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perature of 65° C. fur 30 minutes, be nsed, there will be but slight
if any differencee in the results, provided that the stIntion of citrate
be slightly ammouiacal, and the digestion be made in a closed flask.
To the use of acid solutions of citrate, either acid at the beginning
or the digestion or becoming acid during its continuance, are pro-
bably dne more than to any other cause, the discrepancies in this
analyticat process.

XVIII. THE CONTAMINATION OF THE NEW YORK
WATER SUPPLY.

BY DR ALBERT R. LEEDS

In this journal (vol. III, 98,) T have given under the title ‘‘Rela-
tive purity of city waters in the United States,” the analyses of the
drinking waters of many of our large cities, as performed by the
same methods, and as made upon samples collected at or near the
sanie date, As a necessary dednction from these results, the drinking
waters arranged themselves in a series, in which the Brooklyn water
occupied the place of honor as the purest, the Boston water the
lowest place, being the most foul. The New York water, No. VI,
fell in the middle of the series. ~The water supplies (judged by the
samples analyzed) of Brooklyn, Rochester, Philadelphia, Baltimore
and Washington, were pronounced satisfactory. Those of New
York, Newark, Jersey City, Hoboken, Cincinnati, Oswego, Wil-
mington (Del.) and Boston, were stated to be contaminated. There
was no question as to the contamination of the Newark (Passaic)
water (No. 7), because its impurities were established by a multi-
tude of analyses. And with regard to the Croton water the evidence
of contamination was found in the facts :

1st, That its various impurities exceeded the limits which are al-
lowab e in a pure drinking water. 2nd. That its composition ap-
proached very closely to that of the Passaic, of whose contamina.
tion there could be no question; 3rd. That the water shed of the
Croton contained sufficient sources of pollution to account for the
figures obtained by analysis.

The results above summarized have been accepted without cavil,
except in the case of the New York water supply. The pollution
of the Boston water was so great that I could not credit my results
without making a personal inspection of the sources of the Boston
supply. This I did at a later season, and found not only were the
first results more than confirmed but that the sounrces of pollution
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were unmistakable.  They were in the first place, the impurities
thrown in by mannfacturing comnnities ; and secondly, the enor-
mous expansion of certain organic growths at favorable seasons of
the year. The results relating to the water snpply of Wilmington,
Del,, which were at first objected to by the nninformed local press
of that city, were later on acknowledged by the health and city au-
thorities to be warranted by the actnal facts, and I am at present
engaged on behalf of this ¢ity to investigate the precise nature and
extent of the pellution,

Dr. E Waller in thix journal {Vol. IV, p. 15), has objected to the
New York water supply being characterized as contaminated, on
the gronnd that his results, for a term of .vears, differ greatly from
iy own and are of a more favorable character. Also, for the reason
that the Croton water shed canuot originate any sonrces of contami-
nation ; and finally, that the health of New York is not, and has
never been, snch as to indicate the presence of any contamination
in the water supply,

In reply, T wonld state:

1st. That the analyses of the New York water, on which Dr.
Waller hases his opinion, have been incomplete, and data have been
lost sight of, which are of the greatest valuein forming a judgment
as to the fact of contamination,

2nd. That certain of his methods are erroneons, and of nece-sity
give a more favorable impression of the water than its true charac-
ter warrants,

3rd. The analysis of the Criton water made June 23rd, 1881,
does not stand alone, hut is confirmatory of other previous analyses
which led me to the conclusion that the Croton water was con ami-
nated. Tt was not made, as Dr, Waller intimates, upon water turbid
with sedinient, bnt upon clear water drawn from the continuously
flowing fancet in the Barclay street ferryhouse. 1 took it from
this source as affording a very fair average sample of Croton water
and T have no reason for supposing that it was otherwise,

4th. The-condition of the Croton water shed is such as to account
for the figures given in my analysis. The table of population given
by Dr. Waller tor the water sheds, does net explain the facts which
exist ; for Rochester with but half the density of popnlation on its
Hemlock Lake water shed, that exists upon the Croton, has a far
superior watcer supply, while Brooklyn on the other hand, with
doubdle the population, has a better supply than either.

5th. There are no data given, or so far as I know ever have been
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given, upon which conclusions can be based connecting the vital
statistics of New York with the character of its water supply. The
face of Dr, Waller’s assertion is not to be measured by its positive-
ness, but upon the appositeness and weight of the data upon which
it is based. and of snch data he has given us none.

It is extremely difficnlt, unfortunately, to connect the various
diseases of a great community with the more or lesxs deteriorated
c~ndition of its water supply. Unfortunately- because if the con-
nection were one easily proved, both chemist and medical practi-
tioner could arrive with ease and certainty at results whichare now
open to more or less criticism, Whilst reiterting in varioas com-
munications the statement that the water supply of Newark and
Jersey City is contaminated, and in seasons of excessive droaght
like the summers of 1881 badly so, I have repeatedly challenged
the physicians of these towns, to connect by irrefragible demonstra-
tion, the impnrity of the water with any case of discase, and they
have professed their inability so to do. I mention this, nore par-
ticularly because thie chemist is often accused by the physician of
reporting a long series of decimals, withont satisfactorily showing
that any of the substances reported are specific causes of disease.
Here, on the other hand, is a case wlere for years the water has
been reported, on the strength of the oxidizable and oxidized nitro-
genous matters which it contains, to be contaminated, and yet no
physician has proven, or attempted to prove, that any particular
case of disease has been dne to drinking it. In the population of
50,000 people inhabiting the town of Paterson, which pours all its
sewage into the Passaic at a point 16 miles above the intakes of the
pumping stations of Newark and Jersey City, and in the city of
Passaic with its considerable population likewise sewering into the
Passaic river at a point only half this distance, there must be mnany
cases of typhoid fever, yet no one has ever shown that a single case
of typhoid fever has heen originated in Newark and Jersey City by
drinking the Passaic water. From what source then does Dr.
Waller derive the statistics upon which he infecs the purity of the
Croton water from the death-rate of the New York poopnlation?

To retnrn, however, to the more serious sources of error intle
methods made use of by Dr, Waller.

1st. With reference to the incompleteness of his analyses. Hehas
charged me with indefiniteness in the use of the terms “nitrites”
and ‘““uitrates.” I fail entirely to sce any indefiniteness. Tused
these terms because they were the proper generic names of the sub-
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substances 1 determined.  Nitrites and nitrates were the bodies
meant, and the bodies whose determination as swch, I regarded as
of importance. The resnltx were calenlated to nitrites (HNO,)
and nitrates (HNO,). and vot to the * nitrogen in nitrites orni-
trates,” becagxe I hald no interest in knowing the muonnt of the ni-
trogen, conld not have made nse of it in my calenlations, and think
its estimation would have been absurd,  If the organic carbon and
nitrogen lind been determined instead of the free and albaninoid
anumonii, then indeed T shonld have enlenlated oat the nitrogen in
the nitrates, in order to compare this amonnt with the organic ni-
trogen, and thus to tind the correet ratio between the organie car-
bon and nitrogen in the organic compounds present,

There ix no evidence that Dr, Waller had estimated the nitrates il
the smnmer of 1881, nor does he appear to have remarked the fact that
the Croton water at times wives the reaction Yor witros neid. The
latter 1 regard as o nr st important fact {although too fregnently
overlooked:, becanse it s very rare that a decided reaction for nitrites
is obtained in drinking-waters, and anly when the oxidizble nitro-
genous componnds are canght iu the very transient stage of ni-
trites, and hefore theiv oxidation to the final cowldition ol nitrates.
If in riverveaters the reverse transformation is effected, and any ni-
tritex undergo redinetion to mitrites, I have not yet in my own ex-
perience enconntered aoense in which there wias any reason tor snp-
posing that sueh  reverse transtformation has been effected,

An munsnal opportnnity for nnting this oxidation of albmminoids
into nitrites and finally into nitrates, is afforded when the pnre
mountain-stream  waters of the Passaie, alter leaping the Great
Falls, come straightway into contact with the sewage of the popn-
lation of 300,000 inhasitants of Paterson.  The mbmuinoid mmn-
monia imereised per softwne (Sept, Guh, 1881) from 0.0bd parts per
100,000, to 0.225 parts. It then fell away in the conrse ol 2 miles
flow to 0.133 parts, and at the end of Cmiles tlow Taul falien to
0.0215 partx per 140,000, The nitrates at the corvesponding points
were 0.185 parts; 201855 0.722; L3388 parts. The nitrites at the
sane points were nonet a considerable amonnt the gnantitative de-
termination of which wax lost): a trace: none,

It ix seldont, however, that the reaction for nitrites is obtained in
the Passaie water after it has flowed 16 miles, and has been de-
livered by the pmmping-stations to the consumers in Newark and
Jersey City. The oxidation of the albnmineids dnring its long
flow is so complete, that while the amount of uitrates is always
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high, the amount of nitrites is nxually quite inappreciable. And the
sanie is generally trne of river-waters. In the 23 samples of water,
thie composition of which is given in the table upon the *“Compara-
tive Purity of City Waters in the United States,” no reaction for
nitrites happened to be obtained in the case of any one of them,
And yet the Boston water reguired the enormons amount of 1.77
parts to the 100,000 of oxygen to effect the oxidation of its organie
maticrs, and contained 1.24 parts of nitrates. Sometimes the Pas-
saic water does afford the nitrons reaction, but in these casesI
have attributed it to the non-oxidized sewage of Newark which has
ouly to flow upward for a couple of miles before reaching the in-
takes of the pumping-stations, rather than to the sewage of Pater-
son, which has to flow downward 16 miles before reaching the same
points, and is usnally completely oxidized in its long exposure.

The fact that at times I have obtained from the Croton the ni-
wrons reaction, in one instance a reaction strong enongh to admit of
quantitative estimation, has had due weight in forming my estima-
tion of its purity.

2nd, The method which Dr. Waller employed of determining the
amonnt of oxygen required to oxidize the organic matter is erron-
eons, and of necessity gives a more favorable impression of the
water than its true character deserves, In making this statement,
I am aware of what lias been written in favor of th's methoil, but
see no reason for regarding it otherwise than erroneons. If it is
desired to oxidize the organic matter in drinking waters by potas-
sium permanganate, so as to destroy the possibly noxions snbstan-
ces, the water to which the potassium permanganate has been added
is boiled before it is thought entirely xafe to drink. If the potas-
sium permanganate is to be standardized by an organic substance,
as it is in this instance by oxalic. acid, the standardization is per-
formed by heating the solution of oxalic a:id or of permanganate.
But in making the determination of the organic matter in the water
itself, this nicthod proposes it should be done at a variable comnion
temperature. Of conrse, ouly a small amount of the organic mat-
ter in the water is thus oxidized, and althongh it is claimed that
this part is the really dangerons putrescible portion, the fact still
remains that only a part of the organic matter is attacked by the
permnanganate in’ the cold, and the method is thns far erroneous.
Still more, the method lacks the essentials of an accurate volume-
tric estimation, and does not admit of arriving at a certain end re-
action. Itried the method, and after satisfying myself of its essential
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inaccuracy, adopted what appeared to me the most satisfactory and
definite process, that of titration at the boiling point.

Dr. Waller’s objections to this method are fancitul rather than
real, The impurities in the permanganate and sulphurie acid, though
actually present, are too small to admit of any appreciable influence
on the rexuits,  The objection that the chlorides inrhe water would
affect the resalts has greater weight, but in practice these errors,
like those produced in Tidy’s moditication of the permanganate
process by the presence of chlorides, are too swall to be considered.
I am fortunately able to bring an experiment, performed on polint-
ed natural waters themselves, to confirm this statement, The Pas-
saic water (Sept. 6th, 1881), at the intake of the Jersey City Reser-
voir, contained in 100,000 parts:

LOW TIDE. HIGH TIDE.
E. Bank. Middle. W, Bunk. E. Bank. Middle. W.Bunk.
Chlorine, 5.73 2.10 3.40 55.88 44.75 59.%5
Oxygen . i .
required % 0.55 0.44 0.44 0.47 0.60 0.76.

The differences had been cansed by the backing up of the river
waters, ol meeting the tidal wave from the sea.

On the same day, and npon the same two tiles, the differences
for the corresponding points at the Newark Reservoir, three-quar-
ters of a mile further up stream, were :

LOW TIDE. HIGH TIDE.
E. Bank. Middle. W. Bwk. E. Bintk. Middle. W. Bunk.
Chlorine, 2185 1.17 2.505 21.13 25.00 14.50
Oxy. required, 0.62 0.56 0.43 1.80 2.82 2.82
But it may be objected to these resnlts, that the oxydizable organic
matters in the varions samples varied greatly, so that no inference
could be drawn with regard to the influence of the chlorine itself.

This objection does not apply to the water taken at invervals of
abont a mile down the stream, upon the same d»y (Sept. 6th, '81).

Beginning at a point below the Tail Race at Passaic Mills, we
found for samples :

No. 75 76 77 78 71 8 81 8 8 84
Chlorine, 0.535 0.50 0.94 0.57 1.57 1.005 0.90 0.56 1,10 2.505
Oxy. required 0.53 0.50 0.49 0.52 0.51 0.59 0.47 0.47 0.47 0.43

It m2y be objected, however, that all these results merely raise a
strong presumption in favor of the proposition that the small
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amounts of salt in river water do not appreciably raise the figures
obtained by permanganate at the boiling point. They do not prove
it ; for proof a suitable experiment is demanded.

In the first place, it was necessary to determine the coeflicient of
change, when potassium permanganate is boiled with distilled water,
Both in the cold and on heating, potassium permanganate changes
in acidulated solution with distilled water, and the amount of this
change has to be determined in both cases, and ‘a corresponding
deduction has to be made from the amount obtained with an equal
volume of the natural water under examination, I thus obtained :

100 ce. distilled water, Miller’s method (3 hr.) 0.9 cc. permanganate.
100 ce. distilled water, Kubel’s method, ~ — 0.9 cc. permanganate.

Another test by Knubel’s method on a different rample of distilled
water, and with different permanganate solution, gave 1.15 cc.
permanganate.

In other words, in order to make use of Miller’s method with any
expectation of arriving at accurate results, it is necessary in each
case to apply a correction due to the alteration of the permanganate
alone. . This and many other p-ecautions C. M. Tidy (Jour, London
Chem. Soc., xxxv.,, p. 46) has tak-n, in order if possible to bring
Miller’s process into a form capable of yielding regular and accurate
results. ButIdo not find in Dr. Waller’s account of Miller’s method,
as he employed it, that any such precantions were taken. The influ-
ence of these corrections may be perceived by considering the great
changes thereby produced in Dr. Waller’s results. For instance,
for the firs% five months of the year 1879, he obtained 0.072 parts
of oxygen per 100,000, as the amount required to oxydize the
organic matter. This would be equal to 0.72 ce. permanganate
solution used. If, as is possible, lie had obtained 0.9 ce. as the cor-
rection to be applied by the use of the permanganate solution with
distilled water alone, there would have been left a minus gnantity,
or 0.018 parts of oxygen, as the amount required to oxydize the
organic matters in the Croton water.

Dr. Tidy has endeavored to find the extent to which the chlorides
affect the accuracy of the modified Miller's method, and has found
that their influence, even when present in very large quantities,
practically nil. A similar remark applies to the effect of chlorides
on the resnlts afforded by Kubel’s method. For instance, in an
experiment in which 100 ce. of distilled water decolorized on boil-
ing 1.15 cc. permanganate, it decolorized only 1.3 ce. permanganate
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after sodium chloride had been added in wmonnt corresponding to
400 parts in 100,000, Thix amount vastly exceads any guantity
likely to cxist in river or well waters,

In practice, however, T think it is better, whenever the mimonnt
of sodium chloride ix large, to add the pereentage indieated by the
chlorine determination to the distilled water nsed in making the
blank experiment. 17 the vesults thns obtained differ from those
obtained by the nse of the 100 ce. distilled water alone, they can
be deducted. instead of the latter, from the nnmber of enbice centi-
meters of permuanganate obtained with the natnral water,

3d, and finally. The analyxix of the Croton water made June 3d,
1881, does not stand alone, hut ix contirnatory of other previons
analyses, which led me to the eonclusion that the Croton water was
contantinated.

The best proof of this statement ix to be fonud i an analysis
made only three dayx before the one intended Tor the general com-
parison with the drinking water of dl the orlier Targe cities, or on
June 20th, 1881, It wax made npon untiltered but perfeetly clear
water, drawn from the =aue place, the constantly rinning fancet
in the Barclay street ferry-honse. 1t shiows by its cloxe agrecment
with the resnlts obtained on the suuple taken June 23d that neither
analyses gave high fignees by accident, but botlare to be regarded
as mntnally confirmatory vesults of the actnal average condition of
Croton water at that time,

CROTON WATER, PARTS PER 100,000,

Jie 2004, 1881, Jube 23d, 1881,

Eree ammoma. ... .. .. Lo 0004 IRV
Albunnnoid ammonia. ... .. 0,027 0027
Oxygen reguired. .. ... ... 0.73 810
NS e None, None.
Nitrates .o 0.6105 0.83:25
Cllorine. ... oo 0.26 0.3
Total harduess............ 3.00 3.30
Permasient hardness. ... ... 2.60 —
Temporary hardness........ .40 —
Total solids. ... ....... .. 09,00 11.86
Mincral matters........... 260 5.00

Organic and volatile matters  6.50 6.80



