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GENERAL REPORT OP THE BOARD.

S t a te  B oard  of H e a l t h , S tate  H ou se , > 
January 1, 1877. $

To the Honorable the Senate and the House o f Representatives o f Massa
chusetts.

In accordance with section two, chapter 28, of the Resolves 
of the General Court, 1876,* the Board have the honor to 
report that they have made a survey of the Nashua River 
Basin, where they have found that there are only two places 
within our State, where the pollution of the river is so great 
as to demand present attention and action, and to be appar
ently beyond the powers of the local authorities; namely, in 
Clinton and in Fitchburg, although there are evils on a 
smaller scale in Leominster and Shirley which should be 
remedied.

In Fitchburg, the greatest pollution is in a part of the city 
so sparsely settled that there is not evidence of serious com
plaint or injury arising therefrom, although the water in West 
Fitchburg is very foul, unfit for some manufacturing purposes ; 
and in Fitchburg itself, the Nashua is unsightly, if not posi
tively offensive. The introduction of sewers will increase 
the evil; and "Punch Brook,” which drains a part of Fitch
burg, is already so foul as to require some remedy.

In Clinton, the drainage of the gas works and carpet com
pany, and part of the town, collects in a mill pond formed by 
the dam of a yarn company below. This is a serious source

* “ That the State Board of Health be instructed to report to the Legislature, for its 
use, such additional facts and information in regard to the above subjects of drainage 
and sewerage as may be in its possession, such report to be made in print not later 
than the first day of January, in the year of our Lord eighteen hundred and seventy- 
seven.”



of offence to a large part of the inhabitants of the town, 
and must be the source of some deterioration of health, of 
which, however, we have no positive proof. In this town, 
as in Fall River, Haverhill, Lynn, Natick, Salem, Woburn, 
Worcester, and in the cities and towns comprising the 
metropolitan district of Boston, there are evils so great as 
in the opinion of the Board to demand speedy removal.

But they would not advise the establishment of any arbitrary 
standard for all places. Each evil must be judged -on its own 
merits, and no injunction should be enforced without at the 
same time suggesting a remedy.

It is the opinion of the Board that any serious evils now to 
be found in our State from the pollution of streams, either by 
towns or manufactories, may be remedied at a reasonable cost; 
Boston and the adjacent cities and towns forming the met
ropolitan district, and possibly Lynn, Salem and Worcester, 
only requiring a great outlay.

For Cambridge, Somerville, and adjacent towns, we would 
respectively suggest the propriety of the passage of an Act of 
Legislature, requiring an intercepting sewer to be built, the 
cost being assessed on the cities and towns deriving benefit 
from i t ; and, in consideration of the difficulty in finding a 
suitable outlet, it would be proper to attempt sewage-irri
gation, if the results got from this method of disposal of 
sewage at the new prisons in Concord and Sherborn, at the 
new asylum in Worcester, and in the town of Lenox, be 
favorable.

W e would quote from our Seventh Report as follows, and 
we desire to say that the appointment of a state engineer is 
considered by us of the highest importance :—-

“ I t  is the opinion of the Board that the water-courses in this State 
can be saved from serious pollution best by placing in some central 
authority advisory power, upon whose recommendations legislative 
action should be based to meet each particular case.

“ In this connection, we would respectfully suggest for the consider
ation of the Legislature, the appointment as state engineer of some 
gentleman of skill and experience, to be paid by the parties who 
consult him.

“ There should be absolute prohibition in all cases against casting



sewage or filth of any kind into any stream or pond used as a source 
of water-supply. Where such conditions now exist, the sewage or 
filth should be diverted to some other channel. For, until our 
knowledge has so far advanced as to enable us to recognize “ germs ” 
of disease, and to destroy them effectual^ by some simple and easy 
process, even purified sewage must alwajrs be looked upon as a dan
gerous addition to drinking-water.

“ The following are the recommendations which the Board respect- 
' fully offer in their summary :—

“ 1. That no city or town shall be allowed to discharge sewage 
into any water-course or pond without first purifying it according to 
the best process at present known, and which consists in irrigation ; 
provided, that this regulation do not apply to the discharge from 
sewers already built, unless water-supplies be thereby polluted ; and 
provided, also, that such intended discharge can be shown to be at 
such point or points that no nuisance will arise from it.

“ 2. That no sewage of any kind, whether purified or not, be 
allowed to enter any pond or stream used for domestic purposes.

“ 3. That each water-basin should be regarded by itself in the 
preparation of all plans of sewerage and water-supply.

“ 4. That accurate topographical survej's be always made of all 
towns before introducing water-supplies or sewers.

“ 5. That steps should be taken, by special legislation based upon 
investigations and recommendations of experts, to meet cases of 
serious annoyance arising from defective arrangements for the dis
posal of sewage.

“ 6. That irrigation be adopted, at first experimentally, in those 
places where some processes of purification of sewage is necessary; 
and that cities be authorized by law to take such lands as may be 
necessary for that purpose.

“ 7. That every town or city of over four thousand inhabitants be 
required by law to appoint a board of health, the members of which 
shall not be allowed to hold any other offices in the government of 
their city or town.

“ Finally : The Board feel, that, in the present state of our knowl
edge, sweeping laws for the general and immediate purification of 
all our streams would be hardly justifiable, and that they are not 
called for by the present condition of our rivers.”

Section 1 of these recommendations we would so modify, 
that the last sentence will read, "and provided, also, that such 
intended discharge can be shown to be at such point or points,



or with such complete or partial purification that no nuisance 
will arise from it.”

When the last report was sent to the Legislature, the 
Board did not feel prepared to make any recommendations 
with regard to manufacturers; we therefore desire to add the 
following section :—

That no manufactory hereafter established for carrying on trades, 
from which'there is any refuse matter, be allowed to discharge pol
luting substances into any stream or pond used as a source of 
domestic water-supply ; that they be forbidden to discharge any 
solid substance (not including matters in suspension) into any streams 
or ponds of the Commonwealth, and that they be required to purify 
or cleanse, according to the best available means, all polluting 
substances discharged by them into streams or ponds ;—provided 
they are not able to satisfy a proper authority that any such solid 
or polluting substances will work no practical harm to the public.

In connection with this Report, the Secretary has prepared 
a statement of the advance in knowledge and experience on 
this subject during the year, in this country and in Europe; 
and a valuable paper will appear in the report of the Board 
contributed by E. S. Chesbrough, C. E ., on sewers and sewer
age.

The experience of other countries has not thus far shown 
that sewage can be disposed of on a large scale either by 
irrigation, precipitation, or dry removal, in such a way as to 
be satisfactory from a sanitary point of view, and at the same 
time be profitable.

Complete and speedy removal or thorough disinfection by 
sufficient quantities of earth or by other means are, however, 
essential to health. To attain this purpose, in the opinion of 
the Board, no method at present known is so satisfactory as 
abundant and pure water-supplies, with well-devised and skil
fully constructed sewers, carrying the sewage to a safe dis
tance.

In the equally important matter of the proper construction 
of internal and external house-arrangements, the Board can
not do better than recommend to local authorities the rules



which have been carried out successfully for several years 
at Frankfort-on-the-Maiu, described on page 105 of this 
Report.

HENRY I. BOWDITCH, 
ROBERT T. DAVIS,
RICHARD FROTHINGHAM, 
DAVID L. WEBSTER,
JOHN C. HOADLEY,
THOMAS B. NEWHALL, 
CHARLES F. FOLSOM,

Members o f the Stale Board o f Health.
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THE POLLUTION OF STREAMS.

“ I t  has long been amongst the most fixed o f the certainties which have relation to 
civilized life, that, wherever human population resides, the population cannot pos
sibly be healthy, cannot possibly escape recurrent pestilential diseases, unless the 
inhabited area be made subject to such skilled arrangements as shall keep it habitu
ally free from  the excrements o f the p o p u la tio n —Sim on .

A single river-basin has been examined by the Board 
during the year, and that has been selected which offers the 
most topics for consideration, being situated in two States, 
being polluted at many points, and illustrating most of the 
important features that would be likely to govern legislation, 
if any should be thought advisable.

A brief resume has also been prepared of the advance in 
this branch of knowledge during the year, including the 
strictly sanitary bearing of improper, inefficient, or incomplete 
methods of disposing of filth.

The proper construction of sewers has seemed of such vast 
importance to the Board, and one needing such general atten
tion in all our cities and in many of our towns at the present 
time, that one of the most eminent and accomplished engineers 
has been engaged to prepare a paper on that subject.

That the water-carriage system, where it is practicable, is 
the only admissible method of disposing of the refuse of 
houses in large and highly civilized communities, there can be 
no doubt. The best substitutes for water-carriage, where any 
must be used, have been considered fully in the seventh report 
of the State Board of Health.

T h e  N ashua R iv e r  B a sin .
A careful survey, based upon the county maps, and a per

sonal exploration of the country itself, was made during the 
past summer by Mr. E. K. Clark, C. E., who also prepared 
the accompanying map.*



A circular was then sent to the medical correspondents of 
the Board, and to the chairmen of the selectmen of all the 
towns and the one city within the drainage-area of the Nashua 
River in our State, and later, to Nashua and to the three towns 
of New Hampshire which drain into the river, asking replies 
to the following questions :—

I. Is there any pollution of ponds or streams in your town aris
ing from—

(a) manufactories or mills ;
(b) town-sewage, etc. ?

II. If so, what is—-
(a) the character of the pollution (lime, dyestuffs, excre

ment, street washings, etc.) ;
(5) its extent (effect on color, smell, etc., of the stream, 

influence on fish, etc., whether offensive, unfit for 
cattle to drink, etc.) ?

III. Does the offensive matter, if any, come from your own 
town, or from another?

IV. What is the source of your water-supply ?
(5) Is it free from contamination?

V. Are there any complaints from manufacturers, or others, of 
the pollution of streams in your town?

VI. Have you any suggestions to offer as to the drainage of the 
soil, or the sewerage of your town?

After returns had been received from all the towns in Mas
sachusetts to which they had been sent, they were carefully 
compared with Mr. Clark’s notes, and the places most requir
ing attention were visited by Professor Nichols and the Sec
retary of the Board. Later still, in September, and twice in 
October, a more extended survey was made by the Secretary ; 
and, during the last four examinations, specimens of water 
were collected for chemical analysis.

From these several sources of information, chiefly, the 
following account has been prepared.

Area and Population.
The area drained by the Nashua River within the State is 

457 square miles; in New Hampshire, 82 square miles. The 
country is not densely populated, there being an average of 
115.5 persons to each square mile of the portion within Mas



sachusetts, and there is not one large city. The occupation 
of the inhabitants is largely farming, although in several 
places m anufacturing interests have sprung up, which have 
contributed almost wholly to any serious pollution of the 
streams which may exist.

The following table shows the distribution and movement of 
the population in the last tw enty years. The total num ber of 
inhabitants in 1875 is somewhat larger than that given by M r. 
Clark, as there are a few towns which do not lie wholly within 
the Nashua Basin, but have villages of some size outside of it. 
Such places as G ardner, H ubbardston, and others, which have 
only very small and sparsely populated portions in this drain
age-area, are not given in the list.

T a b le  I.— Population o f Towns in Nashua Basin in Massachusetts.
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Ashburnham, . 16.49 40.89 2,211 2,153 2,141
Ashby, f  . 2-2.01 26.59 1,176 1,080 962 — — —
A yerj . 1 0 . 8 6 14.61 - - 1,872
Bolton, 9.59 21.40 1,255 1,502 987§ 11.71 — —
Boylston, . 12.20 19.95 835 792 895 — 13.00 7.18
Clinton, . 7.08 7.6o 3,636 4,021 6,781 10.60 68.60 86.50
Dunstable, 4.73 18.49 533 533 452 0 — —
Fitchburg, 30.33 30.33 6,442 8,118 12,289 26.00 51.40 90.76
Groton, 18.61 32.91 2,745 3,176 1,908 15.70 16.76(1 35.051|
Harvard, . 15.75 26.17 1,533 1,355 1,304 — — —
Holden, . 33.07 36.52 2,114 1,846 2,180 — 18.09 3.02
Lancaster, 27.77 27.77 1,728 1,752 1,957 1.38 11.70 13.30
Leominster, 29.52 29.52 3,200 3,313 5,201 3.53 56.90 60.30
Lunenburg, 28.26 28.26 1,224 1,167 1,153 — — —
Pepperell, 23.25 23.25 1,765 1,709 1,924 — 12.58 9.00
Princeton, 33.13 37.75 1,317 1,239 1,063 — _ —
Shirley, . 24.41 24.41 1,479 1,217 1,352 — 11.09 —
Sterling, . 30.33 30.33 1,838 1 , 6 6 8 1,569 — — —
Townsend, 37.35 37.35 2,092 2,056 2,196 — 6.81 4.97
West Boylston, 13.24 14.61 2,310 2,294 2,902 _ 26.22 25.60
Westminster, . 28.71 37.91 1,979 1,639 1,712 — 4.45 —

41,412 42,630 52,800 2.94 23.86 27.50

* W here  th e re  is no change, o r an ac tual decrease, the  signs 0 and — a re  used, 
t  T he tow ns in  R om an le tte rs  are  in W orceste r C o u n ty ; those in  italic#, in M iddlesex.
I M ade a tow n  in 1871, tak ing  abou t 75 o f its popu la tion  from  S h irley  and the  re s t from 

G roton.
§ A bou t one-third of B olton w as se t off to  form  the  tow n o f H udson.
|| Includ ing  1,800 o f the  popu la tion  o f A yer, w hich is ab o u t the  n um ber which w ould have 

belonged to G roton  i f  the  boundary  lines of 1805 and 1855 had been kept.



It may be seen that there are only five places which have 
increased more than one-fifth since 1855. In Clinton and 
Fitchburg the manufactures which have been developed are of 
a kind to seriously pollute the streams. In Leominster, 
which owes its prosperity largely to comb factories, there is 
less refuse from the mills. Groton’s increase in population 
(including Ayer) is due, partly at least, to its being a rail
road centre, where trains meet from several important points. 
West Boylston, which has added only one-fourth to its num
bers in a fifth of a century, does hot yet discharge enough 
refuse into the streams to cause any complaints, so far as is 
known. The remaining towns, excepting a few villages in 
some of them, are chiefly engaged in farming, and have 
increased only slightly, or have actually diminished, in the 
last twenty years.

Water-Supply and Sewerage.
None of the towns have sewerage-systems, although a few 

sewers have been built in Fitchburg, Clinton and Leominster, 
chiefly for the removal of surface-drainage and the waste from 
some of the less polluting shops. Clinton and Fitchburg are 
about introducing sewerage-systems, or at least more sewers, 
and the same will probably be done at no distant day in 
Leominster. The trades, therefore, are the chief sources of 
pollution to the Nashua River, and they are such, more or 
less, pretty much throughout its entire length.

There are only two towns and one city containing over 
three thousand inhabitants : and they have got, or are about 
getting, abundant and satisfactory water-supplies without 
being dependent upon the river, except at its head-waters, 
where there is no pollution. The other towns rely upon 
springs or wells; and their water for domestic use is thought 
by our correspondents to be pure where not contaminated by 
such avoidable means as lead-pipe or improperly managed 
privies.

River-Statistics o f the Nashua Basin.
The river-statistics of the Nashua Basin are now given as 

prepared by Mr. Edward K. Clark, C. E.
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Branch from Chaffinville, Satinet Mill.............................. Holden, 28 - 32 2 182,000 lbs. Good. Good.

Satinet Mill, . . . . Holden, 6 .. “ 7 1 26,000 lbs. Good. Good.

Cotton Mill............................... Holden, 30 2,300 26 - 124,800 lbs. Good. Good.
Asnybumsket River, Cotton Mill, . . . . Holden, 75 ■1,672 24 - 280,800 lbs. Good. Good.

Woolen Mill,1 h . Holden, 70 - 10 3 234,000 lbs. Good, b Discolored at
Woolen Mill,1 j Holden, 70 - 12 3 234,000 lbs. Good. ) times.

Shoddy Mill............................. Holden, 3 - 18 - 4,000 lbs. Good. Good.
Woolen Mill,1 Holden, 120 _ 46 3 240,000 lbs. Good. Usually

clean.
Qninepoxet Brook, . Cotton Mill, . Holden, 30 2,500 17 - 54,000 lbs. Excellent. Good.

Woolen Mill,3 Holden, 50 _ 27 4 120,000 lbs. Good. Colored at
times.

Shoddy Mill, . . . . Holden, 3 12
" " “

1 U se som e logw ood, v itrio l, sal-soda, soda-ash and  soap.
* U se 5,000 lbs. logw ood, 400 lbs. v itrio l, 200 lbs. alum , 200 lbs. soap, per m o n th ; 

also some oxalic acid.

3 Use 2,000 lbs. logw ood, 200 lbs. v itrio l, 1,200 lbs. soda-ash, 600 lbs. soap, per 
m o n th ; and  do som e coloring.
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Quinepoxet Brook, . Cotton and Shoddy Mill,1 West Boylston, . 10 1,000 12 - 21,600 lbs. Good. Clean.

Cotton Mill, . . . . West Boylston, . 60 3,800 24 - 216,000 lbs. Good. Good.

Cotton Mill, . . . . West Boylston, . 45 3,312 15 - 162,000 lbs. Good. Good.

Still River, Cotton Mill, . . . . West Boylston, . 160 1,000 28 - 594,000 lbs. Good. Colored at 
times.

Woolen Mill............................. West Boylston, . 90 - 28 5 336,000 lbs. Good. Colored at 
times.

Nashua River, S. Branch, Cotton Mill, . . . . West Boylston, . 50 2,656 10 168,000 lbs. Good. Clean.

Cotton Mill, . . . . West Boylston, . 160 - 16 - 514,800 lbs. Good. Clean. .

Cotton Mill............................... Boylston, . 125 1,300 14 - - Good. Good.

Cotton Mill,2 . . . . Clinton, i 200 30,000 28 - 1,620,000 lbs. Good. Considerably
discolored.

Comb Manufactory, Clinton, 150 - 6 - - Impure. Discolored.

Yarn Factory, Lancaster, . 25 2,000 8 - 156,000 lbs. Good. Good.

Stream forming Quilt Carpet Company,3 . Clinton, 550 - - " Good. Foul and of
fensive.

Pond.
Clinton Gas Works, Clinton, 3 - - - 800 tons. -

Yam Factory,1 Clinton, 50 4,000 29 - 300,000 lbs. Very bad. Bad.
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Wachuset Brook, Paper Mill,i * 3 * * 6 . . . . Westminster,

Paper Mill,6 . . . . Westminster,

Nashua River, N. Branch, Paper Mill,6 . . . . Fitchburg, .
to

Paper Mill,7 . . . . Fitchburg, .

Mowing-Machine Knives, Fitchburg, .

Paper Mill,8 . Fitchburg, .

Mowing-Machine Manufac’y, Fitchburg, .

Paper Mill, . . . . Fitchburg, .

Flour Mill, . . . Fitchburg, .

Wood-Pulp Mill,' . Fitchburg, .

Worsted Mill,' Fitchburg, .

Cotton Mill, . . . . Fitchburg, .

Woolen Mill,10 Fitchburg, .

Fitchburg Gas Works, . Fitchburg, .

Machine Company, Fitchburg, .

i Shoddy m ill; p icks eight tons stock  p e r  m onth .
* Use 10 b ids, lim e, one ton  chloride o f lime, p e r m o n th ; v itrio l, sa l-soda; and

do considerable coloring.
3 Use abou t 5,000 lbs. o f soap  p e r  m o n th ; do a  la rge am oun t o f  scouring  and

coloring.
* U se 8,400 lbs. ch loride o f  lim e, 500 lbs. soda-ash , 216 lbs. v itrio l, p e r  m onth.
6 N o t in  operation .

- - 40 - - -

- - 13 - - - -

33 - 21 - 1,500,000 lbs. Good. Discolored.

27 - 27 - 1,300 tons. Not pure. Discolored.

50 - 21 - - Not pure. Unchanged.

28 - 16 - 936 tons. Not pure. Much colored 
at times.

30 - 12 - - Dirty. Unchanged.

36 - 15 - 950 tons. Impure. Discolored.

4 - 7 - - Not clean. Unchanged.

6 - 11 - - Impure. Unchanged.

- - 11 - - - -

50 3,700 11 - 648,000 lbs. Not good. Unchanged.

70 - 10 4 170,000 lbs. Not very 
good.

Colored at 
times.

3 - - 740 tons. Not very 
clean.

Unchanged.

200 ~ 12 — ~ ” Not very 
clean.

Unchanged.

e E ig h t casks chloride o f  lim e, 12,000 lbs. soda-ash, 4 tons  alum , p e r  m onth . 
i 7,200 lbs. ch loride o f  lim e, 4,000 lbs. alum , 400 lbs. b lu ing , p e r  m onth .
8 3,200 lbs. ch lo ride o f  lim e p e r  m onth.
0 U se no chem icals.

10  U se 3,000 lbs. logw ood, 3,000 lbs. fustic , 300 lbs. indigo, 700 lbs. soda-asli, 
bb ls . soap, p e r  m onth .
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N a m e  o f  S t r e a m  o r  R i v e r . DESCRIPTION OF MILL. Location.
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Nashua River, N. Branch, Flour Mill, . . . . Fitchburg, . 10 - 10 - - Not clean. Unchanged.

Machine Shop, Fitchburg, . 60 - 11 - - Not clean. Unchanged.

Paper Mill,1 . . . . Fitchburg, . 39 - 18 - 1,040 tons. Not very 
clean.

Discolored.

C o tto n  Mill,3 . . . . Fitchburg, . - - 16 - - - ~

Cotton-Duck Mill, . Fitchburg, . 100 5,000 18 - 561,600 lbs. Fair. Unchanged.

Scytlic Shop, 2. . . . Fitchburg, . - - 12 - - - -

Paper Mill,3 . . . . N. Leominster, . 30 - 8 - 150,000 lbs. Not clean. Colored.-

Tannery,4 . . . . N. Leominster, . 75 - - - 20,000 hides. - -  •

A  small brook, . Tannery, . . . . N. Leominster, . 12 - - - 4,000 hides. Clean. Highly offen
sive.

Leather-Board Manufactory,6 Leominster, 32 10 - 650 tons. Fair. Colored red 
at times.

Linen Mill,0 . Leominster, 22 732 10 - 104,000 lbs. Fair. Colored.

Leather-Board Mill,7 Lancaster, . 10 - 9 - 438,000 lbs. Fair. Colored red 
at times.

Cotton Mill, . . . . Lancaster, . 60 2,376 15 - 163,800 lbs. Good. Unchanged.

Whitman’s River, Paper Mill, . . . . Fitchburg, . 25 - 24 - 900,000 lbs. Good. Somewhat
colored.
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Paper Mill,2 . . . . Fitchburg, .

Phillips Brook, Cotton Mill, . . . . Asliburnham,

Chair Manufactory, Ashburnham,

Tub Manufactory, . Asliburnham,

Tannery and Morocco Goods, Ashburnham,

Chair Manufactory, Ashburnham,

Cotton Mill, . . . . Ashburnham,

Nookagee Brook, Woolen Mill,8 Fitchburg, .

Edge-Tool Company, Fitchburg, .

Paper Mill, . . . . Fitchburg, .

Paper Mill,* . . . . Fitchburg, .

Woolen Mill,10 Fitchburg, .

Woolen Mill, . . . . W. Fitchburg,

Monoosnoc Brook, . Comb Manufactory, Leominster,

Comb Manufactory, Leominster,

Comb Manufactory, Leominster,

1 12,800 lbs. soda-ash, 5,600 lbs. a lum , 32 bbls. lim e, p e r  m outh .
* N o t in operation .
8 9,000 lbs. ch loride lim e p e r  m onth . A
* D o not use w ate r-p o w er; u se  sp ring -w ater fo r w ash ing  h ides. 
6 U se Ind ian -red  for co loring  m atte r.

- 25 - - -
44 1,500 22 - 187,200 lbs. Very good. Good.

30 - 12 - - Good. Good.

15 - G - - Good. Good.

18 - 9 - 1,000 hides. Good. Somewhat
colored.

200 - 20 - - Good. Good.

20 1,300 35 - 70,200 lbs. Good. Good.

50 - 1G 3 182,000 lbs. Good. Colored at 
times.

15 - 15 - - Good. Not changed.

12 - 18 - 730 tons. Fair. Colored.

10 - 25 - 730 tons. Impure. Colored.

50 - 19 3 105,000 lbs. Not good. Dirty.

GO - 18 2 104,000 lbs. Bad. Bad.

10 - 15 - - Good. Good.

15 - 14 - - - -

25 - 15 - - -

c U se chloride o f  lim e and  soda-ash.
7 40 bbls. V enetian .red , 20 ca rboys su lp h u ric  acid, 13 bbls. lim e, p e r  m outh .
8 1,600 lbs. logw ood, 4,000 lbs. soda-ash, pe r m onth .
0 U se a  good deal o f  ch lo ride o f  lime.

J° 2,400 lbs. logw ood, 1,800 lbs. soda-ash, p e r  m onth .
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Monoosnoc Brook, . Comb Manufactory, Leominster, 10 - 15 - - - -

Comb Manufactory, Leominster, 10 - 10 - - Fair. Fair.

Woolen Mill,1 Leominster, 60 - 14 4 234,000 lbs. Fair. Colored at 
times.

Comb Manufactory, Leominster, 20 - 4 - - Dirty. Unchanged.

Comb Manufactory, Leominster, 25 - 3 - - Bad. Bad.

Comb Manufactory,2 Leominster, 65 - 12 - - Fair. Unchanged.

Nonacanicus B rook,. Paper Mill, . . . . Ayer, . 4 - 13 - 240 tons. Good. Colored at 
times.

Tannery,3 . . . . Ayer, . 75 - - - 22,500 hides. Good. Bad.

Catecunamug Brook, Paper Mill,4 . . . . Shirley, 4 - 18 - 50 tons jute. Good. Discolored.

Cotton Mill, . . . . Shirley, 60 3,300 14 - 234,000 lbs. Good. Unchanged.

Cotton Mill, . . . . Shirley, 50 5,944 12 - 163,800 lbs. Good. Unchanged.

Cotton Mill, . . . . Shirley, 100 - 20 - 585,000 lbs. Good. Unchanged.

Bow Brook, Leather-Board Mill,6 Shirley, 15 - 12 - 300 tons. Good. Very much 
colored.

Squannacook R iver,. Paper Mill, . . . . Townsend,. 8 - 13 180 tons. Good. Discolored at 
times.
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Paper Mill,8 . . . . Groton,

Leather-Board Mill,7 Groton,

Nashua River, . Paper Mill,8 . Groton,

Paper Mill,0 . . . . Groton,

Paper Mill,10 . . . . Pcppcrell, .

Nissitissett River, Paper Mill,11 . . . . Pcppcrcll, .

Leather-Board INI ill, Pcppcrell, .

Cotton-Batting Mill,12 . Pcpperell, .

1 400 lbs. logw ood, 1,200 lbs. v itrio l, 1,600 lbs. soda-ash, p e r  m onth , and  som e
soap.

2 O ne bbl. lim e p e r  m onth .
3 D o n o t use w ater-pow er.
4 6,000 lbs. ch loride o f lime, 500 lbs. a lum , p e r  m onth.
5 U se 15 casks V enetian -red  p e r m onth , and  som e lea ther scraps and canvas.
6 T w o  tons chloride o f  lim e, 1,500 lbs. v itrio l, p e r  m onth .

16 - 11 - 600 tons. Good.

30 - 15 - 900 tonsmanilla. Good.

40 - 8 - 600 tons. Good.

65 - 11 - 1,560 tons rags. Good.

35 - 7 - 720 tons. Good.

15 - 9 - - Good.

7 - 8 - 480 tons. Good.

13 - 8 - 3,500 lbs. Good.

Discolored at 
times.

Discolored at 
times.

Discolored at 
times.

Discolored.

Discolored at 
times.

Discolored at 
times.

Fair.

7 Use V enetian -red  fo r coloring.
8 T w o  tons chloride o f  lime, 30 casks lime, half-ton v itrio l, p e r m onth.
0 T h re e  tons chloride o f lim e, 750 lbs. v itrio l, 750 lbs. a lum , p e r  m onth .

10 1 5  tons chloride o f lim e p e r  m onth , som e lim e and  alum , also som e coloring
m a tte r.

11 N o t in  operation .
12 D o som e coloring. t>o
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The mills, generally speaking, discharge their refuse, in
cluding in many cases the house-offal from the tenements of 
the operatives, directly or indirectly into the streams. In a 
few cases, however, cesspools are used and their contents ap
plied to the land. For the most part, the total refuse is small 
when compared with the volume of the stream, or it is cast in 
only at intervals, so that, judged by the eye, there is not a 
serious amount of pollution in many places. The appearance 
of the stream above and below each mill at the time of Mr. 
Clark’s visits is given in the last two columns of the table.

Under the head of Remarks are given approximate state
ments of the chemicals, etc., used in the various processes. 
This is not assumed to be entirely accurate or complete, but 
will give a fair idea of the amount of the coarser refuse which 
finds its way into our rivers.

In some places the manufacturers complain of the foul con
dition of the water when it reaches them. Where it is used only 
for power, or for washing horn, it is not necessary that it 
should be pure. Occasionally spring-water is used for boil
ers, as the water of the river is too much polluted for that 
purpose. In Fitchburg, at one of the paper mills, the water 
is filtered before it can be used; at one of the woolen mills 
it is fit for dyeing dark but not light colors ; at another woolen 
mill there is serious complaint of the condition of the water. 
Below the works of the carpet company in Clinton the water 
is so fouled by the gas works and by the scourings of wool, as 
to be a source of the greatest discomfort, if not of actual ill 
health, to the mill operatives below and to a large part of the 
town.

It will be seen, too, that foul or very offensive water, in 
the course of a few miles, loses its unsightly appearance 
altogether when not more concentrated than in the worst 
parts of the Nashua. Filthy, or at least turbid, pretty much 
through its whole course in Fitchburg, it is quite clear before 
reaching Leominster. The freshets of spring and autumn, 
too, scour out the river-bed so effectually as to preveut any 
serious accumulation of deposits from year to year; and, 
indeed, in some places, the great amount of earthy matter 
brought down iu the stream at such times forbids the use of 
the water for manufacturing purposes.



At the time this examination was made the river was rather 
high, so that the noticeable amount of pollution of the 
streams was much less than it would be in the latter part of 
summer. The mills, however, were in fuller operation than 
can be the case when the water is very low, although the 
depression in business had caused a few to run only a part of 
the time.

Saw mills are not included in the tables just given, although 
designated on the map. They employ very few men, and 
their only refuse—sawdust—is very easily, and should always, 
be kept out of the streams.



F D G E c c B b A A A.

Drainage-area above point indicated in
5101square m iles,...........................................

Drainage-area above where the Nashua
57 134 57 131 343 81 448 65 “

joins the Merrimac, . . . . - - - - 539
Dry-weather tlow at respective points

1,404,000 11,016,000in 24 hours, cubic feet, . . . . 1,231,200 2,894,800 1,231,200 2,829,600 7,408,800 1,749,600 9,676,800 -
Dry-weather flow at respective points in

U. S.gallons,........................................... 9,209,376 21,553,104 9,209,376 21,165,408 55,417,824 13,087,008 72,382,464 10,501,920 82,399,680 -
Number of polluting factories or mills, . 14 25 21 48 81 3 87 3 92

Number of polluting factories or mills
0.05 0.20 0.250.25 0.18 0.37 0.37 0.24 0.20 -

Number of operatives in said mills,2 600 3,163 687 1,776 5,247 54 5,431 35 5,476 -

Population above respective points, I860 , 2,750 10,600 4,700 16,000 33,750 4,200 38,800 900 39,700 -

Population above respective points, 1875, 3,000 14,100 5,600 22,200 43,200 3,800 47,800 1,000 48,800 -

Population above respective points per
98 169 126 58 111 83 109square m i le , ........................................... 53 105 “

Population of cities, villages, or mills 
now draining into river above said
p o in ts , .................................................... 1,800 8,500 3,000 8,000 20,000 500 25,000 400 26,500 -

Population of this character per square
58 8 58 33 58m i l e , .................................................... 32 63 53 61

1 Includ ing  p a r t  o f  N ew  H am psh ire . 2 T h ese  num bers inc lude all the m ills in  opera tion  a t  the  tim e o f the  survey.
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T a b l e  I V .— Sum m ary o f  M anufactories.*

No. of Mills.
No. of H ands 

Employed.

Woolen M i l l s , ...................................................... 18 1,315
Shoddy M ills,............................................................... 2 6
Cotton M ills ,............................................................... 21 2,466
Paper M i l l s , ............................................................... 17 427
Iron and Steel Works, . . . . . . 5 355
Comb M a n u fa c to r ie s ,............................................. 9 330
T a n n e r i e s , ............................................................... 4 180
Chair and Tub Manufactories, . . . . 3 245
Leather-Board M i l l s , ............................................. 5 94
Flour M i l l s , ............................................................... 2 14
Gas W o r k s , ............................................................... 2 6
Linen Mill, . . . . . . . . 1 22
Wood-Pulp M i l l , ...................................................... 1 6
Cotton and Shoddy M i l l , .................................... 1 10

T o t a l , ............................................................... 91 5,476

* Excluding 3 paper mills, 1 cotton mill, 1 worsted mill, and 1 scythe manufactory not in operation.

Pollution from  Mills.
The character of the pollution from the various trades was 

given fully in the last report, so that only a brief statement 
will he made with regard to them here.

Woolen Mills.—The chemicals used are reported this year 
to be chiefly soap, soda-ash, sal-soda, chloride of lime, alum, 
blue vitriol, sulphuric acid, oxalic acid, indigo, logwood, fustic, 
and a few other coloring matters. Urine and dung are not now 
so much used as formerly. The chief sources of pollution are :

1. The "wool suds,” consisting of soap or alkali and water, 
with the grease, waxy substance, and dirt removed from the 
wool,—a highly oflfeusive mixture, and constituting about nine- 
tenths of the waste. 2. The "waste liquor” from the dye-vats, 
a concentrated fluid containing alum and coloring matters, 
which discolors the streams, but does much less harm, in fact, 
to some degree, neutralizes the evil done by the animal refuse. 
3. The water used in washing the dyed goods, and containing 
dyestuffs in small quantities, with a little glue and soap, not 
a source of serious harm.

A comparative analysis of these three waste fluids is given, 
as follows, in the third report of the Second Rivers Pollution 
Commission of England; the results are expressed in parts 
per 100,000 :—



T a b l e  V .— Waste F luids fro m  English Woolen M ills.

•

D is s o l v e d  M a t t e r s . S u s p e n d e d  M a t t e r s .
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W ashing water from dyed and scoured goods, . 29.62 0.19 0.05 0.01 0.34 0.41 0.002 0.72 0.88 1.60

Waste liquid from woolen dye-vats, 107.60 48.97 3.32 0.49 0 • 3.73 - 24.08 77.92 102.00

Waste liquor from wool scouring and washing, . 1,099.40 132.48 9.88 54.61 0 54.85 trace. 870.95 2,611.65 3,482.60
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Cotton Mills.—In washing, bleaching, printing, and dyeing 
calico, most of the materials used find their way into the 
streams, as only a small quantity, consisting of starch and 
coloring matter, remains in the cloth. The substances used 
are madder, garancine (prepared madder), peachwood, log
wood, sumach, starch, gum, dung, sulphuric acid, muriatic 
acid, soda-ash, " bleaching powders,” lime, soap, arsenate of 
soda, bichromate of potash, acetate of lead, and some other 
dyes peculiar to different houses, and kept more or less secret. 
From such coarse substances as madder and logwood, the 
amount of refuse is very great, but they are not now so much 
used as the coloring matters extracted from them. In bleach
ing, the amount of pollution to the streams is not great, and 
consists chiefly of alkaline and soapy liquors, with some of 
the salts of lime, mostly insoluble, and soon subsiding in the 
form of a heavy precipitate. If  the cotton is scoured and 
washed before use, the soapy and alkaline refuse is consider
able. Dyeing, printing, and scouring are not done in many 
of the mills included in this examination.

Paper Mills.—Soda-ash, lime, chloride of lime, alum, and 
sulphuric acid are used. The processes which pollute the 
streams are the cleansing while dry of the dirty rags of which 
some of the paper is made; boiling the vegetable fibre or 
rags into pulp with alkali at high pressure, forming a soapy 
refuse, which is offensive to smell, and one of the most pollut
ing fluids which is passed into the streams; washing this 
substance; bleaching with soap and lime, and in some cases 
coloring largely by means of arsenical and aniline dyes. 
Where paper is used as the raw material, and no coloring is 
done, of course the amount of refuse is small; and of the 
expensive dyes very little is wasted at best.

Comb manufactories discharge into streams chiefly wash
ings from horns or hoofs, containing a certain amount of 
animal matter. They are not represented as being serious 
evils.

Tanneries have a considerable amount of waste in lime, 
hen-manure, and animal matter (i.e ., the washings or scrapings 
from the hides), forming a highly offensive compound. The 
spent "bark-liquor” does very little harm. In fact, that 
and the iron salts "disinfect,” in a considerable degree, the



other refuse. The hair and " fleshings ” are now universally 
saved.

Leather-Board Mills.—Lime and sulphuric acid are used 
in reducing the scraps of rope, canvas, leather, etc., to the 
suitable condition, and are finally wasted. In coloring, 
Venetian-red (one-third oxide of iron and two-thirds sulphate 
of lime) and Indian-red (nearly pure red oxide of iron) are 
employed, with a little alum. The streams are very much 
discolored near the mills when the refuse is discharged, but 
soon become nearly clear, as the matter is mostly insoluble, 
and readily settles.

Shoddy Mills.—There are two in Holden; and in West 
Boylston one cotton mill has a department for this work. 
They are not represented as casting any matters into the 
river from the processes of manufacture.

One linen mill (in Leominster) uses cotton yarn and flax 
tow for stock, cleansing and bleaching with chloride of lime 
and soda-ash.

Gas Works need not pollute streams at all. The tarry and 
ammoniacal refuse which they usually waste is offensive, min
gles slowly with water, and is noticeable at a long distance 
from its point of discharge. It can be, and should be, saved.

Works fo r  the manufacture o f iron and wooden ware, and 
flour mills, of course, do not need consideration in this con
nection.

Saw Mills sometimes most needlessly fill up the river-beds 
with accumulations of sawdust.

There are no chemical works on the Nashua or its tributaries.

Survey o f the Nashua Basin.
Mr. Clark’s account of the basin of the Nashua River is as 

follows, dated June, 1876 :—

The southernmost branch of the Nashua River rises in the south
ern part of Holden, where there are two small woolen mills and a 
cotton mill. The stream receives but little pollution, as the mills 
do verjr little coloring or washing, and the village upon it has a 
small population. Asnybumsket Brook rises in quite high land, and 
flows through the more central part of Holden, a village of about 
2,500 inhabitants, receiving, beside the refuse from the woolen 
mills and one or two tanneries at this point, the drainage from a



few of the houses. The soil is sandy, and absorbs the surface-water 
readily. Quinepoxet Brook rises in the high land of Princeton, and 
upon it, at the village of Ruralville, are a small woolen and a cot
ton mill, employing, at both, about 80 hands. The water of these 
three streams, united to form the Quinepoxet River, has a rapid fall 
as it flows through the town of West Boylston.

Still River rises in the high and broken land of Princeton and 
Sterling, and receives only the surface-drainage from the very small 
villages of East Princeton and West Sterling, of which the soil is 
sandy. At Oakdale (population 1,000), in West Boylston, Still 
River joins Quinepoxet River, to form the south branch of the 
Nashua, and gives power to a cotton and woolen mill, employing 
about 250 hands. The water is very clear and light in color, but, 
at times, is discolored below the mills by the dyestuffs. The privies 
of the operatives discharge into the river.

After leaving the mills at Oakdale, the stream flows through West 
Boylston Centre (population about 3,000) ; it is used by the cotton 
mills at that place. The excrement, the only refuse from both 
mills, is allowed to go into the river. The sewage from the houses 
about the lower mill is carried directly to the land, and used upon it 
as a fertilizer. The village is very favorably situated to drain into 
the river, and the surface-drainage must be considerable; the soil is 
suitable for filtering such drainage.

In the town of Boylston, the river affords power to one cotton 
mill. In the next three or four miles, the fall is so gradual that the 
power is not used. At Clinton, the Lancaster Cotton Mills have a 
fall of 28'. Considerable bleaching and coloring is done at this 
mill; and the refuse from these processes, with the excrement from 
1,200 operatives, goes into the stream, which is at times very much 
discolored as it leaves the m ill; its usual appearance in summer is 
not that of clean river-water. Above the mills the water is clear, 
and is used by some families and by the operatives for domestic 
purposes. As a general thing, the houses about the mill are con
nected with cesspools, which are frequently cleaned.

About forty rods lower is a comb manufactory, employing about 
150 hands. The only refuse from it is the water in which horns are 
washed, with some lime and excrement from the factory. The 
water as it comes to the place is noticed to be impure, but causes no 
inconvenience. Not far below this manufactory the river receives 
the water of a small stream, which is the outlet for two or three 
ponds south of Clinton. The dam of the Clinton Yarn Company, 
which is on this stream, about one mile from the Nashua River, 
causes a pond to be made in about the centre of the town, which is 
situated on surrounding hills, with advantages for draining into this



basin. The Carpet Company are located above the pond, and have 
the first use of the water of the brook, which, in its natural state, is 
very pure ; but, as it leaves the manufactory, where it is used for dye
ing and for washing large quantities of wool, it is dark and impure. 
This pond, situated as it is in the middle of the town, and made the 
receptacle of all kinds of refuse, is the source of intense annoyance, 
if not the cause of more serious troubles, to persons living in the 
vicinity. At the yarn factory, the foul gases and effluvia render 
some of the rooms almost uninhabitable; and for manufacturing 
purposes, spring-water, of which there is an abundance near the mill, 
is necessarily used. These springs seem to be supplied from the 
stratum of water-bearing gravel, which underlies a portion of the 
town, and through which the water moves with such considerable 
velocity that, where cesspools are accidentally placed low enough to 
connect with it, they are kept constantly clean. Clinton has a 
population of 6,781, but no system of sewerage ; there are, however, 
two or three sewers brought directly into the pond, into which the 
gas works also discharge a good deal of refuse. Water will prob
ably be introduced from Sandy Pond. About two miles south of 
Clinton, the south and north branches of the Nashua unite.

The southerly tributary of the north branch is the outlet for 
Meeting-House and Wachusett ponds, supplies power to two paper 
mills at present not in operation, and, in its course, receives the 
surface-drainage of Westminster and Wachusett villages (population 
4-00 and 150 respectively). The stream is joined by the waters of 
Whitman’s Brook, which rises in the south-western part of Ashburn- 
ham. The fall of the latter is utilized by several saw mills and 
chair manufactories. Both of these streams rise in quite elevated 
country; along their courses the soil is sandy, and the hills are 
wholly granite. They supply power to several paper mills and 
machine-shops in the south-western part of Fitchburg ; the pollu
tion from the latter is but little, while from the former it is sufficient 
to color the water as it leaves the mills, and to render it unfit for use 
in boilers.

The stream which comes in from the north rises in Ashburnham, 
and its rapid fall affords power for several mills at Ashburnham 
Centre. The water is very clear, and, as it is comparatively large 
in volume, is not perceptibly changed as it flows through the village. 
Ashburnham Centre has a population of about 2,000 ; the land is 
sandy and quite steep in its inclination toward the stream. In 
Fitchburg, the water is used by three woolen mills and two paper 
mills, all situated only a few rods apart. The upper privilege, 
where the water is good, is used by a small woolen mill for scour
ing and dyeing, and at times the effluent is discolored. I t is then



taken by two paper mills manufacturing about four tons of stock 
per day ; the woolen mills, still lower, complain of the condition of 
the water as it comes to them, and as the volume of the stream is 
not large, the impurity is particularly noticeable during the summer 
months.

In passing through the city of Fitchburg, the Nashua River 
(north branch) is used by a large number of manufactories, all of 
which turn their refuse into it. The city has a population of about 
12,000, and is supplied with water from Scott’s Brook. No system 
of sewerage has been completed; there are, however, one or two 
brick and a few pipe sewers discharging into the river. A bad odor 
rises from the river at times, animals refuse to drink the water, and 
fish have almost entirety disappeared from this portion of it. The 
soil is largely composed of sand and gravel, and the hills in the 
vicinity are high and almost wholly of granite.

At North Leominster, the water is used by a leather-board mill, 
manufacturing about 5,000 pounds of stock per day. Upon the 
high ground opposite this mill, there is a tannery employing 75 
hands ; and, a little higher up, another tanner}^, belonging to the 
same parties, is a source of very serious annoyance, as its refuse is 
discharged into a small brook, two feet or less wide, and running 
through the village of North Leominster; the surface-drainage is 
not here very great. About a mile lower, the river receives the 
water of Monoosnuc Brook, which flows through Leominster Centre 
(population about 3,000). The town is supplied with water col
lected in a reservoir at the head of Morse Brook, and the sewers 
already built discharge at a lower point into that stream just above 
one of the dams. The town sewage, with the refuse thrown into 
the water by the manufactories, will necessitate the completion of 
the sewerage-system already proposed, and which provides for a 
sewer which shall intercept the smaller street sewers and have its 
final outfall below the town.

Two miles and a half below Leominster Centre is a linen mill 
where a large quantity of chloride of lime is used in bleaching; 
the refuse runs into the river and discolors it at times. A leather- 
board mill, about a mile below, manufactures 1,200 pounds of stock 
per day ; the effluent is colored by the Venetian-red and lime used. 
At the cotton mill, a mile and half below this, the water is in 
appearance quite clean, and of light color.

From the point where the north and south branches of the Nashua 
unite, to the State line, the fall is very gradual; soil sandy.

Catecunamug Brook rises in the central part of Lunenburg. Its 
water is not available for power until it reaches Shirley, where it is 
used by a paper mill and three cotton mills. The refuse from the



paper mill discolors the water a little ; the excrement from the cot
ton mills and the houses about them is usually collected in boxes 
and removed once or twice a year. Upon Bow Brook, which flows 
into one of the ponds in the Catecunamug, there is a small leather- 
board mill by which the water is colored very dark red, as may be 
observed through the pond and to some distance below. The 
effluent lime, sulphuric acid and coloring matter are said to have 
killed the fish which were formerly found in the pond.

Nonacanicus Brook joins the river at Ayer, a town of about 1,800 
inhabitants, with no system of sewerage, although a single sewer 
has been built with which a cheese factory and a few houses are 
connected; it also receives the surface-water from the street. A 
tannerj- pollutes a pond in the outskirts of the town. In Harvard, 
upon this stream, there are one or two small mills.

Squanacook Brook rises among the granite hills of Ashby, and 
flows with a very gradual fall through the soil of Townsend and 
Groton. The drainage along the river is small, and the greatest 
amount of refuse is from two paper mills in Groton, by which the 
water is colored a little.

Nissitisset River rises in New Hampshire, and joins the Nashua in 
Pepperell. Near the point where the two unite are a cotton-batting 
and a leather-board mill. Some coloring is done at the former, and 
the effluent water of the latter is colored at times.

The waters of the Nashua River and its tributaries, with the 
exceptions mentioned, are, so far as appearance goes, in a good con
dition, clear and light in color.

Replies o f Correspondents.

Our correspondents report as follows :—

Ashburnham.—The height of land between the Merrimac and 
Connecticut valleys lies in this town. Our ponds and streams arise 
from springs within our limits ; and we have no large manufactories 
which produce offensive matters. The main business is the man
ufacture of chairs ; a small amount of leather dressing is done, but 
there is no complaint of pollution of waters below. This village is 
comparatively thickly settled—ground hill}'—and it would be an 
easy matter to construct sewers under the principal streets, and, 
connecting them with the stream, allow all waste liquid from what
ever source to pass off through them.

Asliby.—There is no pollution of ponds or streams.
Ayer.—There is no pollution except of a pond on a brook flowing 

into Nashua River, and I  have never known any complaint. I  have



not noticed any appreciable effect in the stream. Privies are univer
sally used, and are not by any means properly taken care of. The 
soil is light, sandy, and porous, and generally well drained.

Bolton.—No pollution of streams. Night-soil is generally carted 
off once a year.

Boylston.—No complaint has ever been made of pollution of 
streams iu Boylston.

Clinton.—All the water passing the dye, gas, and wool-washing 
house from the carpet company is contaminated, of dirty color and 
offensive smell, sure death to fish,* unfit for cattle to drink, and is 
collected in Quilt Pond.t I would suggest that the pond be drained 
and covered up for the health of the citizens. The Lancaster Mills 
are on a branch of the Nashua, and do not cause enough pollution 
to affect the fish one mile below.

Here is a pond of about two acres, directly in the heart of the 
town (population, 6,781), receiving the sewage of the gas works, 
and also the carpet company’s sewage entire. The wool-wash is 
immense, and being largely of animal matter, the stench, when the 
pond is down, on a hot day, is telling. It is something that can be 
remedied by using a covered drain ; and the owners of the pond can 
be bought for a fair sum. I will agree to get you names by the 
thousands, certifying that a nuisance is in their midst and should be 
abated.

Dunstable.—No manufactories in our town, except saw mills and 
a grist mill.

Fitchburg .—The water of the Nashua, in passing this city, is 
extensively' polluted by the wash of nine paper mills, four woolen 
mills, two cotton mills, gas works, and other manufacturing estab
lishments on or in the immediate vicinity of the stream. The water 
presents a dirty appearance, and people generally shrink from bath
ing in it. I t receives the whole sewage of the city, so far as sewage 
is disposed of at all. The main sewer discharges into it at a point 
not far below the thickly settled portion of the city. Punch Brook 
is used for sewage purposes, and discharges into the Nashua about 
in the centre of our population. All the chemicals employed in 
paper mills and different manufacturing establishments—excrement, 
dyestuffs, etc., and street washings—find their way directly into 
the stream. The extent of the pollution is great. The color of the 
water is materially changed in its whole course through the city 
during low water. I  have seen the water in a small canal below a 
woolen mill, of almost inky blackness, so as visibly to affect the 
main current some distance below in the main stream. The river is

* Eels also are killed. t  Formed by the dam of the yam  company below.
4



but little used by manufacturers, except as a motive power. I  have 
heard complaints of the offensiveness of the water on account of 
sewage-contamination at the outlet of the sewer, and by those in 
Punch Brook. I  know of no practicable way of getting rid of our 
sewage, except to discharge it into the Nashua River, and thus pol
lute the stream. That work has already been done by the manu
factories. I  think the outlet of our sewer should have been carried 
farther down stream.

Groton.—We have two paper mills and one leather-board mill in 
the town, employing in all 90 hands. The lime-bleaching material 
and excrement from the cotton mills, and from the leather-board 
mill alum and Venetian-red, go into the river. The color or smell 
of the water, a short distance below, is not affected. I t is thought 
to have no material influence on fish. Cattle drink it readily.

Harvard.—No complaints ; the town is naturally drained.
Lancaster.—In the leather-board mill, 500 barrels of Venetian-red,. 

250 carboys of sulphuric acid, and 160 barrels of lime are used 
annually, a combination which must be destructive to fish and inju
rious for all domestic purposes. The south branch of the Nashua 
has been made destructive to fish by the sewage, mills, and gas 
works of Clinton. I t is, in my opinion, none too soon that this 
wholesale poisoning of our rivers and streams should be checked.

Leominster.-—The drainage from a tannery at the north village 
is dark in color and highly offensive to smell, particularly in the 
evening and night. Many of the inhabitants have complained of 
the offensiveness of the small stream running down from the tan
nery through the village.

Lunenburg.—No trades-pollution. The surface of this town is 
somewhat hilly, with no large tracts of marshy grounds. Still, if 
that thorough drainage of our moist lands which an agricultural 
interest demands should be made, the general healthfulness of the 
citizens could thereby be promoted.

Peppered.—The pollution here consists of all the filth arising from 
the manufacture of paper at four mills ; but there are no complaints.

Princeton.—No pollution from trades or town sewage.
Shirley.—On the Catecunamug there is a mill for the manufacture 

of “ leather board,” at which they use a red mineral coloring matter, 
which at times colors the whole stream.* I  think it drives the fish 
from the stream. Lime is used also to some extent. The above 
will also apply to some extent to the Squanacook, another tributary 
of the Nashua, which forms a portion of the boundary line between 
this town and Groton. The water is at times wholly unfit for cattle

This is a mere brook, a couple of feet wide.



to drink. In the case of the Catecunamug, the offensive matter is 
introduced into the stream in this town ; but a portion of the lime 
and coloring matter in the Squanacook comes from Groton.

All the streams passing through this town empty into the 
Nashua River. On the south is a stream called “ Bow Brook,” 
having its source in Fort Pond in Lancaster; on this stream, in 
Shirley South Village, is a mill for the manufacture of leather board ; 
at a short distance below the stream unites with Catecunamug 
Brook, which has its source about five miles above, in Whaloam 
Pond in Lunenburg. On the latter stream is a mill, used till recently 
in the manufacture of paper; on the union of these two are three 
cotton mills and one saw mill,—distance to the Nashua River about 
two miles. The leather-board mill uses from two to three hundred 
pounds of red clay daily,—nothing else, I  am informed by the agent. 
The material used in the manufacture of the board is mainly the 
waste from boot and shoe factories. The clay is the coloring mat
ter, though I  am told that about one-third of it is incorporated in 
the article manufactured. The articles used in cleansing and bleach
ing the rags, ropes, etc., of which the paper is made, are chloride of 
lime and soda-ash, say one hundred pounds daily. The cotton mills 
run 14,000 spindles, and employ some 300 persons when in full 
operation. To each mill is attached a water-closet for daily use ; a 
large part of the sink-drains of those living near the streams 
empty into these streams, so that from all these substances there 
must be considerable impure matter emptying into the Nashua 
River from this little village. There is a stream arising in the 
north-westerly part of Lunenburg and passing through the northerly 
part of this town, called Mulplus Brook, on which there are several 
saw, grist, and lumber mills. On the north of the town is the 
Squanacook River, a tributary of the Nashua ; on this is a leather- 
board mill of much greater capacity than the one first described ; 
but as this is partly in Groton, I will add nothing farther in regard 
to it. On the Mulplus in Lunenburg, as well as in Shirley, are 
several mills for the sawing of various kinds of lumber. For many 
years the waste—the sawdust—has been sent adrift in the stream, 
and the effect has been not only to much obstruct the flow of water 
in many places, but to nearly destroy the brook-trout, which wer^ 
formerly abundant in it and in the tributary brooks. In a pond of 
about one hundred acres, situated below the paper mill on Catecu
namug Brook, sportsmen say pickerel have grown scarce since the 
mill began to be used for such purposes. We do not know that the 
sawdust has killed the trout and the chloride of lime the pickerel, 
but the facts as stated exist.

Sterling.—No trades-pollution ; a small stream and a low, flat



meadow receive all the sewage that goes from the central village; 
and it remains in the ditches of this meadow, there not being any 
proper outlet. The meadow is in close proximity to the village.

Townsend.—There is no trades-pollution, unless, possibly, from 
decaying sawdust, of which there are large quantities in our river. 
I  have often noticed that, in the vicinity of the largest sawdust 
beds, the water has a darker look. As the water is so variable as 
to height, there must be a decay going on in the warm season. I 
never knew cattle to refuse to drink from the river.

West Boylston.—There is some trades-pollution, but it is so small 
that it cannot be detected in the water by smell or taste.

Westminster.—We are situated on the height of land north of 
Wachusett Mountain. Our drainage and sewerage are natural, and 
we have no trouble at all from those imperfections found in lower 
towns.

Summary o f Survey.
It is evident that there is not marked offensiveness in many 

places. In fact, a single woolen mill, discharging its refuse 
into the River Aire in England, employs nearly three-fourths 
as many operatives as the whole of the manufactories in the 
Nashua Basin in Massachusetts, and uses, annually, 320,000 
pounds of logwood and similar dye wares ; 15,000 pounds of 
chloride of lime, ammonia, and oil of vitriol; 40 to 50 tons of 
Gallipoli o il; 700,000 pounds of soap ; and 14,000 tons of 
coal. It would be within bounds, too, probably, to say that 
the sewage of less than 10,000 people is cast directly into 
the Nashua and its tributaries within the S ta te ; but in a few 
places the pollution is so great as to demand interference.

In Shirley and Townsend there is complaint of the obstruc
tion of streams from sawdust accumulating in their beds, 
after having been thrown out from the mills, a difficulty most 
easily avoided.

The evils in the drainage of Sterling are purely of a local 
character.

The inhabitants of North Leominster have to shut their 
windows at times to keep out of their houses the vile odors 
from the brook, contaminated by a tannery in that village; 
but the population is sparse, and it is not positively known 
that any serious ill health has been caused.

Iu Leominster Centre, the only sewer of the town empties 
into a mill-pond, which catches, also, to some extent, the



insoluble refuse from the mills above it, and a nuisance is the 
natural result; but it has not yet given rise to much serious 
complaint.

Nookagee Brook, in Fitchburg, is black and filthy, but not 
stinking. The stream has a rapid fall over a bed rocky in 
its upper part, and is, immediately on its junction with the 
main stream, diluted with so large a quantity of water as to 
lose, to a considerable degree, its unsightly appearance after 
flowing a half-mile. Through the city the river is rather dark 
and sometimes turbid, but not often really foul-smelling, as 
is shown also by chemical examination. Punch Brook, how
ever, a shallow stream, hardly a couple of feet wide, as it 
passes through the more thickly inhabited part of Fitchburg, 
is defiled by the privies, water-closets, etc., on its banks, 
thus creating a nuisance with which it will be difficult to deal 
satisfactorily unless filth is kept entirely out of the stream; 
for, during freshets, several hundred times as much water 
passes through it as in time of drought. The main sewer 
discharges lower still, but quite near the city. At present 
the amount of sewage is small; at times it has hardly even 
any color. But if the whole refuse of the houses is ever dis
charged at this point, it is pretty sure to cause more or less 
complaint in the future.

In Clinton a serious source of offence is in Quilt Pond, in 
the very centre of the town, which is not only polluted by 
the refuse of the carpet mills and gas works, and b}r the sew
age of the town itself, but is a veritable settling-tank, dammed 
by the mill of the yarn company below, and placed by nature 
in the bottom of a deep valley. Of course the inhabitants 
suffer from the stenches, some having removed from the vicin
ity ; and the water is valueless to the yarn company except 
for power. Even for this latter purpose its supply is so un
certain that steam is chiefly used. The evil has been greater, 
too, during the past summer, from the fact that the destruc1 
tiou of the carpet company’s dam opened a new course for the 
stream below, so that now Quilt Pond has not even the benefit 
of the overflow of the dam to partially flush it. In this case 
there are several interests to consult and several parties to 
blame. The carpet company empty a large amount of vile 
stuff into the stream, and the town adds to the pollution by



their sewer and their surface-drainage; but both of these 
might, perhaps, pass off without causing a serious nuisance 
were they not caught and kept by the dam of the yarn com
pany. I t is easy to see where and how a simple remedy 
could be effected, but there will naturally be some question as 
to who shall bear the brunt of the cost.

Chemical Examinations.
The following tables give the results of the examinations 

by Prof. Nichols. In Table VI., the condition of the river is 
shown in Nos. 1 to 14, when it was at moderate height; in 
Nos. 15 to 29, at its lowest summer flow, and in Nos. 30 to 
40, at low summer flow. Tables VIII. and IX. are compiled 
from Table VI. Prof. Nichols’s notes are as follows. His 
methods of analysis were fully given on page 174 of the 
seventh report.

M a ssa ch u setts  I n s t it u t e  o f  T ech n ology , ) 
November 3, 1876. )

Dr. Ch a r l e s  F .  F olsom , Sec. o f  the State Board o f Health.

D e a r  S ir  :—I present, herewith, the report of the examination of 
the specimens of water from the Nashua River Basin received at 
several different times. Those included in Nos. 1 to 14, I assisted, 
myself, in collecting. The others were collected by yourself, and 
received by me in sealed demijohns, apparently in good order. 
With reference to the results of the chemical examination, I may 
say,—

No. 5 (Quilt Pond) was very foul. The water was covered with 
an oily scum. The large amount of ammonia is no doubt due in 
part to the gas works which drain into the pond, and is an under
estimate of the amount in the water when collected, as the ammonia 
was continually escaping. In fact, exposure to the air during the 
process of filtering caused a considerable decrease in the amount of 
ammonia. In addition to the gas works residue, there was evidence 
of other contamination, of an animal character, of the nature of 
grease and soap, no doubt coming from the carpet factory.

No. 7 (Tannery Brook, North Leominster) was the foulest of 
the examples examined. I t  had an odor of sulphuretted hydrogen, 
and contained much animal matter. No. 8, taken lower down on 
thefsame brook, was not as bad as No. 7, and quite clear to the eye, 
but still was very foul, as the chemical examination shows.

With reference to the remaining waters [of Nos. 1 to 14], it may



be said, that, owing to recent rain, the river above the Lancaster 
Mills, as well as below, appeared somewhat turbid; the amount of 
suspended matter was, however, very slight, and in a small quan
tity of the water hardly1 perceptible. Therefore, the distinction 
between “ filtered ” and “ unfiltered ” has no significance, as far as 
the “ solid residue” is concerned, in the case of Nos. 1-4, 6, 9-11, 
13, 14. No. 12 was considerably polluted, as was evident from its 
appearance and from the chemical examination, and the river was in 
scarcely better condition below Fitchburg (No. 14). Further down 
on the stream, however, there was a manifest improvement (No. 13).

Of the waters received September 14-16 (Nos. 15-29), no one 
had sufficient suspended matter to make its determination of any 
moment. They were all slightly colored, but not to a marked 
degree.

Of the waters received October 10, No. 31 was quite foul. The 
water was quite turbid, and, even after filtration through paper, was 
somewhat opalescent. The suspended matter submitted to micro
scopical examination showed, besides some particles of mineral 
matter and cotton and linen fibres (due, I presume, to paper mills 
above), a considerable number of filamentous algae of the genus 
Leptothrix, the growth of which was no doubt induced by the decay
ing vegetable matter. The water was strongly alkaline, and con
tained a marked amount of sulphate of lime.

Nos. 32, 33, and 34 were similar to No. 31, although much less 
foul and containing less matter in suspension ; No. 34 having, in 
fact, almost none. No. 35 was quite different from the others, 
as appears plainly in the table. No. 36 was very foul, and 
evidently, judging from the odor and from chemical examina
tion, received the drainage from gas works. The water smelt 
strongly of coal-tar; it was very alkaline, and contained so much 
ammonia that it fumed when brought into the neighborhood of 
chlorhydric or nitric acid. A part of this ammonia escapes as free 
ammonia or carbonate during the evaporation. The remainder is 
driven off as ammonium salts when the residue is burned, and this 
accounts for the large amount of “ Organic and Volatile Matter.” 
The water contained, also, a trace of sulphuretted hydrogen (or 
rather of sulphide of ammonium).

Of the waters received October 31, Nos. 39 and 40 were clear, 
and but slightly colored. Nos. 37 and 38 were turbid, had a bad 
odor, and showed evident signs of refuse matter. No. 37 resembles 
other specimens from the same locality. No. 38 is, in fact, dilute 
sewage.

With reference to the acidity or alkalinity, 1 did not observe any
thing of note except in the foul waters noted, where the alkaline



reaction was very strong. I  did not observe any case where there 
was acidity (except that due to the carbonic acid in solution). I 
think it very seldom, unless near to chemical works, that we should 
be at all likely to find an acid reaction, although in the Taunton 
Valley we did once find it so below some iron works.

In reply to your question concerning the significance of chemical 
examinations, I  would say that it has always been felt that the most 
important point in the examination of a water is to determine as far 
as possible the nature and amount of the organic matter present. One 
of the oldest methods is to determine the loss on ignition. The solid 
residue left by evaporation is heated to destroy the organic matter, 
and the loss noted. If  a water contains little carbonate of lime and 
only a small amount of nitrates and chlorides, this determination is 
not without value, and it is quite universally the custom in this 
country to make it and to tabulate the result as “ organic and vola
tile matter.” I  have included these results in my tables. Conscious 
of the defects, and, in some cases, the absolute worthlessness of this 
determination, chemists have tried to devise other means of reaching 
an idea of the organic matter present. One which has been for a 
long time in use is to oxidize the organic matter by means of per
manganate of potash, and to tabulate the amount of oxygen thus 
required. Some German chemists are in the habit of multiplying 
the amount of oxygen by five, and calling the result “ organischer 
Substanz.” This is entirely empirical, and in peaty waters abso
lutely inapplicable, and it appears better, in all cases, to state sim
ply the amount of oxygen. The truth is, we know very little of 
the nature of the organic matter in natural water, and it is impossi
ble by any means to state the exact amount ; and if it were possible, 
we should still be in the dark as to the kind,—a small amount of one 
kind being of more significance than a large amount of another 
kind. Feeling, however, that it is to the nitrogenous organic matter 
that the most importance attaches, Frankland burns the residue of 
evaporation with the idea of determining the amount of (“ organic”) 
nitrogen and carbon, and the relative proportion in which they exist 
in the organic matter present. While the method is much the most 
troublesome and difficult of those in common use, it is a question 
whether the results are proportionately valuable, as they are, after 
all, even if perfectly accurate, like all other determinations of the 
organic matter, simply comparative, and having no fixed and absolute 
significance.

Most bodies containing nitrogen, if heated with a strongly alka
line solution of permanganate of potash, give off a certain amount 
of their nitrogen as ammonia. This amount is constant for any one 
substance, but different organic substances disengage a different



amount of ammonia. The ammonia obtained by this treatment is 
called “ albuminoid ammonia,” because the nitrogenous bodies from 
which it is derived are regarded as being in some sense of the 
nature of albumin.

Natural waters vary, of course, in the amount of organic matter 
they contain; a river like the Merrimac and one like the Taunton 
being very different, and to use the determination as an index of 
pollution we must know the character of the water. A well-water 
should give almost none, while a peaty water would give consider
able, as peat contains considerable nitrogen in combinations some
what readily destroyed. It follows that while the results of any one 
chemist are comparable among themselves, they cannot be com
pared exactly with those of some one working by different methods. 
Other determinations have been made of English waters, although 
all the analyses made by the last River Pollution Commission have 
been made by Frankland’s methods.

Yours respectfully,

W m . R i p l e y  N i c h o l s .
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2.20 0.1284 0.0832 18.40 4.80 23.20
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23.10 - - - - -

0.12 0.0059 0.0115 - -
0.22 0.0096 0.0160 - -
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0.50 0.0181 0.0304 - - -
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25 Sept. 14, . b., .
26 14. . A., .
27 14, . b '......................
28 15, . . A A.,
29 15, . A A.,
30 Oct. 10, . z., .
31 10, . y., .
32 10, . G., .
33 10, . u'., .
31 10, . u., .
35 10, . s., .
36 10, . near u., .
37 31, . G., .
38 31, . V., .
39 31, . w'., .
40 31, . Z7. ,  .

Sopt. 15, . 
15, .

0.0056 0.0147
0.0056 0.0149

15, . 0.0051 0.0125
16, . 0.0128 0.0189
1C, . 0.0160 0.0168

Oct. 10, . 0.0040 0.0259
10, . 0.0053 0.0323
10, . 0.0045 0.0317
10, . . 0.0056 0.0304
10, . 0.0040 0.0261
10, . 0.0045 0.0117
10, . . 15.2000 0.0797
31, . 0.0059 0.0317
31, . . 0.5440 0.1493
31, . 0.0021 0.0088
31, . 0.0037 0.0117

- - - 0.15 0.0056
“ - - 0.40 0.0050

- - 0.15 0.0051
- - - 0.41 0.0128
- - - 0.40 0.0160

5.00 2.84 7.84 0.38 0.0040
10.44 6.12 16.56 1.28 0.0053
7.04 3.80 10.84 0.75 0.0045
5.08 2.84 7.92 0.64 0.0056
- - - 0.68 0.0040

2.52 0.96 3.48 0.37 0.0045
8.44 8.48 16.92 2.76 13.6000
6.72 4.08 10.80 1.12 0.0059

10.84 6.52 17.36 2.21 0.5440
1.68 0.84 2.52 0.22 0.0021
1.64 1.20 2.84 0.15 0.0037

0.0123 1.56 1.92 3.48
0.0136 2.84 2.04 4.88
0.0115 3.16 1.72 4.88
0.0131 2.64 1.80 4.44
0.0136 3.44 1.88 5.32
0.0253 4.36 2.24 6.60
0.0315 8.56 4.32 12.88
0.0237 5.36 3.08 8.44
0.0224 4.76 2.84 7.60
0.0256 5.12 2.32 7.44
0.0104 2.48 0.72 3.20
0.0797 - - _

0.0309 5.40 4.04 9.44
0.0795 9.48 4.32 13.80
0.0085 1.48 0.88 2.36
0.0117 1.60 1.04 2.64

* 'lhe6e determinations could not be made, as the demijohn containing No. 19 was broken in transit, and the w ater had in p a rt escaped.
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T a b l e  V II.—Appearance and Locality o f Samples in the previous
Table.

Nu
m

be
r.

Appearance. Locality.

i Clean, . Clinton, above Lancaster mills.
2 Dark but not foul, Clinton, below Lancaster mills, at first railroad bridge, 

left side of stream.
3 Dark but not foul, Clinton, same as No. 2, at right side of stream.
4 Clean, . Clinton, below comb factory.
0 Foul and stinking, Clinton, Quilt Pond in the centre of the town, into which 

the carpet mills and gas works drain.
6 Nearly clear,. Clinton, mill pond above carpet mills.
7 Very foul, N. Leominster Brook, one-quarter mile below tannery.
8 Foul, Same as No. 7, one-half mile lower, where the brook 

enters the river.
9 Clear, . Leominster, above upper comb factory.

10 Clear, . Leominster, below all factories.
11 Clear, . Fitchburg, Nookagcc Brook, above upper woolen mill.
12 Almost clear, W. Fitchburg, below junction of Nookagee Brook and 

river.
13 Dark and turbid, . Fitchburg, at railroad bridge, above sewer mouth.
14 Clear, South Fitchburg, below sevtlie shop.
15 Dark and turbid, . Middle of railroad bridge, below Lancaster mills.
16 Clear, . North Branch Nashua River, one-quarter mile above 

junction. •
17 Clean, . Nashua River, twenty rods below junction of North and 

South branches.
18 Clean, . South Branch Nashua River, one-quarter mile above 

junction.
19 Discolored, . North Branch, just below shoe shank manufactory.
20 Clean, . North Branch, ten rods below cotton mills.
21 Clear, Catccunamug Brook, one-quarter mile below all mills.
22 Clear, . Nashua, just below junc’n with Squanacook, left side. 

Nashua, just below junc’n with Squanacook, right side.23 Clear, .
24 Nearly clear,. Nashua, just below Pepperell.
25 Clean, . Nissitisset, just below Pepperell.
26 Clean, . Nashua, one-quarter mile before State line.
27 Dark and peaty, . Nissitisset, one-half mile below State line.
28 Not bad, Nashua, one-eighth mile before entering Merrimac, below
29 Not bad. all mills and gas works, one-eighth mile below latter.
30 Dirty but not foul, N. Branch Nashua River, just above Nookagee Brook.
31 Filthy, . Nookagee Brook, just above Nashua River.
32 Somewhat turbid,. Below junction of 30 and 31, same as 12.
33 Less turbid, . Fitchburg bridge, at upper end of city proper.
34 Dark, . Railroad bridge, at lower end of citv, same as 13.
35 Clear, . Baker’s Brook.
36 Very foul, Drainage of gas works, a few feet from outlet into small 

pond.
37 Foul and turbid, . Fitchburg, Nashua River below Nookagee Brook, same 

as 12 and 32.
38 Very foul, Fitchburg, Punch Brook.
39 Very clear, . West Fitchburg, Nookagee Brook, above all dams.
40 Very clear, . West Fitchburg, North Branch, above all dams.



The samples taken below Nashua were not as foul in 
appearance as is said to be sometimes the case; but, of 
course, this differs from time to time. In Fitchburg, for in
stance, three samples (12, 32, and 37) taken from the same 
place, but at different times, are described as "almost clear,” 
"somewhat turbid,” and "foul and turbid.”

Table VIII. (see p. 38) gives a general sketch of the river 
from its sources to its final discharge into the Merrimac River, 
being about thirty-two miles from the latter point to the junc
tion of the north and south branches; and thence eighteen 
miles to the point z' in Fitchburg, and thirteen to Still River 
in Boylston.

In Table IX ., a few of the worst specimens have been 
placed together for ready comparison, representing the con
dition of the water in those few places where it was found 
excessively bad. The drainage from the gas works at Fitch
burg, although very foul, passes only indirectly into the 
river, much of it only after percolating through sand and 
gravel. Most of the ammonia, too, probably escapes into 
the open air.
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i h. Unfiltered, . 0.0088 0.0179 2.72 2.00 4.72 0.16 _
Filtered, 0.0088 0.0179 2.72 1.80 4.52 _ Clear. Clinton from the raceway above Lancaster

Mills.
6 k. Unfiltered, . - - - 0.24 Clear.

Filtered, 0.0069 0.0157 2.08 1.56 3.64 - - Clinton from the carpet company’s pond.

18 d. Unfiltered, . 0.0061 0.0160 2.88 1.00 3.88 0.24 Clean. S. Br. of Nashua River, below all mills.
Filtered, 0.0061 0.0133 - - - - -

40 W Unfiltered, . 0.0037 0.0117 1.64 1.20 2.84 0.15 Clear and North Branch of Nashua River above the
Filtered, 0.0037 0.0117 1.60 1.04 2.64 - sparkling. last dam in West Fitchburg.

39 w' Unfiltered, . 0.0021 0.0088 1.68 0 84 2.52 0.22 Clear and Nookagee Brook, West Fitchburg, above
Filtered, 0.0021 0.0085 1.48 0.88 2.36 - sparkling. all mills.

9 r. Unfiltered, . 0.0067 0.0240 2.32 1.60 3.92 - -
Filtered, 0.0059 0.0115 - - - - Clear. Headwaters, Leominster.

Average of u. Unfiltered, . 0.0110 0.0284 7.30 2.80 10.10 0.59 Dark and
13 and 34. Filtered, 0.0110 0.0280 5.12 2.32 7.44 - turbid. Fitchburg, below city proper.

16 e. Unfiltered, . 0.0056 0.0165 2.80 1.40 4.20 0.24 Clean. North Branch of Nashua River, below all
. Filtered, 0.0056 0.0107 - - - - - mills.
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17 E Unfiltered, . 0.0019 0.0168 3.76 1.72
Filtered, 0.0019 0.0112 - -

Average of c Unfiltcred, . 0.0032 0.0132 3.54 1.48
22 and 23. Filtered, 0.0032 0.0127 - -

24 B Unfiltered, . 0.0155 0.0307 5.92 2.20

Filtered, 0.0155 0.0272 - -
26 A TJnfiltered, . 0.0056 0.0149 2.84 2.04

Filtered, 0.0056 0.0136 -
Average of AA TJnfiltered, . 0.0144 0.0179 3.04 1.84
28 and 29.

1
Filtered, 0.0144 0.0164 - -

5.48

5.02

8.12

4.88

4.88 J

0.50

0.39

0.38

0.40

0.41

Clean.

Clean.

Nearly

clear.

Clean. 

Not bad.

Below junction of N. and S. branches. 

Below junction with Squanacook River. 

Below Pepperell.

State line.

Below Nashua, N. H.
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T a b l e  IX .—Examination o f Nashua River Basin.

5 i.

7 P-

8 o.

31 y.

36 near u.

38 v.

[Results expressed in Parts per 100,000.]
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Unfiltered, . 0.1988 0 .2 1 0 0 18.36 7.68 26.04 2 .2 0 Very foul 
and stink-

Quilt Pond, below carpet mill and gas works, 
at Clinton.

Filtered, 0.1284 0.0832 18.40 4.80 23.20 " in g-

Unfiltered, . 1.4700 0.2500 84.00 1 0 .2 0 94.20 39.40 Very foul. One-quarter of a mile below tannery at North 
Leominster.

Unfiltered, . 0.1780 0.0180 49.32 2.52 51.84 23.10 Foul. Same as 7, one-half mile lower.

Unfiltered, . 0.0053 0.0323 10.44 6 .1 2 16.56 1.28 Filthy. Nookagee Brook, Fitchburg.

Filtered, 0.0053 0.0315 8.56 4.32 1 2 .8 8 - -

Unfiltered, . 15.2000 0.0797 8.44 8.48 16.92 2.76 Foul. Drainage of gas works into stagnant pond, 
Fitchburg.

Filtered, 13.0000 0.0797 - “ ~

Unfiltered, . 0.5440 0.1493 10.84 6.52 17.36 2 .2 1 Foul. Punch Brook in Fitchburg.

Filtered, 0.5440 0.0795 9.48 4.32 13.80 - -
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The Purification o f Polluted Streams.
From the foregoing table, it is seen that there is a decided, 

but not excessive, increase in the amount of pollution, as the 
outlet is approached. At the same time, it is evident that the 
processes of purification go on rapidly. It should be remem
bered, however, that the worst and most dangerous source of 
pollution to rivers, human excrement, is found in the Nashua 
at the present time only in very small quantities, as compared 
with the volume of the river.

The conclusion of the Rivers Pollution Commission of 
England, based chiefly upon laboratory experiments, but also 
partly ou chemical examination of small streams flowing 
through densely populated regions, and therefore constantly 
subject to polluting substances, and so long accepted as 
authoritative, "that there is no river in the United Kingdom 
long enough to effect the destruction of sewage by oxidation,” 
is certainly not fully borne out, so far as the Nashua River is 
considered, by the results which we have got. Our deductions, 
too, are confirmed by the results of many examinations by 
M. Dumas of the River Seine, beginning above the city of 
Paris and extending to Rouen some one hundred miles lower. 
The French method of analysis differs from that in common 
use in England and this country, and consists chiefly in deter
mining the amount of free oxygen present. Of course the 
oxygen would be rapidly used up by any putrescible matter 
coming in contact with it, and, therefore, the more oxygen 
present in any given sample of water, the purer must that 
water be.
T a b l e  X .— Showing the number o f centiliters o f free oxygen in a 

liter o f water from different localities in the River Seine.

L O C A L I T Y .

Corbeil (above P a r i s ) , ......................................................
Pont d’lvry (near the upper border of the city),
Pont de la Tournelle (about the middle of the city),
Auteuil (suburb below city and above outlets of main sewers) 
Asnith-es (outiet of upper main intercepting sew er),.
St. Denis (outlet of iower main intercepting sewer),
Epinay (below all sew ers),. . . . . . .
Poissy (about 17 miles below Epinay), . . . .
Vernon (about 27 miles below Poissy), . . . .
Rouen (about 36 miles below Vernon), . . . .

Oxygen
present.

9.
8.
8.
6.
4.6
2.
1.
6 .
9.5

10.5



Pollution o f the Nashua.
It is readily seen, that, except at the head-waters, the 

Nashua River is so polluted throughout its "whole length that 
it would be unwise to use any part of it for a domestic water- 
supply. I t is not at any place in Massachusetts, except occa
sionally at Fitchburg, offensive to smell, although some of its 
tributaries (at Clinton, Fitchburg, Leominster, and Shirley) 
are in a filthy condition. In fact, with the selectmen of every 
town in our State having the power to act as a board of health, 
although that power has seldom been exercised as effectively 
as is desirable, it would not be easy for any of our rivers to 
become so offensively polluted as has been not uncommon in 
England ; for instance, where, according to the royal commis
sioners, the Aire and the Colder and their tributaries "are 
abused by passing into them hundreds of thousands of tons 
per annum of ashes, slag, and cinders from steam-boiler 
furnaces, iron works, and domestic fires ; by their being made 
the receptacles, to a vast extent, of broken pottery and worn- 
out utensils of metal, refuse bricks from brick-yards and old 
buildings, earth, stone and clay from quarries and excava
tions, road-scrapings, street-sweepings, etc. ; by spent dye- 
woods and other solids used in the treatment of worsteds and 
woolens; by hundreds of carcasses of animals, as dogs, cats, 
pigs, etc., which are allowed to float on the surface of the 
streams or to putrefy on the banks ; and by the flowing in, to 
the amount of very many million gallons per day, of water 
poisoned, corrupted, and clogged by refuse from mines, 
chemical works, dyeing, scouring, and fulling worsted and 
and woolen stuffs, skin-cleaning and tanning, slaughter-house 
garbage, and the sewage of houses and towns.”

How far the present condition of the Nashua River, not 
considering the obstructions from dams, has to do with the 
disappearance of salmon, trout, and pickerel, it would be dif
ficult to say : that they have been driven from many of the 
smaller streams, in part, at least, by the offensive matters dis
charged into them, there can be hardly a doubt; but the same 
causes have also been at work here which have driven the 
game from our woods,—that is, both have often been extermi
nated. Last year, it was reported to the Board of Health that



fish had beeu destroyed in the river, two miles below Clinton, 
by the mill-refuse from that town ; and in Quilt Pond even 
the eels have been killed. But a few rods below the outlet 
for the waste of the Lancaster mills, fishermen may often be 
seen, when the water is not low, having "quite good luck” in 
catching the more hardy varieties of fish. Of course salmon 
cannot be expected to thrive even in a river of absolutely 
pure water, if it is thoroughly obstructed by high dams.

The attempt which is now making to stock the river near 
Lancaster village with young salmon and bass, will be followed 
with great interest. I t is feared that the trades-pollution will 
destroy many, although the fact has not been proved by the 
experience of the past summer.

Except at Fitchburg, and just below the mills in a few other 
places, where the river is somewhat turbid, the Nashua has 
generally the appearance of an unpolluted stream, until it 
reaches the city of Nashua, N. H. To render it actually pure 
and free from contamination throughout, would be indeed a 
difficult ta sk ; and it is doubtful whether the amount of good 
attained would compensate for the necessary cost and incon
venience, especially as there are other sources from which 
water for domestic use may be got.

Some Pollution Unavoidable.
In this connection, the testimony* of Mr. Robert Rawlin- 

son, C. E .,C . B., is of especial interest, and probably 
expresses the opinion of the Local Government Board of 
England, reached after many years of study and experience 
in the matter.

“ The question of dealing with sewage ought not at the outset to 
be one of profit to the town, but of getting rid of that which was 
injurious to human health in the cheapest and readiest way. There 
were many places in Lancashire and Yorkshire where irrigation was 
impracticable for two reasons : one, the difficulty of obtaining land ; 
and another, the great objection to depriving the district of its 
water. The manufacturing districts were so thickly planted that they 
must have water, dirty or clean ; and there were many purposes for 
which dirty water could very well be used, though they would much

* Before the Conference on the Health and Sewage of Towns, held by the Society 
of Arts, in London, May 9, 10, and 11, 1876.



rather have clean. How the rivers were to be cleansed was the 
great problem to be solved, as it was evident that the manufacturing 
industries could not be very much extended if the present rate of 
pollution went on. This pollution took place in various ways, and 
. . . proper regulations might very largely reduce the present
evils. He should certainly tremble, however, for the trade of this 
country, if at first rigid chemical standards were set up and enforced, 
simply because it would be absolutely impossible. He held that 
nothing could be more injurious for a state than to enact a law 
which could not be obeyed. Certain restrictions might, however, be 
very stringent, if they were confined to special things.”

Until we have better means of disposal of our refuse than 
at present, some of our rivers must be used, more or less, to 
scavenge the country; and the resulting evil, if reasonable 
care is used, must be very small as compared with the meth
ods by which filth fails to be promptly and efficiently removed. 
Sewage-irrigation is not profitable, and, if on a large scale, is 
costly, while small towns, generally, cannot afford to have 
well-constructed sewerage-systems. The various methods of 
filtration or precipitation do not purify  sewage. It is easy, 
however, to prevent any serious pollution which may render 
such streams unsightly, offensive, or unfit for ordinary pur
poses ; and it is not necessary, in their case, that the water 
should be pure enough for men to drink. If it is fairly 
cleansed, that is as much as we can expect at preseut, how
ever much we may desire something more.

Disposal o f Sewage in the Nashua Basin.
The difficulties in dealing with large amounts of sewage, 

say of a town of ten thousand inhabitants, are at least as great, 
and the pecuniary loss undergone is fully as considerable, by 
the clarifying or chemical processes as by the purifying or 
irrigation method ; while the former are ipso facto nuisances, 
if on a large scale, and the latter, if properly managed, do 
not cause bad odors. In towns, therefore, irrigation is, on all 
accounts, to be preferred. But with many of the mills the 
waste is concentrated, and either valuable in itself, or most 
of it is readily rendered insoluble, if not so already, and is 
easily separated fromThe water. For mills, then, unless the 
waste can be discharged into the town-sewers and, thus diluted,



be purified by irrigation, the chemical processes are generally 
the most easily managed, and, if the works can bo placed 
remote from dwellings, accomplish as great an amount of 
cleansing, with as little offence, as it is fair now in most cases 
to demand. Intermittent downward filtration may be used 
where such cleansing is insufficient.

In leather-board mills the desired object might be got at 
very moderate expense; in gas works, the expense of so 
doing may be nearly covered by saving the ta r ; in tanneries, 
a great outlay would not be required; in linen mills, the 
waste liquors from cleansing and bleaching -would be too con
centrated for use in irrigation, but they might be disposed of 
by intermittent downward filtration, or by precipitation ; in 
cotton mills, the waste from bleaching and washing and dye
ing could be precipitated and kept out of the rivers, although 
probably of not much value ; the " boilings ” from paper mills 
could probably be utilized with some pains, while the scour- 
ings from wool are very valuable and would be likely to more 
than repay the 'cost of collecting their precipitable parts. In 
England, much of the oil used before fulling is saved, and 
even finds a sale in this country. The poisonous chemicals 
used in dyeing are so valuable that they are economized as 
much as possible; the grosser dyes may be kept out of the 
streams by precipitation, but with some trouble. Of course 
the degree of concentration in all of these waste-liquids will 
depend considerably upon the abundance or otherwise of the 
supply of water in each case.

Sewage-Clarification at Walpole.
In Walpole, at an establishment for w a s h i n g  and bleaching 

cotton-waste, the refuse was so highly offensive a few years 
ago, that the proprietor roughly prepared a cheap set of pre
cipitating basins by simply throwing up a wall of earth, which 
retains the solid matter and grease. The effluent flows through 
a half-dozen rods of marsh, and, at its discharge into the 
brook, still looks somewhat turbid; but, twenty rods lower, 
and before entering the river, when visited, without any pre
vious notice, October 19, 1876, there was nothing objection
able. This arrangement has been in existence four years, 
during which time complaints—which had been formerly



frequent—ceased. There was no stink at the time of inspec
tion, but it is said to be a source of offence in the immediate 
vicinity in hot weather, although no one lives near enough to 
be annoyed by it.

P ropriety o f  Legislation.
As may be seen from the pages of the last report of the 

State Board of Health, no laws allowing injunctions and 
special actions by local authorities have been successful in 
rendering pure the streams of England ; nor should we have 
reason to expect a better result in this country. This posi
tion is well illustrated by what actually occurred in Clinton in 
1875. A petition was sent to the local board of health in 
regard to the nuisance in that town from the pond already 
referred to. After giving the matter their careful considera
tion, they replied in the following words: "As the power 
conferred by the statutes on the board of health is, in its 
application to this case, in their opinion, very doubtful, it is 
decided to take no farther action on the petition.” What is 
required is evidently some general Act of the Legislature ap
plying to the whole State and placing the necessary authority 
in some central board.

If such an Act were passed, the question would naturally 
arise, What constitutes pollution sufficient to call for interfer
ence, and what remedy shall be adopted? For it would be 
manifestly absurd to say that present methods must be aban
doned until some practicable substitute could be suggested. 
Of course no one system would be applicable in all cases 
■alike. For instance, in a seaboard city like Boston, where 
the waste is enormous and the present nuisance great, any 
attempt to utilize or deodorize sewage must be attended with 
great pecuniary loss, and, on so great a scale, perhaps with 
otherwise unsatisfactory results, while it may be cast into the 
sea easiest and best. In Salem, evils of a similar character 
may be found, and the most practicable remedy would doubt
less be similar. In Lynn, although on the sea, it will be 
extremely difficult, if possible, to find a suitable outlet for 
intercepting sewers. I t is out of the question to discharge, 
sewage on a beach, to be washed up on to the shore ; it would 
be idle to attempt to dike and irrigate the flats near the city;



a pumping-station discharging sewage into the Saugus River 
would probably be objected to by all those who frequent 
Revere Beach, while a nuisance would follow in Lynn itself, 
if any attempt were made to remove the precipitable parts of 
the sewage, by any of the chemical processes, near the city. 
What remains, then, but carrying the sewage inland, or to 
some of the distant marshes for irrigation, a costly if practi
cable method, or restricting the use of water-closets, at least 
their connection with sewers, and emptying vaults and cess
pools, by some of the odorless processes now in use in large 
cities and by systems of "dry removal” ? The problem, cer
tainly, is a difficult one, and is not likely to be solved in the 
best manner without careful consideration of the present and 
future wants of the city. In Natick, where the water-supply 
of our largest city is endangered, something should be done 
at once, aud irrigation seems the only real remedy, as also in 
Worcester. In small villages with few or no sewers, prob
ably nothing would be gained by compelling them to keep 
their drainage out of streams such as are not used now, or are 
not likely to be used in the future, as water-supplies. The 
same mill might be a serious nuisance on a small or sluggish 
stream, and of no consequence on a large or rapid river, 
especially if near the sea.

T h e  N ashua R iv e r  beyond  th e  State L in e .
After leaving our State, the Nashua is polluted only by the 

waste of a city of 12,000 inhabitants in New Hampshire. On 
the Nissitisset, in that State, the pollution is quite small. In 
Nashua, there are on the river two large cotton mills, two 
small dye-houses, one card and glazed-paper mill, the gas 
works, and several other mills of various kinds, which can 
hardly be considered as sources of contamination to the 
water.

The upper cotton mill—the Nashua—employs 1,100 hands, 
has 75,000 spindles, and, with a fall of 34 feet, uses the 
water for power and for washing the cloth. The trades-pol- 
lution above does' not seriously affect this company, as they 
are some eight miles below the nearest mills above them. No 
dyeing is done ; in the other processes, lime, sulphuric acid 
(the two probably nearly neutralizing each other in the



bleaching), and soap are used. The amount of stock con
verted into cloth yearly is, iu round numbers, 5,000,000 
pounds.

The Jackson Company, perhaps a half-mile lower on the 
river, use only clean cotton, and do no dyeing or bleaching. 
They have a fall of 18 feet, employ 450 hands, with 22,000 
spindles, and, as the river serves only for power for them, 
they are not seriously affected by the dye works, paper mill, 
etc., above them. The board of health of Nashua, in kindly 
replying to our circular, state that the pollution of the river 
consists, in that city, 'of lime, dyestuffs, excrement, street- 
washings, etc., and the poisonous chemicals from the card 
and glazed-paper mill.* They also state, "Below the mills, 
on the Nashua River, the water is almost black, is unfit to 
drink, and in very hot weather is sometimes odorous, but not 
to the extent of causing general complaint.” A large portion 
of the town sewage finds its way into the river, and, quite 
below the settled parts, the gas works pour a considerable 
amount of offensive matter into its current.

P o l l u t i o n  o f  t h e  M e r r i m a c .

This amount of filth passes into the Merrimac, a river 
draining a large part of the State of New Hampshire, includ
ing the cities of Concord and Manchester; and we might 
expect to get full evidence of contamination at Lowell and 
Lawrence. And yet the numerous analyses which have been 
made in previous years show no very striking amount, 
although the mere fact of this sewer-character of the river, 
especially with the knowledge that it is likely to increase 
rather than diminish, should render its use allowable as 
drinking-water only on the ground of necessity. It is now 
used for that purpose to some extent in Lowell, Lawrence, 
and Haverhill.

I t should be remembered in this connection, however, that 
it is quantity, and not quality, of impurity which we detect 
by chemical analysis; and that it is the general opinion of

* Four tons of paper are used per day; the chemicals used are Paris green, blue 
vitriol, acetate of lead, arsenious acid, bichromate of potash, carbonate of baryta, 
sal-soda, sulphuric acid, muriatic acid, clay, magenta, and other aniline colors, coral
line, and various dyewoods.



authorities, that water containing an amount of impurity so 
small as to escape the tests of the chemist altogether, may 
possess such virulent character, from containing the conta- 
gium of specific diseases, as to be unfit for drinking.

To purify the Merrimac River, so that it would, without 
treatment, be desirable as a domestic water-supply, would 
require the vigorous cooperation of the authorities of two 
States in an amount of compulsory legislation which we could 
hardly now expect to see enforced. The cities just named, 
however, must get their water-supplies from the Merrimac, 
in part at least, or else incur enormous expense; and if the 
water were carefully filtered, as it is not now, before being 
used, we should not be justified in condemning it, however 
much we should prefer a supply that had not been so exposed 
to contamination, especially in view of the fact that London, 
which has the lowest death-rate of all the large cities of the 
world, gets sixteen-seventeenths of its water, but filtered, 
from rivers much more polluted than the Merrimac.

In view of the above facts, the importance is readily seen 
of preventing any farther fouling of the Nashua and Merrimac 
rivers, although it must be acknowledged that, so far as 
chemical analysis goes, the latter compares now very favora
bly with waters of standard purity, as may be seen by the 
following table (page 50), calculated from the examinations 
by Professor Nichols in the Fifth Report of the State Board 
of Health, and by Professor Wood in the Report upon the 
Sanitary Qualities of the Sudbury, Mystic, Shawshine, and 
Charles River Waters :—
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T a b l e  X I .— The Merrimac and other Waters. 
[Results expressed in Parts per 100,000.]
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Lowell, above dam, Merrimac R i v e r , ............................................................. 0.0047 0.0114 2.21 1.75 3.96 0.14 Average of 9 samples.

Lawrence, above dam, Merrimac R i v e r , .................................................... 0.0044 0.0102 2.41 1.69 4.09 0.19 Average of 12 samples.
Water-supply of Boston, Cocbituate L a k e , .................................................... 0.0035 0.0113 2.84 2.06 4.90 0.32 Average of 7 samples.

Water-supply of Boston, Sudbury River............................................................ 0.0022 0.0180 3.95 2.75 6.70 0.62 Average of 4 samples.

Head-waters of the Nashua River ( C l i n t o n ) , ............................................ 0.0088 0.0179 2.72 2.00 4.72 0.16 -
Head-waters of the Nashua River (West F itch b u rg ),................................... 0.0021 0.0088 1.68 0.84 2.52 0.22 -
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E ffe c t  of  F arming , P ercolation , E tc .
The influence of high cultivation of farm-lands in polluting 

streams running through them, has been often referred to, 
and many experiments bearing on the question have been 
made during the last quarter of a century by Dalton, Dickin
son, Frankland, Lawes and Gilbert, Greaves, and Voelcker 
in England ; Gasparin, and Marie-Davy in France ; Maurice, 
and Easier in Switzerland; and Ebermayer, and Woldrich in 
Austria, who all come to pretty much the same conclusions 
as to evaporation and percolation as compared with rainfall.

Mr. Charles Greaves, C. E ., Consulting Engineer of the 
East London Water Works, has recently published a resume 
of experiments* very carefully conducted by him during the 
past twenty-two years, from which the general results 
observed, a re : "The magnitude of percolation through sand 
at all tim es; the smallness of percolation through earth on 
the whole; the consequent magnitude of evaporation ; the 
entire absence of percolation in warm summer weather; the 
excess of evaporation from ground over evaporation from a 
surface of water in winter, and from a surface of water over 
evaporation from ground in summer,” etc. During the last 
fourteen years only were all the facts given in the following 
table observed, and the averages for that time are as fol
lows :—

T a b l e  XII.

R e s u l t s  f o r  F o u r t e e n  Y e a r s . Inches.

Average annual r a i n f a l l , .................................................. 25.721
percolation through ground, 7.582
evaporation from ground, . . . . 18.138
evaporation from water, . . . . 20.fi 13
evaporation from sand, . . . . . 4.313
excess of rain over evaporation from water, 5.108
excess of evaporation from water over evap

oration from ground,.................................. 2.475

In making these experiments, the "ground” used was put 
in a slate box of one cubic yard capacity, and was made as

* These, the most complete in existence, may be found in the forty-fourth volume 
of the Minutes of the Proceedings of the Institution of Civil Engineers, London, 1876.



nearly as possible like ordinary ground, but not exactly so. 
The interesting point with reference to the pollution of streams 
is the small amount of rainfall which actually passes through 
the soil, and the entire absence of percolation, in summer. If 
lands are heavily manured in a fall followed by a Avet winter, 
of course the percolation, and consequent escape into streams, 
would be very much greater than if the winter Avere d ry ; in 
the former case, spring is the better time for manuring land, 
and, in the latter, autumn. Dr. Gilbert thinks that "when 
the matters had passed through a considerable depth of soil, 
there Avas not so much danger from ordinary agriculture as 
was sometimes supposed.” He also gives the results of 
experiments at Rothamsted, England,* extending from 1866 
to 1873, in which the drains Avere opened from time to time 
at different periods of the year, and the A\rater analyzed either 
by Professor Frankland or Dr. Voelcker. Wheat had been 
grown on the land since 1844. The average of their results 
is thus stated, the depth of the drains being between three 
and four feet.

T a b l e  XIII.

O n e  A c r e  o f  L a n d  t r e a t e d  w it h —
Number of 

Experiments.

Nitrogen as Nitrates 
ami Nitrites per 100,- 000 parts of drainage- 
water (average).

No manure for years, . . . . u 0.353
Fourteen tons barn manure each year, . 6 1.264
Mineral m a n u r e , .................................... 11 0.428
Mineral manure and ammonia salts (41

lbs. n i t r o g e n ) , .................................... 11 0.823
Mineral manure and ammonia salts (82

lbs. n i t r o g e n ) , .................................... 11 1.439
Mineral manure and ammonia salts (123

lbs. n i t r o g e n ) , .................................... 11 1.815
Mineral manure and nitrate of soda (82

lbs. n i t r o g e n ) , .................................... 10 1.437

Such high manuring is not common in ordinary farming; 
and Avhere there are no drains, the filtration would be slower, 
and the effluent Avater Avould become nearly pure. In sand 
or gravel, too, the result AArould be much less satisfactory than 
iu denser soils.

These examinations are given in full in the final report of
Op. cit.



the English Rivers Pollution Commission, who conclude from 
them that " water collected from the surface, or the drains 
of cultivated land, is always more or less polluted with the 
organic matter of manure, even after subsidence in lakes or 
reservoirs. Such polluted surface or drainage water is not of 
good quality for domestic purposes; but it may be used with 
less risk to health than polluted shallow-well water, if human 
excrementitious matters do not form part of the manure 
applied to the land.”

It is well known that all river-water contains a variable 
amount of soluble matter and of substances in suspension, 
valuable as a fertilizer; and in some river-valleys this is so 
great that no other manure is needed. Further experiments 
on these points are evidently desirable.

L e g i s l a t i o n  i n  E n g l a n d .

An Act passed in England during the past year is of suffi
cient interest in connection with this subject to be given 
entire. It has not fully met with the approval of all the 
sanitarians ; but more stringent bills have failed to go through 
both houses of Parliament; and Mr. Sclater-Booth, Presi
dent of the Local Government Board, the office where the 
bill was drawn up, was fully convinced that the people of 
that country are not ready for any more advanced measures 
now. He thought it better to be satisfied with a moderate 
gain that is practicable, and which will make a vast improve
ment in the rivers, rather than leave the evil in its present 
magnitude until all the requirements of sanitary law could be 
fulfilled in a better Act.

In Massachusetts, we are chiefly interested in •preventing 
the contamination of our streams, although in Boston, Brook
line, Cambridge, Clinton, Fall River, Fitchburg, Haverhill, 
Lynn, Natick, Salem, Somerville, Woburn, and Worcester 
evils of some magnitude are already staring us in the face. 
On a smaller scale, there are local nuisances in many parts of 
the State.

[39 and 40 V iet. chap. 75.]
Ax Act for making further Provision for the Prevention of the Pollution of Rivers.

[15th August, 1876.]

Whereas it is expedient to make further provision for the prevention of 
the pollution of rivers, and in particular to prevent the establishment of new 
sources of pollution:



Be it therefore enacted by the Queen’s most Excellent Majesty, by and with 
the advice and consent of the Lords Spiritual and Temporal, and Commons, 
in this present Parliament assembled, and by the authority of the same, as 
follows:—

1. This Act may be cited for all purposes as the Rivers Pollution Prevention
Act, 1876.

P a r t  I.
Law as to Solid Matters.

2. Every person who puts, or causes to be put or to fall, or knowingly 
permits to be put or to fall or to be carried into any stream, so as either 
singly or in combination with other similar acts of the same or any other 
person to interfere with its due flow, or to pollute its waters, the solid refuse 
of any manufactory, manufacturing process or quarry, or any rubbish or 
cinders, or any other waste, or any putrid solid matter, shall be deemed to 
have committed an oifence against this Act.

In proving interference with the due flow of any stream, or in proving 
the pollution of any stream, evidence may be given of repeated acts which 
together cause such interference or pollution, although each act taken by 
itself may not be sufficient for that purpose.

P a r t  II.
Law as to Sewage Pollutions.

3. .Every person who causes to fall or flow or knowingly permits to fall or 
flow or to be carried into any stream any solid or liquid sewage matter, 
shall (subject as in this Act mentioned) be deemed to have committed an 
offence against this Act.

Where any sewage matter falls or flows or is carried into any stream along 
a channel used, constructed, or in process of construction at the date of the 
passing of this Act for the purpose of conveying such sewage matter, the 
person causing or knowingly permitting the sewage matter so to fall or/ 
flow or to be carried shall not be deemed to have committed an offence 
against this Act if  he shows to the satisfaction of the court having cogni
zance of the case that he is using the best practicable and available means 
to render harmless the sewage matter so falling or flowing or carried into 
the stream.

Where the Local Government Board are satisfied after local inquiry that 
further time ought to be granted to any sanitary authority which at the 
date of the passing of this Act is discharging sewage matter into any stream, 
or permitting it to be so discharged, by any such channel as aforesaid, for 
the purpose of enabling such authority to adopt the best practicable and 
available means for rendering harmless such sewage matter, the Local Gov
ernment Board may by order declare that this section shall not, so far as 
regards the discharge of such sewage matter by such channel, be in operation 
until the expiration of a period to be limited in the order.

Any order made under this section may be from time to time renewed by 
the Local Government Board, subject to such conditions, if any, as they may 
see fit.

A person other than a sanitary authority shall not be guilty of an offence 
under this section in respect to the passing of sewage matter into a stream 
along a drain communicating with any sewer belonging to or under the con
trol of any sanitary authority, provided he has the sanction of the sanitary 
authority for so doing.



P a r t  III.
L a w  as to M a n u fa c tu r in g  an d  M in in g  P o llu tio n s .

4. Every person who causes to fall or flow or knowingly permits to fall or 
flow or to be carried into any stream any poisonous, noxious, or polluting 
liquid proceeding from auy factory or manufacturing process, shall (subject 
as in this Act mentioned) be deemed to have committed an offence against 
this Act.

Where any such poisonous, noxious, or polluting liquid as aforesaid falls 
or flows or is carried into any stream along a channel used, constructed, or 
in process of construction at the date of the passing of this Act, or any new 
channel constructed in substitution thereof, and having its outfall at the 
same spot, for the purpose of conveying such liquid, the person causing, or 
knowingly permitting the poisonous, noxious, or polluting liquid so to fall 
or flow or to be carried, shall not be deemed to have committed an offence 
against this Act if he shows to the satisfaction of the court having cogni
zance of the case that he is using the best practicable and reasonably avail
able means to render harmless the poisonous, noxious, or polluting liquid so 
falling or flowing or carried into the stream.

5. Every person who causes to fall or flow, or knowingly permits to fall or 
flow, or to be carried into any stream, any solid matter from any mine in 
such quantities as to prejudicially interfere with its due flow, or any poison
ous, noxious, or polluting solid or liquid matter proceeding from any mine, 
other than water in the same condition as that in which it has been drained 
or raised from such mine, shall be deemed to have committed an offence 
against this Act, unless in the case of poisonous, noxious, or polluting matter 
he shows to the satisfaction of the court having cognizance of the case that 
he is using the best practicable and reasonably available means to render 
harmless the poisonous, noxious, or polluting matter so falling or flowing or 
carried into the stream.

6. Unless and until Parliament otherwise provides, the following enact
ments shall take effect, proceedings shall not be taken against any person 
under this part of this Act save by a sanitary authority, nor shall any such 
proceedings be taken without the consent of the Local Government Board: 
Provided, always, that if the sanitary authority, on the application of any 
person interested alleging an offence to have been committed, shall refuse to 
take proceedings, or apply for the consent by this section provided, the 
person so interested may apply to the Local Government Board, and if that 
Board, on inquiry, is of opinion that the sanitary authority should take 
proceedings, they may direct the sanitary authority accordingly, who shall 
thereupon commence proceedings.

The said Board, in giving or withholding their consent, shall have regard 
to the industrial interests involved in the case, and to the circumstances and 
requirements of the locality.

The said Board shall not give their consent to proceedings by the sanitary 
authority of any district which is the seat of any manufacturing industry, 
unless they are satisfied, after due inquiry, that means for rendering harm
less the poisonous, noxious, or polluting liquids proceeding from the proc
esses of such manufactures are reasonably practicable and available under 
all the circumstances of the case, and that no material injury will be inflicted 
by such proceedings on the interests of such industry.

Any person within such district as aforesaid, against whom proceedings 
are proposed to be taken under this part of this Act, shall, notwithstanding



any consent of the Local Government Board, he at liberty to object before 
the sanitary authority to such proceedings being taken, and such authority 
shall, if required in writing by such person, afford him an opportunity of 
being heard against such proceedings being taken, so far as the same relate 
to his works or manufacturing processes. The sanitary authority shall 
thereupon allow such person to be heard by himself, agents, and witnesses, 
and after inquiry, such authority shall determine, having regard to all the 
considerations to which the Local Government Board are by this section 
directed to have regard, whether such proceedings as aforesaid shall or shall 
not be taken ; and where any such sanitary authority has taken proceedings 
under this Act, it shall not be competent to other sanitary authorities to 
take proceedings under this Act till the party against whom such proceed
ings are intended shall have failed in reasonable time to carry out the order 
of any competent court under this Act.

Part TV.
A d m in is tra tio n  o f  L a w .

7. Every sanitary or other local authority having sewers under their con
trol shall give facilities for enabling manufacturers within their district to 
carry the liquids proceeding from their factories or manufacturing processes 
into such sewers:

Provided, that this section shall not extend to compel any sanitary or 
other local authority to admit into their sewers, any liquid which would 
prejudicially affect such sewers, or the disposal by sale, application to land, 
or otherwise, of the sewage matters conveyed along such sewers, or which 
would from its temperature or otherwise be injurious in a sanitary point of 
view:

Provided, also, that no sanitary authority shall be required to give such 
facilities as aforesaid where the sewers of such authority are only sufficient 
for the requirements of their district, nor where such facilities would inter
fere with any order of any court of competent jurisdiction respecting the 
sewage of such authority.

8. Every sanitary authority shall, subject to the restrictions in this Act 
contained, have power to enforce the provisions of this Act in relation to 
any stream being within or passing through or by any part of their district, 
and for that purpose to institute proceedings in respect of any offence against 
this Act which causes interference with the due flow within their district of 
any such stream, or the pollution within their district of any such stream, 
against any other sanitary authority or person, whether such offence is com
mitted within or without the district of the first-named sanitary authority.

Any expenses incurred by a sanitary authority in the execution of this 
Act shall be payable as if they were expenses properly incurred by that 
authority in the execution of the Public Health Act, 1875.

Proceedings may also, subject to the restrictions in this Act contained, he 
instituted in respect of any offence against this Act by any person aggrieved 
by the commission of such offence.

9. The Conservancy Board constituted under the Lee Conservancy Act, 
1868, shall, within the area of their jurisdiction, have, to the exclusion of any 
other authority, the powers for enforcing the provisions of this Act which 
sanitary authorities have uuder this Act.

The said Conservancy Board may also enforce the provisions of the Lee 
Conservancy Act, 1868, uuder the head or division, “ Protection of Water,”



by application to the county court having jurisdiction in the place in which 
any offence is committed against those provisions ; and such court may by 
summary order require any person to abstain from the commission of any 
such offence, and the provisions of this Act with respect to summary orders 
of county courts and appeal therefrom shall apply accordingly.

L eg a l P roceedings. Sa v in g  Clauses. D efin itions.

(1.) Legal Proceedings.
10. The county court having jurisdiction in the place where any offence 

against this Act is committed may by summary order require any person to 
abstain from the commission of such offence, and where such offence consists 
in default to perform a duty under this Act may require him to perform such 
duty in manner in the said order specified; the court may insert in any order 
such conditions as to time or mode of action as it may think just, and may 
suspend or rescind any order on such undertaking being given or condition 
being performed as it may think just, and generally may give such directions 
for carrying into effect any order as to the court seems meet. Previous to 
granting such order, the court may, if it think fit, remit to skilled parties 
to report on the “ best practicable and available means,” and the nature and 
cost of the works and apparatus required, who shall in all cases take into 
consideration the reasonableness of the expense involved in their report.

Any person making default in complying with any requirement of an order 
of a county court made in pursuance of this section shall pay to the person 
complaining, or such other person as the court may direct, such sum, not 
exceeding fifty pounds a day for every day during which he is in default, as 
the court may order; and such penalty shall be enforced in the same manner 
as any debt adjudged to be due by the court; moreover, if any person so in 
default persists in disobeying any requirement of any such order for a period 
of not less than a month, or such other period less than a month as may be 
prescribed by such order, the court may in addition to any penalty it may 
impose appoint any person or persons to carry into effect such order, and 
all expenses incurred by any such person or persons to such amount as may 
be allowed by the county court shall be deemed to be a debt due from the 
person in default to the person or persons executing such order, and may be 
recovered accordingly in the county court.

11. If either party in any proceedings before the county court under this 
Act feels aggrieved by the decision of the court in point of law, or on the 
merits, or in respect of the admission or rejection of any evidence, he may 
appeal from that decision to the High Court of Justice.

The appeal shall be in the form of a special case to be agreed upon by both 
parties or their attorneys, and, if they cannot agree, to be settled by the 
judge of the county court upon the application of the parties or their attor
neys.

The court of appeal may draw any inferences from the facts stated in the 
case that a jury might^draw/rom facts stated by witnesses.

Subject to the provisions of this section, all the enactments, rules, and 
orders relating to proceedings in actions in county courts, and to enforcing 
judgments in county courts and appeals from decisions of the county court 
judges and to the conditions of such appeals, and to the power of the supe- 
rioi courts on such appeals, shall apply to all proceedings under this Act, 
and to an appeal from such action, in the same manner as if such action and 
appeal related to a matter within the ordinary jurisdiction of the court.

8



Any plaint entered in a county court under this Act may he removed into 
the High Court of Justice by leave of any judge of the said High Court, if it 
appears to such judge desirable in the interests of justice that such case 
should be tried in the first instance in the High Court of Justice, and not in 
a county court, and on such terms as to security for and payment of costs, 
and such other terms (if any) as such judge may think fit.

12. A certificate granted by an inspector of proper qualifications, appointed 
for the purposes of this Act by the Local Government Board to the effect 
that the means used for rendering harmless any sewage matter or poisonous, 
noxious, or polluting solid or liquid matter falling or flowing or carried into 
any stream, are the best or only practicable and available means under the 
circumstances of the particular ease, shall in all courts and all proceedings 
under this Act be conclusive evidence of the fact; such certificate shall con
tinue in force for a period to be named therein, not exceeding two years, 
and at the expiration of that period, may be renewed for the like or any less 
period.

All expenses incurred in or about obtaining a certificate under this section 
shall be paid by the applicant for the same.

Any person aggrieved by the grant or the withholding of a certificate under 
this section may appeal to the Local Government Board against the decision 
of the Inspector ; and the Board may either confirm, reverse, or modify his 
decision, and may make such order as to the party or parties by whom the 
costs of the appeal are to be borne as to the said Board may appear just.

13. Proceedings shall not be taken under'this Act against any person for 
any offence against the provisions of Parts II. and III. of this Act until the 
expiration of twelve months after the passing of this Act; nor shall proceed
ings in any case be taken under this Act for any offence against this Act 
until the expiration of two months after written notice of the intention to 
take such proceedings has been given to the offender, nor shall proceedings 
under this Act be taken for any offence against this Act while other proceed
ings in relation to such offence are pending.

14. The Local Government Board may make orders as to the costs incurred 
by them in relation to inquiries instituted by them under this Act, and as to 
the parties by whom such costs shall be borne; and every such order and 
every order for the payment of costs made by the said Board under section 
twelve of this Act may be made a rule of Her Majesty’s High Court of Jus
tice.

15. Inspectors of the Local Government Board shall, for the purposes of 
any inquiry directed by the Board under this Act, have in relation to wit
nesses and their examination, the production of papers and accounts, and 
the inspection of places and matters required to be inspected, similar powers 
to those which the inspectors of the said Board have under the Public Health 
Act, 1875, for the purposes of that Act.

(2.) S a v in g  C lauses.

16. The powers given by this Act shall not be deemed to prejudice or affect 
any other rights or powers now existing or vested in any person or persons 
by Act of Parliament, law, or custom, and such other rights or powers may 
be exercised in the same manner as if this Act had not passed; and nothing 
in this Act shall legalize any act or default which would but for this Act be 
deemed to be a nuisance or otherwise contrary to law : Provided, neverthe
less, that in any proceedings for enforcing against any person such rights or



powers the court before which such proceedings are pending shall take into 
consideration any certificate granted to such person under this Act.

17. This Act shall not apply to or affect the lawful exercise of any rights 
of impounding or diverting water.

18. Nothing in or done under this Act shall extend to interfere with, take 
away, abridge, or prejudicially affect any right, power, authority, jurisdic
tion, or privilege given by “ The Thames Conservancy Acts, 1857 and 1864,” 
or by “ The Thames Navigation Act, 1866,” or by the Lee Conservancy Act, 
1868, or any Act or Acts extending or amending the said Acts or either of 
them, or affect any outfall or other works of the Metropolitan Board of 
Works (although beyond the metropolis) executed under the Metropolis 
Management Act, 1855, and the Acts amending or extending the same, or 
take away, abridge, or prejudicially affect any right, power, authority, juris
diction, or privilege of the Metropolitan Board of Works.

19. Where any local authority, or any urban or rural sanitary authority, 
has been empowered or required by any Act of Parliament to carry any sew
age into the sea, or any tidal water, nothing done by such authority in pur
suance of such enactment, shall be deemed to be an offence against this Act.

(3.) D efin itions.

20. In this Act, if not inconsistent with the context, the following terms 
have the meanings hereinafter respectively assigned to them; that is to 
say,—

“ Person ” includes any body of persons, whether corporate or unincorpo
rate.

“ Stream ” includes the sea to such extent, and tidal waters to such point, 
as may, after local inquiry and on sanitary grounds, be determined by the 
Local Government Board, by order published in the London Gazette. Save 
as aforesaid, it includes rivers, streams, canals, lakes, and water-courses, 
other than water-courses at the passing of this Act mainly used as sewers, 
and emptying directly into the sea, or tidal .waters which have not been 
determined to be streams within the meaning of this Act by such order as 
aforesaid.

“ Solid matter ” shall not include particles of matter in suspension in 
water.

“Polluting” shall not include innocuous discoloration.
“ Sanitary authority” means—
In the metropolis, as defined by the Metropolis Management Act, 1855, any 

local authority acting in the execution of the Nuisance Removal for England 
Act, 1855, and the Acts amending the same.

Elsewhere in England, any urban or rural sanitary authority acting in the 
execution of the Public Health Act, 1875.

The " application of the Act ” to Scotland and Ireland is 
omitted here, as consisting chiefly in definitions and explana
tions, and as being, therefore, irrelevant to our circumstances.



THE DISPOSAL 0E SEWAGE.

Irrigation.
Sewage-irrigation has already been in successful operation 

for a few years at the state asylums for the insane in Augusta, 
Me., and Concord, N. H ., in the latter case by means of 
pumping; but although the crops have very much increased 
in value in these places, the sewage has not been disposed of 
in that systematic way which would be necessary in dealing 
with larger quantities. In fact, there have been a few com
plaints on the part of people living near the irrigated land in 
Concord, but it is said that the difficulties have always been 
readily obviated.

Experiments in Massachusetts.
Before dealing with sewage on a large scale, however, it is 

important that we should have more experience to guide us, 
in regard to some matters which can be decided only by that 
means. We shall look, therefore, with a great deal of interest 
for the results of the systems of sewage-irrigation which are 
now preparing at the new asylum for the insane at Worcester 
and at the state prison for women at Sherborn. The sewage 
of the new prison for men in Concord is to be utilized also. 
In Lenox, Colonel Waring has carried out the system of 
irrigation by underground pipes, of Mr. Rogers Field of Lon
don, including his flush-tanks, the same, indeed, which has 
been used by Colonel Waring for his own residence in New
port for some years, and which was described on page 334 of 
the Seventh Report of the State Board of Health.*

Progress Elsewhere.
In  other countries, some valuable experience and informa

tion have been got during the year, and brief reference will

* Mr. J. Netten Radcliffe’s statement that these should be cleaned once a year was 
there inadvertently given as Colonel Waring’s, who, on the contrary, thinks that such 
frequent cleansing is not necessary.



be made here to such as have some important bearing on our 
subject, although they, in the main, simply confirm the state
ments which were made in the previous report.

Glasgow.
The last report on the sewerage of Glasgow * recommends a 

main drainage-scheme similar to that advised by Bateman 
and Bazalgette in 1868, but to follow the valley of the Clyde 
and discharge at the mouth of the river, twenty-three miles 
below the city, instead of passing twenty-seven miles south
west, to a point on the coast, and using the sewage in irriga
tion on eleven thousand acres of land, as was proposed in 
1868. The various dry-earth systems, on so vast a scale, were 
condemned, as inferior to water-carriage; and all the proc
esses of sewage-utilization were declared more costly than 
discharging into a large body of water, and no more satisfac
tory from a sanitary point of view. Of the best method, 
irrigation, it is stated that—

“ The cost of the distribution of sewage over the land would not 
increase in direct proportion to the area irrigated, but at a greater 
rate; nor have we any experience of how far the nuisance of a 
large area of many thousand acres, irrigated with sewage, would 
extend. On these grounds, it is not safe to argue from small irriga
tion farms to large ones, either from an economical or a sanita^ 
point of view.”

The Liernur System.
The difficulty of finding a suitable outlet for the water- 

carriage system, and of disposing of the sewage at all outlets, 
unless in deep water, has induced one of the first authorities 
in Englandf to recommend the Liernur system for trial in 
some parts of towns, although he says " it is probable that 
those in wealthy or in easy circumstances will not abandon 
willingly their water-closets, even if they be subject to a tax 
for them,” and "the nicety of the present siphon-pans and 
water-closets will have to be surrendered, and undoubtedly

* Report of Sir John Hawkshaw, the commissioner appointed to inquire as to the 
purification of the River Clyde, Edinburgh, 1876.

t  Report on Captain Liemur’s System of Sewerage, by William Haywood, Engi
neer and Surveyor to the Commissioners of Sewers of London, 1876.



dirty rain-water, at times, and much dirty waste-water from 
houses daily, must run into adjacent water-courses.”

The Master of Public Works has advised that this system 
be extended in the upper parts of Amsterdam, where about 
one-fiftieth of the city is already supplied with it, and that 
dry removal be adopted in the lower quarters.

Precipitating Processes.
When the last report of the State Board of Health was 

published, the precipitating processes at Coventry and Leeds 
seemed to be the best of those then in use.

Coventry.
With regard to Coventry, it has been impossible to ascertain 

anything definite as to the cost of the " manure ” made; and 
the same company have been placed under chancery injunction 
for their works at Nuneaton, because of the nuisance created 
there from insufficient cleansing of the sewage.

“ Two manufacturers at Kenilworth (one a tanner discharging 
5,000 gallons, and the other a fellmonger discharging 50,000 gallons, 
of refuse daily into the Finham Brook, which, like the Sherbourne, 
is one of the tributaries of the River Avon) have taken a license of 
this company, and are now erecting the necessary works to purify, 
at their own expense, their refuse by the same processes as are used 
at Coventry. The cost of purifying the tanner’s refuse will be about 
1(M., and that of the fellmonger’s about 2s. 6d. per day.”

Leeds.
With regard to Leeds, the chairman of the Native Guano 

Company has published an account,* which would of course 
put the matter in the best light possible.

He gives the results of Dr. Letheby’s examinations of the 
effluents made September, 1875, and January, 1876, and shows 
that they came within the standards demanded by the Rivers 
Pollution | Commission and Thames Conservancy Board, at 
those times, when of course they were taking special care to 
make the best effluent possible.

* Report on Recent Trials of the ABC Process, made by the Leeds Corporation} 
by William Crookes, F. R. S. London, 1876.



Table XIV .—Examination of Effluent Water o f the A  B G Precip
itating Process, at Leeds.

[Results given in Parts per 100,000.]

D r . L e t h e b y ’s  A n a l 

y s i s  o f  E f f l u e n t  

f r o m  L e e d s  S e w a g e .

•
S t a n d a r d  D e m a n d e d  

b y  t h e —

September,
1S75.*

January,
1876.

Rivers
Pollution

Commiss’n.

Thames
Conserva’cy

Board.

I n  S o lu t io n .
Actual ammonia, . 1.47 1.75 - _
Albuminoid ammonia, . 0.20 0.14 0.30 1.00
Total nitrogen as ammonia, . 1.91 1.90 _ _
Chloride of sodium, 16.85 15.85 _ _

Mineral matter, . . . . 77.99 68.68 - _
Organic matter, 6.56 9.01 _ _
Total solids in solution,. 84.55 77.69 _ 140.00
Organic carbon (estimated), . 1.81 1.80 2.00 2.80

I n  S u s p e n s io n .
Mineral matter, 0.31 1.37 3.00 _
Organic matter,' 0.45 0.71 1.00 _
Total solids in suspension, 0.76 2.08 4.00 7.00

Leeds Effluent Compared with Others.
Mr. Crookes says :—
“ In Dr. Letheby’s report, he speaks of the effluent water having 

an offensive smell. This is not unlikely, considering that it had been 
kept closely stoppered for a week or more.”

Sir John Hawkshaw says, too, in the report just quoted :—

“ The effluent water at Leeds is not by any means pure, but might 
be rendered so by a larger expenditure in deodorizing substances 
and precipitants, and by an outlay on filter-beds.”

This effluent might be pure enough in many cases, but is 
far below the standard which may be got in irrigation, as may 
be seen by the following extract from recognized authori
ties :—f

* Samples for examination were taken every two hours for two weeks. Dr. Lethe
by’s analyses were calculated in grains per gallon, hut they are given here in this way 
for the sake of uniformity with the other tables.

f  Report on the Sewerage of Glasgow, 1868. By J. F. Bateman and J. W. Bazal- 
gette, p. 22.



“ At Croydon, the purification of the sewage of that town, by 
passing over grass-lands in the immediate neighborhood, has been 
so successful that people residing close up to the sewage-irrigated 
land do not complain of any nuisance ; and so entirely devoid of 
color, smell or taste is the sewage after having passed over the 
ground, that on comparing a bottle of it with a bottle of water 
from Loch Katrine, without knowing in which bottle the respective 
waters were contained, one of us actually selected the Croydon 
sewage water as being that which he believed was Loch Katrine 
water.* Similar results have attended its application at Rugby, 
Carlisle, Barking, and other places, and there can therefore be no 
doubt whatever that foul sewage after being properly and sufficiently 
passed over suitable land, and applied to suitable crops, may be 
wholly deprived of its offensive character.”

Present Methods in Leeds.
The authorities of Leeds advertised some years ago, on the 

failure of the Native Guano Company, for proposals to deal 
with their sewage, aud got answers from ten individuals or 
companies; of which the Clarifying and Utilization of Sew
age Company, now at work in Leeds, represents one, Good- 
all’s process (modified A B C ) .

The chairman of the Utilization of Sewage Committee of 
Leeds expressed himself as follows in regard to the present 
works, under date of February 29, 1876 :—

“ The sludge has not yet been converted by us into a salable 
manure, but four drying cylinders are just ready for use and will at 
once be set to work ; it remains to be proved whether the sale of the 
manure will pay for the expenses incurred in the manufacture, but, 
from replies received from many farmers and gardeners who have 
used some manufactured at the experimental works, it appears to be 
well suited for grass-land, garden-produce, plants and flowers. Up 
to the present time we know of no system more likely to answer 
our requirements.”

Sewage Precipitates Generally.
Mr. Robert Rawlinson, C. B., of the Local Government 

Board, and one of the First Rivers Pollution Commission, 
said of the sewage precipitates, before the Society of Arts 
Conference, May, 1876:—

* Dr. Carpenter kept a bottle of this water for a year without any change taking 
place in it.



“ Whatever the value of the manure might be, it did not find a 
ready sale. When he was at Rochdale, he saw thousands of tons 
which the farmers would not take away. I t was evident, therefore, 
that whatever the value might be, at the present time the price asked 
did not offer sufficient inducement for farmers to buy it.”

Uille’s Process.
Hille’s process (chloride of magnesium and lime) has lately 

been introduced in Edmonton (population 15,000) and Totten
ham (population 23,500), followed by filtration, and is said 
to have been very successful. Capt. L. Flower, C. E ., of 
the Lee Conservancy Board, says of i t :—

“ An effluent sufficiently pure for sanitary purposes is now dis
charged ; there is also an absence of nuisance at the works such as 
I  have not met with elsewhere. . . . The lime process and its
residue were abominations. The Whitthread process, apart from 
the smell of the sludge and the cost, was an improvement.”

The works at Tottenham, formerly used for the Whitthread 
process, are thus described* by William Shelford, M. Inst. 
C. E. His diagram of the tanks, etc., is also given (page 66), 
as being one of the simplest and best in use for the pre
cipitating process:—

“ The sewage was pumped up into the precipitating tanks at the 
rate 'of about one and a quarter million gallons per day, and a 
‘ salmon-ladder ’ miser . . .  was placed between the pump and 
the tanks, through which the sewage flowed by gravitation at a 
velocity sufficient to prevent the subsidence of the chemicals, and 
with a disturbance enough to incorporate them thoroughly (inclina
tion 1: 28). The phosphate was added to the sewage at the top of 
the ladder, and the lime at any suitable point in its length. . . .
The filters were constructed in the cheapest possible manner by 
forming the ground and draining its surface with agricultural drain
pipes, surrounding the whole with a small earthen bank two feet 
high and dividing the area into convenient apartments. The space 
was then filled with screened ashes to a minimum depth of one foot, 
and the sludge was run upon the top to a depth of about twelve 
inches. These filters were never constructed of a sufficient extent 
(to do which and roof them was estimated to cost £1,000), but their 
working was quite satisfactory.”

• Proceedings of the Institution of Civil Engineers, Voi. XLV. London, 1876.
9
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The sludge, containing about ninety per cent, of water, was 
tku§ reduced so as to contain from sixty-five to seventy-five 
per cent., and was completely dried by artificial heat; but the 
smell from the chimneys necessitated the works being given 
up.

D ry Removal.
Many towns in England, with all the difficulties of sewage- 

disposal staring them in the face, have adopted various sys
tems of dry removal, which also have their objections. At 
Rochdale* and at Manchester,* the most satisfactory methods 
are used. In Rochdale, the ash-carts pour their contents into 
the hopper of a sifting-machine, which separates the tine ash, 
tine cinder, rough cinder, vegetable matter, glass, pots, and 
rags. The disposal of this refuse is by using the fine ash for 
manure, the fine and rough cinder for fuel for the steam-boil
ers and for sale; the vegetable matter is burnt, and the ash 
from it ground and added to the manure, for the sake of the 
potash; the clinkers and pots are ground up for mortar and 
cement, and the rags, glass, and iron sold. Thus the whole 
of the refuse collected is utilized and the nuisance of a tip 
obviated. In Manchester (population, 351,189; mortality, 
28.4), about 20,000 tub-closets and 23,000 middens are in 
use; that there is a difference of opinion as to their efficacy, 
may be seen from the statement of Mr. Lewis Angell, C. E ., 
Borough Engineer at East London, that anything more dis
gusting and unclean than the pail-system, as carried out at 
Manchester, he had never seen; but certainly this might be 
avoided with sufficient care.

Opinions o f Experts.
The most important contribution to our knowledge on the 

disposition of sewage, during the year, has been from a con
ference of the leading sanitarians and engineers of England, 
under the auspices of the Society of Arts, held in London, 
May 9, 10, and 11, 1876, at which there were full reports and 
discussions on all branches of the subject. Very full returns 
were got from one hundred and sixty towns ; of which twelve 
disposed of their sewage by direct irrigation, twenty-two by 
irrigation after treatment (subsidence of solid parts), three

* See pages 182,183, and 184 of the Seventh Report of the State Board of Health.



by subsidence, thirteen by filtration, seven by precipitation 
and filtration, nine by precipitation, eighty-one by discharge 
into streams, and in nineteen, cesspools and dry vaults were 
used instead of sewers. The results arrived at are embodied 
in the following report:—

“ The chairman of the conference and the executive committee, 
after having carefully considered the information furnished from the 
various localities, as well as the facts brought forward during the 
conference, have to submit the following as the conclusions to which 
such information appears to lead :—

“ 1- In certain localities, where land at a reasonable price can be 
procured, with favorable natural gradients, with soil of a suitable 
quality, and in sufficient quanthy. a sewage farm, if properly con
ducted, is apparently the best method of disposing of water-carried 
sewage. I t  is essential, however, to bear in mind that a profit 
should not be looked for by the locality establishing the sewage 
farm, and only a moderate one by the farmer.

“ 2. With regard to the various processes based upon subsidence, 
precipitation, or filtration, it is evident that by some of them a suf
ficiently purified effluent can be produced for discharge, without 
injurious result, into water-courses and rivers o f sufficient magnitude 
for its considerable dilution;*  and that for many towns, where land 
is not readily obtained at a moderate price, those particular proc
esses afford the most suitable means of disposing of water-carried 
sewage. I t appears, further, that the sludge, in a manurial point of 
view, is of low and uncertain commercial value; that the cost of its 
conversion into a valuable manure will preclude the attainment of 
any adequate return on the outlay and working expenses connected 
therewith, and that means must therefore be used for getting rid of 
it without reference to possible profit.

“ 3. In towns where a water-carried system is employed, a rapid 
flow, thorough ventilation, a proper connection of the house drains 
and pipes with the sewers, and their arrangement and maintenance 
in an efficient condition, are absolutely essential as regards health; 
hitherto sufficient precautions have rarelygbeen taken for efficiently 
insuring all the foregoing conditions.

“ 4. With regard to the various dry systems, where collection at 
short intervals is properly carried out, the result appears to be satis
factory ; but no really- profitable application of any of them appears 
as yet to have been accomplished.

“ 5. The old midden or privy system, in populous districts, 
should be discontinued, and prohibited byT law.

* The italics are mine.—[E d.



“ 6. Sufficient information was not brought forward at the con
ference to enable the committee to express an opinion in regard to 
any of the foreign sj’stems.

“ 7. It was conclusively shown that no one system for disposing 
of sewage could be adopted for universal use ; that different locali
ties require different methods, to suit their special peculiarities, and 
also that, as a rule, no profit can be derived at present from sewage 
utilization.

“ 8. For health’s sake, without consideration of commercial profit, 
sewage and excreta must be got rid of at any cost.

“ The executive committee, whilst abstaining from submitting 
any extensive measures, have no hesitation in recommending that 
the prevention of dangerous effects from sewage gases should receive 
the immediate attention of the Legislature, and they submit the fol
lowing resolutions as the basis of petitions to Parliam ent:—

“ 1. That the protection of public health from typhoid and other 
diseases, demands that an amending Act of Parliament be passed, 
as soon as possible, to secure that all house drains connected with 
public sewers in the metropolis, and towns having an urban author
ity, should be placed under the inspection and control of local san
itary authorities, who shall be bound to see to the effective construc
tion and due maintenance of all such house drains, pipes, and 
connections. Provisions having this object in view already exist in 
the Act constituting the Commissioners of Sewers in the City of 
London, in the Metropolis Local Management Act, 1855, and in the 
Public Health Act, 1875, but practically they seem scarcely sufficient 
for the purpose.

“ 2. That plans of such drains and connections be deposited in 
the charge of the respective local authorities, who shall be bound to 
exhibit them and supply copies of them to the public on payment of 
a moderate fee.

“ 8. That the owners of houses be compelled by law to send to 
the respective local authorities, within a specified time after the 
passing of the Act, plans of all house drains on an appointed scale.

“ (Signed by) The Right Hon. James Stansfeld, M. P.,
“ Chairman of the Conference.

“ Lord A l f r e d  S. C i i u r c h i l l , Chairman of the Council,
“ F. A. A b e l , F. R. S. President of the Chemical Society,
“ Sir H e n r y  C o l e , K .  C .  B .,

“ Capt. D o u g l a s  G a l t o n , R. E., C. B., F. R. S.,
“ Lt,-Col,E. F .D u Cane,R .E .,C .B ., Sur.-Gcn. of Prisons,

“ Members of the Executive Committee



E ng lish  G overnm ent  Statistics.
In March, 1876, very valuable statistics* were published 

by the Local Government Board of England, giving, as nearly 
as possible, the present state of the sewage question in that 
country. A large number of the 462 towns, for which the 
facts are given, still use cesspools and vaults; the majority 
cast their sewage into some neighboring body of water. 
Where there are sewers, and there is, therefore, sewage to be 
disposed of, it is not in all cases stated for what part of the 
town sewers are built, and we cannot always judge from the 
population how much sewage is disposed of in each way.

Overflow o f Sewage on Land.
This is the simplest way ; i. e., letting the sewage run over 

grass-land to be taken wholly or in part by farmers, an imper
fect method, but good enough in certain places. This is used 
by thirteen towns having populations from 5,115 to 7,500. 
I t costs nothing usually, and there is also no profit to the 
town. Of course there are no works to be built, if the flow 
is by gravitation. One town only of the thirteen reported 
anv expense incurred for their last year (£54), possibly from 
pumping.

Filtration.
Filtration through gravel-land, prepared beds of cinders, 

etc., is in use in sixteen towns. The original works in ten 
are not stated as costing anything. There was an amount 
expended during the year in nine cases of twenty, twenty- 
three, twenty-five, fifty-two, sixty, seventy-seven, eighty- 
four, one hundred and thirty-seven, and one hundred and 
fifty pounds sterling respectively, and in the rest, nothing. 
In three cases there were figures under the column of profits ; 
in one of twenty-five pounds (cost, one hundred and thirty- 
seven pounds), but it is stated that this was the amount 
received, aud not the profit; in a second, of sixteen pounds 
(cost, twenty-five pounds), but it is stated elsewhere that this

* Return pursuant to an order of the House of Lords, dated July 20, 1875, from 
every urban sanitary district in England and Wales having more than 5,000 inhab
itants. London, 1876.



is the amount received simply ; and in a third, of six pounds, 
in regard to which there is no statement, but the inference 
is that this also is simply the amount received, and presuma
bly w'as from sludge sold. Of the sixteen towns,—

One had a population of 25,000.
Two had populations from 20,000 to 25,000.
Three had populations from 10,000 to 20,000.
Five had populations from 7,000 to 10,000.
Five had populations from 5,000 to 6,000.

Simple Subsidence.
The sewage of ten towns is disposed of in this way. One 

has a population of 43,000, and uses only partial subsidence ; 
one has a population of 14,000 ; three from 9,000 to 10,000 ; 
and live, 7,000 and under. In only two is any expense 
reported for the year’s work. In none was there any profit. 
Of course this method is very incomplete, and is satisfactory 
only when the works are on a small scale, remote from 
dwellings, and not required to accomplish more than a very 
partial cleansing of the sewage.

Subsidence and Filtration.
This is simply a modification of the last process. Ot 

course only the rudest basins for precipitating are used, and 
the land is depended on for filtration. One only reported 
any original cost for their works (population, 14,000; cost, 
£391) ; the others have less than 7,500 inhabitants each. In 
none was there any profit; in two, small expenditures were 
reported.

Irrigation.
Forty-six towns irrigate with their sewage ; of these, seven 

use subsidence tanks for removing the heavier parts of the 
solids, and with the results shown in the following table.

In the next seven tables, in nearly every case, the duration 
of the time is given of the process now in use; in the fourth 
column, the cost of sewers is not included ; in the fifth column, 
there is some difficulty in getting at the exact results, inas
much as it is not always stated whether the interest on the



original outlay is included, nor how much of the money was 
expended on permanent works; in the last column, the 
amount placed under the head of profit has, in some cases, 
been found, from other sources, to mean simply the receipts. 
The results are supposed to be, in most cases, for the year 
1874. It will be noticed that the profits are often said to be 
nil, without any indication of the amount of the loss, if there 
was any.

T a b l e  XV .— Results of Irrigation (with Subsidence Tanks)—Seven
Towns.

URBAN SANITARY 
AUTHORITY.
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Banbury, 11,718 Since 1874, . £5,500 £590 £1091
Blackburn, 90,000 3 years, . . 88,7502 7,007 1,226*
Brynmawr, 7,000 9 years, . . 300 Nil. Nil.
Epsom, . 6,276 4 years, . . 3,626 244 Nil.
N orthampton, 50,000 Since Jan .’71, 70,8602 3 1,9224
Penrith, . 8,317 5 - -

Wrexham, 8,537 4 years, . . 1,C006 Nil. Nil.

1 Loss. 2 including land.
a Not stated. 4#Return from sales of crops.
5 Taken by a private individual at his own cost. 6 Let to a private individual.

By the Society of Arts Conference, the following results are 
given : Banbury, expenses in 1875, not including interest on 
capital, £513; receipts from sale of crops, £1,450; for 
deposits in tanks, £30. Blackburn, average annual outlay, 
£768. Northampton, net cost of dealing with sewage, about 
£2,300 in 1875, including interest on works, probably.



T a ble  X Y I .— Irrigation (with previous precipitating treatment)—
Six Towns.

URBAN SANITARY 
AUTHORITY.
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Bolton, . 90,000 I f  years, . . £16,578' £1,306 £1,007*
Chester,3 35,232 Since Ju ly’75, 4,200 - Nil.
Edmonton, 15,000 4 months, 1,929 *754 Nil.
Harrow, . 5,010 6 years, . . 4,324 *24 Nil.
Tunbridge, 9,000 3 years, . . 3,500 208 Nil.
Watford, 8,111 4 years, . . 1,400 613 436s

* In these two cases, it is probably the net cost that is given, and not the outlay.
1 Works, £11,018; land, £5,560. 2 Loss. 3 A part of the sewage only is used.
4 Per year, estimated. 6 Produce of farm.

T a ble  X V I I .— Irrigation (the farms being leased to private indi
viduals)—Seven Towns.
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Enfield, . 17,000 l

Guisbrough, . 5,202 5 years, . . £1,552* 2 £5*
Leamington,* 20,917 Since 1872, . 16,000 £1,035 585"
Leek (in part), 11,732 -  - Nil. Nil Nil.
Ormkirk, 6,127 -  _ _ Nil. Nil.
Romford, 6,335 -  - Nil. Nil. Nil.
Worthing, 9,000 12 years, . . 5 — 10e

* The Earl of Warwick pays £450 a year for the sewage, on a thirty years’ lease; 
the town loses a little less than the cost of pumping the sewage, each year.

1 Expenses paid for use of sewage. 2 Paid by lessee. 8 Rent paid town.
4 Loss. 5 Company build necessary works. 8 A year.



Table X V III.— Simple Irrigation (the farms being carried on by  

the various towns) — Twenty-five Towns.
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Altrincham,1 * . 8,478 5 years, . . £3,000 £134 Nil.
Bedford,. 16,851 7 years, . . 6,997 2,627 £180
Bishops Stortford, . 6,250 3 to 4 years,. 7,728 575 Nil.
Bury St, Edmunds, 14,928 8 years, . . 1,930 336 Nil.
Chelmsford, . 9,500 Since 1866, . 2,300 /  250 to 

\  300 |  Nil.
Chorley,. 18,000 6 years, . . 16,550s 906 58s
Crewe, . 20,000 2 years, . . 42,550s 5,368*
Croydon, 55,652 18 years, . . 21,740 11,9476 Nil
Doncaster, 18,750 3 years, . . 20,000 332 170
Gateshead,7 48,627 - - - -
Harrogate, 6,655 5 years, . . 11,050 582 403
Kidderminster, 19,463 3 years, . . 44,041 921 Nil.
Maidenhead, . 6,173 5 years, . . - 516 533
Norwich,1 84,000 2 years, . . 113,000 4,224 Nil.
Prescot, . 5.990 2 years, . . 8,268 94 28
Reigate, . 15,910 4 years, . . 3,463 440 1283
Rugby, . 8,500 20 years, . . 5,800 344 85
Swindon NewTown, 7.628 4 years, . . 14,434 1,662 Nil.
Tunbridge Wells, . 
Tvldesley and Sha-

19,410 3 years, . . 87,243 8,199 5283

kerley,8 8,400 - Nil. Nil. Nil.
Ware, . 5,362 - 578 690 Nil.
Warwick, 11,002 8 years, . . 11.000 2.0679 9963
Wellington, . 6,283 - Nil. Nil Nil.
West Derby, . 31,000 3 years, . . 58,147 2,545 803s
Wolverhampton, . 71,500 — 38,000 4,451 646s

1 Only part of the sewage is used. 2 Including land.
3 Loss. * Including interest.
» This may mean only the receipts, and not the profits. Wolverhampton is returned

as also filtering their sewage, although it is not known to the writer whether that
means the separation of solids before irrigation, or whether it is part of the process
of irrigation itself as the sewage passes through the soil.

' Including repairs, fences, etc. 7 The sewage of only 1,000 inhabitants is used.
8 The sewage is disposed of to private parties.
‘ The cost of pumping alone was £671.

>o By the “ Pall Mall Budget ” of November 10,1876, it is stated that the loss in 1875 
was £3,919, and that it will be about £4,000 for 1876. These sums probably include 
interest on the capital invested, which, including cost of injunctions, etc., is stated to 
have been £70,000.



By the Society of Arts Conference, the net cost at Chelms
ford was about £300, and the receipts £35 ; at Croydon, the 
net cost was £2,367 a year, but they pay enormous rents for 
their land, which is in the "Outer Ring” of London; at 
Reigate, there was a loss of £104 in 1875, and at Altrincham 
there was some loss. At Eton, on the other hand, a village 
of 3,500 inhabitants, including the school, there was a profit 
of £120; but it is sewered on the separate system, keeping 
out rain-water, so that the sewage is quite concentrated.

Intermittent Downward Filtration.
This system is comparatively a new one, and has not yet 

been generally introduced, although several towns are now, 
since the return, beginning to go to work on that principle.

Table X IX .—Intermittent Downward Filtration— Three Towns.
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Kendal, . 13,500 1A years, . . £18.871 £ 1 1 0 £385'
Merthyr Tydfil,5 55,000 4 years, . . 53,330 2,690 1,0673
Wellingborough,4 . 12,000 3 years, . . — 15 Nil.

' It is thought that this must mean receipts, which amounted to £150 the first 
season.

1 Twenty-five acres only are used for the intermittent downward system; a couple 
of hundred acres have been added for ordinary irrigation, and the preparation of that 
land may have been the cause of the high figures in the fifth andtsixth columns.

s Loss.
* The farm is for only one-tenth of the population.

Precipitation.
Twenty-six towns precipitate their sewage, one-half of them 

filtering also.



URBAN SANITARY AUTHORITY.
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Accrington, . . . . . 21,788 Mc.Dougall’s disinfectant, £813 Nil.
Birmingham, . . . . 366,325 L i m e , .......................................... - £100,800 31,994 £1,325'
Burton-upon-T rent, 20,378 Lime, . . . . . . New, 7,121 1,279 _

Coventry, . . . . . 37,700 General Sewage and Manure Co., . 2 years, . 2 2 2

7,169 L i m e , .......................................... 16 years, . 3,500 400 Nil.
’ ' ' ' ' \ - Phosphate, . . . . . 1 year, . 2,000 2 2

Hitehin,. . . . . . 8,000 Liming, . . . . . . _ 129 Nil.
Leeds, . . . . . . 285,000 A B O ................................................ -  - 57,000 15,0003 Nil.
Leicester, . . . . . 108,000 Lime, . . . . . . 20 years, . 30,000 2,116 83
Luton, . . . . . . 17,316 Lime, . . . . . . 18 years, . 7,000 600 592'
Nuneaton, . . . . . 7,392 General Sewage and Manure Co., . Since 1872, - - —
Stroud, . . . . . . 8,001 Bird’s process,. 18 years, . 79 100 Nil.
Tottenham, . . . . . 27,000 Whitthread process, _ _ 11 ,0004 1,979 65
Waltham Holy Cross, . 5,197 L i m e , .......................................... 2 years, . 3,850 Nil.

3 No answer. 3 At least, excluding interest. 1 Over.
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We learn from the conference referred to that the net cost 
of dealing with the sewage in Leicester was £2,032,—so 
near £2,116—£83, as given in Table X X ., that the difference 
may be accounted for by the fact that shillings and pence are 
not reckoned.* The figures of "profit” in the sixth column 
must, therefore, signify receipts only. In Birmingham, the 
net cost for one year was given as £12,710, which corre
sponds with the previous accounts of that city.f For Tot
tenham, the net annual cost for four years was £2,000 per 
annum, so that the profit of £65 is supposed to be to the 
credit of the town, while the great loss was probably on the 
persons who managed the sewage (Whitthread Company), for 
Mr. Shelford says,} writing at a later date,—

“ It is unfortunate that the company was compelled by financial 
difficulties to hand over the works to the local board; and that, 
partly owing to the doubt entertained as to the power of a local 
board to trade in the manufacture of manure, the Whitthread process 
has been for the present abandoned.”

Precipitation and Filtration.
Of the thirteen towns dealing with their sewage in thiso o

way, eleven return profits of "n il,” and two losses of £25 
and £400 respectively. One township reports the sewage 
as being disposed of in its different villages by subsidence, 
filtration, and irrigation.

Cost o f Precipitation.
It is difficult to get at the cost of the precipitating processes 

exactly, because, where they are on a large scale and well car
ried out, they are generally in the hands of private companies. 
Mr. William Shelford, however, who was formerly engineer 
of the Native Guano Company ( A B C ) ,  during their experi
ments with the sewage of London at Crossness, has published 
some important statistics on the subject. § He says that the 
cost of precipitating the sludge and drying it enough for * * * §

* And yet “ outlying villages object to contamination of river by effluent sewage 
water.”

t  Seventh Report of the State Board of Health, page 351.
X Op. eit.
§ “ The Treatment of Sewage by Precipitation.” Proceedings of the Institution of 

Civil Engineers, Vol. XLV. London, 1875.



transportation, is thirty shillings a ton, and that anything 
over that sum is due to the chemicals, which may be cheap 
or expensive, sparingly used or in sufficient quantity. His 
opinion is, "In  short, the success of precipitation depends on 
neutralizing the cost of the chemicals employed, or, in other 
words, upon the admixture of precipitants which have a 
manurial value, and upon the eventual recovery of that value 
iii the dry manure,” and he has tabulated the results of various 
experiments thus :—

T a b l e  XXI.—Results of Experiments in Precipitating Sewage, in 
Large Quantities.

Process. P L A C E .
Dose per 1,000 

gallons.

Cost
of Manure 

per ton.

ABC, Crossness, London Outlet,
lbs.
31.SO

£ s. d.
5 16 4

ABC, Leamington, . . . . 1.86 1 17 1
Campbell, . Tottenham, . . . . 9.76 4 0 9
Whitthread, Tottenham, . . . . 2.00 3 3 0

Cost o f Irrigation.
Irrigation, when well managed and not on too large a scale, 

seems likely to give very good results from a financial point 
of view, if no excessive sums are paid for expensive land, 
pumping, etc. ; but, like precipitation, in the majority of cases, 
there is a loss somewhere, if it is done well enough to be 
satisfactory. Its advocates, however, are gaining rather than 
losing confidence from the increased experience. Colonel 
Jones has been especially successful at Wrexham, where, ac
cording to Mr. Eyton Jones, mayor of the town, "they have 
eighty-four acres at £5 an acre, which they sublet to Colonel 
Jones, who paid them a profit rent of £30 a year, and yet he 
made £300 a year profit by it, besides setting aside a sinking 
fund annually to recoup himself on his capital account.”

Colonel Jones, too, has recently offered to take a lease of 
the West Derby Farm (two hundred acres, with sewage from 
a population of about 20,000) at the usual rent of adjoining 
land, proposing to occupy his spare time in superintending 
this new farm, in addition to the one which he has now got



into pretty regular working order at Wrexham, although the 
two places are separated by about thirty miles of railway.

The Earl of Dudley has offered to take the sewage of 
Dudley, building at his own cost the necessary works, there
by, according to the "Pall Mall Budget” of October 6, 1876, 
saving the town an immediate outlay of £50,000.

The Earl of Warwick’s farm at Leamington is said to be 
satisfactory to him, but no accounts are published of the 
pecuniary result.

Cost o f Barking Farm.
The farm at Barking, with an area of two hundred and 

twelve acres, .where a small part of the sewage of London 
was utilized as an experiment, gives the following as the 
results of six years’ experience :—

Profit. Loss.

£ s. d.
Year ending August 31, 1870, 619 4 1

31, 1871, . 1,324 11 6 £ s. d.
Sixteen months ending December 31, 1872, 90 11 5
Year ending December 31, 1873, 443 2 3

31, 1874, 256 1 0
31, 1875, 292 7 0

"The years ending August 31, 1870 and 1871, were favor
able to sewage, being without rain. The land was new to 
sewage, and we were also selling milk, which is, perhaps, the 
most profitable method of turning sewage to account. The 
average cost of pumping the sewage to a height varying from 
about thirty-five to forty feet, through a main rather over 
one and a half miles in length, is about £450 per annum, 
without allowing anything for depreciation in machinery, etc. 
This is not included in the lists of payments,” and, therefore, 
is not reckoned in the account.

*
Cost o f Cheltenham Farm.

The accounts of Cheltenham (population, 41,923) show a 
very fair result to the town from leasing the sewage-irrigated 
laud (two hundred acres) to farmers; but, unfortunately,



only "a  fair effluent has been obtained,” as the lessees are 
intent on profitable fanning rather than purifying sewage. 
Subsidence tanks are used, from which there must be a great 
stench ; and the authorities seem to have excellent success in 
selling the sludge mixed with ashes, at two shillings per cubic 
yard, from which part of the process there was an average 
annual profit of £52 15s. 9d. for the five years. »

Cheltenham Sewage Farm—Balance Sheet. 
R e c e ip t s . 1 8 7 1 . P a y m e n t s .

£ S. d. Wages,tradesmen’s bills, £ 8, d.
Rents, . . 899 12 0 and other expenses, . 286 2 n
Fluid sewage, . 75 10 0 Rates and taxes, . . 26 19 8
Deficiency, . . 13-1 15 0 luterest on loan, . . 796 14 5

£1,109 17 0 £1,109 17 0
1 8 7 2 .

£ S. d. Wages, tradesmen’s bills, £ S. d.

Rents, . . 868 15 10 and other expenses, . 280 15 5
Fluid sewage, . 142 0 0 Rates and taxes, . . 27 14 10
Deficiency, . . 80 11 5 Interest on loan, . . 782 17 0

£1,091 7 3 £1,091 7 3
1 8 7 3 .

£ 8. d. Wages, tradesmen’s bills, £ S. d.

Rents, etc., . . 936 19 6 and other expenses, . 286 7 0
Fluid sewage, . 131 10 0 Rates and taxes, . . 52 2 0
Deficiency, . . 38 7 5 Interest on loan, . . 768 7 0

£1,106 16 11 £1,106 16 11
1 8 7 4 .

£ S. d. Wages, tradesmen’s bills, £ S. d

Rents, etc., . . 848 14 9 and other expenses, . 253 3 4
Fluid sewage, . 86 12 6 Rates and taxes, . . 47 4 0
Deficiency, . . 118 4 1 Interest on loan, . . 753 4 0

£1,053 11 4 £1,053 11 4
1 8 7 5 .

£ S. d. Wages, tradesmen’s bills, £ S. d.

Rents, etc., . . 890 8 5 and other expenses, . 396 5 4
Fluid sewage, . 145 18 0 Rates and taxes, . . 31 4 9
Deficiency, . . 128 11 0 Interest on loan, . . 737 7 4

£1,164 17 5 £1,164 17 5

Cheltenham was, reported so indefinitely in the returns 
already given,* that it was not thought to be disposing of its 
sewage by irrigation. It should, therefore, be added to the 
list of towns in Table XV.



Cost o f Bedford Farm.
The accounts of the sewage farm managed by the Borough 

of Bedford, show aconsiderable loss in 1875, especially when 
compared with the fair profit of £180 15s. 4d. in 1874.* A 
considerable part of this expenditure is for pumping.

Bedford Irrigation Farm.
Ge n e r a l  A ccount a n d  B a l a n c e  S h e e t  eo r  Y e a r  e n d in g  31st D e c ., 1875.

D r . £ s. d.
To stock, 31st Dec., 1874, 544 8 0

working plant, 31st
Dec., 1874, 269 9 0

labor, 510 16 n
manager’s salary, 134 3 0
engineer’s ditto, 69 11 6
coals, . . . .  
horse, corn, keep, and

274 15 10

straw, 91 13 6
horse, 25 0 0
machinery, 46 9 1
seeds and plants, 107 15 0
hire of horses, . 13 14 6
permanent works, 
auctioneer’s commis-

10 8 6

sion and expenses, 111 3 3
rents, . . . . 917 4 0
poor-rates, 92 0 3
income tax, 18 3 2
land tax, . 3 1 2
insurance,. 0 10 0
miscellaneous trades-

men’s bills, . 65 19 2

£3,306 5 10

To balance, . . £351 7 5

C r .
£  s. d.

By sales of crops by
auction, . . 1,807 19 9

sales of crops by 
manager, . . 387 11 8

stock in hand, 31st 
Dec., 1875, . . 418 4 0

working plant and 
live stock, 31st 
Dec., 1875, . . 330 14 6

sewage works, . . 10 8 6
balance carried down, 351 7 5

£3,306 5 10

C ost of  D ey  R em oval .
It is interesting to compare with these accounts of precipi

tation and irrigation the great cost of the dry-removal methods. 
In Manchester, there are "about 20,000 tub-closets and 28,000 
Lancashire middens [i. e., privies] in use ; night-soil is mixed 
with ashes; a portion is made into concentrated manure, 
and the remainder sold as common night-soil. Net cost of 
disposing of night-soil in 1875, after deducting receipts, 
£22,839 2s. Id. ; scavenging, £22,151 7s. 11 d. The tub

* Compare the Seventh Report of the State Board of Health, p. 382.
11



system has been found to be the best method of disposal of 
night-soil.”

In Rochdale, the quantities collected weekly vary as the 
system is extended. For the week ending April 12, the 
quantities were 11'8 tons of excreta and 208 tons of refuse 
material, from an estimated population of 52,000, and the 
weekly cost £74, excluding iuterest and depreciation, or 4s. 
l \d .  per ton, or £30 per 1,000 people. The total excreta 
collected last year was 5,398 tons, and of refuse 8,652 tons. 
The work is done by eighteen carters, eighteen guards, eigh
teen horses, three washers, one laborer, four inspectors, one 
horse-keeper, and one book-keeper.

Cost of  No R emoval of  Sew a g e .
The sums, too, which have been spent in litigation and on 

account of injunctions, have been in some cases enormous; 
for instance: Baldock, £280; Barnsley, £1,468; Birming
ham, over £10,000; Blackburn, £20,000; Chelmsford, 
£200; Crewe, £1,050; Kendal, £700; Leamington, over 
£2,000; Merthyr Tydfil, £10,675; Northampton, £12,000 
to £15,000; Ormskirk, £650; Richmond, £2,000. In the 
latter town, they were compelled, against their own wishes, to 
take their sewage into the Thames, at a cost of about 
£20,000. Scarcely had the debt incurred in doing so been 
paid off, than they were called upon to take the sewage from 
the river.

E x p e r ie n c e  in  G erm any .
On the continent of Europe, the work of sewering cities 

goes on slowly, as there are strong prejudices in favor of 
more primitive methods to be overcome. The sewers of 
Frankfort-on-the-Main, built under the direction of the dis
tinguished English engineer Lindley, are without question 
the finest in the world. Diisseldorf, Crefeld, Basel, Stuttgart, 
Heilbronn, Munich, and Hanau have introduced or are intro
ducing similar sewerage after the same plans. In a paper 
read before the International Congress at Brussels, Mr. Lind
ley said that it was proposed to deal with the sewage of 
Frankfort by irrigation, as soon as the amount of pollution to 
the Main demanded it.



Berlin.
In Berlin, over sixteen hundred acres of laud have been 

bought for the third "radial system” (two German miles 
south-west from the city), and the sewerage of the streets is 
going on rapidly, to be finished probably this winter. Some
what more land than for the south-western district has been 
bought for the fourth "radial system,” north-west of the 
city, and the work is probably already begun. The disposal 
of the sewage of a city of over three-quarters of a million 
inhabitants, by irrigation, is certainly a bold undertaking, 
and the results will be looked for with great interest.

Austria.
Under the German laws, allowing local authorities to 

require manufacturers to cease from contaminating streams, 
when they think the occasion demands such action, one case 
has come to my knowledge. In a large brewery near Vienna, 
where one thousand cubic meters of water were polluted 
daily, defiling an otherwise pure stream, measures were tak
ing * to close the establishment, when the proprietors clarified 
their refuse by precipitating with sesquichloride of iron, with 
such success that further action was stopped, f

F ra n ce .
Objections to Irrigation below Paris.

In Paris, the proposition of the authorities to extend the 
system of sewage-irrigation so as to dispose of the whole 
three hundred thousand meters discharged daily, has called 
forth loud protests in the form of petitions and addresses];

* The law in Austria punishes with a fine any one who casts into any well, cistern, 
river, or brook used f o r  d rin k in g , or f o r  brewing beer, any dead animal, or an yth in g  
else whereby the water is polluted and rendered unwholesome.

t  La Sante Publique, April 1, 1876.
+ Traitement des Eaux d’Egout: Traitement des Eaux Industrielles. A. Gerardin, 

Societe Generale d’Epuration et d’Assainissement des Villes. Paris. 1876.
Memoire sur L’avant-Projet de Derivation des Eaux d’Egout de la Ville de Paris, 

par M. le Dr. Salet, President du Comite d’initiative.
Des Resultats de l’irrigation de Genneviiliers par les eaux d’egout de la Ville de 

Paris. Etude par les docteurs Danct, Bestin, et Garrigon-Desarenes. Paris. 1876.
Assainissement de Paris. Epuration des Eaux d’Egout et des matures de vidange. 

Application des Precedes Knab. Paris. Societe Generale d’Epuration et d’Assai
nissement des Villes. 1876.

L’Assainissement de Paris et la Soci6te provisoire de Bondy. Justin Dromel. 
Paris. 1875.



and propositions of other remedies for the pollution of the 
Seine, which is really a filthy sewer, and very offensive to 
people living on its banks, for many miles below the sewer- 
outlets.

Sewage o f Paris.
About four hundred and fifteen thousand cubic meters of 

water are used in Paris daily; nine-tenths of the cesspool- 
drainage are still unconnected with the sewers, but, after being 
removed to the forests of Bondy, drain away a very large part 
of their liquid constituents into the main sewer, discharging at 
St. Denis; the other intercepting sewer, draining the better 
parts of the city, has little or no manufacturing refuse poured 
into it, and is some distance higher up the river, while, between 
the two local sewers, drains from factories, and a few pol
luted tributaries* of the Seine, empty into the river. The 
sewage of Paris constitutes about one-fifteenth of the ordinary 
flow of the Seine.

First Attempts in Irrigation at Paris.
In 1869, sewage-irrigation began on a small lot of sixteen 

acres belonging to the city of Paris, and each year the amount 
of land fertilized in that way by the farmers has been increas
ing, as shown by the following figures:

1869, .
1870, .
1871, .
1872, .
1873, . 
1871, . 
1875, .

16 acres irrigated. 
55 “

War, etc.
128 acres irrigated. 
221 “  “

289 “
314 “

A difficulty was encountered here, in the fact that the land 
irrigated with sewage was owned by private parties, most of 
them farming on a few acres, and there was very little sys
tem or certainty iu the purification of the sewage.

* Consetts de S a lu b rity  in many cases in France, require manufacturers to let their 
refuse settle in tanks before running off, thus separating and keeping out of the rivers 
the solid parts; but the result of such action has often been to drive them to places 
where their pollution of the streams would not be complained of. Even in some 
parts of Paris, the small streams have become quite foul.



Intercepting Sewer and Deep-Sea Outlet.
Accordingly, a plan was considered by-a commission con

sisting of MM. Kleitz, Chatonay, Belgrand, Alphand, Mille, 
inspecteurs' generaux des ponts et chaussees; Krantz, Vau- 
dray, ingenieurs en chef; Calon, Depaul, ex-conseillers mu- 
nicipaux de Paris; Chevalier, Bonder, membres du conseil de 
salubrite; for conveying the filth of Paris to the sea by a 
sewer, more than one hundred miles long : but it was finally 
pronounced impracticable. Another proposition* then was 
to build a long sewer to follow the valley of the Seine, 
crossing the river four times, and, on reaching Canteleu, to 
be still some distance from the sea. This conduit was to be 
one hundred and forty-four kilometers long, of which thirty 
were to be covered, two were to be in siphons, and the rest 
open. I t was to pass through four departments, and was 
estimated to cost ninety million francs. The sewage was to 
be used by the farmers as they wanted it, and little was sup
posed to be left to be discharged at the outlet. This plan, 
also, failed to get the approval of the authorities.

Precipitation.
Experiments for one year with another of the precipitating 

processes, after so mauy had failed, also met no approval 
with the authorities, although, as usually occurs, the company 
claimed excellent results. The process consisted of two long 
canals, to be used alternately, and of two compartments each. 
In the first compartment, the suspended matters were allowed 
to collect, as far as may be, by simple subsidence; in the 
second, a precipitating mixture of phosphate of lime and 
muriatic acid was used for further removing insoluble ingre
dients. The effluent was represented as looking clear, and 
as containing no more soluble organic matter than would be 
oxidized on exposure to the air. Nothing is said of the value 
or salableness of the sludge. The statement was made that 
300,000 cubic meters of sewage a day may be treated in this

* Assainissement de Paris. Des Eaux d’Egout et des Vidanges. Leur utilisation 
a ragriculture par irrigation dans leur parcour jusqu’a la mer. Momoire a M. lc 
Prefet de la Seine: a M. le President et a MM. les Membres du Conseil municipal de 
Paris, par F. Ducuing, le President de la Societe des^Etudes, Membre de l’Assemblie 
Nationale. Paris. 1875.



way at an annual expense of 1,080,000 francs, but I have not 
been able to find the actual amount of money expended on 
the trial.

Present Condition, Objections, Etc.
The city of Paris had agreed with the authorities of Genue- 

villiers, in 1872, to use the land for irrigation three years; 
and again, in 1873, another contract was made for ten years, 
a length of time which was theu thought necessary to test the 
matter fully. Iu March, 1876, however, pressed by repeated 
complaints of the filthy state of the river, the municipal 
council of Paris voted to take into consideration a plan for 
utilizing the whole of the sewage of the city, by carrying it 
to the forest of St. Germain and irrigating—

In Gennevilliers, . . . . . .  1,354 hectares.
Nanterre, Eueil, . . . . . .  1,550 “
Carrieres, Argenteuil, . . . . .  857 “
Sartronville, . . . . . .  558 “
The Forest of St. Germain, . . . . 1,423 “
The Commune of Acheres, . . . . 917 “

6,659 hectares.

Of which the forest of St. Germain belonged to the state, 
and the rest to private owners, large and sm all; the forest 
was to be used for absorbing all the sewage not needed in 
cultivating the arable land.

A protest was at once sent from the town of St. Germain, 
which had something of a reputation as a health resort, signed 
by 2,925 persons; and the authorities of the various towns 
also objected. Several petitions were also sent from Genne
villiers, one of which was signed by 414 persons, maintaining 
that the sewage-irrigation had raised the level of the ground- 
water, had polluted their wells, had flooded their cellars, and 
had caused intermittent fever to become endemic there, beside 
creating an offensive odor. These allegations have been 
denied by commissions on the part of the city of P aris : the 
hio-h level of the ground-water was said to have been caused 
by an inundation of the river ; and Dr. Georges Bergeron, the 
commissioner to examine into the question of the fever, pre-



sented an elaborate report, stating that intermittent fever had 
been for years prevalent at Gennevilliers, never more so than 
when operations in irrigation were suspended by the war, and 
not at all increased since the introduction of sewage-irrigation. 
He showed, too, that the fever prevailed least in that part of 
the peninsula where the sewage was freely applied to the 
land, and most in some low, wet laud which was not irrigated.

The people of Gennevilliers are not satisfied with these 
results, and have petitioned* the National Assembly for a 
commission appointed by the state, to investigate the matter. 
The municipal authorities of Paris, too, have petitioned the 
same body to have their plans approved by getting on them 
the stamp of utilite publique.

There can be no doubt that the processes have not been 
carried on with sufficient care, and that in some cases too 
much sewage has been put on the land. Even M. Belgrand, 
so long at the head of the Sewer Department, says, in his 
report for 1875, that the question of the utilization of sewage 
is settled, so far as the physical difficulties are concerned; 
the sanitary bearings of spreading three hundred thousand 
cubic metres of sewage over twelve thousand acres of land 
daily, he considered not yet settled.

S o m e  O b j e c t i o n s  t o  S e w a g e - I r r i g a t i o n  C o n s i d e r e d .

It must be acknowledged that part of the complaint at
Gennevilliers is verified by experience elsewhere. Muller,
for instance, has shown t that in the beach-sand of the sewage 1 ©
farm at Dantzic, the ground-water contained a considerable 
proportion of ammonia, and had an offensive odor on standing.

Dr. Lissauer of Dantzic has made most exhaustive researches 
and experiments \ in this subject, from which he shows that 
the ground-water of a sewage-farm is somewhat modified by 
the process of irrigation, and that, therefore, all the sewage 
is not taken up by vegetation, but that a considerable portion, 
even in summer (as all must in winter), depends for purifica
tion on filtration and oxidation alone. In time of storm, too,

»
* This petition has been referred to the Minister of the Interior and to the Minister 

of Public Works. The question, of course, cannot be settled at once, 
t  Deutsche Vierteljahrsschrift f. off. Gesundheitspflege, V III., 187. 
t  Hygienische Studien uber Bodenabsorption, Frankfurt-am-Main, 1876.



when the ground is saturated, particles of sewage occasionally 
pass through unoxidized, and, therefore, no wells in the 
vicinity should be used for drinking-water. On the edges of 
sewage farms, it is recommended that trees be planted to 
complete the purification.

At Croydon,* "when certain fields were being irrigated, 
the different water-courses in the neighborhood of the field 
rose and discharged effluents, which went off indirectly into 
the W andle; and in some of the wells attached to cottages 
upon the farm, in two or three instances, when the fields in 
the neighborhood were irrigated, the water rose, and fell 
when it was taken away, showing that they were affected by 
the irrigation,” although the water has always been pure, as 
the experiments at Eton f show that it is likely to be, where 
the soil is not so loose and sandy as to allow the sewage to 
run rapidly through it.

“ Last year, attempts were made at Eton to trace the coarse of 
the upper subsoil waters ; holes were dug on the farm to the subsoil, 
and filled with sewage, into which was put chloride of lithium. 
Samples of the water from the neighboring wells, examined with 
the spectroscope, gave no result; holes were then dug within a few 
yards of the first holes, but the subsoil water from these showed no 
trace of lithium ; it is possible, however, that the chloride of lithium 
may have been converted into the oxide or carbonate, and so 
remained fixed. The experience at Eton, therefore, rather leads one 
to suppose that the width and depth of the volume of subsoil water 
all round the farm is so great, that the effect of the sewage, so far 
as analytical tests are concerned, would be lost, almost directly, and 
that samples of the subsoil water taken on the line of its flow, one 
hundred yards above and one hundred yards below the farm, would 
not show any appreciable difference.”

At Gennevilliers, too, according to M. de la Trehonnais,—

“ Sewage, containing forty-three grammes of nitrogen per ton 
before its application to the land, when analyzed after percolation 
through the soil, gave scarcely any trace of it in a decomposable 
state. Only 1.6 grammes of nitrogen in a state of mineral ammonia 
could be found. It was the same with the quantity of soluble 
oxygen. The sewage-water, when laid on the land, scarcely con-

Society of Arts Conference, p. 69. t  Ibid., p. 23.



tained two cubic centimeters of oxygen per quart. On its effluence 
from the soil, it was found to contain from eight to ten, which is the 
unerring characteristic of healthy water.”

At Meerut, the water-level is found to have risen, in con
sequence of canal-irrigation, from fourteen feet below the 
surface, on Oct. 31, 1869, to nine feet seven inches at the 
same date in 1874; but this is expected to be remedied by 
drainage-works.*

E f f e c t s  o n  H e a l t h  o f  B a d  D r a i n a g e .

It is no uew idea that good sewerage aud drainage are essen
tial to health. As far back as 1834, one of the leading 
medical men of London gave his evidence that four-fifths of 
the cases ol typhus fever (probably typhoid, as the two 
diseases were not distinguished then) which he witnessed, he 
could trace to foul drains and foul gullies; and even if, in an 
attempt to cleanse houses, we foul rivers, should we not ask, 
with one of the first living sanitarians, "W hether is it better 
to pollute rivers or pollute houses or towns? to kill fish or 
to kill men?”

Sources o f Disease.
Unfortunately, the year’s experience has added nothing 

positive to our meagre knowledge of the agencies which 
cause or communicate disease.

Contaminated Water.
Prof. Wanklyn thinks that the contagium of the diseases 

communicable by infected water are of an albuminoid char
acter, and of such definite form, etc., as to bo removed by 
efficient filtration. Dr. Alfred Carpenter, whose sixteen 
years’ experience at Croydon entitles his opinion to great 
consideration, says :f—

“ The most important operation which takes place on a sewage 
farm, is the destruction of contagious particles. The moment they 
are brought into contact with the spongioles on the rootlets of 
sewage-grown crops, as may be easily seen in any field of rye-grass 
which is being irrigated by sewage, the spongioles seize upon the

* Report on Sanitary Measures in India in 1874-5. London, 1876. 
t  Address on Public Medicine before the British Medical Association, 1876.
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albuminous matters in the sewage by a kind of elective affinity, 
including the contagium-particles, remove them from the water and 
digest them with an avidity which is most remarkable ; no putrefac
tion takes place, no retrograde decomposition arises, but the albu
minous matter is digested as perfectly as white of egg is digested 
by the human stomach. Putrefaction is no part of sewage-utiliza
tion, and, if putrefaction takes place, there is a corresponding 
decrease of productive power, and also a proof that sewage farming 
is not properly carried out.”

The late Dr. Letheby, formerly health officer of the city 
of London and chemist to the Thames Conservancy Board, 
held the theory of the ready destructibility of disease-com
municating matter, and always maintained that with proper 
filtering the Thames, although polluted, supplies safe water 
to London.

The Purist Theory.
Prof. Frankland and many others hold the opposite theory, 

and their position is well shown in the sixth report of the 
Second English Rivers Pollution Commission, published early 
in the y ear; a most exhaustive work on the water-supplies of 
that country, and in which the conclusions which have been 
reached are based upon the examination of more than two 
thousand samples of drinkable water.

They condemn river-water because it is liable to contami
nation from drainage of cultivated land, towns, and manu
factories; also shallow-well water, because it "often consists 
largely of the leakage and soakage from receptacles for human 
excrement,” and they recommend,—

1. Spring-water.
2. Deep-well water.
3. Rain-water.
4. Upland-water.

Of these four, "evidence of previous sewage or animal 
contamination is strongest in the case of spring and deep- 
well water; but this evidence may, in the case of these 
waters, be safely disregarded” (p. 425), and (p. 17) "because 
the prolonged filtration to which such water has been subjected 
in passing downward through so great a thickness of soil or 
rock, and the rapid oxidation of the organic matters contained



in the water, when the latter percolates through a porous and 
aerated soil, afford a considerable guarantee that all noxious 
constituents have been removed.”

They classify waters for domestic use thus :—

Wholesome.

Suspicious.

Dangerous.

j.Very palatable.r 1. Spring-water.
2. Deep-well water.

[ 3. Upland-surface water. 
f 4. Stored rain-water.
15. Surface-water from cultivated land.
' 6. River-water to which sewage gains access, 
.7. Shallow-well water.

j. Moderately palatable.

.1 Palatable.

Among their conclusions are these :—

“ Of all the processes which have been proposed for the purifica
tion of sewage, or of water polluted by excrementitious matters, 
there is not one which is sufficiently effective to warrant the use for 
dietetic purposes of water which has been so contaminated.”

“ The admixture of even a small quantity of these infected dis
charges [of persons suffering from cholera or typhoid fever] with 
a large volume of drinking-water, is sufficient for the propagation 
of those diseases amongst persons using such water.

“ The most efficient artificial filtration leaves in water much in
visible matter in suspension, and constitutes no effective safeguard 
against the propagation of these epidemics by polluted water.

“ Boiling the infected water for half an hour is a probable means 
of destroying its power of communicating these diseases.”

They recommend giving up the present supplies from the 
Thames and the Lee, thinking that there is no hope of the 
"disgusting state of the river being so far remedied as to 
prevent the admixture of animal and other offensive matters 
with the filtered water as delivered to the metropolis,” although 
the Thames is far worse than the Lee ; and they say that 
immense numbers of the population of the towns throughout 
Great Britain are daily exposed to the risk of infection from 
typhoidal discharges, and periodically, to that from cholera 
dejections.”

Contaminated A ir  and Soil.
Virchow has concluded from his investigations,* that the 

level of the ground-water does not in all cases bear a definite 
* Deutsche Med. Wochenschrift, I. and II., 1876.



relation to the prevalence to typhoid fever, and never unless 
the soil is polluted. He shows that the experience of German 
cities corroborates Dr. Buchanan’s demonstrations with regard 
to England, that typhoid fever has been materially decreased 
by the introduction of good water and sewerage. Polluted 
water he considers the main cause of its spread, although he 
differs with most sanitarians in thinking that it is in some 
degree directly contagious.

Dr. Lievin, of Dantzic, after a minute investigation,* has 
proved that " the life-saving influence of their new sewerage- 
system is clearly shown.”

Pettenkofer still holds to the theory that the chief agency in 
spreading typhoid fever and cholera, is the decomposition of 
organic matter in the soil from variations in the level of the 
ground-water, allowing the virus to escape into the air. So 
far as Munich is concerned, he thinks that the drinking-water 
has little to do with the production of those diseases, although 
he acknowledges that some of the contagium may be conveyed 
as well into the water we drink as into the air we breathe.

Many authorities hold, that the disease "germ,” if there be 
such a thing, is not dangerous until decomposition has set in, 
and that it can therefore be very easily destroyed if care be 
taken.

Oxidation o f Sewage.
It is well known that by the action of the soil, the carbon 

in sewage becomes carbonic acid, the hydrogen water and the 
nitrogen ammonia, nitrates and nitrites; the sulphur unites, 
most of it, with the iron which is found in the earth. The 
amount of nitrogen as nitrates and niti'ites is therefore con
sidered as the chief element in the evidence of "previous 
sewage contamination,” given in Dr. Frankland’s monthly 
tables of examinations of the eight sources of water-supply of 
London ; but this is evidently fallacious, for, by the returns of 
July and November, 1875, the purest water (from the Kent 
Company) is shown to be in that respect, respectively fifty per 
cent, and nearly two hundred per cent, worse than the worst 
of the river-supplies, so that the following qualification is 
published: "As the Kent Company’s water is unpolluted,

* Die Sterbliclikeit in Danzig vor und seit dem Jahre 1872. Danzig, November, 
1876.



and as it is drawn from deep wells, the evidence of previous 
sewage or animal contamination which it exhibits may safely 
be disregarded” ; and in the explanatory notes published each 
month, we find this sentence referring to the river-waters, and 
not especially to the Kent wells : "By gradual oxidation, this 
animal contamination has been, so far as analysis can show, 
converted into innocuous inorganic compounds before the 
water was submitted to investigation.”

The theory of Dr. Frankland with regard to this evidence 
of "previous sewage contamination,” is understood to be, that 
if there is uniformly in water what was organic matter which 
has been thoroughly oxidized, there may be at times some 
which has not been oxidized, which is too slight to be detected 
by chemical examination, and which may produce disease. Sir 
Edmund Bechet says* that the logical deduction from this 
"purist” theory, is, that "a  particle of sewage sent into the 
Thames at Oxford, arrives as a particle of sewage at Hamp
ton, and may poison a man in London.”

Filth not Safe.
Whatever theory of bacteria and "germ s” proves true, the 

evidence accumulates each year to show': 1st. That under 
certain conditions human excrementitious matter in certain 
diseases is almost certain poison, producing the parent-disease 
in a great number of cases of those exposed to it, and with a 
degree of virulence proportional to its concentration. 2d. 
That we must either acknowledge that these diseases, espe
cially cholera and typhoid fever, may arise de novo under cer
tain conditions of filth not yet wholly known, or else that the 
contagious matter is of extraordinary vitality, and capable of 
being conveyed in manners and to distances not now usually 
suspected.

Specific Poison Theory.
If the fact be true, that such diseases arise without the 

specific poison from a previous case, many epidemics may be 
explained which are otherwise entire mysteries ; but it would 
be difficult to account for the dozens of cases to which many 
a farmer can point, where a family have for years used the

* London Times, January 10,1876.



water from a well close to an accumulation of filth, without 
apparent harm, except on the theory that a healthy person 
living under healthful conditions is generally able to resist 
such deleterious influences until his system is, for some cause 
or other, below par.

Illustrations from  Poisoned A ir.
A few striking cases have been investigated during the past 

year with an exactness which has left little to he asked for to 
make the deductions appear as absolute certainties.

Croydon.
So much attention has been paid to practical sanitation in 

Croydon, that a severe epidemic of typhoid fever, with 1,200 
cases and 104 deaths, was looked upon with some alarm. 
Mr. Baldwin Latham attributed it to the condition of the deep 
wells from which part of the water-supply was got, thinking 
that they were necessarily contaminated when the water was 
low,* but the chemists showed that the water was always 
pure, so far as analysis showed ; and, if there were at any 
time sufficient impurity in any deep wells to cause disease, 
it was thought that frequent chemical examinations would 
show that something was wrong.

Dr. Alfred Carpenter, chairman of the Sewage Farm 
Committee, attributed the outbreak to the pollution of the 
drinking-water by means of the intermittent system of 
supply,f the pipes, when empty, having become filled with 
sewer-gases through the valves used to flush the sewers. It 
was shown that such fouling of the water did occur, and in 
one case even the blood of a neighboring slaughter-house was 
drawn up into the water-pipes.

A most minute investigation was afterwards made by Dr. 
George Buchanan4  in the course of which he was able, by 
the cooperation of the physicians of Croydon, to locate all 
the cases, fatal and non-fatal, with very few exceptions.

In "Croydon Parish,” the 1,164 cases occurred in 959
* Minutes of the Proceedings of the Institute of Civil Engineers., Yol. XLV., pp. 74 

et seq. London, 1876.
f  Sanitary Record, November 27, 1875, pp. 391 et seq. Also London Times, 

December 25, 1875.
+ Report of the Medical Officer of the Privy Council and Local Government Board. 

New Series, No. VII., pp. 40, 71. London, 1876.



houses, as follows : in January, 15 ; February, 53 ; March, 
79; April, 186; May, 39; June, 30; July, 18; August, 
32 ; September, 69 ; October, 275 ; November, 94 ; Decem
ber, 71. A few cases occurred in May, June, July and 
August, of which the records of location were not got. It is 
not possible to give more than the general results of the 
inquiry.

Although finding that, by an’ intermittent supply, a certain 
number of cases of typhoid might have occurred through 
contamination of the water, Dr. Buchanan says, " I  satisfied 
myself that in a very considerable majority of the Croydon 
houses that have had fever, drain-air, charged with infection 
from the common sewers of the town, has had the oppor
tunity of entering the houses,” and this sewer air "was, 
throughout 1875, charged to an intense degree with the 
infection of enteric fever.” To this condition he attributed 
the epidemic.

Fever at Fort Cumberland.
In another case, a severe epidemic of sixty cases of enteric 

fever, with four deaths, was fairly traced to sewage-contam
inated air breathed,* but there appears no statement whether 
this air was especially infected from other cases of fever or 
not. The facts are these. A large number of troops were 
stationed at Fort Cumberland at the harbor-entrance, and 
close to flats bare at low tide. The sewage of Portsmouth 
had usually been discharged at ebb tide, but, having recently 
been pumped into the harbor on the flood, a large amount 
was deposited on the mud banks near the fort, and to this 
the fever was clearly traced upon inquiry. The troops were 
all removed, the evil was remedied, and the epidemic ceased.

Fever at Uppingham School.
In the summer of 1875, typhoid fever broke out in a school 

of four to five hundred boys at Uppingham, England, and in 
the autumn several died.] The school was dispersed Novem
ber 2, and its sanitary arrangements were carefully examined 
by Mr. Tarbotton, the local engineer, and Mr. R. Rawlinson,

♦Public Health, London, November 27, 1875, pp. 713 and 714. 
t  London Times, March 17, 1876.



C. B., who suggested the proper remedies ; but before these 
were carried out, and, contrary to the advice of the health 
officer, the school was reassembled in the following January, 
when the fever reappeared and the occurrence of four cases 
demanded that the scholars should again disperse. Mr. 
Rogers Field of London was then engaged to prepare plans 
suggesting the proper remedies, which he at once proceeded 
to do. He found the sewerS too flat in some cases and 
insufficiently cleansed; the main discharge was into tanks at 
the sewage farm, which were sometimes emptied at long 
intervals, thus allowing the sewage to accumulate, putrefy, 
and back up the sewers. He says in his report,* "the town 
is, at the present time, essentially a cesspool town,” and 
"nearly every house has its own well, very many of which 
are situated near cesspools or other sources of contamina
tion.” Of the twelve houses constituting the school, he adds, 
" twelve drain either wholly or for the most part into cess
pools,” and "in  ten houses, each has one or more of its wells 
badly situated from contiguity to cesspools or foul drains.” 
A noteworthy incident connected with this investigation was 
that one of the gentlemen connected with it contracted 
typhoid fever from a short exposure while standing over the 
fouled drains, while the workmen, although longer exposed, 
escaped.

Composition o f tSewer-Gas.
It is unfortunate that we do not know the exact components 

of sewer-gas, and that there are no means of ascertaining 
how it acts upon the system. So far as chemistry goes, the 
Sewer Department of Paris have shown what the concentrated 
gas is, which bubbles up to the surface from the sewage-beds 
at the bottom of the River Seine. It is probably not unlike 
(except in degree of dilution) what is in our sewers, and was 
found to be—

Proto-carbonated hydrogen, 78.88 Sulphydric acid, . . 6.70
Carbonic acid, . . . 12.30 Other substances, . . 5.58
Oxide of carbon, . . 2 . 5 4  --------

100.00

* Uppingham Sewerage and Private Drainage. Report of Mr. Rogers Field to the 
Rural Sanitary Authority, January, 1876.



Polluted Water.
Two cases, forcibly illustrating the danger of pollution of 

water-supplies, have been brought forward during the year.

Fever from  Watered Milk.
The first was of an epidemic of typhoid fever which 

occurred at Eagley, in England, investigated by Mr. W. H. 
Power, one of the medical inspectors of the Local Govern
ment Board, and at Bolton (two miles from Eagley), investi
gated by Mr. Sargent, the health officer of the borough.

A certain small brook had been used by the operatives of a 
mill, so that "large quantities of fecal m atter” were found on 
its banks and in its bed. It was known, too, that one of 
the workmen was ill (it was thought that there was a possi
bility of the disease being typhoid fever). This brook had 
formerly been used, a couple of hundred yards below, for 
domestic purposes, but had generally been abandoned since 
it had become impure, although two families continued to 
use it, of whom one had typhoid fever, and the other (who 
boiled it before use) escaped. This same water continued 
to be used at a dairy (A ), and was the only supply there. 
Although there was no positive evidence that the milk was 
diluted with it, it -was acknowledged that the milk-cans were 
washed in it.

The outbreak of fever occurred at the end of January, 1876. 
From January 30 to February 5, there were one hundred and 
three persons attacked; from February 5 to February 9, 
there were twenty-eight persons attacked; from February 9 
to February 15, there were fifteen persons attacked, and the 
epidemic declined. The cases were distributed as follows:—
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Of these eight not supplied by A, seven drank milk from 
Dairy A in other houses than their own, and the eighth 
occurred in April, was not seen by a medical man, and is not 
certainly known to have been typhoid fever, although so 
reported. The milk was represented as having a sediment 
after standing, and being of unpleasant taste and smell.

In Bolton, there were fifty families attacked, of whom forty- 
seven were supplied with milk from Dairy A, and Mr. 
Sargent says, "Not one household to which the milk was 
traced, did I find entirely free from the disease.”

The coincidence of the disease in the two places is quite 
striking:—

T a b l e  XXIII.

l x  E a g l e t . 
New Cases.

I n  B o l t o n . 
New Cases.

For the week ending January 22. there occurred, 2 i
29, “ tt G 9

February 5, “ tt 123 77
12, “ tt 37 16
19, “ tt 14 7
26, “ 41 8 5

March 4, “ tt 6 29*

The water used at the dairy (from the fouled brook) was 
analyzed by Mr. Sargent, and also the drinking-water of 
Bolton for comparison, with the following results in parts per 
100,000 :—

T a b l e  XXIV.

Bolton W ater 
(pure).

Eagley Brook.

Free a m m o n ia , ................................................ 0.001 00.20
Albuminoid ammonia, . . . . . . 0.006 00.26
Total solid r e s i d u e , ........................................ 7.910 193.00
Organic or volatile, . . . . . . 2.860 121.50
C h l o r i n e , ........................................ 3.680 128.80

♦ Many of these were supposed to have been infected from other sources, as might 
easily have occurred so late, in a crowded community.



Enteric Fever at Lausen.
The second occurred at Lausen,* Switzerland, in 1872, but 

has been referred to quite often of late, and is especially 
interesting, as proving, in a marked degree, the direct poison
like action of typhoid dejections, even when very much 
diluted, illustrating the apparent immunity with which impure 
water may often be drank if not specifically contaminated, 
and because the case has been generally used by the reporter 
and others f to prove what the facts by no means warrant ; 
namely, that the contagium of typhoid fever is not separable 
or oxidizable by efficient filtration so as to be harmless. The 
fact may be so or not, but it can hardly yet be said to be 
proven ; and it is quite significant that the late Dr. Parkes, 
in referring to this outbreak, fails to make any mention of 
this particular point.{

The facts are these. In a house, A (see sketch on page 
100), a man became ill of tj^phoid fever, June 10, 1872, and 
recovered in September; a second case occurred July 10, 
ending in recovery in October ; aud in August there were twp 
others, mild and of short duration. The Furlen Brook was 
contaminated with their dejections.

From the middle to the last of July, as was done each year, 
the land, C, was irrigated by diverting the stream over it, 
and the water in the public well of Lausen, D, became so 
turbid and foul-tasting, that many people gave up using it. 
This w7ell distributes its water through the wooden aqueduct, 
E, to the four public pumps marked by round do ts; it is also 
at the junction of two quite small streams, one flowing from 
the south-west and the other from the south-east.

In Lausen, a village of seven hundred and eighty inhab
itants, in ninety houses, standing on gravelly ground, from 
thirty-five to sixty feet above the level of the Ergolz and of 
the ground-water, there had been no epidemic of typhoid 
fever since its occupation by soldiers in 1814, and not a 
single case since 1865, when a few were imported from Basel.

•Deutsches Archiv far Klin, Med. XI., pp. 237-267.
tThe Lancet, London, July 15, 1876. Journal of the Chemical Society, June, 

1876. Sixth Report of the Rivers Pollution Commission, p. 463, London, 1876 
(referred to on page 91 of this Report). Deutsche Vierteljahrsschrift, f. off, Gesund- 
heitspflege, VI., 154.

J Army Medical Department, Report for 1873, London, 1875.
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On the 7th of August, 1872, ten persons in Lausen were 
attacked with typhoid fever; from the 7th to the 16th, fifty- 
seven ; from the 7th to the 28th, one hundred; in Sep
tember and October, thirty, when the epidemic ceased. Of 
the one hundred and thirty cases, eight d ied; and beside 
these, about a dozen children were attacked, who were spend
ing their holidays in Lausen.

There had been no known communication between the 
house, A, and Lausen. The six houses marked S are supplied 
with their own private wells ; in them only two persons had 
the fever, and they had drank the public water away from 
home. All who became ill had used the public water, and 
the cases were distributed among all classes and conditions ; 
of those who drank other water only, none had the fever.

After excluding all other sources, it was thought by Dr. 
Hagler, who investigated the case, that there could be no 
cause of the disease except in the public well, D.

If the contamination had come from the numerous privy- 
vaults, there seems no reason why the six houses marked S 
should have escaped. I t is unfortunate, however, that this 
bearing of the question was not more fully investigated, 
especially as the soil was very dry, the ground-water standing 
more than thirty feet below the surface, and as exceptionally 
heavy rains in May, July and August had caused great 
temporary changes in the condition of the soil. Dr. Hagler 
says, too, that the people were less neat in their habits than 
the inhabitants of the neighboring city of Basel.

In 1862, a portion of the earth, marked by the dot at B, 
had fallen in, forming a hole eight feet deep and three feet 
wide, and having at its bottom a running stream which 
appeared to be fed by the Furlen Brook from a point higher 
up. When the brook was let into this hole, the water all 
disappeared, and in an hour or two "streamed out” at the 
well, D, showing a connection between the two that had been 
suspected for years. The hole was then filled up, and the 
brook returned to its bed.

The infected house, A, was about a mile from Lausen ; and 
it has been seen,—

1. That the Furlen Brook was contaminated with typhoid 
dejections in June, July and August.



2. That the contaminated water was used to irrigate the 
land, C, for the three weeks preceding the epidemic in 
Lausen.

3. That this irrigation-water, fouled by dejections, polluted 
the well, D.

4. That this water could not have been filtered, in any 
sense of the word, before reaching D, as it was turbid and 
foul enough to make many people give up the use of the 
well.

On making the investigation, some weeks after the epi
demic, the hole, B, was reopened as nearly as possible in the 
old place. A large quantity of salt was thrown into it, and 
its presence was soon found by chemical examination at D. 
Then considerable flour was put in at B, but its presence 
could not be detected at D.

Dr. Hagler’s theory is that there is a communication 
between the Furlen Brook and the well, D, wrhich allows 
water to pass through, but that it is efficiently filtered in its 
passage; and that the " germ ” of typhoid fever may pass 
through nearly a mile of gravel, so complete a filter as not 
to allow flour to pass it, and yet be still an active disease- 
producing organism.

We cannot doubt, in the face of the evidence, that when 
the land, C, was irrigated there was abundant opportunity to 
foul the well, D, with the specific poison of typhoid fever ; but 
the facts do not prove the indestructibility of the contagium 
of disease by efficient filtering.

To make the conditions of the experiment correspond with 
the actual conditions, the salt and the flour should have been 
put directly into the brook, or upon the land, G, while allowing 
the brook to run over it.

Yelloic Fever and Filth.
In the city of Buenos Ayres, during the year of the cholera 

epidemic (1867), one-twentieth of the population died; in 
1871, the yellow-fever year, more than one-tenth perished, 
even counting the 60,000 who fled from the town. There 
has been a careful investigation of the causes of this fearful 
mortality, and filth has been shown to be so far responsible 
for it, that a distinguished English engineer has been engaged



to carry oat a complete S3rstem of sewerage and water-supply. 
In the language of the report,* "the works of drainage and 
sewerage, so actively prosecuted at the present time, are des
tined to radically remove this infection, which experience has 
demonstrated to be one of the most fruitful causes of disease 
and death.”

During the past year, Savannah has had a similar expe
rience, and very largely at least from similar causes. An 
investigation! into the causes and conditions of yellow fever 
in the United States, with the help of the library of the 
Surgeon-General at Washington, and a personal experience 
of over two thousand cases, concludes, that no one thing is so 
important as a matter of prevention of yellow fever as proper 
sewerage and water-supply. Indeed, the writer says the 
disease "cannot be taken in a pure air from persons, clothing, 
trunks, or black vomit; but in an impure air,—other things 
being suitable,—it can be taken from either.”

Dysentery and Fever from  Filth.
In the State Reform School for Western Pennsylvania, an 

outbreak of dysentery and typhoid fever affecting two hun
dred and seventy persons, or ninety per cent, of the inmates, 
has been investigated by a committee of the Allegheny County 
Medical Society.

They conclude that it was due to poisoned drinking-water. 
It seems that the main water-pipe got its supply from a point 
in the Ohio River two hundred and fifty feet from the shore, 
and a little below the outlet of the sewer from one of the 
privies, which, however, was close to the shore; and the 
water was often so shallow that it was possible to walk out 
on the pipe to within fifty feet of its end. The privy was 
flushed twice a day, forcing a large quantity of heavily pol
luted water out. This seemed sufficient to the committee, 
after careful examination and exclusion of other suggested 
causes, to create all the difficulty, although they found many 
other insanitary conditions about the building. J

* Vital Statistics of the City of Buenos Ayres. By G. Rawson, M. D., Delegate to 
the International Medical Congress at Philadelphia, 1876.

t  Yellow Fever and Malarial Diseases. By Greensville Dowell, M. D., Prof, of 
Surgery, etc., 1876.

X Transactions of the Medical Society of the State of Pennsylvania. Vol. XI., 
Part I., pp. 147 rt seq.



Infected Earth Closets.
Pettenkofer’s statement that earth is no better as a disin

fectant than water, and that in either system of removal, that 
is best which is speedy, efficacious, and least offensive, has 
been exemplified in the West Riding House of Correction, 
where, according to Dr. Ballard’s report, there was "prevalence 
of enteric fever preceeded and accompanied by diarrhoea. 
Infection probably spread by the use of infected earth supplied 
to earth closets.” *

P r ev en tio n  of  F il t h  D isea ses .
In order to avoid, in as great degree as possible, the evils 

of accumulated filth, it is necessary in the first place to have 
good sewers. After them, good house-drains are even of 
greater importance, for defects there are of greater danger 
than in sewers; and, if properly constructed and carefully 
watched, they may, to some degree, obviate the evils of bad 
sewerage.

House-drains, especially in tenement houses, by universal 
experience, are apt to be badly constructed or neglected 
unless controlled by municipal authorities; and there is no 
more important matter of sanitation now in our large cities 
than this. In Scotland, this control is exercised in some 
cities with good results.

In carrying out the new sewerage of Berlin, proprietors 
who wish to connect their drains with the public sewers must 
prepare full plans, submit them to the sewer department, 
receive the approval of that office, and finally have them 
inspected and declared satisfactory before they can be used.

The best regulations have been carried out at Frankfort-on- 
the-Main by the cooperation of Mr. Lindley and Dr. Varren- 
trapp. They are given here entire, as they show what has 
actually been done in one city at least. In considering their 
efficiency, we are not surprised to see Frankfort placed as 
the first city in Germany in the bulletins of health (la station 
saniiaire par excellence de Vempire allemand)f

* Report of the Medical Officer of the Privy Council and Local Government Board. 
New Series, No. VII., p. 39. London, 1876. 

f  La Sante Publique, November 1, 1876.



Conditions under which Buildings, Yards, Gardens, etc., are 
allowed to he Drained into the new Sewerage System *

1. Whenever the drainage of any house, yard, etc., is projected, the owner 
of the property in question must, after having signed the requisite certifi
cate,t furnish to the department, duplicate plans bearing the signature of the 
contractor, and containing a map of the locality on a scale of at least 1:2500, 
a ground plan at least 1:250, and a sketch of the main drain and branches 
with its horizontal plane on the same scale as the ground plan, and in profile 
at least 1:125.

The certificate and one of the duplicate plans are to be kept among the 
documents of the sewer department; the other plan must be always ready 
for inspection by the officers at the place for which it is designed.

All plans presented must contain all the works projected; the exact posi
tions of sinks, gullies, traps, and other details; the direction of the superficial 
water-carriers; the positions of the rain-spouts, cisterns, privies, water- 
closets, cesspools, vaults, wells, pumps, and other arrangements for water- 
supply ; also the levels of the surface where the works are projected, including 
the grades of the latter, the depth of the cellar, the lowest levels of the 
ground, and, where possible, the depth of the foundations,—all to be given 
by the standard graded

2. All drains are to be so arranged as to accomplish the most complete 
drainage practicable of the building and grounds. The drainage of .cellars, 
where this is not desired, or where it is rendered impossible by their depth, 
may be left, if the proprietor so wishes.

The method of drainage, and the materials to be used, must be approved 
by the sewer department.

3. The drains may be constructed of brickwork, of glazed earthenware, 
of tarred iron pipe, or of other approved material, and are to be connected 
with the main sewers by special direction. Tarred iron pipes, lead-jointed, 
are to be recommended as the most durable and safest, and, in and near the 
houses, must be everywhere used as prescribed, with the following exceptions. 
Earthenware pipes are permitted within and without the houses, if bedded in 
concrete whenever they lie deeper than the cellar floor, or not less than one 
meter from the nearest cellar-wall, and, if within the house, to be encircled 
with a layer of concrete at least ten centimeters thick, and to have their 
upper surfaces at least one-half a meter under cover. All drains must be 
jointed water-tight. The highest point of any drain outside of the house 
must lie at least 1.30 meters below the surface of the ground. Junction of 
drains at right angles, whether horizontal or vertical, is allowed only on 
special permission.

4. Whenever a change in the position of an existing outlet of a drain into 
a sewer is requested, and judged necessary or permissible by the department,

* B a u -A m t iu  F ra n kfo rt-a m -M a in . B edingungen, etc., [including plans and illus
trations by W. Lindley, Chief Engineer, and J. Gordon, Resident Engineer.]

D as Bchwemmsielsystem  F ra n k fu r ts , geschildert von D r . G. Varrentrapp, 1876. 
E xposition  In ternationale d ’ Hygiene et de Sauve ta je  de Bruxelles. C analisation de 

F rancfort-sur-M ein ; L ’ingdnieur en chef, W . L in d ley , 1876. 
t  See page 107.
J With us, the grade is usually calculated in feet above low-water mark. In 

Frankfort, the pegel or O is an established level marked on the Frankfort Bridge.
14



it must be made at the owner’s expense, and the work must be done by 
order of the department, and subject to their control.

5. In buildings whose cellars are deeper than the highest level of the river 
(5.7 meters above O), all pipes whose open ends lie above this level must be 
separated from the cellar drains, and must be so constructed as to let their 
contents flow into the main sewers without obstruction, even at time of 
freshet, while the drains for points below grade 5.7 are shut off by flap- 
valves.*

6. Branch drains are usually to enter drains of larger calibre ; the connec
tion of drains of the same size with each other can be allowed only excep
tionally.

7. The pipes for water-closets, yards and stables must be not less than 
fifteen centimeters in diameter; for kitchens and wash-rooms, not less than 
ten to the siphon-traps; and from there onward (including traps), fifteen 
centimeters on the inside. Vertical soil-pipes, as far as they are put in new, 
must have a clear diameter of at least twelve and at most fourteen centi
meters.

8. Rain-water spouts must be of at least ten centimeters inside diameter, 
and be carried under ground into the sewers.

They are to be of iron, with cemented joints from a point at least two 
meters above ground, and the lower ends must be joined by cement to the 
first joint of the earthenware drain by a curved pipe, also of iron.

9. Wrought-iron pipes are to be tarred inside and out while hot. Straight 
pipes when used are to be as long as possible without joints; arms for 
branches to be long enough to allow proper junctions. . . .

10. With a uniform inclination of more than 1:20, the grade of a main 
drain or of a rain-water pipe may be broken, but it is stipulated that the 
least fall must, as a rule, reach 1:20; slighter grades are allowed only on 
guarantee of abundant flushing and by special permission.

11. Cisterns for rain-water t are to be made with overflows which must 
dip below the surface of the water and be also secured by siphon-traps.

12. Kitchen and other sinks are to be carefully trapped by iron or lead 
siphons, before entering the drain. All entering pipes must be smaller than 
the siphons, and be provided with fixed strainers for catching solid matters.

13. It is recommended that the pipes before entering a main drain or 
soil-pipe be provided with a main trap. This, to be effectual, should be 
outside the building, and provided with an opening for cleansing, which 
might be reached by a covered man-hole 0.85 meter wide. These man-holes 
cannot be put in the public streets without special permission.

14. All traps must have a water-depth of at least 0.07 meter, and, as a rule, 
must be like the patterns to be seen at the sewer department; if of differ
ent form, they must receive special approval. In traps outside of the 
houses, the water-level must lie at least 1.30 meters below the surface.

15. Complete drainage of the subsoil may be got by common [agricultural] 
drain-pipes, or in some other effectual way.

16. The ventilation of each system of house-drainage is provided for by 
rain-water s outs, by special ventilation-pipes, or in other permitted ways. 
Rain-water spouts can bo used for this purpose only when their upper ends 
on the roofs are not situated near or below windows.

* These flap-valves can be screwed down securely, and not left to chance like the 
“ wooden plugs,” for instance, used in Boston. They are accessible by being put in 
the man-holes.

t  This, of course, is not used for drinking.



17. No fluid substances from bouses, yards, passage-ways, etc., shall be 
allowed to run into the public streets, but must be carried underground into 
the sewers after the foregoing rules.

18. Immediately after completion of a house-drainage system, all vaults 
must be emptied and filled with earth.

19. No old water-closets or soil-pipes can be connected with the sewers 
until examined and approved in accordance with the rules just given. Old 
drains, etc., must be made to conform to these rules as nearly as practicable; 
and old soil-pipes, provided they are found in good condition, may be 
allowed to stand even if more tham 14 centimeters in diameter, or with 
sides less than 0.6 centimeter thick.

20. Pan-closets must have a water-trap of 7 centimeters, and be capable 
of such wide opening as to make the bottom of the bowl seem free; the 
width of this opening shall not exceed 9 centimeters. Between the pan and 
the soil-pipe is a siphon-trap, with a depth of at least 5 centimeters of water, 
and with a clear diameter of 10 centimeters.

21. Earthernware closets [i.e., “ hopper-closets”] with siphons of the same 
or different material, are allowed, after special approval, if there be sufficient 
water for copious flushing.

22. Special arrangements for factories, hospitals, schools, public halls, etc., 
require special approval.

23. The connection of any water-closet can be permitted only when the 
water-supply is sufficient to completely flush all matters through the local 
drains into the sewers.

24. The vertical soil-pipes of all water-closets, even if small in diameter, 
must be carried up above the roof and beyond all windows, for the sake of 
ventilation.

25. No plan of house-drainage shall be approved until the proprietor has 
furnished evidence that these rules for the disposal of human refuse can be 
kept, or until others shall have been provided by the sewer department to 
satisfy their requirement*

Form o f Certificate.
The undersigned, owner of house , No. , petitions the

department for permission to drain into the public sewers, in conformity 
with the accompanying plan, and pledges himself, for himself and heirs,

a. To pay to the department the assessments* which are made upon the 
proprietors by law or by statute.

b. To construct the proper works within his house and lot, in conformity 
with the general and particular specifications of the sewer department.

c. To remove cesspools, vaults, etc., from his lot, according to directions 
of the sewer department, immediately after completion of the drainage- 
system.

After the Croydon epidemic, Dr. Buchanan recommended 
that the sewers be entirely disconnected from the houses by

* Or, as we say, “ betterments.” No one in Frankfort is compelled to adopt the 
water-carriage system and connect with the sewers; but, if they do so, they must 
follow the rules. The number of houses for which drainage-systems were completed, 
was, in 1872, 885; in 1873, 1,345; in 1874, 1,960; in 1875, 2,958.



traps, and also by vents, in the manner described in the accom
panying cut.

If  a man-hole were built instead of the small air-passage, 
ready access to the drain and trap might always be had ; and, 
in our made land, this would supply a common defect by which 
early knowledge is not now got of the breaking of pipes by 
settling of the soil.

K i g . l .

Figure II. illustrates the same principle as carried out by 
Mr. Rogers Field of London. In both cases the draught is 
downward through the ventilator, the air passing out through 
the soil-pipe over the roof. These ventilating-shafts might 
not be available for the whole year in our climate, but freez
ing could easily be prevented by packing in winter.

A  represents the drain leading to the sewer. B  is the 
lower end of the soil-pipe. C is formed by two drains,—one 
from the kitchen and flush-tank, and the other an agricultural 
tile for draining the soil.

The disconnecting chamber is placed under the stairs, 
passing from the rear door of the house to the garden. The 
" open channel ” (see also Fig. III .)  is simply a half of a drain
pipe with its upper part entirely open, and would be repre-



sented in cross-section by a letter U. In this way, any sewage- 
exhalations that pass the siphon-trap are diluted and diffused 
in the open air, while a nearly constant circulation is produced 
through the whole length of the soil-pipe and out over the 
roof. There is no odor perceptible from the open channel.

t

It should be distinctly understood that carrying the soil- 
pipe through the roof should never be used as a means of 
ventilating the sewers ; it is simply for ventilating the system 
of house-drains, soil-pipes, etc.



In Figure III., a detailed ground-plan is shown of Mr. 
Field’s very thorough system of house-drainage.

A  represents a double ventilating-shaft, about ten feet high. 
B  is the flush-tank* for collecting kitchen-grease, etc. The 
disconnecting chamber and man-hole are represented on a 
large scale in Figure II. If  it be said that such precautions 
indicate an excess of care, it should be remembered that 
many persons are unwilling to leave a stone unturned, espe
cially where there are children or delicate persons, to have 
the sanitary arrangements of their houses as nearly perfect 
as possible.

In our large buildings, hospitals, asylums, hotels, etc., 
there is too often a lamentable deficiency of foresight and 
care in these respects. The general principle, so admirably 
carried out by Dr. Cowles in his recent work at the city hos
pital of Boston, to keep soil-pipes, water-pipes, drains, etc., 
as accessible as possible, where they may be seen at any time, 
cannot be too strongly recommended.

The cost of sanitary improvements, as compared with their 
value to the community, does not come within the scope of 
the present paper; but the whole matter has never been 
better stated than by the Army Sanitary Commission, that 
" the sooner the idea that stations are unhealthy because they 
are unhealthy is replaced by the conviction that an unhealthy 
station represents an annual loss far greater than the cost of 
improving it, the more certainly will striking differences in 
local statistics be equalized.”

* The “ flush-tank” has been described by Mr. J. Netten Radcliffe in the Second 
Report of the Medical Officer of the Privy Council and Local Government Board, 
pp. 230 et seq., and by Colonel Waring in “The Sanitary Drainage of Houses and 
Towns,” pp. 199 et seq.
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[ N o t e .—While this paper was going through the press, the 
report of a committee appointed by the Local Government Board 
of England to inquire into the several modes of Treating Farm 
Sewage, was received,—a most valuable document of which only 
the conclusions can be given here. Mr. Rawlinson, the chief engi
neering inspector of the Local Government Board, was a member 
of the First Rivers Pollution Commission ; Mr. Smith was secretary 
of the second commission.]

C o n c l u s i o n s .

1. Tliat the scavenging, sewering, and cleansing of towns are necessary 
for comfort and health; and that, in all cases, these operations involve 
questions of how to remove the refuse of towns in the safest manner and at 
the least expense to the rate-payer.

2. That the retention, for any lengthened period, of refuse and excreta in 
privy-cesspits, or in cesspools, or at stables, cow-sheds, slaughter-houses, or 
other places in the midst of towns, must be utterly condemned; and that 
none of the (so-called) dry-earth or pail systems, or improved privies, can be 
approved, other than as palliatives for cesspit-middens, because the excreta 
is liable to be a nuisance during the period of its retention, and a cause of 
nuisance in its removal; and, moreover, when removed, leaves the crude 
sewage, unless otherwise dealt with by filtration through land, to pollute 
any water-course or river into which such sewage may flow. We have no 
desire, however, to condemn the dry-earth or pail systems for detached 
houses, or for public institutions in the country, or for villages, provided the 
system adopted is carefully carried out.

3. That the sewering of towns and the draining of houses must be consid
ered a prime necessity under all conditions and circumstances, so that the 
subsoil water may be lowered in wet districts, and may be preserved from 
pollution, and that waste-water may be removed from houses without delay ; 
and that the surfaces and channels of streets, yards, and courts may be 
preserved clean.

4. That most rivers and streams are polluted by a discharge into them of 
crude sewage, which practice is highly objectionable.

5. That, as far as we have been able to ascertain, none of the existing 
modes of treating town-sewage by deposition and by chemicals in tanks 
appear to effect much change beyond the separation of the solids, and the 
clarification of the liquid. That the treatment of sewage in this manner, 
however, effects a considerable improvement, and, when carried to its great
est perfection, may, in some cases, be accepted.

6. That, so far as our examinations extend, none of the manufactured 
manures made by manipulating town’s refuse, with or without chemicals, 
pay the contingent costs of such modes of treatment; neither has any mode 
of dealing separately with excreta, so as to defray the cost of collection and 
preparation by a sale of the manure, been brought under our notice.

7. That town-sewage can best and most cheaply be disposed of and puri
fied by the process of land irrigation for agricultural purposes, where local 
conditions are favorable to its application, but that the chemical value of 
sewage is greatly reduced to the farmer by the fact that it must bo disposed 
of day by day throughout the entire year, and that its volume is generally 
greatest when it is of the least service to the land.
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8. That land irrigation is not practicable in all cases; and, therefore, other 
modes of dealing with sewage must be allowed.

9. That towns, situate on the sea-coast, or on tidal estuaries, may be 
allowed to turn sewage into the sea or estuary, below the line of low water, 
provided no nuisance is caused; and that such mode of getting rid of sewage 
may be allowed andjustified on the score of economy.

S. J. SMITH, A ss is ta n t.

(Signed) ROBERT RAWLIHSON.
CLARE SEWELL READ.

J u ly  21, 1876.


