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PREF A CE.

ImmepiaTELY before the introduction of the Cochituate water into
Boston, considerable interest was manifested there, as regards the
kind of service pipe to be used from the street mains to the dwelling
houses, and for distribution within doors. Many persons entertained
objections to the use of lead pipes for this purpose, although that
description of pipe had been almost exclusively used for such service,
for a long period of years.

When the Croton water was introduced into New York, there
appeared, though less prominently, the same sensitiveness on the part
of a portion of the community in regard to the employment of lead
pipe, and the same desire to supply its place, if possible, by some
other material less obnoxious to suspicion.

In other cities of the United States and of Europe the same
feeling has at times more or less agitated the public mind, without
leading however, thus far, to any serious modification of the long
established practice, that I am aware of, except in Hartford, Conn.,
where iron pipes coated with zinc have been used, at the recommen-
dation of the Water Commissioners there, almost exclusively, sincs

the introduction of water into that city.
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The chemical investigations instituted at different times by the
authorities in charge of, or connected with the water supply of various
large cities, have generally led these authorities to conclusions calcu-
lated to quiet the public mind upon the question of danger from the
use of lead pipes, without entirely satisfying it.

Some of the citizens of Brooklyn have made inquiries about the
kind of service pipe which it is best to use, and whether the Long
Island water will be injuriously affected by being drawn from lead
pipes.

Not being a chemist, I am not competent to offer any solution
of this question, and judging from what has occurred elsewhere, no
solution now, even coming from chemists, will carry either decided
authority or general conviction with it, unless corroborated, for or
against, by a clearness of medical testimony and statistics which has
not hitherto been present. In order, however, that those persons
desiring information on this subject may be able, if so minded, to
examine the matter for themselves, I propose to place within their
reach such information as I am in possession of, from which they can
draw their own conclusions. When chemists of high standing differ
so widely on the effects upon the human constitution of water which
has been for more or less time in contact with lead, or whether such
contact is productive of any objectionable eﬁ"ec‘ts, it does not become a
non-professional observer to pronounce positively either way. It
may be conceded from the testimony before us, that the wuninter-
rupted flow of water through the lead pipes of a house, to immediate
use, could not affect it injuriously, whatever the character of the
water. On the other hand, should the water stand long in the pipes
without change, or should water be passed through lead pipes which
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have been some time empty, it may become sufficiently tainted to
affect injuriously certain constitutions.

To avoid the risk of contamination from either of these two
causes, it is customary with many persons to waste a portion of water
at the faucets every morning, before allowing it to be used for culinary
purposes or drinking. By emptying the service pipes in this way
every morning or more frequently, where considerable intervals of
non-use occur during the day, the risk of lead influence may be all
but entirely avoided.

The Nassau water furnished to Brooklyn, by the works now in
progress there, is what is termed a soft water, nearly resembling in
this respect the Croton water, neither of these being so soft as the

Loch Katrine water, which will be found referred to frequently in the
reports which follow. Its chemical properties are stated below as
given by Dr. Chilton; the similar characteristics of the Croton,
Cochituate, Loch Katrine and Thames waters, are added for conve-
nience of comparison.

B
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I will here give a summary of the opinions, the reasons for which
will be found at large in the reports and extracts thrown together
in this pamphlet. These reports merit a careful perusal, without
which the value of the conclusions arrived at by their several authors
can hardly be appreciated. They have been somewhat condensed to
reduce this pamphlet to a reasonable size, but the omissions are not
of a character to alter the general sense, or to convey a mistaken

impression of the conclusions of their several writers.

Professor WiLLiam TraomAs Branoe. Zondon.

“ Water by itself, without carbonic acid, will not hold in solution
more than two grains of lime to a gallon; two grains of carbonate of
lime and hardly that; the addition is held in solution by the carbonic
acid.”

“Many of these waters, (Farnham and Watford waters, soft), have
a very considerable action upon lead, to an extent, I should think, to
be very dangerous; much more so than either the Thames or the

Lea water.”

30th July, 1851.  AvrrEp S. TavLOR, Professor of Chemistry tn
Guy’s Hospital.

“The West Middlesex water (hard) is not liable to acquire any
noxious impregnation from lead. When the saline substances which
it contains, and which give to it its moderate degree of hardness,
are separated from it by distillation, the water acquires a well
marked impregnation from lead by a few minutes’ contact with the
metal. It is, therefore, evident that this saline matter confers on it
the property of resisting this chemical action on lead. The state-
ments which have been published respecting the action of some
kinds of hard waters on lead, do not apply to West Middlesex water,
either in a chemical or medical point of view.” This water showed

14} degrees of hardness by Dr. Clarke’s test.



viii ! PREFACE.

3d June, 1843. Dr. Tuomas CLARKE, Professor of Chemistry,
Aberdeen University.

“Tt is well known that distilled water acts very readily upon lead.
The cause of this action I apprehend to be the remarkable power
that distilled water, compared with ordinary water, has of dis-
solving free carbonic acid. In general an alkaline water will not
act upon lead or upon iron. But, perhaps, I should not say, in
general, for I have examined a sufficient number of cases to lay
down a general rule. .. .. With respect to lead pipes, I should say,
the less lead is used the better in all cases. . . . . It is desirable to
use it [lead] as little as possible; not that it is in all cases objection-
able, far from it.”

28th March, 1844. Josepu Quick, Hngineer of Southwark Water
Company.

“At Clapham Common the manor estate was supplied with water
from a spring well in the center of the Common, through the lead
pipes, and the inhabitants were attacked with severe illness, which
was ascribed to the length of lead pipes through which the water
passed. Lead was detected in the water upon analysis, and the lead
pipes were taken up and iron pipes substituted.”

Axcus Swrra, M. D., of Manchester. 1850.

“Tt is acknowledged, that with soft water, lead is very dangerous,
but T am disposed to think that it is dangerous even with hard, ex-
cept when a crust forms upon it. It is time that the use of lead
pipes and cisterns should be done away with, unless they can be
protected.”

Jaues Wavng, M. D,, of Baltimore, U. S,

“I have met with several cases of disease from lead amongst
workmen engaged in its manufacture, since my residence here, but
have never observed any lead disease which might be attributable to
the use of hydrant water.”
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WiLtiam Mevnuviscn, Plumber, London.

“Tave you observed that all Thames water acts upon lead cis-
terns? Yes; but in some old cisterns of two hundred years of age,
and which are made of very thick lead, the water has only eaten
half through them, while in modern cisterns the water has eaten
quite through the lead. . . . . Rain water never acts upon the
lead ; I never knew a rain water cistern that was destroyed.”

Wiruiam Hawkins, Plumber, London.

“Then, as the general result of your observation and experience,
you would say that hard water acts upon lead in a greater degree
than soft water? That is just what I have always observed.”

Dr. W. SpencEr, of Liverpool, Chemist.

“T have made a good deal of direct inquiry, and have had infor-
mation from the best sources, but have not heard of any case even of
suspected indisposition which has arisen from the use of lead pipes

kept always charged with water.”

Dr. Suier, Agricultural Chemist to the Colony of Demerara.

“My attention was first called to the subject by Dr. Blair, our
Colonial Surgeon General, in consequence of symptoms of lead poison-
ing occurring in his practice. On investigation I found lead in the
suspected water, and in quantity too large to admit of a doubt of its

being the cause of great and wide spread mischief.”
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Hesry M. Warp, Zecturer on Chemistry in St. Guy's Hospital.
“T am inclined to think that the action on lead depends greatly
on the aeration of the water. In rainy weather, when the Dee water
is colored and contains little air, the quantity of lead dissolved in any

case appears to be less than when the water is clear and well

acrated.

Chemical Report by Tuos. Granaym, W. A. MiLLER, and A. W. Hor-
maN, Chemists, on the London Water Supply.

“We are disposed, therefore, to conclude that the danger from
lead, in town supplies of water, has been overrated, and that with a
supply from the water companies, not less frequent than daily, no
danger is to be apprehended from the use of the present distributory
apparatus, with any supply of moderately soft water which the

metropolis is likely to obtain.”

Professor Crace Cavvert, Chemist.
“T cannot give a satisfactory explanation of the curious results
which I have obtaihed, as they are in contradiction to facts which I
and other chemists have published; for the two purest waters, (of

those examined by us), act with extreme slowness on lead.”

Dr. W. A. MiLLER, of London, Professor of Chemistry.

“Tt is a fact, but too well attested by experience, that numerous
instances of poisoning have been traeed to'the employment of water
which has become impregnated with lead from leaden service pipes
or cisterns. There are two modes in which water may act on lead :
1st, It may corrode the metal and form a white deposit evident to
the eye; 2d, It may dissolve the metal, in which case the employ-
ment of proper tests would be necessary to render the fact apparent.”

“The proportion of lead required to produce serious ill effects in a
ease where Mr. Herapath analyzed the water, was found to be less
than one-ninth (1-9) of a grain per gallon.”
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Dr. Gro. Wisox, Lecturer on Chemistry, Edinburgh.

LOCH KATRINE WATER.

“The entire amount of lead present in the water, (experimented
on in lead pipes), both in the soluble and insoluble form, amounted
to 1.58 grain in one case, and in another to 2 grains per gallon. The
amount held in solution, after filtration through paper, averaged from
1-9th to 1-6th grain per gallon. A water which acts thus cannot pos-

sibly be conveyed through lead pipes with safety to the health of
those doomed to drink it.”

Wiiriam WarLack, Analytical Chemist, Glasgow.

“It is my opinion that Loch Katrine water, (a very soft water),
could not be introduced through lead pipes, or retained in lead cis-
terns, with safety to the inhabitants.”

Dr. PﬁNNY, Professor of Chemistry, Glasgow.

“The water of Loch Katrine is the purest and softest water I
have yet examined. Tt acts decidedly and strongly on lead cisterns
and on lead piping, both old and new. There are many soft and
excellent waters that do not possess the objectionable property of
acting continuously on lead. It has been stated that ‘one grain
and a third (1}) of carbonate of lead, (equal to about 1 grain of
metallic lead), ‘in an imperial gallon of water, is the smallest propor-
tion which has been known to produce injury to health) Dut we
have on record a case by a distinguished chemist of Bristol, in which
1-9th of a grain of lead per gallon deranged the health of a whole
community ; and Dr. John Smith of Aberdeen concludes from his

investigations, that the limit of manifestly deleterious action would
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seem to be somewhere between 1-10 and 1-20 of a grain. It would
certainly be easy to adduce the evidence of many eminent prac-
titioners who condemn the continued use of water having a much
smaller degree of contamination than one grain of lead in a gallon of

. water.”

Dr. Tros. AnpErsow, Professor of Chemistry ; and Duearp Camp-

BELL, Analytical Chemist, London.

Lock Katrine water (Glasgow) “contains in solution 7.25 cubic
inches of air per gallon, 4.75 of which were nitrogen, and 2.50 oxygen,
along with a trace of carbonic acid. Its hardness was 0.9. ... We are
of opinion that as it will be delivered in Glasgow, the Loch Katrine
water may, with the utmost safety, be preserved in the pipes and cisterns
now in use.” (Lead). . . . “In all these towns, (Inverness, Whitehaven,
Penrith, Sheffield, Haywood, Bury, Blackburn, Accrington, Rochdale,
Shorley, Bolton), leaden service pipes are empioyed, and no bad
effects have been observed. In every case we have tested the water
drawn from the leaden service pipes, and have not found the slightest
trace of lead.”

Dr. A. S. Tavyvor, Professor of Chemistry, Guy's Hospital.

“This water does not exert any noxious action on lead when the
metal is in its ordinary dull state. This (Loch Katrine) water has no
action on an alloy of lead and tin, in the proportion of five parts of
tin to ninety-five parts of lead.”

“Here then is a water (Inverness water, soft) acting powerfully
on (specimens of bright) lead, and distributed through lead, yet it
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contains no lead; and it is and has been used for a long period by
the population of Inverness without any injury to health. . . . The
interior of the pipes and cisterns have no doubt been speedily coated
with a deposit which has wholly prevented any injurious chemical
action.”

Rosr. Dunpas Taomeson, M.D., Professor of Chemistry, London.

‘Although in the preceding report I have given it as my decided
opinion that no more permanent danger is to be apprehended, in
reference to health, from the transmission of Loch Katrine water
through lead pipes and detention in lead cisterns, than there is in the
case of other waters supplied to towns, I have always recommended
the substitution of iron and other materials for water pipes, as much
as possible, for lead, and also where lead is employed, that it should
be alloyed with tin.”

Prqfessors Granam and Horrman, of University College and Royal
College of Chemistry, London.

“The apprehension of danger, from the use of Loch Katrine water
with leaden service pipes, is entirely speculative and cannot fail to be
dissipated the moment that reference is made to the experience of

other towns supplied with water of equal softness and purity.”

Warer ComMIssioNERS OF Boston. 1849,

“We regard it as satisfactorily proved, that the water of Cochituate
Lake, which is about to be introduced into the city, may be safely
distributed to private dwellings by means of leaden pipes, without
danger to the health of those who may freely use.it with their food.”



xiv PREFACE.

Professor Horsvorn, of Cambridge Univérsity, Boston.

“Cochituate water may be served from leaden pipes connected

with iron mains without detriment to health.”

Consulting Physicians, Boston : Drs. WARREN, SHATTUCK, BicELOW,

Haywarp and WARE.

“Although leaden pipes, in certain waters and under certain cir-
cumstances, are known to communicate a highly deleterious (iuality
to their contents; yet in the open waters, from which the large cities
already named have been supplied through such pipes, no practical
evil of a general nature is known to this Board to have resulted from
their employment.”

B. SiuLivaw, Jr., Analytical Chemist, New Haven.
QUEBEC WATERS,

“We confidently state, therefore, the important fact, that the
passage of water through iron pipes, prepares it for a more speedy
and certain action on lead. . . . It must be admitted, however, that
as far as our present knowledge of facts goes, the cases of poisoning
with lead, in New York, have been rare exceptions, but the public
attention has as yet not been fully'awakened to the subject.”

Horatio Apams, M. D., Waltham, Muss.

“It is never safe to use water drawn through lead pipes, or stored
in leaden cisterns for domestic purposes, and that any article of food
or drink is dangerous to health, which, by any possibility, can be im-
pregnated with saturnine matter.”
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Report of the Gexeral Boarp or Huarrm, on Supply of Water to
the Metropolis, London. May, 1850.

“The use of lead pipes should be discontinued as early as prac-
ticable. As a question of danger, however, a preponderance of tes-
timony establishes the conclusion, that hard water, with an intermit-

tent supply, is actually more dangerous than soft water with a constant
sapply.”

Report of CrotoNn AquEpucr Boarp. December, 1849,

“The Departmept is aware of but a single case in which any pre-
cautions can be necessary in the use of Croton water for drinking,
and these only at elevations where the supply is not constant. In
the upper stories of buildings, where the pipes are alternately wet and
dry, caused by the daily variations of head, it is possible that the
interior of the pipes, by the united action of air and water, may be so
oxydized, as that particles of carbonate of lead might be carried off,
held in suspension by the water, and received in the stomach by
drinking it; it would be imprudent, therefore, habitually to drink

water from taps so circumstanced.”

Samuer L. Dana, M. D., Chemist. Report on Lowell Water,

“The fact so well known to our citizens that leaden pipes are
corroded and destroyed by well water, would long ago have told them
the effects of using such water, were it not that the disorders produced
by it are of such slow and insidious character, that they have been
attributed to other sources. That lead in continued small doses is a
cause of disease and death, is the accumulated testimony of tweo

thousand years.”
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First Annual Report of the Warer Coumissioners o¥ THE Ciry OF
HarrFORD.

“The various kinds of service pipes have had the careful examina-
tion of the Board, and after deliberate consultation, and with the best
advice they could procure, it has been decided to use the American
galvanized iron pipe; this will deliver the water into the building as
pure as it is received. The Commissioners recommend their fellow
citizens to adopt it for the inside of dwellings and other places.”

Dgz. C.J. Jackson, Assayer to the State of Massachusetts. June, 1852,
.

“T have long since been convineed that it is unsafe to use lead for

conducting water by aqueducts.”

Epwarp Turner, M. D. (Zurner’'s Chemistry).

“Many kinds of spring water, owing to the salts which they con-
tain, do not corrode lead ; and hence though intended for drinking,
it may be safely collected in leaden cisterns. Of this, the water of
Edinburgh is a remarkable instance.”

TANQUEREL DES PrawcuEs on Lead Diseases. Dana’s Translation.

“Dr. Wall has seen all the residents on a farm attacked with lead
colic, from drinking water from a pump the cistern of which and the
pipe were lined with lead. It is partly through pipes of lead that
water is distributed in public and private establishments in Paris;
and Tanquerel has never learned that water thus conveyed has caused
lead colic there. The inhabitants of some cities, establishing foun-
tains, have suffered with colic from using the water which first passed
through the new pipes.”
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Appendiz to same. 8. L. Daxa, M. D.

“My convictions are decidedly against the use of lead, pure or
alloyed, or tin coated, for conduits of water to be employed for
domestic purposes.”

Curistison’s Zreatise on Poisons.

“Rain or snow water, for culinary use, should not be collected
from leaden roofs, nor preserved, nor conveyed in lead ; the same rule
applies to spring waters of unusual purity, where, for example, the
entire impregnation does not exceed a 15,000th of the water. Spring
water which contains a 10,000th or 12,000th of salts may be safely
conveyed in lead pipes, if the salts in the water be chiefly carbonates
and sulphates. Lead pipes cannot be safely used, even where the
water contains a 4,000th of saline matter, if this consist chiefly of
muriates. Spring water, even though it contains a large proportion
of salts, should not be kept for a long period in contact with lead;

and cisterns should not be covered with lids of this metal.”

Lncyclopedia Britannica. Article “ Lead.”

“Bicarbonate of lime exerts a remarkable preservative influence,
and as it is a very common impurity in water, few spring waters exert
much*action' on fead. ™. . ". . ‘Water highly charged with carbonic

acid may dissolve lead to a dangerous extent.”

‘Murerarr's Chemistry applied to the Arts: Lead.

“The first stage of slow poisonings are very frequent, and well

known to most of the general medical practitioners in every large

2
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town. The source is almost invariably found to be the water em-
ployed for domestic purposes. Several cases of this kind have come
under the notice of the editor, wherein whole families were affected.
Iron glazed pipes and pumps, with slate or cemented cisterns, were
recommended for adoption, and with very marked effect, the health of
the individuals being completely restored. So small a quantity as
three or four grains of a sulphate or a phosphate in water prevents,
after some time, the corrosion of the metal. Tt must, however, be
remarked, that these salts do not protect the lead from the solvent
action of waters which contain nitric or nitrous acids in solution.
These two acids are products of the decomposition of animal matter,
and any water containing them will infallibly act upon lead; and
consequently it would be highly dangerous to pass such a water
through leaden pipes or to store it in leaden cisterns.”

I refer the reader again to the reports, etc., which follow, for fur-

ther information.

JAMES P. KIRKWOOD.

Brooxwryw, 21st February, 1859,

Nore. —The undersigned will feel much indebted to any gentleman whe
will communicate any specific information he may have on this subject, or
direct him to any of the other reports or sources of information which must

exist,

JLPARs



REPORTS AND OPINIONS.

Leeport on the Waier of the West Middlesex Water
Works Company.

By Avurrep S. Tavror, M.D., F.R.S., and Arravr Amiy, F.L. S,
Professors of Chemistry in Guy’s Hospital,

HaviNe been requested by the Directors of the West Middlesex
Company to make a complete analysis of their water, we here pub-
lish a summary of the results. It is proper to state that the Com-
pany left it entirely to ourselves to fix the time for taking the
samples. The localities selected embraced various points, from the
Thames inlet, to a private dwelling house in the Regent’s Park, and
therefore presented the water in all those conditions in which it was
likely to undergo any change in quality. The samples were taken
in our presence, and they were retained in our custody until the
analysis was completed. The subjoined report contains the facts,
and we here offer a few preliminary remarks for the information of
those who are not accustomed to the perusal of scientific documents.

Water, to be wholesome and fit for dietetic use, should be free
from color, taste and smell. It has also been considered indispensa-
ble that it should be free from vegetable, animal and mineral mat-
ter: but universal experience is adverse to this view. All terrestrial
water, or that which has once reached the earth, dissolves some
organic and mineral matter, but the properties of the water for
dietetic use are not thereby injured, provided the quantity dissolved
do not exceed a certain proportion, and the substances dissolved are
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not of a nature to render the water noxious or unwholesome. The
special object of a chemical analysis is to determine these two points-

Water may be free from color, taste and smell, and yet contain
50 large a proportion of carbonate and sulphate of lime as to render
it unsuitable for houschold purposes. The shallow well water of the
chalk district is of this kind ; it is in general much impregnated with
carbonic acid, so that the calcareous salts are in a great measure
concealed by its cool and fresh taste. The quantity of saline matter
varies from fifty to one hundred grains in the imperial gallon ; such a
water is invariably hard, and causes a thick curd with soap; other
kinds of water are found to contain so small a proportion of saline
matter, that not more than four or five grains of solid residue are
obtained by the evaporation of an imperial gallon. \

This kind of water is preéminently soft, but as a general rule it
cannot be safely transmitted through leaden pipes or stored in leaden
cisterns, The water of the Bagshot sands is of this description ; its
great freedom from saline matter led to its becoming impregnated
with lead, and caused the poisoning of the Queen’s hounds, as well
as an attack of painters’ colic in one of the huntsmen. In another
case, the same description of water led to the poisoning of thirteen
out of thirty-eight persons in the establishment of the royal family of
France at Claremont. Under the present mode of distribution and
stowage, therefore, a water may be so pure as to endanger health and
life by its action on lead. It is necessary that this fact should be
fully impressed on the mind, or otherwise the excessive purity of
water may become an unsuspected source of injury to health. Al-
though all soft water does not necessarily act upon lead, the above
facts, as well as the analysis of Messrs. Brande and Warington, prove
that the- Bagshot water is beyond doubt exposed to the risk of
noxious impregnation by contact with this metal.

The West Middlesex Water occupies an intermediate position
between very hard and very soft water. The saline contents do not
exceed twenty grains in the imperial gallon, and the salts are not of a
nature to affect health injuriously. They are in much smaller pro-
portion than in a large number of potable waters, including all the
varieties of well water. The water has also this property: when
boiled it becomes as soft as the very soft kinds of spring water, and is
then well fitted for washing, cooking, brewing, tea making and other
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household purposes, for which soft water is required. The state-
ments to the contrary have been made by persons who have assumed
that the boiled water retains all the hardness of the cold water, when
our experiments, and those of other chemists, have clearly proved
that it is reduced at least one half.

* * * * *

It will be seen from the Report, that the West Middlesex water
is not liable to acquire any noxious impregnation from lead. When
the saline substances which it contains and which give to it its
moderate degree of hardness, are separated from it by distillation, the
water acquires a well marked impregnation from lead by a few
minutes contact with the metal. It is, therefore, evident, that this
saline matter confers on it the property of resisting this chemical
action on lead. We have farther ascertained by diluting this water
with variable proportions of absolutely pure or distilled water, that
the action on lead became more and more apparent, until the
water contained so little saline matter that the point of danger was
reached. The inocuousness of this water supplied through lead, is
inferred from direct experiment with the metal immersed in the water
for long periods, under circumstances favorable to chemical action, as
well as from the observation that no injurious effects have followed
from the constant use of the cistern water (No. 7) during a period of
seventeen years. The statements which have been published respect-
ing the action of some kinds of kard waters on lead do not apply to
the West Middlesex water, either in a chemical or medical point of
view.

& * * %* %

A qualitative analysis of the different specimens of the water
showed that the principal ingredient in all was carbonate of lime held
dissolved by carbonic acid. There were trazes of carbonate of mag-
nesia. The other chemical ingredients were sulphate of lime and
common salt, but these were in comparatively small proportion.
There was scarcely any perceptible difference in the action of the
tests on the different samples,
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An Imperial gallon of 70,000 grains contains, in grains:

Carbonategofilime . foc & bio e 2ntictore orotie 13.13
Snlphateiof me. . i b b ot iein e e 2.73
Contmon Salti -t 2t S r IS s 1.56
Oroanichuatien S S 2.37
IResidnanys@anbont ot Sa SR s e 0.11
Silicald. iredt. st Jadytrniat ms et 4 0.27
Ox1d eofilnon S R 8. s 0.13

Total grains in gallon........20.3

The average hardness of the water may be taken at 9°in con-
sidering distilled water as unity, i.e., it would require nine parts of
soap to produce in a gallon of this water the effect produced by one
part of soap in a gallon of distilled or absolutely pure water. Dr.
Clark’s test gives 144° of hardness. The degrees on Dr. Clark’s
scale are arbitrary, and have no intelligible meaning. The degrees
of hardness here refer to the water while cold. If the water be boiled
for only ten minutes, so much carbonate of lime is precipitated, and
so much of the hardness is thereby removed, that in an experiment
with the reservoir water, the boiled water was found to have a hard-
ness of 5°.8, or, on Dr. Clark’s scale, of about 9°. Hence the effect
of boiling, for a very short period, is to reduce the hardness of the
water by nearly one half.

* ¥ * * . £

A most important question, regarding all kinds of water intended
for dictetic use is, whether it is liable to acquire a noxious impreg-
nation from lead by reason of its contact with this metal, either when
collected in leaden cisterns, or distributed through leaden pipes.
Bars of bright lead, exposing eight square inches of surface, were
placed in contact with the twenticth part of a gallon of each sample,
under the free access of air, for a period of nineteen days. The lead
in each sample had become rather duller on the surface, and there
were streaks of a brownish color, as if from the deposit of sedimentary
matter adhering to the metal. There was no appearance on any pa;‘t
of the metallic surface, of white oxide or carbonate of lead. The
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water in each vessel was quite clear, there were no white particles
of a salt of lead to be perceived in any sample, either as a sediment
or otherwise.

Chemical tests were then applied to the various samples (seven)
in which the bars of lead had been immersed, in order to determine
whether any salt of lead had become dissolved in the water. In num-
bers 8, 4 and 5, there appeared to be a very minute trace of lead in a
soluble form, but, according to a comparative estimate, the quantity
thus dissolved could not have amounted to so much as the 1-280,000th
part of the weight of the water. There are probably few waters
which would not act on lead to this extent. We attribute this slight
action on the metal to the accidental presence of some soluble
nitrates. The proportion of lead present was wholly insufficient to
render the water injurious in a dietetic point of view.

* % * * %

This water, unlike many waters which are called pure, may be
safely stored in leaden cisterns, or distributed through leaden pipes.

CuemicAL LaBoraTorY, GuY’s HospiTaL,

April 19th, 1851,
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On the Composition of certain Well Waters in the
neighborhood of London, with some observations
on the action on Lead.

By Hexry M. Noap, Esq,
Lecturer on Chemistry at St. George's Hospital.

Tar question whether water for drinking should or should not
contain mineral matter, is still a vexed one, and as it is one of medi-
cine rather than of chemistry, it need not be discussed here.

* * kg * *

But whatever may be thought of the mineral constituents, there
can be but one opinion as to the influence of those organic impreg-
natiors so constantly met with in the waters of large towns. These
consist, for the most part, of bodies in a state of progressive change
or decomposition, and chemistry teaches us that such substances,
when brought into contact with other organic substances, have a re-
markable disposition to communicate to them their own molecular
disquietude.

* * * * *

Water containing organic matter is particularly objectionable on
account of its liability to become contaminated with lead when kept
in cisterns of that metal, and that earthy and alkaline sulphates and
chlorides, even when present in considerable quantity, do not in such
waters act as preservatives. ;

Among the constituents of the well waters of large towns, nitric
acid has often been alluded to. . . . That it does occasionally exist
in large quantities, is shown by the analysis by Mr. W. Fisher,
of a well water from Highgate.. . . . Attention was directed
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to this water, firstly, in consequence of its powerful action on the
leaden cistern in which it was retained, and secondly, on account of
the unusual amount of saline matter which it contained. Its hard-
ness has prevented its being much used for domestic purposes, which
may probably be deemed a fortunate circumstance, as I have found
the metal evidently acted upon after being immersed in a bottle of
the water for a few days only. By the subjoined analysis, it will, T
think, appear that the remarkable action of this water on lead is
referable to the comparatively small quantities of sulphates and
chlorides, and to the extraordinary amount of mitrates which it con-
tains. The sonrce of the latter is pretty clearly pointed out by the
situation of the well, which is immediately contiguous to the old
churchyard, on the very top of Highgate Hill, the loose and sandy_
soil of which must be teeming with organic substances in all stages
of decay, and which, therefore, are constantly furnishing ammonia,
from the oxidation of which the nitric acid is in all probability
derived. The putrefaction of animal matters, in contact with calca-
reous soils, is well known to produce nitrate of lime, and it was long
ago showed by Glauber, that a vault plastered over with a mixture of
lime, wood-ashes, and cow dung, soon became covered with efflo-
rescent nitre. In the water in question the nitric acid exists in com-
bination with Zime and magnesia, which earths would naturally have
occurred in the form of carbonates held in solution by carbonic acid.
Not a trace of carbonates now exists, neither does the water contain
any appreciable quantity of organic matter, which has been destroyed
by the powerful oxidizing operations which are constantly going on
in the contiguous soil. & 4 * =
Now, though the presence of earthy nitrates does not perhaps
communicate any injurious or unwholesome quality to a water, indeed
from the entire absence of decomposing organic substances, it may
be less objectionable as a beverage than the average waters of large
cities, it is, nevertheless, important to bear in mind the powerful
action of such waters on lead, and the possibility of its becoming the
vehicle through which this subtle poison may be introduced into the
system. The public, indeed, cannot be too emphatically warned
against the too common practice of allowing any water intended for
domestic use to remain stored up in leaden vessels; for, as I shall
have to show presently, the existence in the water of considerable
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quantities of both sulphates and chlorides is not always a security
against saturnine impregnation.

* * * * *

SALINE CONTENTS IN THE IMPERI.L PINT.

By direct estimation, 12.57 grains, consisting of :

Silica T e sien i o er e 0.1120 grains
Sulphateiof Potash.ii. . eiinioeians 2.1806 ' “
SulphatejofiBoda vty o sl 52 1.1894  «
Chleride-of Sodium & awaith oo sl il 2040 sl
Chleride of Galciumédaskl do ek« 0:73905 u%
Nitrateofubimes on s iebiit mobaennd HLOI 505 8%
Nitrate of Magnesia......... V2,188 00w &

12.5230 grains

The next water to which T shall call the attention of the Society,
is from a spring at Clapham, which was submitted to me for analysis
in the summer of 1848, in consequence of its strong action on lead.
I collected the water myself on the spot, and on the same occasion
was shown the cistern, which was then nearly full of water, the sur-
face of which was covered with a thick greasy scum, which proved
on examination to consist almost entirely of oxide of lead. I expected
to find this water unusually pure; to my surprise, however, it con-
tained nearly 78 grains of solid matter per imperial gallon; the com-
position of which was :

[SINEE it shenoimpiaiaunibbe s ital SRS 0.24
Earboniate ol B e g T ae Sn e SN T 15.09
CanbonatciofV D Cora R SR 13.97
Sl s @RI G st St o B A 1532
Silphateto R otasEaR T R e e 6.79
Sulphtelo M odat e o O
Gl ol (@ ieaSla s by o i 0 5 simaie s e 11.46
Organic B ey S e Bk 4,10
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Here, then, we have an instance of a water containing an abun-
dance of so-called “preservative salts,” corroding lead with remarka-
ble energy. I was shown, by the plumber, a piece of the bottom of
the cistern, which, in the course of six months, had been eaten into
holes.

The oxide of lead could be skimmed from the surface of the water
in abundance, but on testing the water beneath, taking care to avoid
filtering, by which a very considerable quantity of the metal, even
when in solution, may be removed, no signs of lead could be detected.
To what are we to ascribe this remarkable action? I believe to the
presence in the water of an unusually large quantity of organic mat-
ter. It was during the summer months that the corrosion of the cis-
tern took place so rapidly.

The organic matters would then be undergoing the most active
decomposition, and carbonic acid being constantly evolved against
the sides and bottom of the cistern, would enter into combination
with the suzfuce oxide, and so form carbonate of lead. This is by no
means the only instance I have met with of water abounding in
sulphates and chlorides acting strongly on lead, and in every case
that I have yet examined, organic matter has been present in unusual
quantity. Tt is worthy of remark that no lead could be found in
solution, whenever this does occur, in any but pure or alkaline water ;
the metal is probably taken up in the form of oxichloride; carbonate
of lead is wholly insoluble, even in water highly charged with car-
bonic acid. T mention this because an idea is very generally preva-
lent that carbonate of lead, like the carbonates of lime and magnesia,
may be rendered soluble by taking up an extra atom of carbonic
acid. I have made direct experiments which negative ‘this assump-
tion, and it has since been pointed out to me that the same had been
previously done by Dr. Taylor. But water, though it cannot take up
carbonate of lead in solution, may, by keeping it in mechanical sus-
pension, be the means of introducing this dangerous form of saturnine
poison into the system. The practice of filtering water preserved in
leaden cisterns, and intended for domestic use, cannot therefore be
too warmly recommended.

I wish, lastly, to say a few words on another class of waters which
act strongly on lead, viz: artesion well waters of the London basin.
These waters are, 1 believe, always alkaline; those which I have exa-
mined are remarkably free from organic matter, and as there is no
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deficiency of preservative salts, it is to their alkalinity that T am
inclined to attribute the corrosive action which they exert on this
metal. From several analyses of these waters which have lately been
made in this laboratory, I select two; one from the premises of the
Lord Chief Baron of Hatton, which was examined by Mr. Henry
Pollock, in consequence of the rapidity with which it corroded the
leaden cistern, and the other, from the lunatic asylum at Colney
Hatch, which T analyzed at the request of Mr. Rotch, the chairman
of the Board of Governors of that institution, with the view of ascer-
taining its general fitness for the purposes of the asylum, before fresh
expenses were incurred for conveying it to different parts of the
building. It is worthy of remark that Mr. Pollock was able to detect
lead in the clear water of the cistern, which I had been unable to do
in the case of the Clapham water.

The analysis of these two artesian waters gave the following re-
sults, per imperial gallon :

Hatton. Colney Hatch

@arbonalie offlimer: BEsS SN S ES L DA CA R 6.500
Carbonate'of Magmesial, .- . 2.0 IRBORERRI o 1.320
@anlionate oftSoda . The T8 S (iu Il SR G R 7.100
Sl O 100G S dGas n b o brafes R 2.590
SulphiatoRoffiSogasitis SR A 0D 500 o g aae 5.770
Bilphatefofiime i S S Rk e 4.555
Chloride of Magnesium........... L 4.260
EhiloridetofSndimt . 28 S5 FREs s O ITRIIEE, M
Protocarbonate of Tron .......... TROE TR s
Soluble!@roanictMatter, 21 B kRS S 470
IEhosphatelofillim e gt SREs brelcest i s traces
DA ST Jv BRI TR MSR e S .670

38.470 33.235
Paline matter by direct estimation. . 38.6 82.97

Of the excellence of both these waters for domestic use the an-
alyses bear ample testimony; but with the example of the Hatton
water before we, I felt bound to warn the Governors of the Colney
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Hatch Asylum, againsi the use of lead, either for storing the water,
or for distributing it. I found, however, on visiting the institution,
that my warning was not required, that metal being almost entirely
banished from every part of the building.

On the Composition of the Waters of the Dee and Don
at Aberdeen, with an Investigation into the Action

of Dee Water on Lead Pipes and Cisterns.
*

By Jorx Swrrn, M.D.,

Fordyce Lecturer on Agriculture and Assistant in the Laboratory of
Marischal College.

Tue river banks are gravelly, and the alluvial deposits few, and
of limited extent. The bounding ridges of the valley are mostly of
granite and gneiss. The flow of the water is pretty rapid, the altera-
tion of level between the Linn (16 or 17 miles below the source) and
Aberdeen being nearly 1,200 feet.

8 @ * * 4

The water for the supply of Aberdeen is taken from the Dee,
about two miles from its mouth, and quite beyond the reach of the
tide water. It percolates through the gravelly sides and bottom into
drains, and is thence pumped up to the highest level of the town. It
is distributed through iron mains, and taken into the houses-by small
lead pipes to which lead cisterns, generally of moderate dimensions,
are commonly attached. The supply is constant, and amounts to
about one million gallons per day.

> * * # #
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COMPOSITION OF DEE WATER.

iime, &b Ml ol B SR 0.526 grains.
Magnesia.. . ceoovononasosencaecanonsona, (ORILITS
“Rotashy andoSodat. B i S st ns S e 03828
Carbonic Acid (in combined state)...... 0BTy
SulphuriciAcid A ol il co L s s O
@hlorimer. mrd Wi e Tohe L N SN SEEE (i3RI
Silicas S atpiae e S Sinoael oy S NI OF
Precipitate by Ammonia from acid solution..0.080
Organic matter and lossiic oo oLl o il
Totaligds. falics 5 o anic 5o Ao el 4.000 grains. .

The acids and bases may be arranged thus :

@arbonatelofilime ot i . o 0:850
ST phatelo i e e 0.121
ST MR omesiatel. Sun oo n s 0.323
Chloride of Potassium and Sodium...... 0.670
Phosphate of lime andiron............. 0.080
ST 55 5 o DD B T S B R e 1 L 0.140
Organic matter and loss............... 1.816
Motal®. T e s e 4.000

ACTION OF CLARK'S SOAP TEST ON DEE WATER.

In many trials of Dee water, taken either directly from the river,
or from the laboratory pipe, the hardness was found to vary between
1°% 1 or 1% 2, and 1° 75. But different trials of the same specimens
have sometimes varied a little, such a variation as I have been accus-
tomed to find in solutions of very low degrees of hardness, especially
when this hardness is caused partly by magnesia.

* ¥ * * *

4ACTION OF DEE WATER ON LEAD.

Under this head I have recorded about forty trials, made at differ-
ent times, and on water from houses in various parts of the town;
besides upwards of a dozen experiments with lead bars in specimens
of water not previously in contact with lead. In the sequel, I shall
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make such a selection from these trials as may serve to Lring out the
conclusions arrived at,

Mode of Operating—The test used was sulphuretted hydrogen ;
the water being previously acidulated with hydrocloric acid, and the
gas transmitted a sufficient length of time. In the earlier trials I
used only one or two pints of each specimen, but it soon became
apparent that much greater delicacy was attainable by employing a
larger quantity. In proceeding with the experiments, therefore, I
operated uniformly on a gallon, contained in a glass beaker, of such
dimensions that the water had a depth of 104 inches. By placing
the beaker on a piece of white paper, and looking downwards, T was
able to appreciate a very slight change in tint. Another similar ves-
sel, with the same quantity of water, was always placed by the side
of the first, for the sake of comparison.

In estimating the quantity of lead present in any case, I had re-
course to a very simple expedient. A solution of lead was prepared
of definite strength ; chloride of lead was used at first, but afterwards
pure nitrate, as more convenient. 1.6 grain of nitrate was dissolved
in 1000 grains of distilled water, so that the solution contained 1 of
metalic lead in 1000. From an accurately graduated measure, I
dropped this solution into a gallon of water containing no lead, until,
on transmission of sulphuretted hydrogen, the same depth of tint was
“developed as in the particular case on trial. Having come as near
as possible to the right quantity in this way, I commonly then made
a new mixture, adding at once the ascertained quantity of lead to a
galloﬁ of water, and transmitting the gas. If the two trials corres-
ponded, the experiment was finished, but in case of any discrepancy,
the trial was repeated. This method, I believe, will give very accu-
rate results, until the quantity of lead exceeds } grain per gallon,
when the color gets so dark that slight differences cannot well be
discriminated. I found that 1-100th of a grain of lead, added to a
gallon of pure clear water, gave a tint quite perceptible, that is, 1 of
metalic lead in 7 millions ; and a less quantity could readily be dis-
tinguished by careful comparison. Even in specimens previously
containing a considerable proportion of lead, the difference of 1-100th
of a grain was plainly visible. Here is an instance : A gallon of Dee
water, taken from a leaden pipe, having given a certain tint with
sulphuretted hydrogen, a gallon of Dee water, not containing lead,
was placed beside it, and 80 grains of the standard solution (contain-
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ing 0.08 grain of lead) well mixed. By the action of sulphuretted
hydrogen, the tint produced was a little lighter than in the other ;
10 drops more made the tints equal; and again 10 drops rendered
the last somewhat darker than the first. Now every 10 drops of
colution contained 1-100th of a grain of metallic lead.

The preliminary acidulation with hydrochloric acid is very essen-
tial when the water under trial happens to contain any iron. In
some spring waters that I examined, there was a blackening caused
by sulphureted hydrogen, from the presence of iron in combination
with organic matter. Acidulation with hydrochloric acid entirely
prevents this blackening, or destroys it after it has been produced,
leaving a milkiness in the water, from deposition of sulphur. To
ascertain if the hydrosulphuric acid test would be affected by a
minute quantity of iron, I dissolved 1 grain of the pharmaceutical
amronio-tartrate (which would contain about 1-7th of a grain of
metallic iron, or 1-5th of a grain of red oxide) in a gallon of water.
The solution had a greenish-yellow tint. On transmitting the gas,
there was no change for some time, but ultimately an evident dark-
ening, with deposition of sulphur.

SELECTION OF TRIALS OF WATER FROM HOUSE-PIPES (lead).

Specimens taken during the day, when the ‘water would be in its
usual condition, unless stated otherwise.

1. Pipe about 16 yards long, no cistern, no indication of lead.

2. Pipe 12 or 15 yards, no cistern, specimen drawn first in the
morning showed a trace of lead (less than 1-100 of gr. per gallon),
specimen drawn at mid-day, no lead.

3. Pipe about 86 yards, no cistern, about 1-80 of gr. metallic
lead per gallon. On another occasion, this pipe gave rather more
lead.

4. Pipe upwards of 100 yards, no cistern, tried on different days,
the quantity of lead varied from 1-30 to 1-40 gr. per gallon.

5. Pipe 16 or 18 yards, small cistern, lead under 1-100 gr. per
gallon.

6. Pipe about 24 yards, cistern, several families supplied, and
much water used, no indication of lead.

7. Pipe about 15 yards, cistern, 1-50 gr. of lead per gallon.

8. Pipe about 30 yards, cistern, about 1-85 gr. of lead per gallon.
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9. Pipe- about 100 yards, leading into cistern with about two
cubic feet of water, 1-20 gr. of lead per gallon. This being the
largest quantity I have found in any water in ordinary domestic use,
I made particular inquiries in regard to the health of the family.
Nothing unusual had ever been noticed, except that, on coming into
town for the winter (the family lived in the country during summer),
the children speedily lost color. This, of course, is usually attributed
to the air of the town, but it would be worth inquiring how much of
the affect in such cases is due to the water. This case, however,
shows that water containing 1-20th of a grain of metallic lead per
gallon (equal to 1-15 gr. carbonate), may be used habitually without
any notable injurious results. Mr. W. Herapath related a case in the
“Times” (14th Sept. 1850), where 1-9th of a grain of lead per gallon
deranged the health of a whole community. The limit of the dele-
terious action would seem thus to be somewhere between 1-10th and
1-20th of a grain.

* * * * *

SELECTION FROM EXPERIMENTS WITH LEAD BARS.

1. Bar of bright lead, immersed (to the extent of 23 square inches
of surface) in two pints of Dee water, left 48 hours, water remained
clear, no deposite, a thin whitish film had formed on lead. The
water, after filtration through double filter, contained about 1-100 of
a grain of lead per gallon.

2. Parallel experiment with distilled water; water speedily be-
came milky, abundant white deposite. Passed several times through
double filter, but milkiness not removed. After standing two days,
the white matter subsided, and the water then filtered clear. No
lead whatever in solution. (The oxide was probably entirely con-
verted into insoluble carbonate by exposure.)

3. Bar No. 1 immersed, without cleaning, in two pints of Dece
water, and left 48 hours, no deposite. Passed through double filters,
the water contained about 1-20th of a grain of lead per gallon.

4. Bright bar, in 3 pints of Dee water, 32 square inches immersed,
left 24 hours, filtered, contained trace of lead.

5. Same bar, without cleaning, in two pints, 26 inches immersed,
left 48 hours,. filtered, contained 1-20th of a grain of lead per
gallon.



34 LEAD PIPE

6. Lead bar tarnished in air, immersed (to 30 square inches) in
3 pints, left 48 hours, filtered, 1-20th of a grain of lead per gallon.

7. The bars used in experiments, 5 and 6, were placed, without
cleaning, in similar quantities of water, and left 48 hours, not filtered.
The water from bar 6 contained about 1-10th of a grain of lead per
gallon. The water from bar 5 contained more.

8. The bar from experiments 5 and 7 being again immersed
without cleaning, and left 48 hours, the water unfiltered, contained
much more lead than in the last experiment, about 1-6th of a grain
of lead per gallon.

9. Same bar, left 48 hours in two pints, water passed through
double filter, contained about 1-10th of a grain (or rather more) of
lead per gallon.

10. Bright bar of lead, immersed in two pints of Dee water for
four days. The water had been kept for some time in a jar, in a
warm room, so that a great part of the air had escaped from it.
After filtration the water contained a mere trace of lead. Bar im-
mersed again, without cleaning, in other two pints of same water,
and left for two days. Water (filtered) contained more lead than in
the Jast case, but still not much.

From these experiments, it appears that the Dee water acts more
readily upon tarnished or crusted lead, than upon the bright metal ;
that the lead taken up by the water, is separated to a small extent
by paper filters; and that when a crusted bar is immersed for a cer-
tain time in water, dried and immersed again for the same time, the
action is greater the second time than the first ; dried and immersed
a third time, the action is still greater. (So that a lead cistern, al-
ternately filled and emptied, is more unsafe than one kept constantly
at the same level both being freely exposed to the air.)

From the foregoing observations I conclude that the action of
Dee water on lead is comparatively feeble, but yet that by prolonged
contact, more especially when there is free exposure to air, as in
cisterns, a dangerous quantity of that metal may be taken up. With
lead pipes of moderate length and no cisterns, no danger whatever is
to be apprehended. With small cisterns, and a prei;ty constant use
of the water, there is also no danger; but the risk increases with the
length of the pipe, the size of the cistern, and the time the water
lies nnused. When large cisterns are required for general domestic
use, I think it would be prudent to have them lined with gutta
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percha or some other innocuous material. With an uninterrupted
supply, such as is enjoyed in Aberdeen, and with an improved form
of tap, cisterns might probably to a great extent be dispensed with.

In some cases it has appeared to me that old pipes are more
acted upon than new; the differences, however, may have arisen
from impurities in the lead, or from other special causes not detected.
I am also inclined to think that the action on lead depends greatly
on the aeration of the water. In rainy weather, when the Dee water
is colored and contains little air, the quantity of lead dissolved in any
case appears to be less than when the water is clear and well aerated.
This observation has been confirmed to some extent by the experi-
ments with lead bars, but I am not prepared to state it unreservedly
as a rule.

Chemical Report on the Supply of Water to the
Metropolis,

By Tuomas Gramam, Esq, F.R.S., W.A. Mmier, M. D., F.R.S., and
A. W. Hormansy, Ph. D.F.R.

Tue existing Metropolitan Water Companies with their estimated
delivery per day are as follows :

Grand Junction Company, 3,541,717

Water derived from | West Middlesex, 3,334,054
the Thames Chelsea, 3,940,730
19,907,480 gallons, Southwark and Vauxhall, 6,013,716
Lambeth, 3,077,260

Water derived New River, 15,435,617
from other sources( East London, 9,036,049
than the Thames ( Kent, 1,079,311
25,978,445 gallons, ) Hampstead, 427,468

45,885,925
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It thus appears that of a daily supply of nearly 46 million gal-
lons, 20 million gallons are taken from the Thames and 26 million
gallons are obtained from other sources.

% * #* * *

Specimens of the water of all the Companies were taken for ana-
lysis always from a main and generally at the nearest accessible point
to the works of the Company or to a distributing reservoir. They
were all drawn on the 29th, 30th and 81st of January last, after
moderately rainy weather, with the river full but not flooded.

The specimens may be considered as representing the least favor-
able state of the water-supply to the metropolis during winter, but
still such as it may continue for several months in a wet season like
the last. The temperature of the river at the time was 44° Fahr.

The results are given in two forms, first the acids and bases
separately, as actually found by analysis, and secondly the same acids
and bases arranged in the form of salts, or chemically combined as
they are believed to exist in the waters. The first group consists of
waters not derived from the Thames.

ANALYSIS OF THE NEW RIVER, EAST LONDON, KENT AND HAMPSTEAD
WATERS.

Grains in an imperial Gallon,

New River | East Lon- Kent Hampstead
Water don Water Water Water
Company Company | Company | Company
Tiimlegis o o a5, oo, 5.7192| 6.9034 822 9160
Malonesia SE%m terpitonal o 0..5280.0:. 7336 0.62| 1.7098
IRolassiumegoee s 0.4972| 0.5600 0435 (5106471
Sednumeet e Sk LT 1.1634| 0.9989 0.86| 7.5761
Iron, Alumina and Thos-
phatestistt s miing 5. uu trace | 0.4760| trace trace
Sulphuric Acid (SO;). ...... 3.2550| 2.5830| 1.86| 9.1702
@hlonimek s oo bl i o 1.0500{ 1.0682 1. 521 451930
Carbonlc®ACIdE. . . s 11.1020{11.4527| 11.56/{10.9823
Silica®esien s o L . 0.5005| 0.6216 0.49| 0.0728
INitricPAeiai st o 0. 01500k 480010 L it 0.050
AmmoniaMEae w0l trace trace trace trace
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ANALYSIS OF THE NEW RIVER, EAST LONDON, KENT AND HAMPSTEAD
WATERS.

Grains in an imperial Gallon.

New River | East Lon- Kent Hampstead
Water [don Water Water Water
Company Works Company | Company
Carbonate of Lime......... 7821 10/ 16/ 15 61! 4.95
Sulphatetof Lime.: . .00 .} G123 0% 88/ 3L i6| TN
INittrate offfime = . 0.02 QRN T 0,07
Carbonate of Magnesia. . .... 1.09 1551 1.28 3.53
Chloride of Sodium......... 1.73 1.76 2B 6.79
Sulphate-of Soda. ... .. v. .. PGP 50,94 L 15.14
ChignidefoPPotassam’. 7, 20 L B i ssit 066t e
Sulphate of Potassa....... 1lgat! 1251 S50 1.40
Cachonatc'of Botassa. .. il | sarepollisn - i g 1.80
Silicaiirten i e e o 0.50 0.62 0.49 0.07
Iron, Alumina and Phosphates| traces 0.47| traces | traces
FATITITONIA S v s i e s traces traces | traces | traces
Qroanict Magtertit i o0 2,79 4.12 2.61 1.84
ARotalifan i iR o 19.78/ 23.88| 21.08| 385.59
Solid residue obtained on eva-
POTabigni Lot 19,58 23..51 [F520/. il B35 ]
Free Carbonic Acid in cubic
mches atd4SiRe s 1474 10588 100 15 (1 3530
Free Carbonic Acid grains in a
allonrt sy DR i 24 6.19 5.01 6.67
Suspended Matter.......... Jewd Qs =1 . O o, s e 0.52
Degree of hardness Clark’s scale| 14°.9 15240 16240 9°.8

The second group is composed of Thames waters.
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ANALYSIS OF THAMES WATERS.
South-
West Chelsea |wark and| Lambeth
Water Grand | Middle- |Company|Vauxhall |Company
taken at| Junction |sex Com-|near Red|Company supp lied
Thames | supplied \pany sup-| House |near Red
Ditton | at Kew | plied at |Battersea| House Lambeth
Barnes Battersea
PG, it o 8.0046| 7.4522| 7.5390| 7.5117| 7.2151 6.7970
Magnesia..oocoeveana 0.6070| 0.5544| 0.5628| 0.5527| 0.6020( 0.701]
Pofassinm’ . nis b oo o 0.4261| 0.2769| 0.2185| 0.2821| 0.6048| 0.4291
Sodiumirait et 0.4330! 0.6127| 0.7387| 0.5784| 0.7861| 0.7805
Iron, Alumina and Phos-
hivties et fee Sokp 0.0940| 0.7630| 0.7630| 0.2910| 0.3430| 0.8505
Sulphuric Acid........ 1.8782| 2.6460| 3.0380| 3.3005| 2.4150| 2.2015
Chltgime. S arrn 0.9890| 0.8512| 1.1424| 1.2229| 1.1725 1.1746
Carbonic Acid........ 14.2170/11.9826(10.6260(10.6470(12.1100|12.8520
Blitae . .. FE.T. v....| 0.6290| 0.4466] 1.0013| 0.7189 0.7679| 1.0451
INitricgAcidl o oc itk 0.0180| trace trace | trace | 0.2360| trace
PAmoniaf i trace trace trace trace | 0.0309| trace
Carbonate of Lime....| 11.79| 10.90 9.94 9. 981 10, BT 8.99
Sulphate of Lime...... 3.06 3.26 4.8 5.61 3.05 2.99
(Nibpate of Lime.:.. .. .. 0.27| trace trace trace 0.35| trace
Carbonate of Magnesia. 1.2 il 1.16 1208 129 1.44
Chloride of Sodium. ... 1.10 1.40 1.88 1.47 1.99 1.96
Sulphate of Soda......[....... (ORI R [ R S o5
Chloride of Potassium. {17 i sipd pE S Q.58) v ap-pp | smicaaian
Sulphate of Potassa. . (@1l 0.61 Weelonboase 1.34| 0.95
L e e 0.62 0.44 1.00 0.71 0.76 1.04
Iron, Alumina ‘and Phos-
phatestt L. it 0098 06171 HH0£7 610 H0.29| =50 3418 08
ATIIMONTAE. - oic s vesef trace || ftrace trace | trace 0.03| trace
Organic Matter. ... 2.29 3.07 2.75 2.38 1h 2.59
Motalnras el s 2133  21.70] 1122 754321558l 121 28 N0 S0
Solid residue found on
evaporation........ 20.4%81 21L.72] "2%.6T] “21.98] " 21.08} 20:40
Free Carbonic Acid in
cubic inches at 440 F| 16.89| 13.46| 11.56| 12.80| 13.57| 16.64
Free Carbonic Acid gr’s
angoallontite. Rt 8,251 16,131 b ANSIEE 615 EEEORTS ke SRS
Suspended Matter.....|.... oos 0.01 050215 ok vie. 1.92 1515
Degree of hardness—
@larlds scalet . ... 0. 14.22| 14.00] 14.60| 14.44| 15.00| 14.16

The soluble organic matter from two of the Thames waters was
submitted to ultimate analysis, and found to give 0.105 grain of ni-
trogen in the Grand Junction water, and 0.031 grain of nitrogen in
the Southwark and Vauxhall water.
generally supposed to imply the animal origin of organic matter, and

The existence of nitrogen is
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on such evidence, a minute and probably unimportant portion of ani-
mal organic matter would be admitted to be present.

* o * P *

It may be useful to distinguish the quality known as the “hard-
ness” of water, according as it is of a temporary or permanent charac-
ter. Perfectly pure or soft water, when exposed to contact with
chalk (carbonate of lime) is capable of dissolving only a very minute
quantity of that substance; one gallon of water, in weight equal to
70,000 grains, taking up no more than two grains of carbonate of
lime.

This earthy impregnation is said to give the water two degrees of
hardness. But waters are often found containing a much larger
quantity of carbonate of lime, such as twelve, sixteen, or even twenty
grains and upwards in the gallon. In such cases, the true solvent of
the carbonate of lime, or at least of the excess above two grains, is
carbonic acid gas, which is found to some extent in all natural waters.
But this gas may be driven off by boiling the water, and the whole
carbonate of lime then precipitates in consequence, or falls out of the
water, with the exception of the two grains which are held in solution
by the water itself. The gas dissolved carbonate of lime gives, there-
fore, temporary hardness, curable by boiling the water. An arti-
ficially prepared hard water, containing 18} grains of carbonate of
lime to the gallon, was observed to decrease from 13.5 to 11.2 degrees
of hardness, merely by heating it in a kettle to the boiling point.
Boiling for five minutes, reduced the hardness to 6.3 degrees; fifteen
minutes, to 4.4 degrees ; thirty minutes, to 2.6 degrees; and one hour,
to 2.4 degrees. The softening effect of boiling does not, therefore,
appear all at once, but the greatest propertional effect is certainly
produced by the first five minutes’ boiling.

The West Middlesex and New River waters were both found to
soften by boiling, very much in the same manner as the preceding
pure chalk water, except that the ultimate hardness of the two waters
specified was somewhat higher. By an hour’s boiling, the West
Middlesex fell from 14.6 to 5.5 degrees, and the New River from
14.7 to 4.1 degrees.

* * * * *

The water at present supplied may be circulated through leaden
pipes, or preserved in leaden cisterns, with an unusual degree of
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safety. The corrosion of water cisterns in London is g?nerally occa-
sioned by the mud which subsides to the bottom, particularly when
the sediment includes organic matter, and the evil might be gre.atl'y
diminished by more frequently cleaning out the cisterns. But it is
to be particularly remarked, that this corrosion is not attended by
any sensible solution of lead in the water, and that the water of the
cistern is not poisoned in consequence. The London water may
indeed be said to exert the least degree of solvent action upon lead.
To the nature of the action of different waters on this metal, there
will be occasion again to refer.

The circulating system of iron pipes, appears also to receive a cer-
tain amount of protection from the alkaline character of the present
supply. The erosions and bulky deposits in cast iron pipes, which
have given great trouble in the distribution of certain waters, are quite
unknown in London.

Putrefactive decomposition appears also to occur less rapidly in
hard than in soft water, and hard water seems to be more easily pre-
served in reservoirs or tanks, without deterioration, for a short time.

* * * * *

Caustic lime, when added to hard water in sufficient quantity to
neutralize the carbonic acid, removes the solvent, and becoming at
the same time carbonate of lime, must precipitate together with that
originally in solution. The operation«of this process was first wit-
nessed by us at the Mayfield Print Works in Lancashire, where
300,000 gallons of water are submitted to it daily, at a trifling ex-
pense, and with little trouble, but more for the purpose of discolora-
tion than softening. A careful series of experiments made in the
Laboratory, left no doubt on our minds that the means of conducting
this process are certain in their results, and sufficiently simple to be
left to the execution of a workman of ordinary intelligence. The
precipitation of the carbonate of lime was terminated within twenty-
four hours, and the water, if free from turbidity before the lining,
continued in that state, but if originally turbid it remained so, and
required filtration, besides the lining, to make it clear. The New
River and Thames waters were softened in this way to an average of
about 3 degrees of hardness, or to a lower point than by an hour’s
boiling.
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* * * *
*

The only precaution taken to insure the absence of any excess of
caustic lime, consisted in testing the water in the settling reservoir
by a drop of nitrate of silver, which shows if the quantity of lime re-
quired has been exceeded, by the brown color of the precipitate then
formed. After subsiding generally for twenty-four hours or longer,
the water was finally passed through the ordinary sand filters before
being distributed. The degree of hardness before and after the soft-
ening process, (as tried at the Chelsea Water Works), in five experi-
ments, was reported to us by Mr. Simpson, as follows :

THAMES WATER AT THE CHELSEA WATER WORKS.

Degs. of Hardness

1851 Before | After REMARKS
Lining | Lining

——— |

The river was in good condition;
February 24....| 14.0 | 4.5 E}z)zrflxmg T
March1....... 14.1 | 3.75 | § The river was in good condition;
the mixing in 9% hours.

The river in flood; the flood

BlapPEhelS. - s b0l ol tinge retained after liming.
Recovering from flood ; 'yellow
Ll G el il % flood tinge not removed.
Aprili A LLesn 15.5 | 3.6 |Rises in an average condition.
# # # # *

Mr. Simpson believes that 20s. ($5), for one million gallons, would
be a proper estimate of the cost of this process.

* * * * *

The influence which this addition to the cost might have upon the
price of water, may be gathered from the following returns lately
made to the General Board of Health, of the present cost to each
water company, of one million gallons of water :
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FIRST COST OF ONE MILLION GALLONS OF WATER.

£l d

NewsdRiver: Sui i At S i ook 9% 7 7e4
Rastilfondont S @Ru i e e g i Glelibe i

Sontiltwarksts USRS L 5 gk 4

EWiest IV dleRex# i i PRl R 16 R0
TLEY G0l 0TS0 Nl o S o i i i o et o 1506
@ hielsea B . o A e 19 10 4%
Grandl JUNC o e R G e N o 9 14 6%
IentyeiBeii e etie. R Sl e 17 2 10%
Hampstead st . or iy, o el 2%455% 1%
IAverace (about) et e £10 10 9%

The average charge of the companies is, by the same return
about sixpence for one thousand gallons, or £25 for one million gal-
lons. The softening process would, therefore, add about ten per cent.
to the original cost of the water, or four per cent, to the price charged
to the consumers.

But it is the solvent action of soft water on lead which is calcu-
lated to excite most alarm, with the general use of house cisterns, and
the universal use of service pipes of that metal, under the present
system of distribution. \

Of the soft spring waters from Surrey, the corrosive action on
lead is remarkably small, according to our own observations, which
generally accord with the conclusions of Mr. Napier on that point,
with the striking exception of the water from the Punch Bowl,
Hindhead, of which the power to dissolve lead proved to be rather
considerable. The inactivity of the other samples we would refer
more to the smallness of the quantity of dissolved oxygen which they
contain, than to the absence of carbonic acid, the cause suggested by
Mr. Napier.

* * * * *

River water or spring water from the chalk strata, softened arti-
ficially to about three degrees of hardness, was proved by our own
observation, to have no dangerous action upon lead.
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The experimental results obtained in a long inquiry, undertaken
to illustrate the action of water in various circumstances upon lead,
are not adapted for statement in this Report. The subject is one of
great difficulty, and is still far from being exhausted. The most im-
portant practical conclusions which we have arrived at are the fol-
lowing :

Certain salts, particularly sulphates, to which a protecting effect
is usually ascribed, did not appear to exercise uniformly that useful
property. Some salts, on the other hand, such as chlorides, and
more particularly nitrates, may increase the solvent action of water.
Of all protecting actions, that of carbonate of lime, dissolved in car-
bonic acid, appeared to be the most considerable and surest.

The most practical, perhaps, of our observations, is the extraor-
dinary influence remarked of the small quantity of carbonic acid,
which water usually contains upon the results. This effect is fortu-
nately to neutralize, to an extraordinary degree, the usual solvent ac-
tion on lead which water exercises through the agency of the oxygen
dissolved in it. The soluble oxide of lead is converted into the car-
bonate, which although not absolutely insoluble, appears to be the
least soluble of all the salts of lead.

Pure water did not dissolve a quantity of carbonate of lead greater
than one sixtieth of a grain to the gallon, or one part of lead in four
millions of water; while water, on the other hand, which contained
already so much as six grains of oxide of lead dissolved in it to the

" gallon, had the quantity of metal reduced to one fifty-seventh of a
grain, by free exposure to the atmosphere for twenty-four hours; the
lead being deposited as carbonate of lead in consequence of the ab-
sorption of carbonic acid gas. So minute a trace of lead remaining
in the water could have no possible influence on health.

The quantities just stated also represent, pretty closely, the pro-
portion of lead which was dissolved by water left in contact with the
metal in a divided staté, during a period of not more than twenty-
four hours in two experiments; the water being simply distilled
water in one experiment, and distilled water containing three per
cent. of its volume of carbonic acid gas in the other. ~The pure
water became highly poisonous, but that containing carbonic acid
remained safe. The lead was in the form of lead pyrophorus, pre-
pared from the tartrate of lead, in which the metal is in an extreme
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state of division, and therefore exposes an enormous surface to the
water.

Carbonic acid is usually present in well, river and lake waters, in
the quantity sufficient for protection; and the immunity of such
waters from lead impregnation, we would ascribe often more to their
carbonic acid than to the salts which they may also contain; for lead
placed in distilled water which has been boiled to expel its carbonic
acid, is no longer sufficiently protected by the addition of the same
salts.

It is true, however, that a certain excess of carbonic acid in
waters, such, however, as is very unusual, may give solubility to the
carbonate of lead; but this solubility is not to be compared to that
of the carbonate of lime, the carbonate of lead requiring for solution
a proportionally much larger qnantity of gas.

Organic matter in a soft water, is doubly dangerous, as the rapid
corrosion which it occasions may be.followed by solution of the lead
salt formed, when the carbonic acid is either deficient, as in rain water
generally, or present above the safe proportion.

The properties of water which enable it to act at times with
unusual vigor upon lead, are little understood, and seem often to arise
from the accidental action of local and very limited causes, such as
the presence of decaying leaves and impurities, which may only affect
a small volume of water. These causes are of a kind most to be
dreaded in the supply of a single residence, in which the whole
volume of water might at a time assume the same dangerous compo-
sition. But such causes probably often counteract each other, when
large volumes of water are mixed together, as in the supply for a
town.

It is at least difficult to account otherwise for the fact, that no
recent and authenticated case can be cited of the health of any of
the numerous towns lately supplied with soft water being affected by
the use of leaden distributory tubes, although apprehensions were
often entertained from the introduction of soft water, as at Boston, in
the United States, where the subject has excited much attention ;
and at New York since the introduction of the Croton River.

From Whitehaven, where water of extreme softness has been in
use for the last six months, we learn that no case of lead poisoning
had been seen or heard of by the medical practitioners of the town
which could be attributed to the use of the water. No cisterns how-
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ever are used there, nor in any other towns where soft water has
lately been introduced, as they may be dispensed with on the system
of constant supply, which appears always to have been adopted with
the soft water.

We are disposed, therefore, to conclude that the danger from lead
in town supplies of water has been over rated ; and that with a sup-
ply from the Water Companies, not less frequent than daily, no
danger is to be apprehended from the use of the present distributory
apparatus, with any supply of moderately soft water, which the me-
tropolis is likely to obtain.

* * ¥ * *

On the Examination of Water for Towns, for its
Hardness, and for the Incrustation it deposits on
Boiling.

By Proressor CLARK.

Ar various times during the last few years, I have been applied
to for information respecting methods I had adopted for examining
waters for towns.

* * * * *

The processes alluded to for the examination of waters are two :
one for ascertaining the hardness of water, one for ascertaining the
alkalinity.

Each of these processes is fully described in the specification of a
patent printed in the Number of the “Repertory of Patent Inven-
tions” for October, 1841.

PROCESS FOR ASCERTAINING THE HARDNESS OF WATER.

In June, 1843, having occasionally before met with some few spe-
cimens of waters, and more especially soft waters from springs, where
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the indications of the soap-test, which in general are remarkably dis-
tinct, were obscure, I discovered the cause of this obscurity to be an
‘excess of carbonic acid, that is, an excess over and above what is
necessary to form alkaline or earthly bicarbonates. This excess has
the property of slowly decomposing a lather once formed.

For the purpose of guarding against an excess of carbonic acid in
all cases, I recommend that, before you measure out the water for
trial, you shake it briskly in a stoppered glass bottle half-filled with
it, sucking out the air from the bottle at intervals by means of a glass
tube, so as to change the atmosphere in the bottle.

In all trials of waters above 16 degrees hardness, not only should
such waters, and the distilled water to be used along with them in the
trials, be treated in this manner, previous to their being measured out
and mixed, but the measured mixtures themselves should be treated
in like manner, before any soap-test is added to them. The soap-test
itself should be occasionally so treated before it is measured out.

To obtain uniform results with the soap-test, I recommend that
as soon as you observe that a lather is formed, such as will remain all
over the surface of the water for five minutes, you take a note, but
only an interim one, of the quantity of the soap-test that has been
added. In about half an hour you should shake the bottle again, to
see whether the lather will still remain for five minutes. - If the water
under trial do not exceed 4 or 5 degrees of hardness, it is likely to
require a little more soap-test upon this renewed shaking; but in
every case where more soap-test is required, let more be added to the
water. This latter quantity and the former will together make up the
whole soap-test that is to determine the hardness of the water
under trial. For hours afterwards, unless perhaps the water does
not -exceed 1 or 2 degrees of hardness, a lather lasting for five
minutes may be restored by your shaking the phial. This mode of
procedure, by producing a lather whose permanence we may re-
peatedly verify, will conduce much to the uniformity and accuracy
of our trials.
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TABLE FOR CONVERTING SOAP-TEST MEASURES INTO DEGREES OF

HARDNESS.
Differences for the next
Degree of Hardness, Soap-test Measures. 1st deg. of Hardness,
0 (distilled water) L e bbbl e s Lot
I u e RN o STl s e e 2.2
I S M Bl d e R Y 2.2
SEE e T AR R 2.0
R R 9. 8udauniniaytne 2.0
G e G s s 2.0
GRS T B SRS SR e 2.0
SRR SR e BT gobi6e banos 1.9
8}, Bl ittt Bomrin gt VT 8D e e 1.9
RS E DR iy £ Wl S A8 Gotie 159
VA e LS s S e =8
16 P e S e A 28 Al S nt o St L&
I B 38 S e B S PEESTIT S0 0B i S o 1558
IS St Sl Sibors oyt 266l Laprahll oty 1.8
T ool iz abi. ot 2B DR S 1.8
(58 il SN e SO o 1.7
MG s T 32.0

When the measures of soap-test necessary to form a lather, with
100 test-measures of a water, exactly correspond with a standard
solution, then the degree of hardness will be the corresponding in-
tegral number found in the first column. Thus 24.9 of soap-test
will indicate 12 degrees of hardness; 26.7 of soap-test will indicate
13 degrees of hardness.

But if the measures of soap-test do not exactly correspond with a
number in the first column, the hardness will be expressed partly by
an integer and partly by a fraction.

The integer will be the hardness corresponding to the next lower
number in the soap-test column.

The numerator of the fraction will be the excess of the soap-test
measures in question above this number. The denominator of the
fraction will be the corresponding difference which follows the soap-
test in the next column.
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Example— Let 25.8 be the measures of soap-test required by 100
test-measures of a given water.

24.9 is the next lower number in the soap-test column. There-
fore 12 degrees of hardness, the corresponding degree, is the integral
part of the required hardness.

The numerator of the fraction is 25.8—24.9=0.9. The deno-
minator is the corresponding difference =1.8. The fraction itself is
0.9

— ="0.5.
156
The whole hardness therefore is 12.5 degrees.

PROCESS FOR ASCERTAINING THE ALKALINITY OF A WATER.

The tests employed are two,—test-paper and the acid test. Re-
specting these I have little to add to what is given in the specifica-
tion.

Test-paper—The color should be first separated from the solid
matter of the litmus by boiling, subsidence, filtration, &c. - The
colored solution thus obtained being too weak for use, will require
to be concentrated by evaporation. The color will then have to be
brought to a proper tint by means of dilute nitric acid, and after-
wards applied to the paper by a flat camel-hair brush. The only
paper that I have found to be sufficiently free from acid or alkaline
impurities to be unexceptionable for test-paper, is the drawing-paper
stamped with the name of Harding.

Acid test—In purifying oxalic acid, it is desirable to reject a
very small crop, consisting of such of the crystals as fall first. These,
I find, contain quadroxalate of potash. 1find a little of this salt, even
when the acid has been made by means of pure (%) nitric acid and
specimens of the best refined sugar of commerce—a circumstance well
worthy of the attention of chemists engaged in the study vegetation.

DEGREES OF HARDNESS AND DEGREES OF ALKALINITY EXPLAINED.

Degrees of Hardness.— Each degree of hardness indicates as much
hardness as would be produced by 1 gr. of chalk per gallon, held in
solution in the form of bicarbonate of lime, frec from any excess of
carbonic acid. The degree of hardness caused by a lime salt depends
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not on the state of combination of the calcium it contains, but on the
quantity of the calcium. If, instead of being in the form of bicarbo-
nate of lime, the calcium this compound contains were in the form
of chloride of calcium, or of nitrate of lime, or of sulphate of lime, or
even of lime-water, the soap-test destroyed by it, and consequently
the degree of hardness indicated, would be precisely the same.

A quantity of a soluble magnesian salt equivalent to 1 grain of
chalk, destroys a like quantity of soap-test, and consequently indicates
one degree of hardness. The same is the case with salts of iron and
salts of alumina. Salts of the alkalies do not produce hardness.

Degrees of Alkalinity—For each degree of alkalinity that a water
possesses, a gallon of it will require as much acid to neutralize it as
1 grain of chalk would require. Hence a solution of lime-water, or
of bicarbonate of lime, in distilled water should be of the same degree
of hardness as of alkalinity. The most usual cause of alkalinity in
water is bicarbonate of lime; but bicarbonate of magnesia, which
causes hardness, likewise causes alkalinity; and bicarbonate either
of soda or of potash, which does not cause hardness, causes alka-
linity.*

TO INFER THE DEGREES OF HARDNESS AND THE DEGREES OF ALKA-
LINITY FROM AN_ORDINARY ANALYSIS.

For Hardness—Compute the grains of lime, magnesia, oxides of
iron and alumina, in a gallon of the water, each into its equivalent of
chalk, The sum of those equivalents will be the hardness of the
water.

For Alkalinity—Compute in like manner the grains of bicarbo-
nates of lime, magnesia, soda and potash, in a gallon of the water,
each into its equivalent of chalk. The sum of those equivalents will
be the alkalinity of the water. But the results thus obtained have
much less chance to be accurate than the hardness and the alkalinity
ascertained directly by means of the soap-test and the acid-test.

* When a phosphate of lime is present, as happens rarely and in small quantities, it i3
probable that for every two degrees of hardness the phosphate occasions it will produce only
one degree of alkalinity ; that is, all the lime in the phosphate will cause hardness; but one
half of it will be neutralized, and only the remaining half alkaline,

4
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DELICACY OF THE TESTS.

For Hardness—Suppose the Thames water to yield a mean of
14 degrees of hardness. Carefully conducted experiments should
then range between 14.1 and 13.9 degrees of hardness. That is to
say, the mean result of more experiments than one should be within
0.1 degrees of the extremes; and it is to be remembered that the
hardness of a water may be ascertained repeatedly within an hour.
But 0.1 degrees of hardness is equivalent to one-tenth of a grain of
chalk per gallon; that is, 1 of chalk in 700,000 times its weight of
water. But as the operation is performed on only the 70th of a gal-
lon, (1000 grains), the whole weight of hardening matter that we ac-
tually operate upon in this experiment is a 70th of 14 grains, that is,
one-fifth of a grain ; and the smallest weight to which we actually meas-
ure is the 70th of the 10th of a grain, that is, the 700th of a grain. I
do mnot remember any process of equal quantitative delicacy in the
whole range of chemical analysis; and this one is the more remarka-
ble as it is performed with soap-test, previously known as almost the
rudest and least determinate of chemical resgents.

For Alkalinity.—1f the Thames be at 14 degrees of hardness,
it would probably yield 13.1 degrees of alkalinity. Such a water, if
tried according to the directions of the specification, should give 13.1
degrees of alkalinity each time. The difference between the experi-
ments, it carefully performed, should appear not on the first, but only
on the second place of decimals. Now since 1 degree of alkalinity
corresponds to 1 grain of chalk per gallon, and since the acid test in-
dicates less than 0.1 degrees of alkalinity, or 1 of chalk in 700,000
of water, we may safely infer that the acid test will measure 1 of
chalk in 1,000,000 of water. Thus we obtain for record even more
accurate results by the acid test than we do by the soap test. Never-
theless the soap test is, in the abstract, the most delicate, for although
we use nearly the same quantity of each test, yet in the case of the
acid test we act on the 8th of a gallon, whereas in the case of the
soap-test we act on only the 70th of a gallon.



REPORTS AND OPINIONS. 51

HOW TO MAKE THE FOREGOING PROCESSES AVAILABLE FOR ASCER-
TAINING THE QUANTITY OF INCRUSTATION THE WATER DEPOSITS
* ON BOILING.

For this purpose the points to be ascertained are :

1. The hardness and the alkalinity of a given water, unboiled.

2. The like particulars of the same water, after being boiled with-
out loss of steam, for'at least 24 hours, and then cooled, and (if
necessary) filtered.

From these indications, the weight per gallon of earthy deposit
formed by boiling, if there be any, is deduced as follows :

h = hardness of unboiled.

Let % k' = hardness of boiled.

h— &k = H, that is, degrees of hardness lost by boiling,
occasioned by the precipitation of earthy salts,
which may be either alkaline or neutral, or partly
both.

a = alkalinity of unboiled.

Let% a’ = alkalinity of boiled.

a—a’= A, that is, degrees of alkalinity lost by boiling,
oclcasioned by the precipitation of alkaline earthy
salts.

Nore.— Observe that A is equal to 4 only in the case where all
the precipitate is chalk and carbonate of magnesia, which is but sel-
dom the case.

H— A = so much of the hardness lost by boiling as is produced by

. the precipitation of neutral earthy salts.

(H— 4) x 1.36 = B, that is, the above neutral earthy salts, calcu-
lated as dried sulphate of lime, in grains per gal-
lon.

Collected and represented in a report thus:

(Embeiled s iy

e 1 L P

Deposit by boiling, in grains, per gallon :

Alkaline earthy salts, calculated as chalk............ A
Neutral earthy salts, calculated as dried sulphate of lime B
IRobalss i 35 J A+ B

Hardness of the water

Alkalinity of the water {
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When the alkalinity is only 1 or 2 degrees, it is not worth while
boiling the water, as hardly any precipitation will take place.

If you canriot conveniently arrange so as to boil the water with-
out loss of steam, I recommend that you boil it with as little loss as
possible, and, when the water has cooled, that you make up the
loss in weight of the vessel and its contents by adding distilled water.
Mere boiling causes one change in the saline contents of the water.
Boiling with evaporation causes an additional change.

I recommend that the alkalinity of a water be always stated by
itself in a report, that is, not mixed up with the hardness; perhaps,
indeed, it should be given in the Appendix to the Report, for persons
not familiar with chemistry are apt to be puzzled about the alkalinity,
whereas the degrec of hardness and weight of deposit per gallon
scarcely ever give them any difficulty. But the alkalinity should not
be altogether omitted from the Report, as the statement of it is neces-
sary for a comparison of the results obtained by different chemists.

It will be for others to decide whether the ascertaining of the
quantity of the deposit that a water forms on boiling should or
should not form a part of the chemical analysis serving to specify
“jts adaptation for domestic ‘afid manufacturing purposes,” as re-
quired by the Commissioners of Woods and Forests. C:

Leport on the Water Supply of the Town of Preston.

By Proressor CRACE CALVERT.

To the Local Board of Health, Preston: Gentlemen— A fter several
months of most careful and minute analysis, I have the honor to lay
before you a report containing the results I have arrived at.
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ANALYSIS
North (PRl
Cowley Loud side .of Dutton ”Rf;sv‘;:_e
Brook. scales, Lo,lkﬁlillfige Brook. Eo
Tiimel. . SPRE e e 0.473| 4.446| 1.534| 0.952| 3.251
Magmesiateinisis, - veloe.] 0:186( 0,561 011954 05286 0% T30
Per' oxide of'iton. /i, .. 0.150{ 0.200{ 0.053| 0.257| 0.104
Sodrtimh . 58" e 5 ik 0.627| 0.554| 0.419| 0.530| 0.595
Potassinmes. deiup s vx . L s 0.048| 0.076| 0.048| 0.096| 0.418
Sulphuniciacidtioi . s 0.300| 0.798| 0.601| 0.587| 2.055
C}llorine ................ 0.721| 0.642| 0.556| 0.706| 1.222
Sllica. .................. 0.850{ 0.400| 0.426| 0.481| 1.200
Combined carbonic acid...| 0.514r 3.942| 1.190| 0.913| 1.648
Free carbonic acid........ a trace| 5.556| 1.274|v.em.quan| 3.300
Nitric racififeadine . Seiass none | none | none | none | 0.329
Phiosplatesatiin soniens, Senilas on by Gor . 8 2. Dol at g
Algniia v lad. o Bk a tracel tracesi...... none }0' R0

From the above results the following saline compounds are sup-

posed to exist in the waters :

Cowley Loud- atiq(fel 2:’ Dutton S;:;::;:-e
Brook scales. |Longricge| Brook. &

Hill. yolr. .
Sulphate of lime it 0.210] 0.385| 0.374| 0.126] 3.520
Carbonate of lime........ 0.690| 7.352| 2.850| 1.610| 2.203
Chloride of calcium. ...... none | 0.380| 0.128| none | 0.501

Splphatexofemabnesiass & il o fltsionds 0.215| 0.472| none
Carbonate .of do....cioss. 0.285| 1.158| 0.249| 0.260| 1.209

Chloride of magnesium....| 0.109| none | none | none | none
Sulphate of -soda. - 500, none | 0.887| 0.339] 0.205|.....
Silicatagofadon... - kit O AliTiEneone: [imane || none |..iSat
Chloride of sodium....... 1.125) 0.660| 0.781[ 1.163( 1.500

Sulphate of potassa....... 0.344] 0.159 0.105| 0.190| none
Silicate®ofidotiriene .. .0 0.112| none | none | none | 1.000

. Carbonate of protoxide of 3

ITORBE 6 o0 e 0.176] 0.290| 0.075] 0.182] 0.150

Creanateofido. 7= - iy none | none | none | 0.743| none
Silicafis so-ber s o 0.510| 0.400| 0.426| 0.481| 0.170
Crenie jacidi g% b s Hone |Esaps o odi s L i) L .
Silicate offliment S g a i e s il h 0.302
Nitratertof doias o r Th ool ol oo m e i . 0.500
Silicate  [off IIAoDEsIA. Kisekie i it saleeihorerie Sl s 0.500
iPlhosphatestandialuminatiiic. ot bt Feotlc 0.200
3798711761 5042 5.432011.75%
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North et
Cowley Loud- side of | Dutton RC“:I‘CO
Brook. scales. |Longridge| Brook. oL
Lill. yoIs
Crenic acid substance.. . ... .634
Total fixed residue per gal. 4.798

obtained by evaporation.| 4.200/11.200/ 4.900 4.970{12.012
Organic matter per gallon.| 1.400| 1.400| 1.400| 0.941; 4.550
Free carbonic acid in grains| trace | 5.556| 1.274 small qr| 3.300

The water taken from Cowley brook, near the bridge, is the purest
of the five that I have analysed: it has a beautiful appearance and
an agreeable taste. It is one of the purest spring waters that has
ever been analysed either in England or abroad, for (as you may ob-
serve) it contains only four grains of fixed saline matter per gallon.
You will be more able to appreciate its high degree of purity when
you are informed that chemists consider a water which contains from
seven to nine grains per gallon of saline matter to be very good for
domestic purposes. The water of the Thames contains twenty-one
grains per gallon of fixed saline matter, and, that of the Seine 9.6
grains per gallon.

* * * * *

The five waters were submitted to Clark’s process for appreciating
their relative degrees of hardness, and the following results were ob-
tained :

Natural degrees per gallon. Boiled.
Cowley: Brook.i. i o0 b RGN L ST 1.25
North: side of Longridge Hill....2:00° ......... 1.75
Wutton Brool: @ i Sa el s 1 550 wini e Ryl 525
THondseales A7t & RG R oo & 62 L0 0k ki e 2.00
SETViCe-Tesenyoir s n s SR A LA ) e 4.15

ACTION OF THE WATERS ON LEAD.

The action of the five waters on lead piping has also drawn my at-
tention. I cannot give a satisfactory explanation of the curious re-
sults I have obtained, as they are in contradiction to facts which I
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and other chemists have published ; for the two purest waters, Cow-
ley Brook and north side of Longridge Hill, act with extreme slow-
ness on lead. In fact, samples of these waters, after having been left
two months in contact with perfectly cleansed lead piping, contained
only a very small amount of lead; whilst Dutton Brook, a water
nearly as pure as the two above mentioned, contained a much larger
amount. It is known that lead is rapidly attacked by pure waters,
as rain or distilled waters, even when the latter has been boiled to
expel any trace of air or carbonic acid it may contain. The action
of the waters from Cowley Brook and Longridge Hill on lead piping
cannot be ascribed to the presence of carbonic acid, as they only
contain a usual proportion of that gas.

To settle this question, lead was put in contact with distilled
water partly charged with carbonic acid; but although the lead
was much less acted on than by another portion of the same water
not containing this gas, still it contained more lead than samples of
the waters from Cowley Brook and north side of Longridge Hill.
Although the action of water on lead has drawn the attention of the
most learned chemists, viz: Chevreyl, Christason, Graham, &c., the
subject is far from being exhausted. Dutton Brook, Service-reservoir
water, and Loudscales water, have nearly the same action on lead;
but although they act slowly, still they are much more active than
the two first waters examined.

The following are the results I have obtained : —

1.—After twenty-four hours contact, none of the waters contained
an appreciable quantity of lead. v

2.— After three days’ contact,

Cowley Brook, [

North side of Longridge Fell, i
Dutton Brook, Sufficient quantity of lead to as-
E sume a brown tinge with sul-
phuretted hydrogen.

Loudscales,
Service-Reservoir,

3.—After two months contact,

Cowley Brook, %:&ssxln]e a brown color, with sul-
North side of Longridge Fell, phuretted hydrogen.
DutioniBirooks Become quite brown and turbid
Loudscales,

. : from sulphuret of lead.
Service-Reservoir,
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Report of the Consulting Physicians of the City of
Boston in relation to the Action of Cochituate
Water upon Mineral Substances.— With Docu-
ments Accompanying.

Tue Board of Consulting Physicians of the City of Boston, hav-
ing been desired to give an opinion as to the material of which pipes
for conveying water from the mains into private houses should be
composed, so far as the same may affect the purity of the water and
the health of the citizens; have had the subject under careful con-
sideration, and submit the following Report.

It is desirable that the materials of which the pipes of aqueducts
are made, should be cheap, of competent strength and durability,
easy of application, and free from the liability to communicate any
noxious property to the water contained in them. It is to the last of
these considerations that the Board of Physicians have devoted their
attention, as falling within their particular province.

Of the various orgamic products which have been employed to
convey water, Wood is the primitive material resorted to in most
countries, until seperseded by more appropriate substances. ZLeather
made into hollow trunks, or %ose, is used on ship board, and in con-
nection with fire engines. Jndia rubber applied in the form of varnish
to tubes made of fibrous textures, is employed in certain hydraulic
machines, Gutta percha, a newly imported substance, has qualities
which seem to render it suitable for the conveyance of water. The
three first mentioned substances are considered unexceptionable on
the score of safety, and to the last, no objection on the same ground
is known to the undersigned.

Of brittle and inflexible mineral substances, soap-stone and marble, -
also glass and burnt clay glazed with siliceous earth, are not injurious
to health.

Zron. Pipes and trunks made of cast iron are the most common
material used for the conveyance of large bodies of water, and con-
stitute the mains of the Cochituate aqueduct. Smaller pipes, both of
cast and wrought iron, have been used for distribution in the interior
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of houses. The advantage of this metal over others, consists in its
centire safety as far as health is concerned. Its disadvantages are,
that it is somewhat difficult to adjust, and still more so to repair
when broken or separated ; also, that it is easy of oxidation, impairs
the purity of the water, and in small pipes is liable to obstruction
from the accumulation of its oxide. Nevertheless, in some situations,
wrought iron pipes have been found to answer well for periods of five
years and upwards.

It is proposed by Mr. Dexter to line the inside of iron pipes with
charred wood, soap-stone, or other safe material, which may diminish
or prevent the action of water upon the metal of the pipes. (See
Appendix.)

A siliceous glazing, of a well-known appearance, has been for
many years applied to the inside of culinary vessels of cast iron, to
protect them from the action of water, and other chemical agents.
These vessels are now manufactured by Messrs. Savery & Co., of
Philadelphia. Experiments appear to be wanting to decide the fit-
ness of this material.

Tin. Tubes made of pure tin are found to be acted on by water.
A portion of Cochituate water which had stood two months in pipes
made of block tin, exhibited abundant proofs of the presence of that
metal. Tin appears to be less noxious than copper or lead, and the
common use of vessels made of tinned iron, for various economical
purposes, seems to afford evidence of its general safety. Tin pipes
are flexible, fuseble, and easy of adjustment and repair.

Copper, in the form of some of its salts, is an active poison. In
its metallic state, it is not very ready of solution in water, yet, accord-
ing to Professor Horsford’s experiments, it sensibly affects that of
Cochituate Lake. Copper, exposed to the action of air and water,
becomes coated with a carbonate, or oxide, which, in a great degree,
protects it from farther action. Copper coins and bronze figures,
which have been exposed to these agents for two thousand years, are
found in good preservation. Copper pipes, thoroughly coated with
tin, in the manner suggested by Mr. Hayes in his report, are consid-
ered by that gentleman as one of the most eligible materials, both as
to durability and safety. From Professor Horsford’s observations, it
seems probable that the action of water, both upon copper and tin,
diminishes gradually during use.

Lead pipes have been in use for the conveyance of water, from

.
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the time of the ancients to the present day. The cheapness of this
metal, its ductility, flexibility, and the ease with which it is wrought,
have caused it to be employed for service pipes more than all the other
materials together. Leaden pipes are liable to be corroded by the
water of certain wells and springs, and probably also by rain water.
But in the water of open lakes and streams, which are comparatively
free from saline ingredients, and which contain portions of organic
matter, these pipes are durable for a long period. Lead, in aqueducts,
has often been suspected of insalubrity, abandoned, re-placed with
other materials, and again restored.

The Committee have devoted their especial attention to the sub-
ject of this metal, by examining the published authorities, by making
extensive inquiries among practical men, and by engaging the atten-
tion of learned and able chemists in fresh investigations bearing on
the particular case in question. Certain general facts, in regard to
lead, seem at present to be admitted, by the common experience of
the world. 1. That lead, received into the body, in certain quantities
and for a certain time, is liable to produce some alarming complaints,
among which are a species of colic, and a species of paralysis. 2.
That most of the natural waters, which are introduced through pipes
into the cities of this country, and probably of Europe, are capable,
under certain circumstances, of dissolving lead. 3. That notwith-
standing these general facts, a large portion of the population of Bos-
ton, Philadelphia, New York and London, have for years consumed
the water introduced from various sources through leaden pipes, with
apparent impunity.

In the hope of obtaining light on these seemingly discrepant facts,
the undersigned have caused to be procured specimens of water from
the respective aqueducts of the Schuylkill and Croton Rivers, and of
Jamaica Pond and Cochituate Lake, which they have submitted to
Augustus A. Hayes, Esq., of Lowell, and to Professor Horsford, of
Harvard University, with a request that they would put to a suitable
test the action of each of these waters upon metallic lead. From the
reports of these gentlemen, which are subjoined in the Appendix to
this document, it appears that each of these waters dissolves speedily
a portion of the lead with which it is in contact. The partial excep-
tion of the Fairmount or Schuylkill water seems to be explained by
the attendant circumstances.

But an interesting result deducible from Professor Horsford’s ex-
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periments, is, that the solvent action of these natural waters upon a
given surface of lead, diminishes from day to day, and at length
wholly disappears. So that it is not improbable that a coating of an
insoluble compound, perhaps arising from the action of organic mat-
ter upon oxide of lead, is gradually formed, which protects the metal-
lic lead from the farther action of the water. These experiments
may explain the cause why so many persons drink the water from
leaden pipes without detriment, and why the waters from Jamaica
Pond and other aqueducts have so often failed to furnish evidence of
the presence of lead, when submitted to the test of chemical experi-
ment,

In connection with the above explanation, it is proper to state,
that the undersigned have procured numerous specimens of Jamaica
Pond water, drawn from leaden pipes in various parts of the city, in
many of which it had stood over night, and in one instance in a pipe
one hundred feet long, for more than twenty-four hours. These spe-
cimens were submitted to the chemical examination of Professor
Horsford, who reports that he finds no lead present in any of them,
Dr. C. T. Jackson reports, “I have never found lead in the water of
Jamaica Pond, which was drawn through lead pipe, though nearly
all the well waters of this city, drawn through such pipes, are charged
with lead.” Other chemists have arrived at the same result, in regard
to the water of Jamaica aqueduct.

In furtherance of their investigation, the undersigned have caused
inquiries to be made in more than a hundred families, residing in
Washington, Tremont, Pleasant, Warren, Essex, Harrison, Kneeland,
Edingburg, Oxford, Beech, Tyler, Hudson, South, Sea, Purchase,
Summer, Atkinson, Charles, Cambridge, North Russell, Lowell, and
other streeets, who have used the water of Jamaica Pond drawn
from leaden pipes, as common drink, for periods of from two to
twenty years; and in no instance has any of the specific diseases at-
tributable to lead, been remembered to have existed in these families.

It is by no means certain that minute quantities of lead, even
when received into the human body, do occasion the injurious
effects which result from larger quantities. In the ordinary condi-
tions of civilized life, very few persons can hope to escape so receiv-
ing them. Lead is present in the paint of houses, and in that of
buckets and other receptacles of water. It is contained in the sol-
der of tin plate vessels, and in that of water pipes of various metals.
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It is used to make tight the joints of iron mains in large aqueducts.
It helps to form the cheap pewter of which spoons, plates, and other
culinary vessels are made. Itis present in the glazing of the coarsest
pottery, and in the finest flint glass. It affords the lining of tea
chests, and often the coloring material of wafers and other common
substances. It is carried through life in the bodies of wounded sol-
diers, and is applied in various forms by surgeons and physicians, to
recent wounds and absorbing surfaces. It is also administered inter-
nally as a medicine. The continual liability to mechanical attrition
or chemical solution which exists in these cases, while it goes far to
establish the inactivity of lead in certain minute quantities, should
nevertheless put the community on their guard against the reception
of larger qu’antities, through carelessness, of this and of other metals
deleterious to health.

In conclusion, the Board of Consulting Physicians beg leave to
express, as the opinion derived from the present state of their knowl-
edge on the subject,

1. That pipes, made of cast or wrought iron, may be safely used
for the transmission of water, as far as health is concerned.

2. That copper pipes, effectually tinned throughout by reliable
workmen, are a safe material for the contemplated transmission of
water to dwelling houses in Boston, so long as the internal coating
keeps in repair.

3. That although leaden pipes, in certain waters, and under cer-
tain circumstances, are known to communicate a highly deleterious
quality to their contents, yet in the open waters, from which the large
cities, already named, have been supplied through such pipes, no
practical evil of a general nature is known to this Board to have re-
sulted from their employment.

4. That when individuals may prefer not to employ, for purposes
of food, water which has passed through leaden pipes, they may in-
troduce it into a lower reservoir through pipes of iron, or other safe
material, and conduct it from thence for other purposes to different
parts of the house, through lead tubes properly guarded by stop-
cocks, valves, or other mechanism.

‘The Board of Consulting Physicians feel furthermore bound to
state, that an imperfection necessarily exists in the experience hither-
to had upon this important subject, owing to the difference in samples
of metal upon which observations have been obtained, and possibly
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from the different quality of the same waters in different seasons of
the year.
Their investigations, also, have brought them to the belief, that
notwithstanding the attention which has been paid to the action of
water upon certain metals, in different parts of the world, yet the sub-
Ject is by no means satisfactorily understood. And they' trust that
more light may be shed upon it, after the conclusion of a course of
observations and experiments now in process of being made by Pro-
fessor Horsford, of the University.
JOHN C. WARREN,
GEO. C. SHATTUCK,

Boston, April 3d, 1848. JACOB BIGELOW,
GEO. HAYWARD,
JOHN WARE.

ASAIEIN D) XA

No. .—M=r. DEXTER'S LETTER.

Boston, Nov. 12, 1847,

DEar Sir :—In reply to your request, that I would give my opin-
ion as to the best material for conducting water into dwelling-houses,
I say that I know of nothing so good as Iron.

It is wholesome, strong, easily obtained, and readily adapted to
the purpose. It is however practically inconvenient for service pipes.
The action of the water causes rust, and a deposit is formed on the
iron which gradually closes the pipe, ‘particularly in service pipes,
where the water remains for a length of time undisturbed.

To prevent this inconvenience of rust and foreign deposit, a thin
lining or coating of charred wood can be introduced into the pipe,
and these secured by hydraulic cement, poured, when liquid, be-
¢ween the iron and wood. The cement indurates, and prevents any
action of the water on the iron. The charring of the wood prevents

any taste being comunicated to the water, and also decay is prevented.
* * * # *

I remain, respectfully and traly yours,
G. M. DEXTER.
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No. IIT.—Dr. A. E. HOSACK’S LETTER.

New York, Nov. 16th, 18417.

My Drar Sir:—Since the receipt of your favor of the 1lth
inst., requesting information respecting the use of lead pipe to convey
the Croton water into dwelling-houses in our city, I have made par-
ticular inquiry of several of our leading practitioners of medicine, as
well as of the agents at the Croton water office, and principal
plumbers connected with the same, and also of Dr. Chilton, for in-
stances of the poisonous effects of lead from using the Croton water
drawn from leaden tubes. They all, with the exception of Dr. Chil-
ton, assert that they had never heard of any complaints, nor have
they ever heard of a single instance of the effects of lead from the
use of the Croton water. Dr. Chilton informs me, however, that he
had been called upon to analyze water taken from leaden pipes in a
house in New York, (which had been closed for some time previous),
where several persons had been made seriously ill from drinking the
same water, and that he had detected the presence of lead in it. He
also states that it is his opinion that the effect of lead from drinking
of Croton water under such circumstances, is of frequent occurrence,
but not recognized as such by the physicians, or rather not attributed
by them to the true cause. Dr. Chilton, is, as you are doubtless
aware, one of our best chemists, and in whom the public have the
most unbounded confidence. I enclose you a circular of Mr. Ewbank.
upon which, (as it speaks for itself,) I will not trouble you with any
comments further than to say that lead pipes are generally in use
throughout the city; while those lined and coated with tin are but
seldom employed. If you wish any further particulars or certificates
from Plumbers, or the head of the Croton water department, I will be
most happy to obtain them for you.

Your friend,

ALEX. E. HOSACK..
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No. IV.—Dg. GRISCOM’S‘ LETTER.

New York, Dec. 14, 1847.
Pror. WeBstER; DEAR FRIEND :

My own opinion is very decided as to the non-injuriousness of
lead pipe as a means of conveying water. I was an attentive listener
to the testimony given on this subject some years ago, at a trial in
this city, in reference to a patent for tinning pipe; and as far as my
recollection serves me, nothing was elicited on that occasion at all
convincing that any injurious effects had ever been observed from
drinking water that had passed through tubes of pure lead. And it
is fair to presume that on such an occasion, when the utility of the
patent was one of the points in dispute, if any thing could be adduced
to prove its necessity, it would have had all possible weight given it.
But nothing satisfactory, so far as facts went, was discovered.

To render assurance doubly sure, with regard to the medical ex-
perience of this city, I last week laid the subject of your letter be-
fore the academy of medicine, the largest professional body we have.
At the meeting were several of our oldest and best practitioners. I
requested if any gentleman had ever known or heard of any evil
results from the use of lead pipe, he would oblige both you and me
by communicating the facts. No intimation of such results was of-
fered, as would have been, had any ever been noticed. A negative
has been the invariable answer also, from several of our acutest prac-
titioners with whom I have personally conferred.

I have also made inquiries at two of our largest plumbing estab-
lishments, as to the popular sentiment on the subject, and the relative
amount of tinned and untinned lead pipe called for in their orders.
The answer is the same from both; no tin pipe at all is used. In
one establishment the opinion was given that the tinning was detri-
mental to the strength of the lead; that under undue pressure, the
pure lead tube will yield a little, but the tin lining, under the same
circumstances, will crack and cause the lead to split also, without the
expansion. I am unable to say what value there may be in this
idea.
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From its less flexible character, block tin, which was for a while
employed to a small extent as a material for water pipe, has been, I
believe, wholly discarded. g

Nothing but lead pipe is now used in this city “for the convey-
ance of water into and within the residences of the citizens.”

With great respect, I am very truly,
JNO. H. GRISCOM.

P.S. There has been frequently observed in pipe which has been
removed after use, an internal coating of brown color, which is doubt-
less the vegetable matter suspended in the Croton, and which is de-
posited when the water is at rest, and forms a slightly adherent layer.
This interppsed between the water and lead would prevent any action
of the two upon each other; buat before it could occur,the deleterious
effects of the leaded water ought, if ever, to be exhil: ted.

No. V.—Dr. WEBSTER’S LETTER.

Laboratory of the Massachusetts Medical College,
Boston, December 15th, 18417. }

George C. Suarruck, M. D.—DEar Sir.—T have now the honor
fo communicating to you the results of the examination of the water
received from you, contained in a stone ware flask and marked “ Co-
chituate water.” The water was quite free from any turbid appear-
ance, and agreeable to the taste.

As you requested me to direct my attention particularly to its ac-
tion, if any, upon lead, my experiments have been confined to that
point.

A piece of new lead pipe was procured, such as is usually em-
ployed for the conveyance of water, and such as will be most proba-
bly used should the water be distributed in pipes of that material.
Should such pipe be used, it will be in contact with solder and the
alloy of which the cocks for delivering water are usually made ;
I therefore deemed it important, to place the water in contact with
those materials. Eighteen inches of lead pipe were thercfore soldered
to one of the common brass cocks (so called). This was filled with
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the water, and placed in a situation, and under the same exposure to
light and air, as a pipe of this kind would be ordinarily. After
the lapse of eight days the water was taken from the pipe and tested
for lead by hydrosulphuric acid. The change of color indicated the
presence of that metal.

* * * * *

Another portion of the lead pipe was placed in a large jar of the
water, covered slightly with a paper, so that the air could have free
adwission. At the line where the air and water meet, there has been
formed a continuous ring of carbonate of protoxide of lead.

From these results, although the quantity of lead which would be
taken up by the water with its present constitution, is quite small, I
should consider the constant daily use of it if drawn from leaden
pipes dangerous. The water is remarkably pure, and, if we are to
rely upon high chemical authorities, this increases the probability of
its becoming the more impregnated with lead when in contact with
extensive surfaces of that metal.

Attempts have been made to protect lead from the action of
water by tinning, but I am inclined to think the process has not as
yet been brought to that state of perfection which will insure a per-
fect and continuous coating of tin on the inner surface of lead pipe.

The object‘ions to copper pipes I need not mention. In my
opinion iron pipes, and if practicable even tinned, especially in the
inside, are to be preferred. They would be still better if glazed on
the inside like the iron culinary vessels now so much employed. This
glazing resists even strong acids.

A certain degree of flexibility is desirable in the material; if with
this we can have resistance to the action of the water and such a
state of adhesion of the particles as will not be injuriously affected by
heat and cold, we shall have the best material for interior water pipes.

A material with these good qualities, I am encouraged to think,
from experiments in which [ am engaged, will be found.

With great respect, I am, my dear sir, yours truly,
J. W. WEBSTER.
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No. VI.—Dzr. HAYES’ LETTER.

Lowell, Jan. 6th, 1848.
Joun C. Wargrew, M. D,, }

Chairman of Board. of Consulting Physicians, &c.

Dear Sir: Your note, asking the expression of an opinion, “as
to the best material for conducting water into private houses, with a
view to its effects on the purity of the water,” is received, and it is
with pleasure that I reply.

* * * * *

It has been supposed, from imperfect experiments, that waters
containing certain small portions of salts, do notact on lead. Some
years have passed since the opinion, favoring such a conclusion, was
published. The lapse of that time has permitted the accumulation of
facts and observations, which, placing the fallacy of such an opinion
beyond doubt, have established the conclusion, that, all natural waters
act on lead chemically, under the varying states of atmospheric changes.
Lead, as a material for pipes, cannot be safely used for conducting
water, which is to be used for domestic purposes. The water, from
the source of supply, for the city of Boston, has, in a high degree, the
power of destroying lead pipes; and’even salts, in a crystalized form,
have been observed to result from this action.

The daily use of water,from such pipes for ten years, in addition
to observations made in the laboratory, lead me to prefer pipes made
by combining pure tin with the surface of copper, for all situations
where small pipes are required. They are, even when quite thin,
strong enough to resist ordinary pressure; are easily bent and united
together. The cost of such pipes, for the volume of water delivered,
is less than the cost of lead pipes— their durability much greater.

In expressing an opinion on a subje