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Proceedings of the Madras Government, Iublic Department,
19th August 1869.

No. 156. Read the following despatel: #rom the Right Honourable the Secretary
of State for India, to His Excellency the Right Honourable the Governor
in Council, Fort Saint George ; dated India Office, London, 24th June
1869, No. 12, (Sanitary.) .

1 forward, herewith, for the information of your Excellency in Council, and for
the adoption of such measurcs as may be deemed expedient, copy of a Memorandum
by the War Office Sanitary Commission relative to three reports on analysis of
potable waters of Cantonments, Bengal, by Dr. Macnamara. -

2. I also forward copy of a paper of remarks placed at the disposal of the
Commission by Dr. Angus Smith, with a view toits communication to the officers
engaged in these analyses in India. v

3. I desire that your Excellency in Council will issue the necessary instruc-
tions for obtaining reports on potable waters in the Presidency of Madras, in
accordance with the recommendations of the Army Sanitary Commission.

Memorandum by the Army Sanitary Commission on Analyses of Indian Waters.
The Royal Commission on the Sanitary State of the Indian Army recommended that a care-

) ful analysis should be made of Indian water
1. Reports on Water Analysis in Dengal, 1867. I ters,

2. Report on Analysis of potable waters of Cantonments and these reports on Bengal waters are the first
in Bengal Prosidency, 1868, by F. N. Macnamara,

M., instalment of the results of this inquiry.
3. Third Report on Analysis of potable wafers in Bengal The examinations h : _
Cantonments, by . N. Macnamara, M.D, N a ave been gencrally pro

perly conducted, and have afforded, for the first
time, a true insight into the condition of water supply in India, and into the relation of source and
quality of water to the health both of troops and of civil population. .

It may give some idea of the magnitude and importance of the work to state that, within little
more than a year, the principal water sources of thirty-eight cities, towns, and stations, extending
from Calcutta north-westward as far as Peshawur, have been examined, some of them at different
seasons, and that nearly 400 water sources have been analyzed, and the results tabulated for use.

Of the water samples analyzed— '

65 were taken from tanks.

4 . v canals.
26 " s rivers.

9 . . lakes.

2 v " springs.

The remainder were from wells, with few exceptions, of shallow depth, most of them dug in
cities, or within the boundaries of cantonments.

The general plan of the analyses may be stated as follows :—

Physical properties of filtered water.

Reaction, alkaline or neutral.

Hardness, permanent or removable.

Proportion of oxygen per 1000 for destroying readily oxydizable organic matter, (the most

injurious to health). : ’

Awount of ammonia, phosphorie, nitrous, and nitric acids.

Total solids, fixed and volatile, with their approximate nature.

Soluble salts, and their nature.

The results of each inquiry are given under these heads, and they possess a high scientific
interest apart from their bearing on the public health We shall, however, confine our remarks
solely to questions of health, and these, as we shall presently see, are of great impo.rtance.

The plan of analysis is based on Dr. Angus Smith’.s “ estrlm'ation of organic matter in
water, with reference especially to sanitary pm:poses,.” which was printed and circula}ted exten.
sively among Army Medical and other Officers in India, at the request of the Army Sanitary Com-
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mission, In this paper, Dr. Smith gives simple and efficient rules whereby the nature and

probable sources of noxioug organic matter in water might be ascertained, and he lays down

certain general principles, by which the effect of impurities on heaith lay be approximately
estimated.

This can now be done for nearly every one of the waters gubwitted to apg]
Bet, before proceeding to state what are the results arrived at
briefly, the general principles referred to. '

Besides ascertaining the precise nature and amount of saline matters jp wa
probable effect on health, the plan of analysis enables us to ascertain the proportion in any given
water of rapidly oxydizable organic matter, together with its origin, in some cases with
in others with probability ; whether it is of animal or vegctable origin ; com-
posing condition, and conscquently more or less of a poisonous character at the time it is drawn
for use ; whether the organic matter enters into this dangerous state after the w
a short time ; and, lastly, whether the organic matter is of recent origin or of old

The class of organic matter most important in a sanitary aspect is that whicl
decomposing animal debris, and the test which enables the chemist to distiy
almost certainty is the co-existence of organic matter in water with certain salt
These are, ammonia, nitrates, nitrites, and common salt. The last of these is
important, for if its presence cannot be traced to sea-water, spray, or salt
it can have but one of two other origing ; it must proceed from cert
in which salt is employed, or it must have passed through the bodies of men apq animals : in
other words, it must proceed from sewage. As Dr. Angus Smith gave every needful cautiontfor
a.voiding error in estimating the source of common salt, when analyses are given without assign-
ing the salt to any natural source, wo must conclude that the common salt i these waters, in al]

probability, proceeds from old or recent sewage impregnation, with which the soil yield water to
the well has become charged. :

The ammonia bas, for the most part, a similar origin. .

Nitrites mark the existence of organic matter undergoing
indicate the change completed.*

As an illustration of the test for organic matter, Dr. S
waters examined by him.

ysis in India.
, 1t will be necessary to enumerate,

ter, and their

certainty,
whether it i iz a de

ater is kept
date.

1 proceeds from
guish this with an
s and saline bodies,
, perhaps, the most
deposits in the soil,
ain processes of munufacture

decomposing changes, Nitrates
mith gives the result from four natural

Lirst.—The water supplied to Manchester contains, in every 1000 grains, as much readily
decomposable matter as requires 25-millionths of a grain of oxygen to decompose it,

His sample No. 2 required 500 -millionth parts of a grain for the same purpose.

Sample No. 3 required 2200-millionths of a grain, and No. 4 required 5
a grain to destroy, not all the organic matter it contained, but only the readly
which, as already stated, is the most dangerous to health.

He shows that, asregards organic matter readil
ing relative proportions :—

300-millionths of
oxydizable matter

y decomposable, the waters contain the follow-

Manchester Water, No. 1... ... N |
Sample No. 2 e e e e 20
» No.3 cii ee eee .. 88

s No. 4 e eee e ... 220

But without the other tests mentioned it would be impossihle to arrive at the orizin of these
amounts of organic matter. Here the amount of chlorides becomes of importance. After stating
that in England it is almost universally the case that the presence of much chlorine in water
indicates drainage from animal matter, Dr. Angus Smith states that one grain of common salt
per gallon is too much, and is in many places to be suspected of being caused by impure drainage,

* In estimating tho probable origin of saline matters of this (-;}axjs ip Tndia, :t:}nuf_r‘,‘ hf)]w:‘w,;r,.l)cj;ll)?rrr:;n:‘ I;“)l,l(f
that over large parts of the North-West Provinces the natural soil i3 impregnate wu{ lt;iftb[.{h;rfu:;é z[_;.ncm “lv}’-em
ciable proportion of common salt, us, for instance, in districis _whore Rele exisiy, ant: t I b \1'0‘ ponets s"}ine
the nitre of commerce is found, and madufusctured from Lbo_ﬁoll. A probable orivin of part, at leaxt, l()) (‘:]J .
matters in certain districts of country is the former occupation, and gowage pollution of the ground, by populations
which have long since removed from it,

nd, further, that if chlorides and nitrates are found in water in which e?,sily decomposablc? (?rg%.mi‘c
:mt’ter 19 ajlso indicated by the usual tests, °‘ the presence of animal matter, or injurious
itrates may be assumed. . . '
gmeszlogn?:i:es may }))’e considered as hurtful as organic matter until their effect is better known,
- . . - ba‘d.Il
i ence 1s suspicious, and their company . - .
Thmrl)press:;ith statis his opinion that water which requires 50-millionth parts of a grain ?f
nr.to decompose the organic matter in 1000 grains of water is sufficiently free from orgez.mo
ox:ﬁ:r but the quantity beyond this which can be borne without danger is not known. Itisa
m , .
ion of degree, to be determined by experience. . .
quesci?nw?a assume’the Manchester water as a practically attained standard, the quantity of oxy-

ill be 25 millionth parts of a grain. ) . .
gen v;;llabiun ?,Jt}ilset:;nciiles in mind, let us now see what is the condition of these Indian waters
earing

as given in the r;poxits befo::ru; mples taken from Indian rivers, mountain streams, moun.ta',in
lakesfonadg:i?j;Zr :;ln;ll::ed natural waters, do not afford those indications of sewage-impurities
t W},liCh o have tre.ferrezllzl oxydizable organic matterin a greater proportion than Manchester
N C‘;If e 2ocom yzmiZd neither by an excess of cholride of sodium, (common §a}t,) nor
aser bl?b as‘t . MCO“?E tes, the organic matter is most probably of vegetable origin and
})y Sonons. “lmtis’ g r:z:saoi: ’this class are taken near groups of population, or when they are
nmoetont. lB.ut'w !elnc::nnelg exposed to the risk of impurities, they give sufficient evidence of
SZ?::;Z:zii:nozf s(;f::v the neces’sity of filtration and covered storage, and of improving the means
of dist‘ri'bution- ied by tanks, provided the tanks are carefully kept, stands next in order (?f
i The Tater sppled 2 anl] ’cI()mtain a considerable amount of rapidly decomposable organic
purity. Tankr wgters gle(r)l(«)?!‘?()lg or more, the amount of organic matter in Manchester wa.tef'.
matter, from 00-1;01(}(; o :enerally small, and there are only traces of nitrates. . The oxgal}lo
T f?“ e;ls gnsidered as mainly of vegetable origin, Bu‘t when natives deal with
ltnatlzex:rar?;ys,atsh 2;:::; Zi;ooz: oof course the entire character of the imparities undergoes a marked
an )

i i h.
change. The presence of sewage matter is then obvious enoug . ‘
5 . ) t all the northern Ind'ian ate‘l‘s are those on wnie bobh trOOpS and hatlve
1‘110 WOTS ()f w h h

3 , water from shallow wells.
popul&rt'ioﬂ Sopene mosty t,f o thi;;:: I\)f;z,e’}rzag:zg- a considerable degree of pollution by organie
W l-th very fow ez:ce[} ‘-Otn:;co(mised by chemical analysis, and of those impure well w?ters in
ml?t :ﬁrtig a(l)lx‘::siztz;;g;;zr 11135 be(.‘jl so far oxydized as to form nitrates the physical qualities are
wini o
good \ 'tion of readily oxydizable matter often exceeds that of the Manchester standard 40,
o pmpolldh?"n Oh';e they r‘e);ence of common salt to the extent of several grains per gallon—
% M}d T :V lte fbetI\)voen 70 and 80 grains per gallon—indicates that the organic matter
sometimes o t1he ef:‘i ef} o1 rigin. A large proportion of these well waters contain ammonia due
is most probally o 3111::)aniotrfus .acid and its accompanying phosphates, indicating the presence of
fo frost Sewag.'e’ ‘:(; srgoing oxydization in the soil.  In many cases, the greater part of the readi?y
8ew:;iea$:t:;t;:ic :nftter has been alrcady oxydized in the soil, and appears in the well as nitrie
oy ¥ - ral grains per gallon,
nid gomporile ;)lften ts;;:; (;thirﬁte iisz::sl,ailsgno saf(}?gua%d against impurities, if foul matter is
Depch o e t’ t?xs well’s mouth, or if the immediate surface yields foul water to the well,
:!'11:10“'0(1 tz f::te;n::es g(':ven in these reports of wells 90 and 100 feet dcep yielding both ammeonia,
xfitj:;z:rand nitric acids, in addition to organi¢ matters,

# With reference to these quantities, Dr. Angus Bmith, in his paper afterwards rcferred to, makes the followiug
ith referenc

) P . :
rems "(FL. ermanganate (the re-ngent made use of for oxydizing putrescent ormauicmatter) does not seem to have
:e permang s

] " i . * Ifit
s : 8 N !d have expected more striking results, L .
- ) sh fruitin India as I exnected, T shon! v riking ’ . ’ :
:: ?zlgeni\b) ;:2’::‘;;;:1(:1‘ amowts of putrid matter in some of the ;va.ters it wx{}, ;‘)x cogr's e stu‘ P ';;a m3.” Dr. Sm:th
e is rosult ¢ w aving tood sowe time before boing tested.
points out that this rosult is probably dus to the water having stood so g
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In most cases there is no difficulty in tracing these impurities i .
in the foul neglected state of the grourfd round ﬂi well’s !f::;;iei;nt‘;lee]lm::::;;: t;.) (;hen: source
of sloping the surface by which foul water is thrown directly back into the well :o thmwmg- a.“d
of latrines, cook-houses, stables, and dwellings, to the long use and occupation ’f I ) Proxxmlfy
which the well is dug, and to similar causes. of the surfuce in

" I‘td-may ‘be s‘tatcd here tha? in a number of instances filtered waters, which had passed through
o ordinary barrack and hospital filters, were found to have benefited very little by the pr g
In some instances, indeed, filtered water contained more organic matter derived from thI; ‘Eftss-
than was contained in unfiltered water : a result which has been observed when filters espCCiaI;r
small filters, are used too long without cleansing or removal. ’ J
. It may be remarked that water impurity may be increased by natural processes of vegetation
in water impure enough for the purpose. Thus, when the organic matter is in solution ?t 18 not
always perceptible, but when growth begins it is taken out of solution and seems to increase
Thames water at London, if allowed to stand in the sun, used to take an appearance of solidity s<;
abundant were the green weeds in it and within the whole vessel. ’

The rcports being intended to give the chemical constitution of the
gpecially into their influence on health of troops and eivil population. But,wi?‘.r:;tg;::: iln ter

are notices here and there which sufficiently indicate what the influence probably is. Tu]’(e u:;
example, the case of Peshawur, a station which has been scourged by cholera and fever to so ;rréat
an extent, and which suffered so severely from cholera in 1857.

This station is supplied partly by feeders from the river Barra, partly from wells. The artfi-
cials channcls traverse every street, they are simply open ditches carricd above the level of foun-
dations of barracks and houses ; there are miles of them in cantonments ; they are filthy and
frequently choked up with mud ; secondary streams supply the regimental tanks. It is notorious
that these streams are polluted in consequence of the carcless and disgusting habits of the natives.

Native houses are bailt close to the main stream, and cattle are kept close to it. Natives wash
their bodies and utensils in it. A native was scen to be taken ill with vomiting within a few feet
of the bank of the main stream in the 42nd lines.

The Artillery well is only 113 feet deep. There are old graves all round the well, and the
place is a favourite resort of washermen.

Dyeing processes are carried on round the mouth of the jail well, and the dye-water is
allowed to stagnate on the surface, and emits a most offensive odour.

The water is stated to be so bad that the prisoncrs should not be compelled to drink it. The
fort water is so salt and bad that it is used only by native workmen.

These few facts, mentioned incidentally in the reports, show that, so far as concernsits water
supply, Peshawur has been simply made a nest of epidemic diseases, resembling the south of
Tondon in the days of open ditches and bad water. And they indicate clearly what ought to bg
done. So long as these ditches arc left in existence, and so long as the water supply is such as it
is described to be, there is little hope for improved health among troops stationed at Peshawur.
d very soon detect and remedy the evils.

Some time ago the Commission reported to the India Office
nitary state of Delhi, including the condition of its

A competent Sanitary Engineer woul
Take another example, Delhi.
that there was reason to believe that the sa

water supply, was & causc of the ¢ Delhi sore.” . '
Delhi is supplied with water from wells dug in the nitrous soil of the city. This nitric acid

cars to be the result of a continuous impregnation of the soil, in houses and compounds, with
Dr. Sheppard shows that, while water taken from
¢ not the minutest portion of
from a locality

app '
urine and feculent matters. In proof of this,

N P
& well dug in the old cantonment, at a distance from houses, gave
pitric or nitrous acid or ammonia,”’ a sample of earth taken within the aiiy,

formerly occupicd by houses, yielded ¢ ¢ products.
Part of the water of Delbi is supplied from the river Jumna. .
Dr. Sheppard gives the following facts in rclation to the ** Delhi sore,” and the quality of

water, but be also attributes part of the susceptibility to this discase to the impure a'r of the cty.

¢ an immense amount'’ of these sewag

Proceedings of the Madras Government, Public Department,
19¢h August 1869.
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Jumna water contains twice the amount of readily oxydizable matter existing in Manchester
water. But it contains only eight-tenths of a grain of common salt per gallon, and affords no
trace of ammonia, phosphoric, nitrous or nitric acids.

This water was used by the right wing of HHer Majesty’s 98th Regiment, among whom there
were 156 per cent. attacked with ** Delhi sore’’ during the first year's residence, and 10-7 per
cent. during the second year. The decrease was 4+8 per cent.

There are two wells which supplied water to the 25th Native Infantry, namely, the Delhi gate
well, and the Khyrattee gate well. The former containg 137 grains of solid matter per gallon, of
which apparently only a minute quantity consists of readliy oxydizable matter. DBut instead of
this there are no less than 15 grains of nitric acid, 413 grains of common salt, and 337 grains of
sulphate of soda per gallon.

The Khyrattee gate well contains more orzanic matter, 10 grains of nitric acid, 29 grains of
common salt, and 19 grains of sulphate of soda per gallon. Tts total solid constituents exceed 92
grains per gallon.

The regiments using these waters yiclded 8'5 per cent. admissions from ¢¢ Delhi sore” during
the first year, and 23°9 per cent. during the second year of residence, showing an increase of 15°4
per cent.

The Putthur Ghatti well, used by the Royal Artillery, contains three times the amount of

readily oxydizable organic matter that there is in the Manchester standard. Tt contains ammonia,

1} grains of nitric acid, and above 4} grains of common salt per gallon. It contains a considerable

amount of inflammable nitrogenous organic matter.
The Royal Artillery, using this water, afforded 15°6 per cent. admissions from ¢¢ Delhi sore’’
during the first year’s residence, and 43 per cent. during the second year, showing an inercase of

nearly 274 per cent.

Dr. Sheppard further calls attention to the non-development of Delhi sore” in former years
among British Officers and Native troops who lived in the purer air and used purer water of the
old Delhi cantonments, and to the absence of this sore in Meerut, where the water supply is

purer.
The possible influence on the skin of these highly nitrogenized waters, when used for ablution,

has likewise not escaped attention.
Dyspepsias and diarrheeas have also been traced to their use.
One illustration more will suffice. Many of the wells in Oude are so bad that Assistant

Surgeon Orton, who visited the cholera districts of the province in 1867, reports that in every
instance, without exception, the drinking water was filthy, or, as the Natives themselves expressed
it, putrid. A glass of it would produce diarrheea at once in a person unaccustomed to partake of
it. It is loaded with sulphates, chlorides, nitrates, and organic matter. Mr. Orton further
states that, where cholera prevailed among troops, the water supply was similarly objectionable.
On the other hand, he mentions that at the Havalet, where the water is bad, fever, diarrheea,
and dysentery were invariably the prevailing diseases, till the use of the water was prohibited by
an order of the Magistrate, and he says that since this was done scarcely a single case has come

under his notice.
As a general rule, the well water supplied to sick in hospitals appears to be even more impure

than the barrack supply. o
It will be seen that this, asyet partial examination of Indian waters, has opened up an

entirely new chapter of the disease causes in India.

Suspicion, which formerly prevailed as to the efficient operation of this cause of ill-health among
troops and civil population, has become so strongly confirmed that the only question is what should
be done. »

First.—In the first place, it is evident that these chemical examinations should be continued

all over India, and that especial attention should be devoted to wWaters used in localities where
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S
cholera, dysentery, and fevers are endemic. And in estimating the source of th i N“
tx.lents in water, it might be well to analyze samples of soils and subsoils at diffe ° sabie COHSt’l-
different localities, with a view of ascertaining whether these salts are due to u:rent dep'ths and in
tions, or to old or recent impregnation of the soil with sewage iimpurities. * e geological condi-

6

Secontdly.—There are the practical questions of water sources and means of distil]at]
regard to these points, there is nothing indicated in these reports which has not olation. In
where. Like evils require like remedies. In former days, London, as well aso LO}fcum:c.d clse-
towns at home, suffered from precisely similar water impurities, arising frOnOL. e? cities and
London was formerly drained into cesspits, and derived its water supply ;a-rt.] ;‘rSlmlla}r eauscs.
river at Loudon Bridge, and partly from wells among the cesspits.  We have ng Chom. the impure
of those waters, but we can form a very good idea of their nature by analyzing theeml.-cfﬂ. account
even :'xfcer the metropolis has been drained. This has been done, and not absixwlce;\.lrfi“}g Vwel‘ls;
drinking purposes. During cpidemic seasons, many are poisonous, like the well i: 0‘:,;0 s fivfor

London was formerly scourged with fovers and dysenteries, just as India is
enormous death-rate, % aud yiclded an

The practical solution of the water question for India is the same asit was for Lond

All old wells among groups of population in cities, villages, bazaars, and the (lgn il
afford such waters as the wells submitted to analysis have done, should be rendered im ::’,'“ o
any infiltration of surface water by carcful puddling or other methods. It hag bcenita‘tuz;lsfm
instance, that an impure well at Bangalore was purified from foul surface drainage wate:l; "
simple and incxpensive an expedient as digging and removing the soil round the wch’s mouth); .
distance of six fect from the tube, and about the same depth from the surface, and filling the s o
with clecan sand. ° pace

After cutting off the surface drainage, the true deep subsoil water should be tested, and, if
good, may be used, but if bad, then the well should be filled up and closed with as little ’delay’ as
possible.  Wherever these waters show readily oxydizable organic matter, requiring an amount of
oxygen exceeding 0,000,050 of a grain per 1000 grains of water, together with a grain or two of
common salt per gallon, or wherever there is ammonia present, or nitrites in any quantity, or
organic matter, nitrates, and common salt, it may be considered certain that the water is un;afe
during epidemic periods, and thab its constitution cannot be depended on.

Thirdly.—The best available sources of water in India, as shown by these examinations, ar
rivers, streams, and lakes, and in some places impounding reservoirs might be advantas ’ ‘e
constructed. Properly-constructed tanks, which are a species of impouncdin(r rcser;'oi; ce?us;?
answer in localitics where the requisite facilities existed for their constructioncprovided c’lu;‘ o
were exercised in protecting the water from pollution, and in sand filtering it i)efore us o

The roof water of buildings, if filtered and stored under cover in places where it.w 1d
become impure by soakage of foul surface or subsoil drainage, would form, in man cou ot
important source of supply for drinking and cooking purposes at military stati;ns y cases, an

Wherever new wells must be dependcd on, they should be sunk in the clcanc.st round avail
able, and at a distance from dwellings, and from all sources of impurity. Thegto sh al‘dalb-
built up and covered, and care 'should be taken to cut or puddie off the immediate % ould be
from the well. subsoll water

Fourth.—It would be very desirable to improve the means of raising,conducting, and distribut
ing water, so far as it might be practicable to do so, at stations where the prcs?nt methofll-u ;‘
distribution arc found to add to the impurity of the water supply. e

In conclusion, we would beg to suggest that the whole subject of these water sources mav at
once be taken uvp in India, with the view of devising sowme practical method for providing ujoi (,3
and civil population with purc water. &

Arxy Savirary Coxmissioy, War Orrice,
April 121, 1869,

. 4 L;r. Alngus Smith, with whom we hkave communieated reparding the vesulis of his plan of analysia DIH"}']V’I‘! ferred u;

has placed at our dispasal a paper of remanks, w ey of which we Luve s ! i of its Lei, ,
‘ y : 4, sich we Luve appeudad, with the view of its Leing ¢

chemists engaged in this wark, i T ® Luivg sert tytho
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Notes by Dr. R. A. SMITII, with reference to the Aaalytic Examination of walers in
Northern India, described in Dr. Macnamara’s Report.

16th February 1869.

I send a few notes after thinking over the analyses. They add a little to what was said, and
may be of use if taken in good part by the analysts.
I am inclined to increase the number of questions relating to water. The value of many

methods lies in the fact that there are many varieties of waters. I have put down, therefore, one

or two more divisions of organic matter. Each may be uscful in its way. Glad I am to see that

the work is good, but naturally one feels inelined to wish always for more.
(Signed) R. A. SMITI.
When we sack an analysis of water, we merely desire such a full deseription as will enable ug

to sce ab once its character, and, therefore, wo require something of its natural history. With

this in our minds, we may consider if the late analyses of Indian waters satisfy every demand.

On looking over the work, I consider that a good idea of the waters is obtained, and that the

results will be of immense value.  As it is difficult to be perfect, T may be allowed to draw atten-.

tion to some questions, (rather, I ought to say, according to request I do s0).

In all analyses of water I look on the organic matter as the most important point, I can
imaginc a very satisfactory investigation into the quality of the water where nothing but organie
matter was spoken of. Instcad of one or two columns, I would give many to this point.

First, the description of the water.
full, unless it be that there is uniformly little to observe. The
same fault is found in analyses made here. Having a fellow-feeling with chemists, I do not wish
to sce them burdened ; it would, however, be well if they gave themselves a little experience
in cxamining the organisms in the water as soon as collected, and later. A little of the deposit
taken up and cxamined by a small microscope,® with a half-inch power, would give a valuable

expericnce, even without the scientific names of the bodies seen.
After the water had stood, protected from air, for some days—in our climate (Great

Britain) a week or so—it could be examined again. This will show if there is much vegetable or

It seems to me not to be very

animalcular life. . e e
So far as I know, there is no such examination published as will distinguish (by the animal

life) good and bad water. Forms of all kinds are generally shown together, and the time of careful
distinction has not come. It does, however, scom to me that fleshy or gelatinous forms are the

most hurtful, as they also are the most disgusting.
a stage comes Which destroys eve

They scem to abound according as the water

becomes worse, until n them, bringing putrifactive gases and
vapours. .

It would be easy for the chemist to indicate these formsg, and observe without much detail.

I should not complain of waters at the bottom of which were deposited many of the forms of

ng even the Targer entomostraca, if carcfully

diatoms or desmidiacez, or in which were swimml

removed, unless they indicated something worse, although not readily seen, whilst I should fear
3 - . . °

water in which were floating the beautifal volvex or the engleva.  If there did not exist material

for the formation of thesc creatures they could not be found, and the material for the latteris
hurtful.

This mode of devcloping them, at & proper temperature, and then observing them, is the
simplest of all modes of examining water, and can _bc managed by any one. It is of value
cven without a microscope, but of more value with one. T wish simply to reduce into a
scientific form the common and approved modes of observation, as our first step,  Onec or two

microscopos might be sent as a commencement, to sce if they bear fruit.

% A Sianhope lens might be uzed for guch purpove,
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There are cases in which gases are found as the results of decomposition, and in such e
b?' the usual modes of analysis they are entirely lost ; the amount of OP"anic’ matter. i 1 ..aiets
gives no idea whatever of the state of the water. Indeed, as a rule, the :mount of or; . Welgt ’
In weight is of little value,. Although I have often said this, and first said -ba;nc matter
quoted with a very different meaning. iis, I sce I am

This putrid state is the only one which the permanganate was proposed for measuring. N
other method does measure it, or even pretends to measure it. The permanganate does nogg . 0
to have borne so much fruit in India as I expected. I should have expected n?ore striking restfletl:
There seem to be different modes of reading off. In one case thereis salphuretted h)‘dron:;n PSS,
that has only slightly affected the permanganate. g ; even

l1)’ossibly greater quantities of water ought to be used. For example, it would be better, when
possible, to use 100, or, still better, 100 i v st
- er, 0 centimeters, and reduce afterwards to any standard

In order to diminish the fractions it would be better to change the decimal place, and ¢
“ oxygen required for one million parts of water.” This would do cither for graix’xs or co i’ly
centimeters, and avoid the conflict of measures. It ig merely a change of the decimal point tlu l‘(l
figures to the right. Still its results have been valuable, although no one hag gone wirt);n' t et
into the' details of the use of the permanganate. If it does not show greater Zznlmount ‘ff“ erC'Sb
matter in some of the waters it will, of course, surprise me. It certainly may ha : Othputrlld
gases leave the water in warm countries sooner than with us, but then they are pfprn d&ttle
rapidly. The test, however, is delicate, and it requires some time to know its pcculioal?: N
has been objected to it here that it is acted on by iron and nitrites. That is surely no :l 1108' 3 N
tion to a chemist, who will estimate these separately., : ' el obiee-

t ?n; rea,;on why it has (‘lone less good is seen on a remark that the water was allgwed to stand
wenty-four hours before using permanganate, as it took up less then.

T%mt fact shows that the test was right, but the gas having oescaped during the twenty-four
hours, it could not be measured. Ilowever, a valuable picce of information wag gained by thi
namely, that putrefaction was not forming new gases. If it is common t v S,
standing that time, then also D oise the water only after

ung that time, then also Dr. Macnamara had the most practical view of the case. but
not its history, ?

vDelicatc as this is, it tellsus ncfth.ing of the soli.d matters undecomposed, and nothing of the
growths that may take place when it is used cold, in the way which Forcl i

. } - ; chammer devised, and

which I simply followed with details.

If we want to know the amount of matter containing nitrogen, we must use it heated, and
along' Vf'lth s?da or potash, as Mr, Wanklyn has shown. IHis mode of first removing the ammonia
by boiling with carbonate of soda, and keeping the distilled product, testing that then for ammo-
nia by Nessler’s test, is very instructive. When this is done, it is again boiled, after adding
caustic soda and permanganate ; the ammonia then collected and estimated as before. It scems
to me well to use this test also asan indicator of the nature of the organic matter. Some che-
mists will probably take to one more than to the other ; Ido not well see that we can dispens,
with any of them when the work is to be done for a great national purpose, and when we may
expect the analyses to be models for the world, as they certainly may be expected to be when
done by a great nation for another in many respects greater.

The advantage of Wanklyn’s process being added to the others will be felt very strongly in
cases where there are nitrates. Then the process by burning causes a loss both of organic matter
and nitric acid. This loss is put down as organic matter frequently, and the true organic matter
is never scen. Wanklyn's process will find it by showing the nitrogen. As it does not show the
putrefactive power of water or its organisms, it must not be used alone, since it may give alarm
when there is really no danger. On the other hand, it will not fail to give alarm when there is
danger of putrefactive matter.

-

P .
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The cold permanganate reaches the matter which may become decomposed, the hot process
1at which may decompose. It is well to add new processes, they always give more knowledge.
certainly would recommend a fuller examination of the organic matter. These are the most

uportant methods of doing so.

—— .

Tt ig, perhaps, well to give, along with the hardness as 2 Whol.e,.the permanent and l‘emo‘:‘
sle, but it is not of great importance in India at present, where it is not probable that Clark’s
ocess of softening will be adopted. I ghould prefer tf) .see stated.the amounts of sulpha,tg of
me and the amount of carbonate. These results are distinct, definite, and of value for future

me, and have a more scientific meaning, in other words, a value of wider application, the mere
ftening or hardening has a relation only to empirical processes of limited use. .

1t is, however, good to state if the matter is entirely organic.

; i tter is tmportant. . :
Volatile matter 15 tmp the organic matter is oxodized by the acid, and both go

\ for example, there 18 much nitric acid,

¥, leaving a very white ash. - . . .

The jagnesia water has been mentioned as being considered hurtful. 'If: there 1s' any su_Sp{-
on of this, the amount of the base ought always to be given in the analysis in full ; 1ndeed., %t 18
stter to hajve the analyses full under any circumstances. We know, however, that no injury

sises from three or four grains of carbonate of magnesia in a gallon in England. At least we

fer this, as that amount is so common. B
in a sanitary poin—t of view. Itis probable that no amoun.t will be
rd to half a grain in a gallon. It is well to give itin those
o far as to bring it easily into the hands, but not to evaporate

Of silica we know little,
jurious. I generally find from a thi
\ges in which the analysis is carried s

ek for the Purpose ve been so capable of indicating the quality of a

e inorganic substances, none ha i ;

atex‘-) fa:ltlshelchlfrine The chlo;ides, or, we may say, ‘‘common salt,” is almost universally

d in bad waters, showing sewage. The attention to this gubstance has been successful, I
and in 3 g g

i i ces of this salt will mislead. There ought,

bundant care that no inorganic sou.r . ' '
e ters which give little chlorne, and which are still hurtful, viz.,, marshy
owever, to bo some ™ ion to this subject, it is new and unknown ; such

aters. It would be well to give some atte.ntl
of a vegetable origin wholly, as

-ater has bad qualities, hotly o

1 es, o little license, of course, must be allowed, since

1ereii:1;§§>$0g;e:§, I;f: 11::: iufx}l; ::?flg:mi’ty as possi‘fﬂenought to be sought. fllshfutld prif;

e the words ‘ permanent’ and f removable hardness’’ replaced by a :;:esltlat :n;a,e rel;n:j?the

iesZarbonic and other acids, with all the bases. 'I-?he most com[.ﬂzte V;ﬁYTliese e h ot over

alts, but some theoretical difficulties prevent it bel'ng fully ca.msl ou (.3 These I bat be got over
' wo could estimate the potash precisely, but that is a very troublesomo op ,

43t mi t, and soda allowed to
. . . . made to lt, it mlﬂ'ht be left out, an !
sts generally avoid it. If any objection % of potash ;n waters is extremely small, and is

. . t
tand for the alkalies. In this country the amoun _ -
: 11 itted in analyses; it is, however, always present in the waters. Ina ccfuutry cox.npa
T T , f there are any waters With a consider-

atively new to these inquiries, it would be well t.o m:ilmre 1
i ] it mentioned. .
ble amount of this alkali. I do not see T e examination with tho greatest minuto-

The question may be asked, * Is it wel

inqui future time ¥’ .
ce, or to leave the fuller inquiry to a ful . N
= ;zslninclined to think that attention to organic matter ought to be given first for all speci

nens, whilst selected specimens are examined with all the minuteness which chemlstrty ;axfng}::ia
'i‘here is a want of peculiarities among the waters. I should have expected 1

i fancy.
same as here, but this may be groundless o . ’
Careful examination for rare bodies would be of great valm-a. Such exammatlonshof inorganic
akes of the bath waters of Germany, which would occupy a ¢ .emlst many
f these continually on hand whilst going on with the less

I suppose.

something not the

bodies as Frezenino m
weeks. An analyst might have one o i
minute and more practical inquiries on other specimens.
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The following headings might be given, or a selection accordinf to circumstances ;—
When the water is collected,

10

1. Physical properties.
. Vegetable and animal life visible to the naked eye.
3. Vegetable and animal life seen by the miscroscope.

[

When the water has been kept a week.

. Physical properties.

. Vegetable and animal Life visible to the naked eye.

. Vegetable and animal life seen by the microscope.

A Appeax:ance.

. Reaction.

. Hardress, permanent and removable, if desired.

. Oxygen required by a million parts of water.

. Nitrogen from nitric acid, old organic matter.

. Nitrogen from nitrous acid, recent organic matter.

. Nitrogen from ammonia, recent organic matter and rain.

». Nitrogen by Wanklyn’s process, present organic matter. (Boiling with cuustic soda and
permanganate).

I. Organized organic matter by description.

m. Probability of much animal matter.

n. Probability of much vegetable matter.

0. Gases from organic matter decomposing cold permanganate.

We cannot expect one analysis to go over all the ground, but I think we haye in the preced-
ing list a certain goal to which we may attain, sometimes perhaps when a water mugt be perfectly
examined, filling up actually every space.

There may be added also as a mode of comparison—

1. The best Indian waters take of oxygen.

2. The best Indian waters give of ammonia.

The ammonia got by boiling with the carhonate of soda consists of that which g inorganie,
the rest has been formed by the boiling process from organic substances containing nitrogei,
Every one of ammonia is equal to ten of albumen.

I think it would be better to introduce a decimal amount of water instead of the partially
decimal gallon. The French introduce 1000. This gives rise to too many fractions. I have
been using a million for air for some time, and whenever it is decided to abandon the gallon I
think it will be better to take a million parés. Continental nations will then find it more conve-
nient to read our analyses than their own.

Tt was my intention to send a specimen of the full analysis. At present I am not ready, and
am considering modes of shortening the work considerably, whilst at the same time the results are

> ™ e a0 o8

o>~ %, o,

increased.
Frankland’s process for nitrogen is unnecessary when Wanklyn’s is used. I could not recom-
mend the first for India, as it is complicated. I know the second to be valuable ; time will show

the extent of its accuracy. |

I do not consider it necessary to divide the organic matter in all cases into such a great
number of portions, but in all cases one or more of these portions are wanted, and there may be
cases which are worth such a full examination that all will be taken into account.

The inorganic analysis follows. . o

Some day the relation of the oxygen to the nitrogen of the air in the water must be added

as a regular part of the analysis. There is a good deal before us in perfecting and shortening
=)

the work. (Signed) R.A.S.

T T tment

‘ R ¢t Public Depariment, 11
the Madras Government,

Proceedings of 19th August 1869 —

1169.

th August 1869, No. 1 s

ORDER THEREON, 19 . th, will be

No. 1,5 7'. of the foregoing despatch, and of the paper§ ricg;re:-r::l?::l anc’l to the
.(,oples ° h ; : egtor General of the Indian Me‘%“]’f 'oiflt reporf’i on the best

ful‘n.lShed tO t e. 1'1 p hO Wiu- be requested to ful‘nls aJ t Of State for

samtaryfo?n-lmlsm;'l;z’tfParagwph 3 of the despatch of the Secretary

means of giving €

Ind;a. (True Extract).

Chief Secretary:

. : rtment.
To the Inspector General of the Indian Medical Depe

»  Sanitary Commissioner.

Exd. J. Wright.
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