Sept. | October.| Nov.

.= | '
For 8 years |00 | —3'8 l—d.‘ﬂ ‘ +2-1 | +9'6 | 478 !*}-7'3 f—-ﬂ'ﬂ -4 | —84 | —76 | —34 |'U'{]

| Combined
conditions

For 12 years |00 | —45 5|—a~1 | +17 +103 |+11'5| +87 |—02 | —68 |—81 |—70 |—05 |00

The relation borne by the combined conditions of temperature and humi-
dity to cholera prevalence is shown in the following diagram of the phenomena
for the twelve-year period :—

A combined Relative Humidity and Tem-
perature curve [12 years].

Total monthly Cholera Deaths [ 12 years].

Dincram 4.—Relations of Cholera-prevalence for 12 years to contemporaneous Humidity and
Temperature,
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-o""o Rainfall.

R
Average Rainfall = 47 years [Inverted j 5o "

curve].

f'i“ -

i z

Total monthly Cholera Deaths [38
years|,

Diaeram 5.—Rainfall and Cholera-prevalence in Caleutta, (The Engraver has not kept the
curve rigidly to the scale in some parts.)

average of 5°61 inches, which is almost identical with that of May. Stated
eenerally, there are four months of maximum, four months of minimum, and
four months of intermediate rainfall ; but whilst the months of maximum and
minimum form continuous groups, the intermediate months are divided into
two unequal sections by the other periods, three of them intervening between
the minimum and maximum, and the fourth between the maximum and mini-
mum periods.

On comparing the seasonal rythm of cholera-prevalence with that of rain-
fall, we find that the months for the former also fall into three groups of maxi-
mum, minimum and intermediate prevalence. The groupsin this case, however,
do not precisely correspond with those of rainfall, for whilst that of maximum
includes four months, that of minimum inecludes three only, and the remaining
five months form the intermediate group.

The following table shows the relation which the three groups of months,
arranged in reference to rainfall and prevalence, bear to one another :—

TApLE XXV.—Comparison of periods of maximum, minimum and intermediale Rainfall, and
Cholera-prevalence,

| :
: Rainfall, Cholera.
S. ¥unc'. Febroary.
. July March.
Maximom - e a ‘ ‘ﬂ“'h rinat. :'"1111‘“.
September, May.
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Mean Water-level, 6 years
[Inverted curve].

Total monthly Cholera Deaths
[38 years].

Diacram 6.—Average Water-level and Cholera-prevalence in Calcutta.

The average water-level for the entire year is 12"4. The average annual
fluctuation in level is 64,

The following tables show the amount of rise in each year, the amount of
fall from one year to another, and the relations of the lowest water-level of
each year to one another, taking that of 1870 as zero.

Tasre XXX.—dAmount of fluctuation from lowest to highest level in eack year from 1870 to

1576.
= |i TR TR BT
YEam, 1870, | 1871 1872 1873. | 1874, ‘ 1875, 1858,
2 T I 1 L
|
Rise in water 43 o | 892 44 5"0 ‘ 6”8 ‘ 50 m.q

— — — = —

The greatest rise during the period 82 occurred in 1871, the second in
order 7°9 in 1876. The minimum rise 44 occurred in 1872,

TaprLe XXXI.—dmount of fluctuation from highest level of one year to lowest level of the next.

i e
1871-T2. i 157273, | 1873-T4. 18T4-T6. | 1575-76,
I

TEaxm, 1870-71. 1676.37,

Fall in water-level | &1 | g0 [ 4 ‘ 51

60 ] 67 il |

| |

The greatest fall occurred in 1871-72, the next greatest in 1876-77, that is,
the greatest falls succeeded the greatest rises. The least falls also followed
the least rises.
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Tasre XXXI1IL—Comparison of Waler-level and Cholera Prevalence in July, Oclober and

November.
| July, | October, | November,
- 1 o P I F | o
Water-level (average 6 years) .. o | 122 27 | 11"5
Cholera (26 years) by o s |2 -B287 | 8,016 | 11,112

October and November, whilst showing a prevalence much greater than that of
July, have a considerably higher water-level than it has. If, then, the concur-
rence of low water-level and high prevalence of cholera in Calcutta be more than
a mere coincidence,—if any causal relation exist between the two phenomena,—
it cannot be a direct simple one, dependent on the mere mass of water in the soil.

Before leaving the subject, it may be well to look into the facts regarding
the fluctuations of water-level, compared with those of actual prevalence, during
the period in which the observations have been carried on.

The following diagram shows the monthly averages of water-level and
rainfall since April 1870, together with the relative annual prevalence of cholera
reckoned from the November of one year to the October of the next.

y-0CTIET3 INOVIRT S-0CT 1874 ]NOVIB 4 -0 t'[l"n"l.'._N OVIE5~-0CT.E16 (NOVIB16-0GC T8

Discram 7.—The monthly fluctuations in Water-level and Cholera-prevalence in Calcutta, together with
the mean monthly Rainfall, since 18%0. [The water-level and rainfall-curves inverted.
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'

(f) Soil-temperature.
TaBLE XXXV.-—Comparison of average Monthly Soti-temperature (3 years) and Cholera

Prevalence.
‘ Nov. | Dee. | Jan. | Pev, | Mar. | ApL | May. | June, | July. | Auvg. | Sept. | Oct. | Now.
s . B _ — | t T
Soil-tempemature. | 787 | 7ea| 7Ee| 71l | 74 s g9 | s23 | 23| m7| sva| s1| 782
« | (Macpherson) | 832 8150 | 7,160 | 9,346 | 14,710 | 10,882 | 18,335 | 8,325 | 3,979 | 3,440 | 3,985 6211 | 83823
E | (Payne) 2,789 | %176 | 1,965 | 3226 | 4,348 | 4868 | 5,300 | 2,231 | 1,318 | 1,684 | 1543 | 1,806 | 2,789
[=] B — e —— — = — e e | e e | — | — | — e | ——— ———— | e
& | Total 11,112 | 10,89 | 0,105 | 12572 | 10,509 | 24,000 | 16081 | 8550 | 6207 | 5126 | 647 | 8016 | 12
! 1

The diagram, in addition to the lines indicating soil-temperature and cholera-
: prevalence, contains a third line of the average at-

_ Boil and atmospheric temperatura % E
O nnn oEenuas mospheric-temperature, in order to allow of ready
comparison of the relations of the air above and within the soil in this re-

spect.

Soil and Atmospheric Tr:m;:utmtun_ |

| ': gl —Soil Temperalure curve.
curves [ average of 3 years]. 1

—Air Temperature curve.

Total monthly Cholera Deaths [38(-
years|.

Dirgram 8, —Average Soil-temperature at 6 feet below the surface, and Cholera-prevalence.

The data regarding temperature are those of the soil at a depth of 6 feet
from the surface, and therefore represent the conditions of a stratum towards the
lower portion of the layer of soil, which lies permanently above the soil-water.
The mean temperature for the year is 78'5.* The minimum soil-temperature
occurs in January; the maximum in June and July. The temperature exceeds
that of the atmospheric-air in the months of November, December and January ;

* It may be of interest to compare the figures illustrating the relations of telluric and atmospheric temperature
in Caleutta with those of a locality where the temperature is very different. The following table shows the mean
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1878-74 may be employed as illustrating the more general phenomena, although
not constituting rigid examples of the precise conditions actually present in
individual years.

i B —Lowest proportion of Co®.
Estimated average monthly propor-
tion of Carbonic Acid in Soil-air

[Inverted curve].

Total monthly Cholera Deaths [ 38
years].

Diacran g.—Monthly averages of Carbonic Acid in the Seil-air ( 6 feet below the surface) and
Cholera-prevalence,

The line indicating the carbonic acid in the diagram is reversed like those
in the diagrams of humidity, rainfall and water-level, and the figures in the
table are to be regarded as only representing the relations borne by the
amounts of carbonic acid to one another, and not the absolute quantity present.

Taking the data as they stand, we find that, during November, December

G0 in soil, excossive during tne 204 January, the amount of carbonic acid is high.
rains. In February a considerable decrease occurs, and the
minimum for the year is reached in March and April. During May a slight
increase occurs, continued through June and July, and followed by a rapid
rise in August to the maximum in September, after which a decrease occurs,
reducing the average for October to an equality with that for August on the
one hand, and for November, December and January on the other.

The first question which presents itself here is,—What are we to regard these
fluctuations as representing 7 'We believe that they are to be regarded as afford-
ing an index to the varying degrees of soil-ventilation present at different
times of the year; in other words, to the varying degree in which emanations
escape from the soil into the atmosphere at different times of the year.

The fluctuations in the amount of carbonie acid in the soil-air must be due
to one or other of two causes: (1) variation in the
amount produced at different times; (2) variation
in the degree of accumulation of what is formed—variation in the amount
retained in the soil. The phenomena of fluctuation in Caleutta appear to be
mainly determined by the latter agency. The most conspicuous fluctuations

Causes of fluctuation of Cot.
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‘Water deposited on soil like that in Caleutta takes long to penetrate to any

distance from the surface—a fact which must be

 Bffect of moisture on soil-ventila-  familiar to all who have had opportunities of ob-

serving the sections presented by fresh excavations

during the early part of the rainy season—and the increase in amount of

carbonic acid begins to occur long ere the water has reached the stratum from

which the air containing it is derived. This alone is almost conclusive in

favour of the inerease at this time being due to accumulation, but there are other

grounds for regarding the degree of soil-ventilation as the principal factor regulat-
ing the fluctuations in the amount of carbonic acid throughout the year.

The temperature of the soil cannot be regarded as the determinant, as we find
the amount of carbonie acid on one hand varying at different times independent
of corresponding variations in soil-temperature, and on the other hand remaining
constant in spite of considerable variations in temperature. The amount of
carbonic acid present in November, December and January greatly exceeds
that present in April, a month in which the soil-temperature is almost equal
to that of November, and considerably higher than that in the other two
months. But while the temperature of the soil in November and April is
almost equal, the amount of moisture in the soil, and consequently of soil-
ventilation, is very different in the two months, the former of which immediate-
ly succeeds the cessation of the rains, the latter following a long period of
almost total rainlessness. It is, moreover, only by explaining the phenomena
of fluctuation as due to soil-ventilation that the results of the Indian observa-
tions are brought into accordance with those attained in Europe.

The results of the European observations have been toshow that the maxi-

Tho observations in Burope re- mum of carbonic acid in the soil-air oceurs coin-
Sssd g Cosiol sl cidently with the maximum temperature of the
upper strata of the soil, but in Calcutta the maximum of carbonic acid
is clearly connected with rainfall and independent of temperature. In
Europe the rainfall is distributed throughout the entire year; in India
it is concentrated into a few months; in Europe the fluctuations in car-
bonic acid in the soil-air probably correspond with variations in the amount
formed, but in many parts of India the variations in amount of formation are
almost entirely obscured by the effects of the varying degrees of soil-ventilation,
although certain phenomena, such as the increase of carbonic acid during May
and June in Calcutta, may be a partial indication of their existence.
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TasLe XLVIL—dA Monthiy Statement of the Cholera cases that have cecurred among the strictly
Military population of Calculta and adjacent Military Stations ; also of average Water-
level and Rainfall at Chinsurak.

= = r —— —— e — —= = =

e =
E |
= |
-f E | E § . o 7 E: Remanxs.
2-2lellemy | g Pl e T e O |
&= = o o = o = * & » = =
Bel 2 | E 1§ [ 8 [ & B (ol & g dine S ee
= & P = = = = - | A = = - i
Coleuntin os| 51 78 | 127 BB 65 108 263 a1 207 148 L] B 105 E?rmpﬂn and Native
| FiHIPE.
Dum-Tham i 2D 47 G2 25 18 36 L] EH 158 67 44 170% 34 Ditto.
Barrackpore wie| B1 274 228 152 B4 104 260 318 ars 250 137 150° 120 Ditlo.
Chinsurah (Hooghly) | 468 it} (i} a1 23 60 51 146 166 e (7] 74 a2 E:ilm n troops
#pot.
Total Cholera ... | o 4568 451 204 161 Hia 62e BEB- o7 1] i 342 478 321
Mean water-level ... 3 44 54 70 g0 | 101 ] 1170 114 | 118 | 100 72 30 a2 | At C'i!iusurnh.
Mean rainfall eoe | 12| 3Y04 [ 041 | /15 | 0" BL 1745 | &"™18 | 3™48 | 523 I]i}""‘l‘lﬁ 11747 |12"31 788 Ditto,

It will be observed that the data regarding rainfall and water-level are not
those of Calcutta, but of the station farthest removed from it, véz., Chinsurah.
This has been done with the intention of making the comparison as complete
as possible, and likewise because Chinsurah (or rather Hughli) is one of
the meteorological stations from which good water-level returns have been
furnished extending over a period of three years.

| Rainfall eurve; inverted.

Average monthly Rainfall [12 years] —

Average monthly Water-level [3 years]—

Total Cholera [25 to 51 years] -

Diacram 11.—Ilustrating the average monthly variation in the Water-level at Chinsurah, and
the Cholera-prevalence among European and Native Troops at Calcutta and adjacent

Military Stations.

* The cascs of cholera which oeeurred in Augnst 1869 after a eyelone (113 in Dum-Dum and 60 at Barrackpore) have been retained in the
table, but these were manifestly exceptionnl cases, and in order to illustrate the erdinary seasonal prevalence of cholers, they shoold be
deducted from the total cholera of the four etations, The total would then be [478 — 183 =] 816: this proportion for August has been
adopted in the Diagram,
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The above diagram will suffice to illustrate the remarks made in the

previous pages regarding the fact that, be the ex-

_Diagramsof Water-levelat Ohin- planation what it may, the prevalence of cholera

is at its maximum in Lower Bengal when the water-

level is low: not only is this observed in Calcutta itself, nor when judged

by data acquired elsewhere from among an indifferently registered civil popula-

tion, but also when tested by statistics of fairly assured accuracy when they
extend over a sufficient number of years.

Mean Water-level, 6 years
[Inverted curve].

Total monthly Cholera Deaths
[38 years].

DiscrAm 11 a.—Average Water-level and Cholera-prevalence in Caleutta,

In order to make this matter more evident, we reproduce the diagram
showing the relation which exists between the mean water-level of Caleutta for
a period of six years. In both diagrams the water-level is seen to be at its
lowest in May and nearest the surface in August and September, and cholera
attains its maximum in April and May; as in the case of Calcutta, however,
no close connection can be detected between the less marked variations in the
cholera-prevalence and water-level.

As the level of the water in the group of stations under consideration is
dependent on the local rainfall, it is not considered
necessary to refer to the influence of rainfall
specially, as the remarks made regarding this factor in the history of cholera®™
prevalence when speaking of Caleutta apply equally here. It may, however,
be mentioned that in some of these stations, especially at Dum-Dum, it has

Whater-level and loeal rainfall.
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and about 30 from the river. During the greater part of the rainy season the

-Lowest Rainfall.

Monthly Rainfall, 6-7 years
[ Inverted curve ],

o= -Highest Rainfall.
Monthly Water-level, 3-4 years
[ Inverted curve ]

A |

== -Highest Water-level.

Total Cholera [23 years]

Diacranm 12.—Illustrative of the average monthly Rainfall, Water-level, and total monthly

Cholera at Purneah.

district is more or less completely under water, and, as may be ascertained by
reference to the detailed tables of the water-level registers (pages 117 to 135), the
water in the station itself may come within a few inches of the surface. Although
the total number of carefully registered cases of cholera in the jail is not
sufficiently large to justify any opinion as to the minimum cholera month or
season, still the preponderance of the disease in April and May is very marked,
the cases having occurred in these months on ten difterent years. With regard
to March, the high numbers may be said to be exceptional, as although cases
were registered as occwrring in this month during six annual periods, 211 out of
220 occurred in March 1863. We have not, however, been able to ascertain
the particulars regarding this evidently terrible outburst of the disease among
the prisoners at this station.

Berhampore was in former years a large Military station, and over 800 of
the cases recorded in the Table refer to Europeans.
It is within a short distance of the large town of
Murshidabad, and the statistics of the jail of that station have been incorporated
with those of Berhampore.

Berhampore.
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Average monthly Rainfall 8-—20 years
[Inverted curve].

—10 feet from surface of ground.

Average monthly Water-level, 2-3 years

[Inverted curve].
gl —2 feet from surface of ground.

; Maximum Cholera in March.

Total Cholera [51 years],

Diacram 13.—Illustrative of the average monthly Rainfall, Water-level, and total monthly
Cholera at Berhampore.

Here also March and April present a high cholera rate, and this high total
o The marked cholera-prevalence of rate has not been attained by the occurrence of one
due to exceptional circumstances. EXEL‘:})HDD&H&T severe ePidemje, but b}" I'BPE:B.-‘ILE{I severe
visitations of the disease. In March 1828, and again in 1829, the European
troops suffered terribly, as also did the prisoners in March 1856 ; so that although,
according to the summary-tables and diagram, March is the worst month, yet
it appears from a study of the separate annual tables that it is during April

that conditions favouring the disease are most commonly present.

(c) Dinapore—a transition area: Geological and Meteorological features.
Dinapore may be said to furnish an illustration of a station in a district
forming a sort of border-land between the endemic
area and the parts of the country in which experi-
ence has shown that cholera is less prone to be constantly present.

It is situated on the south bank of the Ganges, and geologically may be
said to present precisely similar conditions to those of the other alluvial stations
to which reference has been made.

In a memorandum regarding the sites of Military stations in India, Dr.
Oldham, formerly Superintendent of the Geological
Survey, states, with reference to this group, that “the
conditions of the several stations on the banks of the Ganges are pretty nearly
the same, that is, Caleutta, Dum-Dum, Barrackpore, Berhampore and Dinapore,

Dinapore—a transition area.

Geology of Gangetio stations fr
Caleutta to Dinapore, e
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clearer impression of the relation to the cholera and temperature curves
forming the lower section of the chart, but which are not reversed.

1 —Rainfall,
o 1"-[;'111 monthly Rainfall (in inches) ¥
'E | Degrees of monthly Humidity (r.h:-tu.ri curve) =Humidity.
B |
- % —Water-level farthest from the
.:d'j surface,
=
=

—Water-level nearest to the sur-
face,

Total Cholera [51 years] -
@ -Lcast Cholera-prevalence,

I“’attr-!c:rel (in feet) - . o A i TA LAY
L 1A |
j A

Mean monthly Temperature
[7-8 years] - - -

-Lowest Temperature.

Discram  14.~Illustrative of average monthly Relative Humidity, Rainfall, Water-level,
Temperature, and total Cholera at Dinapore.

The mean monthly femperature at Dinapore differs somewhat from that of
the stations which are situated further down along
the Ganges and its various branches. Taking Cal-
cutta, again, as a standard for comparison, we find that, although the mean
temperature of the year does not materially differ, being 79°:3 at Calcutta
and 7776 at Dinapore, still its distribution over the year presents a marked
difference. From April to August the average heat at the latter is greater
than at the former by from one to three degrees, but in October the condition
becomes reversed, the temperature being from five to six degrees cooler at
Dinapore than at Calcutta during the cold season. On comparing the curves
in the above diagram, it will be observed that the temperature-curve follows
that of the cholera-prevalence curve much more closely than it was observed to
do in Caleutta, the minima and maxima of both at Dinapore corresponding
with considerable accuracy. The Calcutta temperature diagram (No. 2) is re-
produced here, for convenience of comparison.

The temperature at Dinapora.
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Atmospheric Temperature [ mean of 23
years|.

Total monthly Cholera (Deaths)[38 years].

Discram 14 a,—Atmospheric Temperature and Cholera-prevalence in Calcutta.

No closer relation can be traced between the fluctuation of barometric-
pressure and the cholera-prevalence at Dinapore
than could be done with regard to Calcutta. What
correspondence there is, however, is of an inverse kind ; for, whereas the periods
of low pressurein Calcutta corresponded generally with those of minimum-
cholera-prevalence, we find that in the neighbourhood of Dinapore the minimum
of pressure corresponds more closely with the maximum of cholera.

Barometrie-pressure at Dinapore.
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T apLe LIX.—7The average Monthly Water-level, Rainfall, Relative Humidily, Temperature
and the total cholera among the European and Native troops and prisoners at Lucknow.
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_ Acc-:.;,-ﬁjng to these data cholera at Lucknow is seen to prevail most during

July and August, the number of cases which have
Cholera and physical conditions.  occurred in April being less than a fifth of the July

and August cases. Here maximum rainfall and
maximum cholera correspond aceurately, as also the monthly maxima of relative
humidity and cholera. The minima, however, of these do not so closely tally.
As usual in the non-endemic area, the minimum Zemperature coincides with the
minimum cholera, but the maximum of the latter oceurs when the thermometer
1s on an average six degrees lower than during the hottest month. The maxi-
mum of the disease is seen to correspond almost exactly with the minimum
pressure, and vice versd.

— Water-level nearest the surface.

Mean monthly Water-level [6 years] -

—Water-level farthest from surface.
—ro degrees of Humidity (dotted curve),

| —60
r e - N — O ¥
[ Humidity = dotted curve] « - —40
Mean Rainfall [11 years], —3a 4,

=Lowest Rainfall.

Total Cholera [21 years] . .

—Least Cholera,

3

Menthly Temperature [8 years)

= [owest Temperature,

Diagram 15.—~The average monthly Water-level, Humidity, Rainfall, Cholera, and Temperature at Luckncw,
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TapLe LXII,—The average Monthly Water-level, Rainfall, Relative Humidity, Temperature,
Atmospheric Pressure and total Cholera among the European and Native troops and pris-
oners at Meerut,
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The water-level registers for Meerut are very complete, and have been con-
ducted by Dr. W. Moir since 1871. The fluctuation
coincides very closely with the rainfall. In June
the water is at its lowest ; it rises a little after the heavy rain of July and August,
but scarcely varies two feet during the whole year. Itis at its highest level
towards the end of October. The data of relative humidity are not very satis-
tactory, but such as they are, they show that, as very generally elsewhere in the
non-endemic area, the greatest humidity coincides with the maximum cholera,
but the least humidity not with the minimum cholera.

Water-level, &c., at Meerut.

Mean monthly Water-level (in feet) -Water-level nearest the surface,

['6 years].
-Water-level farthest from the surface
7o degrees of Humidity.
-50 degrees of Humidity.
| -30 degrees of Humidity.

[Humidity= dotted curve]. .

Monthly Rainfall (in inches) [ 20 years].

-Lowest Rainfall.

Total Cholera [51 years] -

-Lowest Cholera.

Monthly Temperature [4-5 years]
-Lowest Temperature.

DiacrAM 16.—The average monthly Water-level, Humudity, Rainfall and Temperature, and
the total Cholera at Meerut.
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] —Water-level nearest the surface.

Mean monthly Water-level, (in feet)
6 years].

g —Ditto farthest from ditto,
—8o degrees Humidity (dotted curve),

Humidity = dotted curve, 10 years], et —00 b

] ¥

Monthly Rainfall in inches - — 40 5 =
[32-33 years]. | —20 %

mmas. — Lowest Rainfall,

[z1 years] and gct:m:a] population
[5 years].

8 —]east Cholera.

Total Cholera, troops and prisoners g
"

Monthly Temperature [7 years] - -1
|
I‘., ks =—Lowest Temperature.,

Disgram 17.—The average monthly Water-level, Humidity, Rainfall, and Temperature, and the
total monthly Cholera at Jubbulpore.

In this station, also, one of the two months of maximum relative
humidity corresponds with the maximum cholera month ; beyond this, however,
no close connection can be traced. The month of maximum cholera-prevalence
corresponds with one of the months of lowest afmospheric pressure, as it was seen
to do in other stations of this area, and the maximum pressure agrees generally
with the minimum cholera months, The highest monthly mean {femperature,
however, does not coincide with the maximum cholera month, the average
temperature of July being 12 degrees lower than the maximum, which occurs
in May. The water-level register at this station has been very regularly
kept up by Dr. Rice for six years, the monthly mean of which period
will be found in the above table. The level of the well is very rapidly affected
by the rainfall, as may be observed from the fact that it rises nearly 4 feet
from its lowest level in June ; during the course of July and in August it is

within 25 inches of the surface. TIence cholera is at its maximum here when

the water is in process of rising from its lowest level.
Whilst these pages were passing through the press, Dr. 8. C. Townsend very
1uffyrgﬁ“:-l\ff’é?iﬂEﬂ‘gnﬁnﬂoﬁﬂﬁﬁﬁfﬁ kindly favoured us with a proof copy of his report

RESR A LDIDe 18 Souvared; on the cholera epidemic of 1876 in the Central Pro-
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vinces, and we have availed ourselves of the opportunity of reproducing the
monthly returns of the deaths from cholera which were registered in the District
of Jubbulpore during the epidemic—from September 1875 to December 1876.

Tapre LXIV.—d Monthly statement of the Waler-level, Rainfall, mean Relative Humidity
and total Deaths from Cholera among the General Populalion of the District of Jubbulpore
Srom September 1875 to December 1576,
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Here also it will be seen that July is the month of maximum cholera, August
coming next to it. The monthly water-level rainfall and relative humidity
are also given for the same period.

—Water-level nearest the surface.

Monthly Water-level (in feet) [16 1
- months],
L

——Ditto farthest fram the surface.

Humidity [dotted curve]. :?.Z degrees Humidity.
" i3]
=40 1"
— e

Monthly Rainfall [16 months]. {

—Lowest Rainfall,

Total Cholera [16 months].

Lowest Cholera.

Discaam 18, —~The monthly Water-level, Humidity, Rainfall and deaths from Cholera, from September 18%¢ to December
1876, at Jubbulpore, -
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ENDEMIC AREA, NON-ENDEMIC AREA.
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August-Humidity = 88
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Diacrams 19 and 20,— Illustrative of the mean monthly Physical Conditions and the prevalence of Cholera in the Endemic
and Non-endemic areas—Caleutta and Lahore. (The Calcutta Cholera-curve has been cut a space too high throughout
in the diagram.)

Taking these stations as affording indices of the general characters of the
Contrasts presented by Calcutta areas in which t]ll}y lie, we find certain marked
and Lahore. apparent contrasts between them in regard to the
conditions coincident with maximum and minimum prevalence. Maximum
prevalence in Calcutta oceurs coincidently with relatively high atmospheric pres-
sure and with low humidity and rainfall : whilst in Lahore it is associated with
precisely the opposite conditions.

The data in the Bengal Presidency afford no ground for supposing that
atmospheric pressure exerts per se any appreciable influence on prevalence ; and
the contrasts presented by the endemic and non-endemic areas in this respect must
be regarded as entirely subordinate to those of relative humidity and rainfall.

With reference to atmospheric temperature in place of contrast there is

Infiuence of temperature on ore.  2GTEEMent, and it is corroborative of belief in the
yalencerevident in boch localitiss. .  petngl existence of  an iniiuence ol temperature
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on cholera-prevalence to find, that very much in proportion to the increase in the
difference between the temperature of the various seasons there is a correspond-
ing increase in the difference of prevalence occurring in them.* In Calcutta
the range of temperature between the coldest and warmest month is 185, in
Lahore it is 396, or, stated in reference to prevalence, in Calcutta the difference
between the temperature of the month of maximum cholera and the coldest
month is 13°8, while in Lahore it is 34°0. In Calcutta there is a considerable
reduction of prevalence in the coldest month as compared with that of the
maximum prevalence—the percentages of total cholera being 3:13 and 1868 ; but
this is reduced to insignificance as compared with that exhibited in Lahore,
where the respective percentages are 0°07 and 7522,

In reference to humidily we find apparent contrasts very sharply defined,
,Sontrast as to conditionsisnot one  more sharply even than those exhibited by the con-
SR hse TR ditions of rainfall. It is questionable how much
this difference ought not to be regarded as a mere subordinate concomitant of
that in regard to rainfall ; but in so far as atmospheric humidity itself can be
supposed to exert any influence on prevalence of the disease, it must be remem-
bered that the contrast lies not so much in absolute conditions of humidity as
in relative local conditions. The fact is that the conditions of atmoespheric
humidity of the two localities come to approximate most closely at different
seasons—the approximation occurring when the humidity of Calcutta is at its
lowest and that of Lahore at its highest. Putting January and February aside
as months in which conditions of temperature exert a disturbing influence on
prevalence, we find that the conditions of humidity in Lahore, most closely ap-
proaching in degree those present in Calcutta during March and April, are those
of August and September. The contrast presented by the two localities, then,
in reference to conditions of atmospheric humidity and cholera-prevalence is one
in regard to relative local conditions only, the absolute humidity of the localities
during their seasons of maximum prevalence is comparatively similar. The
same final result may be obtained by addition in one case and by subtraction in
another, according as the basis of calculation be greater or less.

* It will be observed that no special notice has been taken of the question of range of temperature, as a characteristic
of the various sensoms. This is not the result of an omission, but as the only thing that could be said regarding it is,
that mere range of temperature exerts no appreciable influence on the prevalence of cholers, it has not been deemed
necessary to occupy space in giving detailed data leading to no further conclusion.


















































































































