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Warter SuPPLY OF ARLINGTON.

. Deseription of Works. — Population in 1885, 4,673. Works are
- owned by the town. Water was introduced in 1872. The source
of supply is a storage reservoir on North Brook, in Lexington : area,
31 acres ; average depth, about 8 feet ; capacity, 77,000,000 gallons ;
bottom, muddy. The drainage area is about 2,700 acres. A large
part of it is meadow land, and the remainder cultivated land and
pasture, with some wood land. There are very few dwellings on the
drainage area. A reserve reservoir, made by flowing Great Mead-
ows, in Lexington, to a slight depth, is drawn upon when needed.
Generally the water from this reservoir is allowed to flow past the
main reservoir into the brook below it. In 1876 ¢¢the water commis-
sioners, hearing many complaints about the quality of the water and
learning that some persons were relinquishing its use,” built a filter-
gallery near the upper end of the reservoir. In 1877 and 1883 ad-
ditions to the gallery were built, so that at the present time the
filtering plant comprises a gallery 235 feet long, on the shore of
{he reservoir near the upper end ; a gallery 150 feet long, beneath the
bottom of the reservoir, connected with the first by a smaller gallery
375 feet long ; and, finally, a gallery below the dam 98 feet long, con-
nected with the others by a brick conduit with plank bottom. From
the lust-mentioned gallery, water is drawn into the main supply pipe
to the town. Af some seasons of the year the galleries do not fur-
nish a sufficient supply for the town, and water is drawn directly from
the reservoir. Water is distributed by gravity. Distributing mains
and service pipes are of wrought iron, lined with cement. For ex-
tensions to distributing mains cast iron is now used.

Chemical Examination of Water from Arlington Filter Gallery.
[Parts per HO0.000.]
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Farm Pond had naturally a watershed of 1.008 square miles ;
but as the land on the westerly side of the pond was highly culti-
vated, an intercepting ditch and dike were built on the shore of the
pond, which cut off nearly one-half of the watershed, leaving 0.543
square miles. ~As the land is porous, much of the water from the
area diverted still finds its way by filtration into the pond. TUntil
July 9, 1886, all water from the storage reservoirs had to pass
through Farm Pond on its way to the city, except during a few
months in the latter part of 1881 and the early part of 1882. At
this time, on account of a very strong ‘¢ cucumber ” taste which had its
origin in this pond, it was drawn down and a temporary ditch was
constructed in the exposed portion of the bottom to carry the water
around the pond to supply the city. The bottom of Farm Pond, in
the shallow portions, is generally sandy, but in the deeper portions
much of it is muddy. The village of South Framingham is located
on the easterly side of the pond, and a considerable portion of it,
though less than ome-half, drains directly or by filtration through
the ground into the pond. A sewerage system for this village has
recently been built, which is intended to divert from the watershed
all sewage which now enters the pond. When the water from the
reservoirs passes through Farm Pond, its waters assume approxi-
mately the character of that in the reservoir from which it is
supplied.

Tteservoir No. I being shailow has not been used for supplying
the city, though the water is available if it should be needed.

Reservoir No. 2 was completed and filled in 1879, In the begin-
ning the loam was not removed from the reservoir; but in 1883 and
1884 a large amount of loam and other material was excavated so
as to give a minimum depth of not less than 8 feet, with steep slopes
all around the reservoir, many of them paved. In addition to the
excavation for the shallow flowage the loam and much of the muck
were removed from the deeper portions of the reservoir. A low
dam, submerged at high water, has been built across the reservoir
toward its upper end, to prevent the shallow upper end from becom-
ing bare when the water in the reservoir is drawn down. The
drainage area of this reservoir contains nearly all of the towns of
Westhorough, Hopkinton and Ashland, having a total population of
about 11,000 in 1885. It also contains a large area of swampy land,
which gives the water a brownish tinge.

!
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Lake Cochituate has within its drainage area of 18.87 square miles
two large ponds known as Dug and Waunshakum ponds, and portions
of the towns of Natick, Framingham, Sherborn and Wayland. Dug
Pond is the source of water supply for Natick, and will be deseribed
under Natick. Waushakum Pond is used as a water supply for the
Reformatory Prison for Women in Sherborn, and will be referred to
under Sherborn. The population of Natick in 1885 was 8,460, the
larger portion of which is within the Cochituate watershed. In the
town of Framingham the larger part of the village of South Framing-
ham, with a population of about 5,000, is included in the watershed.
In Wayland, the village of Cochituate, with about 1,200 inhabitants,
and in Sherborn a population of about 250 persons in the Reforma-
tory Prison for Women, together with a small population near the
village of South Framingham, are included in the watershed. Some
of the pollution from Natick enters the southern division of Lake
Cochituate through Pegan Brook ; while another portion goes into
Dug Pond and only enters the lake when there is an overflow from
this pond. From South Framingham, and a small population in
Sherborn, pollutions enter the southern division of the lake through
Beaver Dam Brook, which is the main feeder of the lake. Sewage
from the Reformatory Prison for Women is filtered through land, and
the effluent runs into the southerly end of Lake Cochituate through
Course Brook. Pollution from Cochituate village enters the northern
division of the lake from which water is taken for supplying the city
or wasted over the dam when there is a surplus. It is to be noticed
from the foregoing that the bulk of the pollution enters the lake at
its southerly end, and, owing to the size of the lake and its separa-
tion into divisions, a long time elapses before such pollution can
reach the entrance to the aqueduct. A sewerage system has been
built in South Framingham, designed to pump the sewage to a point
outside of the Cochituate watershed and there filter it throngh land,
but it was not put in eperation until after the period covered hy this
report. The watershed of Lake Cochituate is, as a rule, flat, sandy
or gravelly land. In the valley of Beaver Dam Brook there are
swamps and meadows of considerable extent. Just outside of the
watershed of Lake Cochituate is Dudley Pond, having an area of §1
acres and a small watershed. Water can be drawn from this pond
into the lake by means of a connecting pipe.

The Sudbury aqueduct, in its course from Farm Pond to Chest-
nut Hill Reservoir, passes through the watershed of Lake Cochituate ;
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Fresh Pond, the original source of supply, is a natural pond. Its
maximum depth is about 46 feet. The character of the bottom

~is variable, consisting of clay, gravel and vegetable deposits.

Many improvements have recently been made in the pond and
its immediate surroundings to make it a more satisfactory reser-
voir for the storage of water. Several ¢“ nooks” in which the water
was shallow have been cut off from the pond by means of dams, and
others have been deepened, so that practically the entire area of the
pond has now a depth of at least 9 feet at high water. In mak-
ing these improvements the area of the pond has been reduced
about 20 acres, and its present area is about 165 acres. The bound-
aries of the area contributing water to the pond are somewhat indefi-
nite, since much of the water entering the pound filters through the
ground from areas beyond the superficial watershed ; moreover, the

~ contributing area enlarges as the pond is drawn down. DBy the latest

estimates this area is placed at 569 acres. It contains a large

~ population.

Stony Brook storage reservoir was completed in 1887. Tt is
about 1} miles in length and one-fourth of a mile in width, The
shores are bold and rocky and the available depth of water in the
reservoir when full is 20 feet. Its area is 75 acres; capacity, 354,-
000,000 gallons; average depth, about 15 feet. The bottom and
sides were carefully cleaned by removing the mud or by covering
it with gravel, and by removing the trees, stumps and other objec-
tionable matter. About 80,000 cubic yards of mud were taken out.
The bottom is now of clay in some places and of gravel and bowlders
in others. There is practically no shallow flowage. The drainage
area of 21 square miles includes much of the area of the towns of
Weston and Lincoln, a considerable area in the city of Waltham,
and a very small one in Lexington. At the head of Stony Brook is
Sandy Pond, which is the source of the water-supplies of the towns
of Concord and Lincoln ; it has an area of about 152 acres. On a
small branch which enters Stony Brook below Sandy Pond is Beaver
Pond, which is said to have an area of about 20 acres. There are no
other large ponds in the drainage area. The region contains two hills
of considerable height, but is otherwise a gently rolling country,
containing a scattered farming population and a few small villages.
The total population is about 1,900, or 90 to the square mile.
There is no sewerage system in any portion of this area, and only
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tricts. About 1,000 feet nearer the city is a second distributing res-
ervoir, known as the Marshall Reservoir, which is at an elevation
of 212 feet above the city base. Its area is about half an acre,
its capacity is 1,000,000 gallons. The bottom and slnpcs are
ved Water is supplied from this reservoir to the low-service dis-
rict. In 1873 an additional supply of water became necessary, and
'n 14-inch cement-lined wrought-iron pipe was laid from a point just
above Shattuck’s Mill Pond on Falulah Brook to the conduit hetween
- Scott and Overlook reservoirs, and at the present time water can
be drawn into Overlook from either Scott Reservoir or Shattuck
Brook, or from both. In 1881 a small reservoir was built just
" below the dam of the Scott Reservoir, to catch the leakage from the
latter and divert it into the conduit leading to Overlook Reservoir.
Another reservoir was built in 1883 at the junction of Scott and
Falulah brooks. This reservoir, known as Fululah.Reservoir. receives
the water from Scott Brook, including that from the overflow and
- waste gates of Scott Reservoir, and also the water of Falulah DBrook,
“including the overflow and waste from Shattuck’s Mill Pond. Falolah
Reservoir is at an elevation of 235 feet above the city base. Its area
is 3.75 acres ; depth at dam, 20 feet ; average depth, 10 feet ; bottom,
gravel ; capacity, 20,000,000 gallons. There is very little shallow
flowage. Its drainage area of 2,227 acres, exclusive of that of Scott
Reservoir, is similar in all respects to the drainage area of that
reservoir. Since the storage capacity of Faluluh Reservoir is small
“in comparison with the extent of its drainage area, the water in it
must change entirely at short intervals in a year of average rainfall
this is in great contrast to Scott Reservoir, which has a drainage area
of but a little more than one-fourth that of Falulah, while its storage
e pauil‘.y is more than ten times as great. A 16-inch pipe from
“alulah Reservoir is laid to the city and connected with the low-
service system, so that Marshall Reservoir, being at a slightly less
lqvatmn than Falulah, is now supplied from the latter during the
greater part of the year. When necessary, however, water can be
_;',Fertef.-] into Marshall from Overlook Reservoir. Distributing mains
are of cast iron and of wrought iron lined with cement, there being
. about the same number of miles of each, but the cement-lined mains
| are being replaced with cast iron. Service pipes are of wrought iron
_ lined with cement. The report of the Water Commissioners for 1878
 mentions that numerous complaints of a fishy odor and taste in the
'1" ater were made in August of that year. A similar trouble has
curred several times since that- year, but has lasted only a few
5 at a time.
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undoubtedly has a favorable effect upon the character of the river
water at the latter place. The water supplied from Lake Winni-
piseogee is of excellent quality ; and the quantity in summer is much
larger in proportion to the drainage area than that supplied by other
tributaries. The Nashua and Concord rivers discharge into the
Merrimack River water which is inferior in quality to that of the
main stream, and have respectively about one-eighth and one-
tenth as much drainage area as the main river at Lowell.

Lake Winnipiseogee is fed mainly by small streams flowing from
the hills and mountains about it. It has an area of 71§ square
miles, and its shape is very irregular. Several long bays or arms
extend from it, and it contains a great many large and small islands,
so that it has a very extended shore line. Its level is controlled by
the dam at Lake Village, and it can be drawn down four feet below
the top of the dam.

The sample at Nashua is taken from the Merrimack just above the
mouth of the Nashua River, and, consequently, does not contain
any of the sewage or manufacturing wastes from this city. The
river has, however, above this point, received the sewage of Man-
chester and Concord, N. II., situated respectively 16 and 34
miles up the river. The next sampling point is a short distance
above the dam at Lowell, 14 miles below Nashua, and directly
opposite the inlet of the Lowell Water Works. Samples were
taken at this place from the river, and were also taken from the
inlet chamber of the Lowell Water Works, where the water comes
directly in from the river. Other samples were taken at Central
Bridge, Lowell, below where the river receives a part of the sewage
of the city, and much manufacturing waste from the mills on its
banks. There is no opportunity to collect a fair sample imme-
diately below the city, on account of the rapids known as Hunt’s
Falls, where the river descends about 11 feet. The next sampling
place was therefore located four-fifths of a mile above the dam of the
Essex Company at Lawrence, and directly opposite the intake of
the Lawrence Water Works. This point is 9 miles below Lowell,
which is a sufficient distance to permit the sewage discharged into
the river at the latter place, on the southerly side of the stream, to
be thoroughly mixed with the water in all parts of the stream. The
remaining places at which samples were taken regularly are below
Lawrence, one and three-eighths miles below the dam, and above
Haverhill. The former point is so near Lawrence that it may be
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supply for the large population in and about Boston. These por-
tions have received special attention with regard to the analyses of
the waters, and will be described in some detail.

The city of Fitchburg had in 1885 a population of 15,375, and
the town of Leominster, five miles below Fitchburg, a population
of 5,297, making the aggregate population in these two towns which
drain into the north branch 20,672. The population of these
towns in 1888 is estimated at 25,500. The city of Fitchburg has
many sewers which discharge directly into the river. The town of
Leominster discharges some sewage into Monoosnoc Brook, a tribu-
tary of the north branch. This brook has a fall of over 130 feet,
which is fully utilized for power, and it consequently receives much
manufacturing sewage.

The fall of the river in the towns of Fitchburg and Leominster is
about 300 feet, nearly all of which is utilized for power by mills
of various kinds from which the manufacturing wastes and sewage of
the operatives are turned directly into the stream. Below Leomin-
ster down to the junction of the branches the stream has much less
fall and receives comparatively little polluting matter.

The town of Clinton had in 1885 a population of 8,945 and in
1888 an estimated population of 9,700. The larger portion of this
town drains naturally into a small tributary of the south branch,
known as Coachlace Brook, upon which is also located the extensive
works of the Bigelow Carpet Company. A smaller portion of the
town drains directly into the south branch in the vicinity of the
Lancaster Cotton Mills. During the time in which the analyses given
in this report were being made, the sewage from a large part of the
population in the valley of Coachlace Brook, and the wool washings
and other manufacturing wastes from the works of the Bigelow
Carpet Company were turned either directly into the brook or into
a mill pond upon it known as Counterpane Pond, making them
very offensive. An intercepting sewer has since been built to divert
the sewage from the brook and carry it to the river.

The Lancaster Cotton Mills employ about 2,000 operatives, and
all sewage and manufacturing wastes from the mills and some sewage
from the houses belonging to the company are turned directly into

the stream.
~ The population in the valley of the river above these mills is small,
amounting in 1885 to but 72 persons per square mile. Water for
use in the mill and the houses in the vicinity is pumped directly
from the river.






1889.]  WATER SUPPLY AND SEWERAGE. 471

~ chlorine, and nitrogen as nitrites at each point is shown on the map
~ on page 472, the figures given heing in many cases averages
- of several samples. At the time the special examination of the
river was made, the flow of the river was small, but it was by no
means an unusually low dry weather flow. The examinations in the
vicinity of Clinton and at the mouth of the branches were made on
Monday, and the results may differ somewhat from those which
would be obtained later in the week, on account of the unusual
conditions which exist on Sunday when the water of the river is held
back to a large extent in mill ponds.

The four samples above Fitchburg serve to indicate the character
of the water of the north branch before polluting material has been
turned into it at Fitchburg. The samples collected below Fitchbure
indicate the character of the water after receiving the domestic and
manufacturing sewage of this city. The samples collected at North
Leominster show, by comparison with those taken above, the change
that has taken place in the character of the water after flowing about
two miles with a sluggish current and being diluted with about 30
~ per cent. of its volume of comparatively pure water. In like
manner the samples from the mouth of Monoosnoc Brook show the
extent to which this stream is polluted ; and those taken near the
mouth of the north branch show, by comparison with those taken
next above, the change in the character of the water due to flowing
ten miles and being diluted with the flow from 57 per cent. more
drainage area.

The samples from the south branch at Cunningham’s Bridee,
above Clinton, represent the water of this stream where it has
received only a comparatively small amount of sewage and manu-
facturing refuse; those taken above the mouth of Coachlace Brook
were affected by the Lancaster Mills and a small portion of the
population of Clinton; while those taken near the confluence with
the north branch were affected by all of the sewage and manufacturing
wastes turned into the stream at Clinton. The samples from Coach-
lace Brook at its mouth were affected by the sewage of a large part
of Clinton and that of the Bigelow Carpet Company.

The samples collected from the main river above Nashua represent
the chavacter of the water as it leaves the State and before any
sewage has been turned into it at Nashua.

The examinations of the water of the south branch above Clinton
show that it is naturally a very good, soft water, having compara-
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range, being high and steep. Between Norwood and Hyde Park,
ﬁhe river for more than seven miles meanders with a sluggish cur-
- rent through very extensive meadows and swamps which are gener-
~ ally wet throughout the year. ' There are also swamp and meadow
. lands ip other portions of the watershed and several large ponds,
- which store considerable water and tend to keep up the dry weather .
flow of the stream. The total storage capacity is, however, com-
paratively small, and the stream becomes very low in dry seasons,
The fall of the stream is considerable, being over 260 feet from
Neponset Reservoir to its mouth, a distance of 25 miles; by far the
greater part of this fall occurs above the great meadows.
The water of the river is not used directly for domestic water
supply, but the Hyde Park Water Company obtains water for sup-
plying the town from tubular wells driven near the river a short
distance above the mouth of Mother Brook.
Above these wells the river drains an area of 94.8 square miles,
‘which contained in 1885 a population of 15,270, equal to 161 per-
sons per square mile. Below this point the population is much
more dense, and is growing rapidly on account of its proximity to
Boston.
The valley contains the whole or a considerable portion of nine
cities and towns, eight of which have public water supplies. None
of them, however, have public sewers except Boston, which has in
the aggregate five miles in the Dorchester District discharging
directly into the tidal portion of the river.
~ Careful examinations of the valley, with reference to the pollution
of the streams, were made by the State Board of Health in 1875,
and by the Massachusetts Drainage Commission in 1885. The
results of the former are given in tue Seventh Annual Report of
the Board, January, 1876, pp. 89-97; and the latter in the report
- of the Commission, pp. 76-95. These examinations show that the
- water power of the streams has been quite completely developed and
that there is a very large amount of manufacturing, particularly in
the upper portions of the valley, in proportion to the size of the
streams ; also, that the factories in many eases discharge much
- objectionable refuse.
The following table, compiled from the report of the Commission,
gives a summary of the manufacturing in the valley in 1885 : —
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; @Mﬁ showing the Flow of the Neponset River af the Mallapan and Sumner Mill,
N Matlapan.
' Day on “lrfh:i' mﬁi"" Avu‘ll'u.g? Flow
'I'hiﬂ;lz.:mpln ulfl HILIE“I.I i kaﬁrg TS
MONTH. colleeted fop | the Sample was fior
Analysis oollacted. the Month.
stHyde Park.| oo per see. | Cu. b per sec,
1887,
Detober, - : 1 133 154
November, . . 9 133 139
December, . . o 12 152 158

. Nore.— The drainage area t:r:f the Neponset River at Mattapan is 100.3 square miles; one-third the
uﬂ. of the Charles River at Mother Brook 1s 04.2 square miles, making the total drainage area at Matta-
pan 166.5 square miles whenever one-third the water of Charles River is being drawu through Mother
Brook.

SHaAwsHEEN RIVER.

The Shawsheen River is formed about one mile east of the village
of Bedford by the confluence of several brooks which rise in Lex-
ington and Lincoln, and flows thence in a generally north-easterly
direction to the Merrimack River, just below the city of Lawrence,
draining a territory of 75.4 square miles. This territory is flat
in the middle portion and rolling or even hilly near the sources and
along the lower portion of the river. The soil is generally sand or
gravel. Through the flat territory the river is bordered for a long
distance by meadows or swamps, and its flow is very Elugﬂ‘l-::fl

Above Ballardvale, which is nearly seven miles by the river from
~ its mouth, there is little or no manufacturing, while at and below
this place the river has considerable fall which is fully utilized for
power. There are few ponds on the watershed and its dry weather
flow is small.

The portion of the river above the crossing of the old Middlesex
Canal, which is just above the Boston & Lowell Railroad, has been
proposed as a source of water supply for Boston and cities and
towns in its vicinity ; but authority to take it has not yet been
granted by the Legislature.

The following table gives statistics of drainage area and popula-
tion at the old Middlesex Canal uand at the mouth : —

IMstance Drain
above Mouth el P“p]ﬁ"’”" I*nplrﬁum
Miles. | Sq Miles, | 20 |SquareMile.
At 01d Middlesex Canal crossing, . . .« . 12 3.1 3,310 o7
At Mouth, Lawrence, . . - i . . 4 1] Th.4 11,152 148
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i Microscopical Examination.
LR
Feh. BMar. Apr. May.
1. Bloe-green Algm, . i " . . & e Ty . 0.0 0.0 0.0 0.0
E' ‘mhr Alﬂ' L] - - L - - - - - - n'a Prl u‘z u'u
;! huﬁl L 3 | ] L ] ® L] ® - L 3 1] * #* ﬂ!n G'ﬂ Diu u'q
4. Animnl Forms, A ey o e At | e 0.0 0.0 0.0 0.0
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TavnToNn River.

The Taunton River basin occupies the larger part of the south-
eastern portion of the State. The river is formed by the confluence
of the Town and Matfield rivers, about two miles east of the village
of Bridgewater, and flows thence in a circuitous course to Mount
Hope Bay at Fall River, its general direction being a little west of
south. The lower portion, from East Taunton to the mouth, a dis-
tance of 20 miles, is affected by the tides.

The watershed of the Taunton River is for the most part remark-
ably flat and contains no important elevations, the highest points
being at the divide between it and the Neponset. It is, as a whole,
well wooded. On the upland pine trees are the most abundant,
while in the swamps a heavy growth of cedar is frequently found. .
The swamps are numerous, and in some cases very extensive, so
that they give the water a deep brown color. There are many
ponds and reservoirs on the watershed, a few of them being very
large, and they serve to increase the dry weather flow, particularly
in the Nemasket River and in the main river below it.

The amount of manufacturing in the basin is large, but more of it
is done by steam than by water power. The principal manufactures
are boots and shoes and metallic and cotton goods; consequently
the amount of manufacturing sewage turned into the streams is not
very large. Most of the water power is upon the tributaries, as
there are but two falls on the main river, one at East Taunton and
the other fifteen miles up stream at Paper Mill Village, Bridge water.
The mill pond formed by the lower dam extends nearly to the upper
one,

The Taunton River basin was examined by the State Board of
Health in 1875 with reference to the pollution of the streams, and
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graduated flask (after rinsing with the same water) for the deter-
mination of the free and the albuminoid ammonia. In the case of
surface waters, and all waters which are not perfectly clear, a
~ portion, about 900 c.c., is next filtered through a large plaited
filter of Swedish paper which has been previously thoroughly washed
with water free from ammonia. Of this filtered water 500 c.c. are
used for albuminoid ammonia, and smaller portions for the deter-
mination of the dissolved solids and color. Portions of the original
sample are also taken out promptly for the determination of the
nitrites and nitrates. The bottle with the residue of the original
sample is now put on a table which is covered with a white cloth
or paper, before a window. Here it stands over night and the
next morning it is inspected for the turbidity and sediment. After
this inspection a portion is taken for the determination of the
chiorine, hardness, ete.

It is important that the odor and the amount and condition of the
nitrogen should be determined as soon as possible after the sample is
received, since the nitrogen compounds are in some waters liable to
change, and it is largely upon the condition in which the nitrogen
exists in the water that our opinion of the sanitary quality is based.
If a sample of water is received at the laboratory too late in the day
for examination, it is put in an ice-chest over night to hinder or
retard change. In the determination of the mineral contents of the
water the delay of a day or two is not of much consequence.

DETERMINATION OF THE FREE AND ALBUMINOID AMMONIA.

The apparatus for the determination of the ammonia consists of
a round-bottomed flask of a capacity of 900 c.c., with a neck five
inches long, and an ordinary glass condenser. The interior glass
tube is three-eighths of an inch internal diameter, and is in contact
with the condensing water for one foot ten inches. The flask is
closed by a cork carrying a glass tube, bent nearly at right angles,
which slips for about four inches within the condensing tube. A
tight joint is easily and quickly made by means of a large cork, about
one and one-fourth inches in diameter, permanently and tightly fitted
on the bent tube, with a depression cut into one end, into which the
end of the condensing tube fits. This large cork serves the double
purpose of making a tight joint with the condenser and also as a
convenient means of handling the small glass tube., When the cork
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ammonia. The usual practice is to nesslerize 200 or more distil-
lates and the standards at the same time.

Standards for reading the colors for nesslerization are made, con-
taining the following amounts of the standard ammonium chloride
solation, namely, 0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.9, 1.0, 1.3, 1.5,
1.8, 2.0, 2.3, 2.5, 2.8, 3.0, 3.5 and 4.0 c.c. All the members of
this series are made at one time ; should any error be made in any
one of the standards it would be easily detected in the irregularity
of the depth of color.

As far as possible the results of each day’s work are read at one
time with one set of standards, which should not, however, be used
after three hours from the time they are prepared. They some-
times fade before this time, a fact which will be recognized by an
experienced eye. The permanency of color produced by nessleriza-
tion depends somewhat upon the sensitiveness of the reagent ; the
more quickly the color is produced, the less its permanence. This
fact must be borne in mind in making the Nessler solution, and
each time a quantity is prepared it must be compared with that
in use to see that it agrees in depth of color produced and in
sensitiveness. For the measurement of quantities above 4 c.c. of
the standard ammonium chloride solution it is often convenient to
use a pair of Hehner’s colorimeters, matching the colors by running
off a known portion of the solution having the deeper color. In
using this method it is important to use a standard not differing
much from the distillate to be tested, since the depth of color pro-
duced by nesslerization is not directly proportional to the amount of
ammonia. For instance, the depth of color produced by nessleriz-
ing 10 c.c. of ammonia solution is more than twice that of 5 c.c. in
the same bulk (say 100 c.c.) of water, and a reduction of the
height of the column of liquid to one-half of the stronger solution
will not reduce the depth of color to that produced by 5 c.c. of the
ammonia solution.

The importance of having uniformity of temperature of the solu-
tions to be tested and the standards, is essential. In winter time,
when the temperature of the distillates is much below the tempera-
ture of the room, a considerable time must elapse before equality
of temperature is reached. On this account, and owing to the
shortness of the winter days, it is well to let the distillates remain
in the tubes over night, protected from dust, before nesslerization.
If an immediate reading is required, it is necessary to bring distil-
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. Since the greater part of the ammonia comes over in the first portion
of the distillate, it is well to have a little dilute hydrochloric acid in
the condensing flask.*

In carrying out the operation, the most scrupulous care must be
observed in preventing access of ammonia from any source. The
acid solutions will absorb ammonia from the air of the laboratory or
from the dust of the room if they are allowed to remain uncovered
for any length of time. This source of error has been found at
times to be very large; quite enough to render a determination
valueless. One experiment gave a gain of ammonia in twenty
hours, by leaving the flask which contained the concentrated sul-
phuric acid uncovered, equivalent to 0.5 c.c. of the standard am-
monium chloride solution, and at another time the gain was 3 c.c.
This was in a room from which ammonium hydrate is carefully
“excluded.

The operation should, therefore, be carried out without interrup-
tion, in a place free from dust, and for every determination, or set
of determinations, a blank analysis with ammonia-free water should
be made for a correction for the ammonia in the reagents and that
accidentally introduced in the process. :

We have not found that the presence of nitrates and nitrites in
waters interferes with the accurate determination of the organic
nitrogen. The error which has been found by Kjeldahl and War-
rington to be cansed by nitrates in the determination of organic
nifrogen seems to disappear under the conditions of great dilution
which we have in natural waters,

As the result of many hundred comparative determinations of
organic nitrogen and albuminoid ammonia in patural waters, we
have found that the total nitrogen is about twice the nitrogen of
the albuminoid ammonia, as we determine it.+

DETERMINATION OF THE NITROGEN A8 NITRITES.

Warrington’s modification of the Griess method is used for the de-
termination of the nitrites.; The process consists in adding to the
water to be tested two or three drops of hydrochloric acid (strong

* This acid should be free from ammonia : one e.c. of the acid is equivalent to 0.5 milligram
of ammonia.

+ See paper on  The Determination of Organic Nitrogen in Natural Waters hy the Kjeldahl
Method,” by Thomas M. Drown and Henry Martin, Technology Quarterly, February, 1887;
Chemical News, vol. 59, p. 272.

1 Berichte d. dent. chem. gesellsch XI. 624; Jour. Chem. Soc., 1881, p. 231.
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contents go to dryness. Usually 250 c.c. are evaporated to 25 c.c.
and the titration made in the same dish. To guard against loss of
chlorine in the evaporation, a small quantity, say 20 milligrams, of
sodium carbonate may be added to the water ; this amount does not
interfere with the accuracy of the titration. Before the titration is
made, the sides of the dish above the liquid must be washed down
with distilled water free from chlorine, and rubbed with a feather or
rubber ; washing alene will not dissolve all the chlorides which
adhere to the sides of the dish. When the amount of chlorine is
very low, a known amount of salt added to the liquid facilitates the
titration by making more definite the determination of the end
point.

Brown surface waters must be decolorized before titration. This
is conveniently done by adding a small amount of aluminum hydrate
to the water, or by adding a solution of alum and then sodium
carbonate, filtering off' the precipitate, or decanting the clear fluid
after the alumina has settled. If the water is brought nearly to
boiling with the alumina, the latter will settle more promptly.

The volume of liquid in which the chlorine is determined has an
effect on the amount of silver solution used in the titration — the
larger the volume, the greater the amount of silver used for the
same amount of chlorine present. This has been studied by Mr,
Allen Hazen of the Lawrence Experiment Station, and the reader is
referred for a statement of his results to the second volume of this
report.*

Tue DeTERMINATION OF THE RESIDUE OF EVAPORATION AND

Loss ox IGNITION.

The evaporation to dryness on a water bath of a known volume of
water in a weighed platinum dish, and subsequently heating the dish
to a temperature of 100° C. in an air bath, gives the total weight
of the organic and inorganic matter contained in the water. On
igniting this residue the organic matter is burned off and the residue
consists of the ¢ fixed solids.”

This ¢ loss on ignition” was, before the introduction of modern
methods of water analysis, the only method of determining the
organic matter in water. Since it has been shown that this loss on
ignition, as ordinarily obtained, is valueless as a determination of

+ @ See also paper on * The Determination of Chlorine in Water,” by Allen Hazgn, Am. Chem.
Jﬂﬂl‘i, Yﬂi. xI-' pl MI
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without the addition of sodium carbonate, so that the results shall
be ecomparable with those obtained by other chemists,

DETERMINATION OF THE HARDNESS.

The hardness of the waters has been determined, during the time
covered by this report, by the soap method of Dr. Clark, as given
in Sutton’s Volumetric Analysis, 5th edition, page 363. The results
are expressed in terms of an equivalent amount of carbonate of lime
in parts per 100,000.

DeTErMiNaTION OF THE ObDOR.

The odor of the waters is obtained by shaking violently the water
in one of the large collecting bottles when it is about one-half full,
then removing the stopper and quickly putting the nose to the
mouth of the bottle. An odor can often be detected in this way
which would be entirely inappreciable if the water were poured into
a tumbler. The odor which is given off when a water is heated is
sometimes the same as the odor of the water when cold, sometimes
it is different. Our practice in getting the hot odor is to heat on
an iron plate about 200 c.c. of the water in a beaker of 500 ec.c.
capacity covered with a watch glass. The water is quickly heated
until the air bubbles have all been driven off and the water about to
boil. The beaker is then taken off the plate, and, after cooling for
about five minutes, it is shaken by a rotary movement, the watch
glass removed and the nose put inside the beaker. It is only for an
instant, as a rule, that an odor can be perceived.

DerErMINATION OF THE COLOR.

Most of the surface waters of the State have a yellowish-brown
color more or less pronounced. The tint corresponds, particularly
in the lower grades, very closely to that of nesslerized ammonia, so
that the standards for reading the ammonia can be used also for the
determination of the color. The comparison is made in the same
kind of 50 c.c. tubes that are used for the'ammonia determinations,
but the tubes used for this purpose are kept separate from those
used for the ammonia, since the least amount of alkali remaining in
a tube (if imperfectly washed), alters the color of the water. The
scale used corresponds with the amount in the standards. Thus a
color of 1.0 is that corresponding to the nesslerization of 1 c.c. of
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Students of sanitary science have attempted to establish certain
standards of purity of water based on the determination of nitrogen.
These standards express limits for organic nitrogen, or albuminoid
ammonia, free ammonia, nitrites and nitrates, beyond which the water
contaiving them should not be used for drinking. Some of them have
the sanction of sanitary congresses, and some are merely the expres-
sion of individual opinion. The application of these standards of
purity has condemned many waters which were certainly unfit to
drink, but it is equally certain that many wholesome waters have been
thereby also rejected. The fallacy involved in making ¢¢ standards
of purity ” based upon the organic nitrogen, ammonia, nitrites and
nitrates, is apparent when we consider that these substances are
not injurious in themselves, at least to the extent which they are
found in natural waters, and that the presence of any one of these
substances in water does not in itself necessarily carry with it any
indication of its origin. These standards are relics of days in which
the harmfulness of a water was supposed to be the direct result of the
injurious action of specific substances found in it. The theory of
to-day is that it is (in the large majority of cases) to the presence
of miero-organisms in water that its harmful influence is due, and
that the results of chemical analysis have their highest value in the
light that they throw on the quality of the water from the stand-
point of bacterial contamination. The use to which these determina-
tions should be put, therefore, is to discover if possible the origin
and history of the nitrogen compounds in the water. The study of
the long series of results obtained in the analysis of waters of the
State of widely different character and surroundings, together with
the results obtained at the Lawrence Experiment Station of sewage
purification by intermittent filtration, has broadened our views of the
subject and has enabled us to break away from many of the tradi-
tions which have hitherto controlled the opinions of sanitarians.

To determine whether or not a water has been polluted by sew-
age, a chemical analysis is sometimes insufficient — sometimes it is
superfluions. It does not need a chemical examination to decide
whether a stream has been polluted by sewage when one can see
the sewage flowing into it. In such case the determination of the
nitrogen compounds is useful merely in the light which they throw
- on the amount and condition of the polluting material. There are
many situations, however, particularly in ground waters the course
of which may not be definitely known, where the results of chemical
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itself that decomposition of organic matter going on in water may

. give rise to some of these poisonous compounds. While the idea
is not inherently improbable, it yet lacks proof, and in the present
state of our knowledge of these compounds it would seem incapable
of confirmation except perhaps in a water so grossly polluted that
it could not be classed with drinking waters.

3. The presence of micro-organisms in the water. All processes
of decay or oxidation of organic matter going on in nature are
accompanied by the vital activity of bacteria, and it is believed that
the decay is the direct result of this activity. The bacteria which
are the active agents of this oxidation, in which process organic
matter is converted into mineral matter, are not known to have any
injurious effect on the human system. It is conceivable, however,
that when they are very abundant and active, as they must be in
cases of active decomposition, the products of their life pro-
cesses may exert an influence on the human system that would be
inappreciable when their numbers are smaller. Again, in cases of
active decomposition it may well be that other bacteria may be
present besides those engaged in the oxidation of the carbon,
hydrogen, and nitrogen of the organic matter, and that these may
not be innocuous to health. It is supposed that each ptomaine is
the result of the activity of a specific bacterium. Herein lies the
possibility of danger greater than that involved in the formation of
the ptomaines themselves ; namely, the multiplication in the system
of these specific bacteria accompanied with the generation of a
large amount of poisonous compounds.

The presence of the waste products of human life in drinking
water has long been recognized as the most serious of all forms of
pollution, Instances of the harmful effect of drinking the waters
of sewage-polluted streams and of wells contaminated with house
drainage are sufficiently numerous to leave no doubt as to this
causation of disease. In such cases, it must be borne in mind, we
are dealing not only with the excreta of healthy persons but also,
it may be, of the sick. In seeking for the cause of this harmful
effect of sewage-polluted water, we find the most ready explana-
tion in the presence of germs of disease. That illness should
be caused by products of decomposition, of urea or the like, pre-
supposes an amount of the substances which is rarely found in
water which is acceptable for drinking. The sense of taste and of
smell, it is well known, are no efficient safeguards against drinking
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will in time be provided with them. When these improvements
are completed, and the sewage is disposed of outside the drainage
area of the Boston waters, the chlorine will sink to a point nearer
the normal, even though the population on the area should increase.

In the determination of the nitrogen compounds in surface waters
we have the indication of the amount, kind and condition of the
organic matter which they contain — it may be in the form of living
vegetable or animal organisms, in the form of soluble matters of
vegetable or animal origin which the water has dissolved, or in the
form of oxidized products of organic matter previously existing in
the water, As already mentioned, four conditions of the nitrogen
are determined, namely, albuminoid ammonia (organic nitrogen),
ammonia, nitrates and nitrites.

Albuminoid Ammonia.— This represents the nitrogen which exists
in organic combination before decomposition has set in. As deter-
mined in our usual practice, it is, in amount, about one-half of the
ammonia which the total organic matter would be capable of yield-
ing. The indication which this determination gives of the total
amount of organic matter present in the water depends on the
character of the nitrogenous matter. If we suppose it to be animal
matter, like albumen, which contains about 16 per cent. of nitro-
gen, the total organic matter would be approximately determined by
the formula A X 14 x 2 x 6}, where A is the amount of albuminoid
ammonia which the factor 14 reduces to nitrogen ; double this amount
of nitrogen is the total organic nitrogen, and 6} times this amount
is the total organic matter, which is assumed to contain sixteen
per cent. of nitrogen. In cases of vegetable matter, such as sus-
pended algee or the brown matter dissolved from grass and leaves,
the percentage of nitrogen is very much less, consequently the total
amount of organic matter represented by the albuminoid ammonia
would be very much larger.

The determination of albuminoid ammonia does not in ¢self con-
vey any information as to the character of the organic matter in the
water. Standards of purity based simply on the amount of albu-
minoid ammonia are of little or no value, since it is the quality of
organic matter rather than its quantity that immediately concerns
us.

A good illustration of this statement is found in the comparison
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ammonia of the water for two years was .0238, and nitrogen as
nitrates, .0496 parts per 100,000.

But there are many other conditions which influence the develop-
ment or disappearance of ammonia in natural waters which must
be taken into consideration. One of the most important of these
is the circulation or stagnation of the water in lakes or reservoirs.
As the atmosphere becomes colder, about the first of November,
a downward current sets in from the surface, which descends to a
depth where the water has the same temperature as the surface.
In deep lakes of 40 feet or over, the temperature at the bottom
is, in this State, about 45° F. the year round, so that the tempera-
ture of the surface must sink below this point before the whole
body of water is in circulation. On the return of warm weather,
when the surface of the water is heated by the atmosphere, circu-
lation, due to differences in temperature, stops, and there would be
complete stagnation if the wind did not turn the water over. This
action of the wind does not extend below a depth of about 20 feet,
consequently there is, in bodies of water of greater depth, a mass of
stagnant water below this level which can only receive a limited
amount of air through the contact of the water above it. When
this mass of stagnant water contains much matter capable of under-
going decomposition, or when the bottom of the lake or reservoir
is composed of mud full of organic impurities, this lower layer of
water becomes very foul. Water drawn from near the bottom of
such lakes contains, besides much ammonia, usually a large amount
of offensive gases, such as sulphuretted and carburetted hydrogen,
while dissolved oxygen is completely absent. In foul water of this
character the varieties of animal and vegetable life which we find in
the water nearer the surfice are almost if not altogether absent,
and bacteria are abundant.

It is easy to see how it is that the waters of some deep lakes
show a decided increase of ammonia in the late fall and early winter,
when the advent of cold weather puts these deeper layers into circu-
lation. That these changes take place as deseribed has been proved
by determinations of temperature, together with chemical analyses
of waters, taken at different depths in Jamaica Pond for a period of

" a year. The details of this investigation will be found in another
place. Occasional examinations of samples of water taken during
the summer near the bottom in other deep lakes have shown a like
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to suspect the presence of disease germs apart from the organic
eontamination of the water, there is no necessary connection between
the oxidation of the organic matter and the death of the dis-
ease germs. To decide, therefore, whether the nitrates in a water
indicate danger we must know the origin of this nitrogen. The
nitrates in normal waters represent simply one stage of the cycle of
change of nitrogenous matter ; the nitrogen we find as nitrates was,
it may be, a few hours before in organized matter and a few hours
later may be again a part of a living organism. It is as much a
source of life as a product of decay. The total nitrogen of a body of
normal surface water is distributed differently at different times ; at
one season it is mainly in the form of organic nitrogen, at another it
may be in the form of ammonia, and again at another in the form of
nitrates. If we leave out of consideration those exceptional cases
where decomposition goes on at great depth with insufficient oxygen,
we do not certainly know whether the condition of the nitrogen in a
normal water has any sanitary significance. Still we are probably
right in supposing that the two extremes—namely, nitrogen in a
stable organic condition and nitrogen as nitrates —are the most favor-
able sanitary conditions, and that the intermediate stages—namely,
ammonia and nitrites, representing the condition of change of
organic matter — are less favorable, since they indicate the presence
of the active agents of this change and also perhaps the accumulation
of the products of decay.

Let us suppose that, in the sewage which flows into a stream, we
have, besides much decomposing animal matter, the bacteria of a
specific disease. The water, when freshly contaminated with this
sewage, gives evidence, in the free ammonia, of recent poliution, and
we may then reasonably suppose that there would be great danger
in drinking the water. After many miles of flow of the stream, the
free ammonia will perhaps have disappeared and the water will
show an increase of nitrates from its oxidation. The specific germs
have had (probably) nothing to do with these changes and the only
bearing that chemical analysis has on their presence or absence in
the water is the indication it affords of the time that has elapsed
since the sewage entered the stream and the amount of dilution.

““Previous sewage contamination,” a term proposed by Frank-
land, expresses well the significance of the nitrates in such a case:
but the extension of this idea, namely, that ¢‘once polluted is
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- The extremes, however, are very far apart; the lowest being
.00004 parts per 100,000 in the water of Lake Pleasant and the
highest .00162 in the water of Mystic Lake, a relation of 1 to 40,
In this respect the nitrites resemble the free ammonia, which in this
set of twenty-four waters varies widely. Thus the lowest free
ammonia is 0005 for Watuppa Lake and the highest .0235 for
Mystie Lake, or 1 to 47. In contrast to this wide variation of the
nitrites and ammonia is the more limited range of the nitrates,
which vary from .0034 in the water of Scott Reservoir in Fitchburg
to .0496 in Mystic Lake, or as 1 to 15.

Notwithstanding the very small amount of nitrogen as nitrites in
surface waters, even those which are considerably polluted, its
presence is of great significance. It will be seen from the table that
only four of the waters have an average contents of nitrogen as
nitrites over .0004, and these are known to receive, directly or
indirectly, considerable drainage ; and the two waters which are over
.0010, namely, Horn Pond and Mystic Lake, receive sewage directly
in eonsiderable quantities.

The difference between the warmer and the colder months is not,
as a rule, so marked in the case of nitrites as in that of nitrates
and free ammonia; the significance of the nitrites as an index
of pollution is, therefore, less dependent on the season of the year.

When we speak of a water having ¢ high” nitrites, we have in
mind the general low contents of nitrites in surfuce waters. The
actual amtount which would be called ¢¢ high” in this case might be
low if applied to ammonia or to nitrates. Thus .0010 parts in
100,000 of nitrogen as ammonia we would call ¢ low ;” as nitrites it
would be ¢ high,” as nitrates ¢ very low.”

High free ammonia and high nitrites together are characteristic of
recent pollution, and when they are uniformly high in a surface
water they point to continuous pollution. In connection with
chlorine above the normal they afford complete proof of sewage con-
tamination, When, however, the chlorine is not much above the
normal in waters which show high free ammonia and nitrites, the
inference to be drawn from these products of decomposition is that
we have to do with pollution from farm yards or from manured
fields; a distinction which it is frequently very important to make.

On the maps of the Hoosac, Housatonic and Nashua rivers (pages
423, 431, 472) are given the results of special examinations of the
:wnt-er of these streams below points of known pollution by sewage.
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Warrington gives the average amount of ammonia in the monthly
‘rainfall at Rothamstead in England as 0.0425 part per 100,000, which
is equal to 2.4 pounds of nitrogen on the acre with a rainfall of 30.22
inches, The amount of organic and nitric nitrogen in rain is not
insignificant, but it seldom equals that in the form of ammonia.

- When rain, particularly that first falling, is collected in a clean glass
bottle, it is seen to be quite dirty. In cities where the air is full of
soot this is very marked, but even in the open country the floating
matter in the atmosphere is considerable. At the close of a pro-
tracted rain, the water may be nearly or quite clear, since the air has
then been washed clean ; and the ammonia is also less than at the
beginning of the rainfall. A part of the ammonia in the rain water
has its origin in the direct formation of ammonia from the nitrogen
of the air and the hydrogen of the watery vapor, but its main
source is undoubtedly in animal exhalations, fine particles of organic
dust, gaseous products of decay, etc.

Although the amount of ammonia in rain water is often quite
large, yet the effect of any one rainfall on the amount of the
ammonia in large bodies of water is scarcely noticeable. In the
case of streams the effect of heavy rains in washing the banks and
stirring up the bottoms would probably influence the amount of
ammonia in the water more than the ammonia contained in the
rain itself. In the rapid melting of large bodies of snow during the
spring it is not unlikely that the ammonia thus contributed to
streams and ponds may be appreciable. But on this point we lack
.experimental data,

Rain water stored in cool under-ground cisterns protected from
the light often preserves its high free ammonia. In such cases we
must assume the absence of active nitrifying conditions. Practice
differs in different places in the collection and storage of rain water.
In some places it is merely allowed to settle and (after a so-called
period of ¢ fermentation,” in which process the organic matter is
oxidized) to come to a stable condition. In others the water is
filtered through a fine porous material such as brick. In wny case
the first portion of the rainfall should run to waste, since it not
only contains the dirt in the atmosphere but also that on the col-
lecting surfaces. Rain water collected from clean surfaces carefully
stored and protected from access of surface and ground water is
believed to be one of the most wholesome of water supplies. We
.do not, therefore, attach the same importance to the presence of free
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waters of the locality. In the analysis of sewage given on page 538
it will be seen that the fixed solids in solution are 23.53 parts per
100,000, which is much higher than is found in any of the surface
waters of the State. The effect of even a comparatively small
amount of sewage or house drainage is consequently noticeable in
the increase of the mineral contents of the streams. Thus the
normal fixed solids of the Sudbury River are represented probably
by Reservoir No. 4 in Ashland, namely, 2.39 parts per 100,000
(average of three depths), with a hardness of 1.3. Stony Brook,
which supplies Reservoir No. 3, receives a good deal of drainage,
directly and indirectly, from the considerable population on its
drainage area, and we find its fixed solids to be 4.73, with a hard-
ness of 1.8. Instances of still more marked pollution in another
drainage area are Horn Pond and Mystic Lake, in which the fixed
solids are 10.87 and 9.09 respectively, with hardness of 3.1 and 3.4,

The question of the sanitary importance of dissolved mineral
matter in surface waters is one of which but little need be said. In
this State the amount is, in all the water supplies, much less than
that contained in many approved water supplies in other parts of
the world. A comparison of the death rates of cities in England
based on the use of soft and hard drinking waters did not point to
any essential difference. It has been claimed by some that the use
of hard waters is advantageous by reason of the lime they contain,
but this notion seems rather fanciful when we reflect what a small
contribution to the formation of bones the use of a moderately hard
water would be.

The *“loss on ignition” of the solid residue on evaporation of
surface waters, when the operation is performed as described in the
¢¢ Methods of Analysis,” gives a close approximation to the total
organic matterin the water irrespective of its character. We attach
comparatively little significance to this determination from a sanitary
point of view, since we get from it but little light on the nature of
the organic matter present. The behavior on ignition is how-
ever somewhat significant. Thus swampy waters give a brown
residue on evaporation to dryness, which blackens or chars on
ignition, and this black substance burns off quite slowly. The
odor of the charring is peaty, or like charring wood; sometimes
sweetish, but not offensive. Waters much polluted by sewage
blacken slightly, the black particles burn off quickly and the odor
is disagreeable. Taken by themselves the results of the ignition of
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— it was also found, give to water by identical treatment different
degrees of color and albuminoid ammonia. Old peat yields to
water much less nitrogenous matter in proportion to the color than
do the fresh leaves.

The nitrogenous character of this brown coloring matter may be
shown by treatment of the water with hydrate of alumina, which
combines with the coloring matter and gives a colorless water when
the alumina settles or is filtered out. The following table gives a
summary of the results of analyses of these artificial solutions of
coloring matters and also of some natural waters : —

Relation of Color to Albuwminoid Ammonia.

ds: Albu- A-'il’;fﬁ;_lfgd TN AR
“ (RIS, [oeoitang| mied -
Alumina. Rl
Peatsolutlom, .. .+ . . . . e e L e 2.0 L0616 L0134 73.7
Fresh leafsolutlon, . . . . . . .+ .« | 0B L0404 L0100 70.8
Becond extract of same leaves, - R e e | L0174 L0038 79.3
Bolution of old leaves which had been repeatedly extracted
with water, . . e : R S 0.9 | - .0072 0018 T5.0
Middleton Pond, * wi o . . . ¥ . 0.6 0224 0042 £1.3
Apsabet River, . . . . - . . - . . 1.4 L0348 SO040 BE.5
T T e S U 2.5 (400 0054 £4.0

— e o e ——— — -

m—

Odor. — Pure water is odorless ; consequently waters which have
a perceptible odor are not acceptable for drinking. Except in cases
where the odor is very faint it does not require any special appar-
atus, skill, or experience to detect an odor in water; hence the
judgment of one is as good as another in this respect. But, in
drawing inferences as to the origin and significance of an odor, the
judgment may go very far astray.

Most normal surface waters in Massachusetts, particularly those
which are colored, have a pereeptible odor when examined in the
way described under the ‘¢ Methods of Analysis.” This odor may
be said,"in general, to be vegetable —swampy, marshy, pond-like,
grassy ; and it is often persistent when the water is heated.

When the odor which we perceive in a natural water is due to
dissolved gases, the odor will disappear when the water is boiled.
If water does not contain any organic matter capable of gener-
ating more of the same gases, then the odor is removed by boiling
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the state of decay may be so small as to be inappreciable to chemical
tests and yet communicate a bad odor to the water.

Some odors are known to be result of decay; for instance, the
pig-pen odor comes from the decay of the jelly of the blue-green
algwe, and the bad odor of the Boston water in 1881 was referred by
Professor Remsen to the decomposition of a fresh-water sponge.

The foul condition of the water near the bottom in some ponds
and reservoirs has already been alluded to. This is due to putre-
faction of organic matter when there is little or no dissolved oxygen
in the water. But it is not odors of this kind which we now have
in mind. )

Mr. G. H. Parker, in his ¢ Report on the Organisms in the
Waters,” has arrived at the conclusion, from a study of the recorded
odors and the observed organisms, that the disagreeable odors are
generally the evidence of the decay of the organisms. Tt is unfor-
tunate that there should be any uncertainty about the cause and
significance of these odors, for it immediately concerns the well
being of many large communities dependent on surface water sup-
plies. The subject is under investigation by engineers, biologists,
and chemists in many localities with the hope of discovering the
causes of the trouble and suggesting remedies for relief.

The odor that comes from sewage contamination in water is
very different from that class of odors which we have been con-
sidering. A stream badly pelluted by sewage, such as the DBlack-
stone at Millbury, has more or less the odor of sewage itself. In
more dilute condition the odor is musty, both eold and hot; this
is quite characteristic. But it must not be supposed that the sense
of smell furnishes us with a delicate test for the detection of sewage
contamination. When we perceive this mustiness even faintly, the
water is generally badly polluted, considered from the standpoint of
a drinking water. Still greater dilution of the sewage will give a
mouldy odor, but this is not characteristic. Many normal surface
waters acquire a mouldy odor on standing, and the odor of diatoms
and other algwm is by some called mouldy.

Grouxp WATERS.

The appearance and composition of ground waters are so radically
different from surface waters that they cannot be judged by the
same standards. Normal surface waters, exposed to light and air,
may contain organic matter in considerable quantity both in solution
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by oxidation cannot go on. In such a case the water may have a

disagreeable odor, since the putrefaction of organic matter without
oxygen, or with but a very limited supply, gives rise to offensive
hydrogen compounds which are not noticeable when the supply of

‘oxygen is abundant.

A water in which the organic matter has been ﬂﬂﬂlplﬂt&l}" oxidized
in percolating through the soil has all of its nitrogen in the form of
nitrates. The amount of nitrates in a ground water is, therefore, in

some degree a measure of the nitrogenous matter which the water

originally contained on the surfuce. The sources of the nitrates in
the ground waters of uninhabited regions are mainly the ammonia
in the rain and the ammonia resulting from the deeay of vegetable
and animal matters in the soil. But the ground water does not
contain all of the nitrogen of this ammonia, since a part is directly
or indirectly converted into new plant life. Vegetable matter,
moreover, decays but slowly, a fact favorable to the absorption
of nitrogen by plants rather than to its passage into the ground
water as nitrates. The springs and wells which are distant from
habitations are therefore, as we might expect, uniformly low in
nitrates and occasionally, though rarely, they contain none at all.
In the midst of a thickly settled region the ground water is almost
always high in nitrates formed from the ammonia of house drainage.
Hence we regard this determination of the nitrogen in the form of
nitrates as one of great value as expressing the amount of previous
pollution in the water.

It is impossible to give a dividing line between normal ground

waters and those which have been polluted, based on their contents

of nitrates alone, nor is there any evidence in the nitrates themselves
to indicate whether they had a vegetable or animal origin. We have
not, as yet, been able to discover as in the case of chlorine, a
“ normal ” for nitrates in ground waters.

The difference between summer and winter in the nitrates of the
ground waters of this State is scarcely noticeable. The average for
the colder months iz a little higher than for the warmer months, but
the difference is insignificant.

In the fﬂ“ﬂwiﬂg table is gi'.'E:l] the average cnmpositign for two
years of some of the public water supplies of the State drawn from
the ground, arranged in the order of the nitrates. The extremes, it
will be noticed, are widely different, and one need not be in doubt as
to the fact that those at the beginning of the list are normal, and that












3
|

1889.] WATER SUPPLY AND SEWERAGE. 575

importance to know how far the information derived from a chemi-
~cal analysis will enable us to say whether or not a well water can
be used with safety. If we regarded the organic matter, or the pro-
‘ducts of its decay, as the sole cause of danger, then we should have in
‘the determination of the nitrogen compounds a perfectly satisfactory
means of deciding whether the water is in a fit condition to use.
From this point of view we should reject all waters which contained
free or albuminoid ammonia or nitrites, and accept only those which
contained all the nitrogen in the form of nitrates.

But if the danger is to be ascribed to the presence of bacteria in
the water, the results of a chemical analysis offer, as in the case
of surface waters, only indirect evidence of its condition. We do
not know yet what is the actual duration of life of specific disease
germs in the soil, nor whether the conditions existing there are
favorable for their growth and reproduction. We cannot, for instance,
say that the disease germs which may have been present in sewage
have lost their vitality when the organic matter in the sewage bas
been oxidized ; for, as far as we know, there is no necessary connec-
tion between the oxidizing action of the saprophytic bacteria and
the life of the disease germs. It has been asserted as the result of
experiment that great activity of the bacteria of decomposition is
unfavorable for the life of disease germs, and that when these sapro-
phytic bacteria have done their work of oxidation thoroughly they
have also accomplished the destruction of the pathogenic bacteria.
But the present state of our knowledge of the subject does not
justify us in accepting this statement as final.

Where normal ground waters are not to be had, safety lies in
time and distance from the source of pollution; the greater these
are the greater the security from harm. Waters with very high
nitrates are always to be regarded with suspicion even though they
show for a long period a good purification ; for high nitrates indi-
cate a nearness of the source of pollution which is a constant menace
to the purity of the water. Where the margin of safety is small
‘a slight change of the existing conditions may result in a sudden
and serious pollution of the well. Moreover, from the standpoint
of bacterial contamination we cannot feel secure, even when the
chemical purification is practically complete, if the source of con-
tamination is near by.

There is plenty of evidence to show that waters with high nitrates
and nitrites have been the cause of illness, Ekin and Mallet have
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the nitrogen compounds which it contains. In the case of ground
waters there is an ideal standard of purity which is at the same time
not an impossible one, namely complete freedom from unoxidized or
partly owxidized compounds of mitrogen. We do not know, as has
been already explained, that a water which reaches this standard
is safe if it at the same time contains much nitrogen completely
oxidized, but we do know that as we depart from this standard we
enter the region of known danger.

An attempt has been made, in the foregoing account of the
origin and significance of the various substances which are deter-
mined in the chemical analysis of a water, to show that the inter-
pretation should be based on the analysis as @ whole and not on any
gingle determination.

It has been a very general custom hitherto to set limits for each
of the substances beyond which the water should be regarded as
polluted or as unfit for drinking.

The application of these standards of purity made the inter-
pretation of analyses a very simple matter but of very doubtful
value., It has been thought worth while in the above discussion to
show, in much detail, the one-sided and faulty deductions which
may be made by giving too much weight to any one determination.
Thus we have said that free ammonia is the evidence of decomposi-
tion of nitrogenous organic matter already begun, that it is the
characteristic ingredient of sewage, and that it is one of the most
reliable indications of sewage pollution in water. And yet under
.certain conditions we have seen that a sewage-polluted water may
be free from ammonia and that a normal water may contain it
abundantly.

Two lessons are to be learned from this (and they cannot be too
strongly emphasized) : namely, first, that a single determination in
a chemical analysis of a water cannot tell us what the real condition
of the water is; and, second, that one complete analysis tells us
only what was the condition of the water when the sample was
taken.

A single analysis, for instance, may be selected from the monthly
examinations of Mystic Lake, which will show the water to be in a
very good condition, with only the presence of the chlorine to indi-
cate past pollution. Yet a glance at the series of analyses will show
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REPORT OF THE BIOLOGIST.

To Hexry P. Warcorr, M.D., Chairman Stale Board of Healih.

Sir : — The following report presents an account of the organisms,
excepting the bacteria, which have been found in the supplies of
potable water in this Commonwealth. The report is based upon
observations which have extended over a period of about two years.
Investizations were begun July 1, 1887, and were continued under
my direction till June 1, 1889. During the greater part of the
first year the work consisted of special examinations, particularly
with reference to the storage of ground waters. In March, 1888, the
regular examination of water collected for chemical analysis was
undertaken. This was continued till June, 1889 ; and the series
of examinations thus brought together afforded, in the case of
each water examined, a continuous set of observations for some-
what over a year. During the two years reported upon, the
~water supplied to Boston, Charlestown and Cambridge was exam-
ined monthly. Including the supplies of water from all sources,
3,442 examinations were made. The examinations during the first
year were made for the most part by myself; during the second
year they were made by Mr. C. B. Davenport and Mr. W. A,
Setchell. Nearly all of the examinations were made in the labora-
tory for water analysis at the Massachusetts Institute of Tech-
nology, and I am under obligations to Dr. T. M. Drown and
Mrs. R. H. Richards for many courtesies shown us.

The method by which the water from Boston, Charlestown and
Cambridge was examined is deseribed on page 587 of this report.
The water collected for chemical analysis was examined for organ-
isms in a somewhat different way. The material through which
this water was filtered was the same quality of cotton cloth as that
used in filtering the water from Boston, Charlestown and Cam-
bridge, but the way in which the cloth was used was different in
the two cases.

In preparing for an examination of water collected for analysis,
a small piece of cloth was taken and firmly tied over the






[

1889.] WATER SUPPLY AND SEWERAGE. 583

large plants or animals ; whereas, in many instances, waters with very

objectionable qualities contain nothing to which these qualities can
be attributed except microscopic organisms. Further, although the
organisms here dealt with are of such small dimensions, the immense
numbers in which they occur more than counterbalance their small
size ; and I am, therefore, of opinion that, of those organisms which
cause objectionable qualities in water, the microscopic ones are the
more important.

In dealing with these organisms, in the present report, the follow-
ing topies have received attention : first, the relation of the odor in
a water to the organisms which it contains; second, the kinds of
organisms found in the waters supplied to Boston, Charlestown and
Cambridge ; third, the seasonal distribution of organisms ; fourth, the
distribution of organisms in waters variously situated; fifth, an
attempt to outline a general scheme for the improvement of water
made impure by organic growths ; and, sixth, a brief account of fresh-
water sponges and their relation to water supplies. In addition to

these topies, which form the body of this report, a summary of the

organisms which characterized the various waters examined will be
found appended to the tables of chemical analyses in the reports on
water supplies and rivers (see pages 1-516 of this volume).

I.—TuaE ReEration oF OrcaxismMs AxND Oponrs v NaTunaL
WaATERS.

The odors which different waters possess ave not always easily
accounted for. They can arise from one or several causes. DPure
water itself is odorless, consequently any odor which a water con-
tains must be attributed to some foreign substance in it  The
foreign substances which are in water are either organic or inorganic.
The odors which most waters possess resemble those of organic
rather than inorganic substances ; and it is, therefore, fair to presume
that the great majority of odors in natural waters are due to organic
compounds. The organic compounds owe their origin to organisms,
and are either the products of exeretion from living organisms or
the results of decomposition from dead ones.

From the relation which has been pointed out it might be inferred
that odors and organisms should always accompany one another.
This, however, is not necessarily true, for it is possible that in a
given water an odor may be the only indication of organisms once
present. Thus, for instance, any organisms attached to a firm sup-












1889.] WATER SUPPLY AND SEWERAGE. 587

disagreeable odors. Any attempt to explain these odors as excre-
tions from the organisms necessitates a belief in either a temporary
cessation of the function of exeretion or an alteration in the character
of its products ; two changes which, as I have previously stated, are
decidedly improbable. If, then, the odors are not the products of
excretion, they must result from the decomposition of dead organ-
isms. That this conclusion is true is probable from the fact that the
odors noticed in various waters are so generally similar, presenting
by no means a diversity equal to the number of kinds of organisms.

II. — Tue OrcaNisMS FOUND IN THE WATER SUPPLIED To BosToN,
CHARLESTOWN AND CAMBRIDGE.

The chief purpose of the following tables is to place upon record
the kinds of organisms observed at different seasons in the service
water of Boston, Charlestown and Cambridge.

The water supplied to these three places was examined monthly
for two years beginning July 1, 1887. The samples for examination
were collected from taps in the three places mentioned : that for
Boston was taken at the tap in the basement of No. 13 Beacon
Street ; that for Charlestown from a tap in the shop of the water
department at the corner of Tufts and Medford streets; that for
Cambridge from a tap at Divinity Hall. These samples were obtained
by straining about fifteen gallons of water through a cloth tied closely
to the end of a faucet, and the sediment thus collected was removed to
a glass slide and examined under the microscope. Inorder to record
roughly the relative number of organisms present, the four following
adjectives were used: < few,” ¢ several,” ¢* abundant” and ¢ very
abundant.” The last three of these have been abbreviated to ¢ sev.,”
¢¢abd.” and ¢ v. ahd.,” and appear in this form in the tables. The
usual significance of these adjectives is almost sufficient to indicate
their meaning in connection with the number of organisms. ¢ Few”
is used where an organism was represented by a very small number
of individuals. ¢ Several” implies a greater number than ¢ few”
but not so many as ¢ abundant.” ¢ Very abundant” is employed
only when an organism was represented by an excessive number of
individuals. Beside these adjectives the abbreviation ** pr.” is some-
times used ; this signifies that the orgmiism against which it stands
was present, but no statement is made as to the number of individu-
als by which it was represented,

Of the following tables there are three sets, one for each of the
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- mining their absence or presence have now been sufficiently dwelt
upon. It remains only to point out how these facts can be of service
in controlling the growth of organisms in water,

In the case of ground supplies, either driven wells, filter galleries
or springs, the water is usually obtainable free from organic growths.
In order that it should be preserved in this state it is only necessary
that no opportunity should be given for the growth of organisms.
If the water is not exposed to the light, for reasons already given,
the growth of algw would be prevented. If the growth of algewm is
prevented, it is impossible for animals to thrive, for they are
dependent upon the algwe for their food. Thus both algwe and ani-
mals could be excluded. The growth of a fungus, as for instance
Crenothrix, is not so easily dealt with; but any water which at its
source does not contain enough dissolved organic matter to support
a growth of Crenothrix or allied organisms, and which receives no
further additions of organic material in its passage from its source
to the consumer, ought to be delivered as free from fungous growth
as when it was first taken from the ground. Thus, in the case of a
ground water free from organic matter, contamination from the
growth of algw, fungi or animals can be prevented by the exclusion
of light.

The position to be taken in dealing with pure ground waters is
simply a defensive one — avoid the light. To furnish surface waters
free from organisms the offensive position must be assumed ; for in
this case the source of the water, be it pond or river, is usually
already impure from organic growth. In dealing with surface waters
two objects are to be accomplished : first, the water must be freed
from the organisms which it contains ; and, second, it must he pro-
tected so that further growth is impossible. The only effective
means that I know of by which organisms can be removed in quan-
tities from water is filtration. The possibility of filtering a sufficient
quantity of water to meet the requirements of the larger towns and
cities is indeed a serious question, but it belongs rather to the
province of a civikengineer than a biologist. Suffice it to say that
a layer of fine sand an inch in thickness is of itself a sufficiently
good filter to remove all of the algme and animals from a water as
rich in organisms as the Cochituate water of Boston (see the
following experiment on the growth of sponges). It will be
recalled that the filtration of surface water by means of sand or
gravel filters is sometimes attended with a growth of Crenothrix.

b
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A more careful examination of the somewhat uneven outer surfaco
of a sponge shows it to be marked here and there by elevations
which resemble in form small volcanic cones, Each cone is pro-
vided with a central crater penetrating the substance of the sponge.
The sides of the cones, as well as the areas between neighboring
cones, are perforated by an immense number of fine pores. An
examination of a living sponge shows that the water is being sucked
in continually through these fine pores and that a strong current is
setting out from the crater-like opening or osculum. The soft sub-
stance of the sponge's body is penetrated by a system of canals
connecting the small lateral pores with the oscula. It is by means
of délicate moving lashes in these canals that the water is whipped
onward to the oscula and new water is drawn in at the pores. One
of the chief purposes of this system of tubes is to enable the sponge
to get its food. The water entering the fine pores usually contains
many mieroscopic organisms, and, while passing through the canals
in the body of the sponge, many of these organisms are caught and
assimilated by the living walls of the tube.

From what has been said on the structure of sponges two pecu-
liarities in their method of occurrence can be explained. Sponges
do not thrive well in quiet water. They are firmly attached to the
objects on which they rest, and they can create currents of only
limited extent in the surrounding water. If, then, this water be at
rest or very sluggish in its movements, the supply of food which it
contains would soon be exhausted and the sponge would be in danger
of starvation. General movements in the water are, therefore, nec-
essary to carry food to the sponge, and consequently sponges thrive
best in running Water A second peculiarity of the sponge is that
it very seldom occirs on submerged surfaces which face upward.
This peculiarity is due to the fact that, even in apparently clear
water, there is usually more or less sedimentation, and the falling
of sediment on a sponge so clogs its smaller pores as to render them
useless. Sponges in positions where their pores can be filled with
sediment are thus easily killed, and it is usually only on submerged
surfaces which face downward, or which at least have no upward
exposure, that these organisms thrive.

The color of sponges varies from light ochre to dark brown, gray
or greenish. Greenish sponges contain chlorophyl, the green color-
ing matter found in green plants; and, like these plauts, green
sponges grow only in situations accessible to the light.
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July.| Ang. | Sept.| Oct. | Nov, Im!i.hm Feb. | Mar, Apr-;-Hl}'-IJune.

Boston, - L . | First year, . |abd.| sev.| sev. | fow ."pr. ]]1.'.|| - |Tewr| = - = | Tewr
aw

Becond year, | few | fow | few | faw = ||few| = |[few| = = | few
Chorlestown, . . | First year, . Elri pr. | few | fow glr- = |l sev.|few | = - - -
Becond year, | few | = | few | few | few | few || - - |few| = - -

Sponge spicules were generally present in the water of these
supplies from July to December. For the remainder of the year
they were only sparingly found at rather irreguiar intervals. It
will thus be observed that the period when spicules were frequently
met with, namely, from July to December, corresponds very closely
with what has been described as a period of active growth, namely,
during the summer and fall.

After having ascertained the presence of spicules in the water of
Boston and Charlestown, it was a question of some interest to locate
the growth of sponge. In order to do this the water which was
about leaving the reservoir to enter the mains was carefully exam-
ined. In the examination of the water from both Chestnut Hill and
College Hill reservoirs no traces of spicules were discovered. Since
at this time (July, 1887) spicules were abundant in the water delivered
in both Boston and Charlestown, it was concluded that in both
systems the growth of sponge was somewhere in the pipes between
the reservoirs and the points of delivery.

After this conclusion as to the location of the sponge was reached
no further steps were taken until it was ascertained that, on account
of a change in level of a street, certain of the Boston mains were to be
opened. One of the large mains was disconnected about one mile
from Chestnuf Hill Reservoir. It was examined Nov. 22, 1887,
and was found to contain two organisms: a sponge, Tubella Penn-
sylvanica (Potts), and a snail of the genus Physa. The sponge, after
the escape of the water from the pipe, had of course dried and was
consequently dead; somle of the snails were alive, others dead.
The sponge was limited to the upper two-thirds of the pipe and
covered about three-fourths of that surface, or about one-half of
the total inner surface of the pipe. The absence of the sponge
from the bottom of the pipe was probably due to the effect of
sedimentation, which has already been explained. Most of the
sponges were thin incrustations, but occasionally finger-like pro-
jections extended out from the surface of the pipe. These always
pointed in the direction of the current in the pipe. For the most

L
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minute. On Monday, June 25, both pieces of sponge were in healthy
condition ; their oscula were fully expanded and the action of their
pores well established. The water used in the experiment was the
Cochituate water of Boston, which at this time of year contained an
abundant supply of algm. At two r.y. on Monday a change was
made in the character of water supplied to one of the tubes. The
water supplied to the tube which can be designated as tube A, was
passed through a sand filter before it entered the tube. This
operation removed all the algae, but in other respects left the water
essentially as before the change. Tube B was still supplied with
unfiltered water. On account of the slowness of filtration the rate
of flow in Tube A was reduced to 120 cubic centimeters per minute.
In order that the sponge in Tube B should not have an advantage
over that in Tube A, the flow of unfiltered water in B was reduced
to 100 cubic centimeters per minute. IFrom time to time the water
from Tube A was examined to ascertain whether the filter was
removing all the algae or not. No alge were noticed in it. In this
way the experiment was continued till Thursday, June 25, when
the oscula of the sponge supplied with filtered water had disappeared
and the sponge itself was very considerably whitened. The other
sponge (B), although apparently not so healthy as at first, still
extended its oscula and showed indications of life. On Thursday at
nine .. each tube was supplied with unfiltered water at the rate
of 900 cubic centimeters per minute. On Saturday, June 30, the
sponge in Tube A had for the most part decomposed and disap-
peared, while that in Tube B had become as flourishing as it was
originally.

The result of this experiment supports the statement already
made, that, since the sponge depends upon the microscopic algw,
ete., for its food, it will not grow in any water free from them, and
wherever it exists their removal will bring about its death.

Not only is this true of sponges but there is reason to believe that
it is true of all animals which inhabit the pipes, for they all are
dependent for their food upon organisms carried into the pipes with
the water. Thus efficient filtration, if applied to the water as it
passes from the reservoir into the distributing pipes, would not only
remove organisms from the water itself, but, provided the water were
not again exposed to the light, it would prevent a growth of animals
in the pipe.

Further investigations in the direction indicated by the experiment
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From the totals given in this table it will be seen that, although
but 37.6 per cent. of the cities and towns in the State have a public
supply, yet the total population of the places supplied represents 83
per cent. of the whole population of the State. In this estimate of

- the population of the municipalities supplied, all of the inhabitants
in them are included, and it consequently includes more than the
actual number of persons to whom a publie water supply is available ;
the difference, however, is not large. There are now but two towns
which had in 1885 a population exceeding 4,500 which are not pro-
vided with a public water supply ; the works in one town having
been completed since the date of the table. Where the population
exceeds 3,500 the majority are supplied, while below this the reverse
is true. In some important towns the supply is limited to but one
of several villages.

In the State there are 128 sources of public water supply, count-
ing as a source each separate system of water works, and each of the
sources used in connection with any particular system when essen-
tially different in character. This does not agree exactly with the
number of municipalities supplied ; since in many cases a city, town
or company supplies several places, while in others a city or town
has several sources of supply. These sources may be divided as

follows : —
(Fround Waler Sources.

Springs, 13
Large wells, O i 20
Tubular wells, . . . T o a1 %
Filter-galleries, O R o 10
Filter-basins, 4

Total, . 54

Surface Water Sources.

Artiigal sfovago reservolrs, . o . AL, ., 858
Natural ponds, . 5 : - . 5 : . - shi BE
Streams, ; > : - : ; - . . : ¢ : 4

BRI L L o . T

The line of separation between the different classes is somewhat
indefinite. A filter-gallery or well on the banks of a stream may
each furnish water of identically the same character, while another
well may furnish the water of a natural spring which it has replaced.
Natural ponds, by having their level raised, may flow extensive
meadows, and so become less satisfactory reservoirs than those that
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When the first observations were made, the temperature at a
depth of one foot, which for convenience will be called the surface
temperature, was 74 degrees, corresponding to that of other and
shallower ponds, while the temperature at the bottom was 42
degrees ; that is, 32 degrees colder than at the surface, and only
10 degrees above the freezing point. The temperature 10 feet
below the surface corresponded quite nearly with that at the
surface, while at all other depths the water was much colder, and
consequently more dense. The temperatures at the three lower
depths remained constant during the warm weather, showing that
no appreciable amount of heat was transmitted from the upper
layers, and that there was no interchange of water from the surface
to the bottom. It is obvious that the wind produces currents at
the surface of a pond which must be accompanied by return currents
beneath the surface; and if the water is of uniform density at all
depths, the circulation produced in this way will extend to the bottom ;-
but if the lower layers are more dense the return currents will affect
the water only to a limited depth. In the present case the low and
cenerally constant temperature in summer at a depth of 20 feet
makes it evident that they rarely extended to this depth. It will
therefore be seen that the water at and below this depth was inac-
cessible to the air, and stagnant throughout the warmer months.

As the season advanced and the weather grew colder, the tem-
perature of the surface water diminished, with a consequent increase
in density, thereby establishing vertical currents down to the depth
where a corresponding temperature was reached. This action
would, in the absence of any other cause, have established circulation
to continually increasing depths, reaching the hottom by the end of
November. The mingling, however, at each of the depths, was
hastened by the action of the wind, this effect being particularly
noticeable at a depth of 20 feet, where the mingling occurred two
weeks earlier than it otherwise would, and raised the temperature
of the water at this depth 9 degrees higher than it was in the sum-
mer. November and December of this year were unusually warm,
so that the whole of the water in the pond was not in circulation
until nearly two weeks later than on an ordinary year. When
circulation was fully established the temperature at all depths was
44 degrees. |

The changes which oceur after this in any deep pond are as
follows. The cooling of the surface water promotes circulation
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at the latter being about two degrees colder in the spring and
summer and the same amount warmer in the autumn, The water at
Tap No. 2 is obviously much more affected by the temperature of
the ground through which the pipes pass, and in the summer is
about eight degrees colder than the reservoir water.

The conclusion to be drawn from these observations is that the
temperature of water at a tap will be influenced mainly by that at
the source, except in those portions of the system where the circula-
tion is not active.

No observations have been made to determine with what change

of temperature ground water will pass from the source to the con-
sumers if carried directly to them in pipes. It is probable, how-
ever, that it would not change very much.
A few observations have been made to indicate the effect of the
storage of such water in iron tanks. At North Attleborough, on
June 12, 1888, water drawn from the tank 20 hours after pumping
had ceased was 2 degrees warmer than the water in the well. At
Swampscott water drawn from the tank was 3.8 degrees colder than
that in the well on March 23, 1888 ; 2 4 degrees colder April 24,
and 2.6 degrees warmer May 23. These observations do not indi-
cate any very great change of temperature from storage in tanks.

When ground water is stored in an open distributing reservoir the
surface becomes warmed in summer, as shown by the following
observations : —

Revere.

Well,July 9,1888, . . . . . . . bB0.5 degrees.
Beeervoir, July ,1888, . . . L. . . 702 degrees.
Woburn.

Filter-gallery, June 5, 1888, g i . . 50.0 degrees.
BReservoir, June 5, 1888, : : ’ 2 . 66.0 degrees.

It should not be inferred that the water delivered to the consumer
will be as warm as that at the surface of the reservoir; since much
of the water in cases of this kind is pumped directly to the consumer,
and that portion which enters the reservoir at the bottom may on ac-
count of its greater density remain there until drawn without acquir-
ing the surface temperature.

The foregoing observations, though not conclusive, indicate that
the temperature of water as delivered to consumers depends mainly
upon that at the source. If this is the ease, ground waters have the
advantage that, as drawn from the tap, they are much more palatable
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organic matter which they indicate may be regarded as in a state not
readily susceptible to decay, and therefore not dangerous to health ;
we have yet to recognize the fact that many of these waters,
‘unpolluted by sewage, have at times had bad odors and disagree-
‘able tastes, which have rendered them unsuitable for drinking.
These times have generally been in the warm weather, during or
‘after an abundant growth of alge or other organisms; and these
‘objectionable tastes and odors have, in the waters of this and
the next following series, been limited to those whose albuminoid
ammonias have been above or a very little below the average of
these series.

We may then conclude that surface waters, shown by their
‘chlorines and by their drainage areas to be unpolluted by sewage,
which have albuminoid ammonias less than the average of these
‘series, or less than 0.0160 parts per 100,000, are much preferable to
‘those having higher albuminoid ammonias ; as the latter are more
likely to have at times disagreeuble tastes and odors,

The free ammonias of this series include one having 0.0069 parts,
which is far higher than all of the others; the next lower being
10.0026, and the average of all being 0.0011 parts; three-quarters
‘of the whole number being below the average. The highest free
‘ammonia was that of a reservoir which was an overflowed meadow,
‘which had been in use less than two years, when observations were
‘commenced. Its water, during the greater part of the year, had very
low free amionia, sometimes 0.0000; but in the latter part of the
' summer, after there had been a considerable growth of algewe, the free
‘ammonia increased greatly. Other instances of this kind will be dis-
‘cassed in a subsequent section.

. The nitrates, in this series of unpolluted waters, reached in one
‘case 0.0196 parts; but were generally much lower, and averaged
'0.0060 parts ; and the nitrites reach as high as 0.0002 parts, but
‘are generally 0.0001 or less. The color, increasing in general with
he albuminoid ammonia, although not following it elosely, averages
0.27 on our scale of colors, and varies from 0.00 to 1.36. The
total residue on evaporation reaches as high as 7 38 in the limestone
istriet in the western part of the State, but is generally nearer the
average, which is 4.03 parts, per 100,000. The loss on ignition
averages 1.04 parts, and varies from 0.35 parts to 2.08 parts.

* Tuarning to Table No. 2, in which are 27 water supplies having so
ittle excess of chlorine above the normal thut we are in doubt
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nitrogen, made up of a very large increase in the free ammonia, and
a much smaller and less characteristic increase in albuminoid ammo-
nia, with no change in the nitrates and nitrites.

If, on the other hand, it has been purified, by having the organic

~ matter burned up while it was passing through the ground, we

should expect to find less increase in the total nitrogen, made up of
a very marked increase in the nitrates, with no appreciable inerease
in the albuminoid ammonia ; but with an increase in the free ammo-

" nia, more or less marked, as purification by filtration was less or

more complete.

There is another class of conditions which modifies these results,
to a noticeable extent in streams, and often to a very marked extent
in ponds and reservoirs: it is the vegetable and animal growth in
the pond. Plants appropriate the ammonia and the nitrates, and
may reduce the amount of nitrogen in a water, that shows by
its chlorine to have been associated with household wastes, so that
it becomes less than that ordinarily found in unpolluted ponds.
When the organic matter, which was originally sewage, has been
thus transformed, it is of course harmless, and the excess of chlorine
indicates only what has been.

Plants growing upon the bank may remove the nitrogen per-
manently from the water, but plants growing upon the bed and
floating plants retain the nitrogen for a time, and when they decay
refurn it to the water as free ammonia.

Microscopie organisms in suspension may also reduce for a time
the ammonia and the nitrates, and, being included in the sample
analyzed, increase, by their substance, the albuminoid ammonia.

These modifications of the general results, attributable to the
introduction of sewage into a water supply, vary with the season of
the growth and decay of organisms; a study of which may be found
in a previous chapter.

Turning to the remaining analyses of surface water supplies, we
find thirty-three sources in which the excess of chlorine varies from
0.04 to 0.25 parts per 100,000 ; which indicates that from one to
five per cent. of their volumes was made up of water from sewage
having the strength of chlorine we have been considering. These

~ are contained in Table No. 8. The average of these analyses is as

~ follows : —
Total  Josson Ammonii. Excess of Nitrogen as Tatal
Color.  Residne. Ignition. Freo. Albvuminaid. Chlorine. Nitrates, Mitrites. Nitrogen.

0.36 4.22 1.17 0.0021 ©0.0201 0.10 0.0101 0.0002 0.0449
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mated population on the drainxge area above Lowell, at the time
of the observations, was 58 per square mile, and above Lawrence,
was 80 per square mile.

If twenty persons per square mile ordinarily add 0.01 part to the

- chlorine as stated on page 680, the excess of chlorine due to sewage,

at Lowell, would be 0.03 parts, and at Lawrence, 0.04 parts; aud
the excess above this of 0.03 parts, which makes up the observed
excess, must be attributed to the manufacturing establishments.

The excess of chlorine, due to sewage, is, then, but about one-
third of that of the average of the group, and indicates that about
seven-tenths of one per cent. of the water in the river had been
sewage. ;

We have now to see how much of the sewage probably came
directly into the river without purification; and, in doing this, will
limit consideration to Lawrence, whose water receives the greatest
amount of such sewage. The estimated number of people on the
whole drainage area above Lawrence, whose sewage is discharged
directly into the river, or into some of its branches, is 165,000,
If 60 gallons of sewage per person enter daily, there would be
10,000,000 gallons a day, or 15.5 cubic feet per second. The
actual flow of the river, on the days when samples were taken,
averaged 9,579 cubic feet per second; hence the sewage entering
directly would amount to 0.0016 of the water of the river. About
one-half of this sewage enters ten miles above Lawrence, and the
remainder more than thirty miles above; each above long reaches
of ponds made by dams. In these ponds there is abundant oppor-

. tunity for a part of the organic matter of the sewage to settle, to

become oxidized, or to be appropriated by plants and organisms in
the river. If this amount of sewage were added to this quantity of
water, with no chemical change or appropriation by organisms, we
might expect an increase in free ammonia of 0.0029 parts, and in
albuminoid ammonia of 0.0008 parts, or 0.0037 parts of total
nitrogen; and, if our river were previously like our average of
unpolluted streams having the following amounts of nitrogen, —

Free Ammonia.  Albuminoeld Ammonia. Nitrates. Kitrites. Total Nitrogen.
0.0011 0.0156 0. 0060 0.0001 0.0326
‘there would result : — :
~ Free Ammonia.  Albuminoid Ammonia. Nitrates, Nitrites. Total Xitrogen,

0,0040 0.0164 0. 0060 0.0001 0.0363
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small part of it is made up of organisms in suspension. The high
color indicates that much of it is from shallow flowage of vegetable
deposit. Its free ammonia is much more in excess of the average
of unpolluted waters than would be due to the amount of sewage
indieated by the chlorine, if it were in the condition which we have
called reasonably well purified by filtration. This is in part due to
the periodical formation of free ammonia by the decay in the pond
of vegetable organisms; but the free ammonia continues higher,
through nearly the whole year, than in unpolluted sources. We
must conclude that the villages in the drainage area of this source
contribute sewage more directly, and with much less complete puri-
fication by filtration, than in most of the previously considered water
supplies ; and the consequent danger from disease germs not being
destroyed is presumed to be greater.

The next source, Jamaica Pond, has about the same excess of
chlorine, viz., 0.3 parts, and has still higher total nitrogen, indi-
cating pollution ; and its average free ammonia for the two years is
very much greater, being 0.0157 parts. This by itself would indi-
cate direct entrance of some of the sewage; but the quantity of
water contained in this pond is equal to the whole quantity flowing
into it in three years, hence any impurities which enter may in the
long time be appropriated by organic growths in the water, which
in their turn decay and give out ammonia, so that the only way to
determine whether sewage enters the pond directly is to thoroughly
examine the surroundings, which has not been done,

During the time of abundant growth of organisms the free am-
monia of the water, about six feet below the surface, becomes very
low and is sometimes reduced to zero. These organisms, growing
and dying through the summer, settle to the bottom, where, by slow
decay, they generate ammonia; and, when in the late fall and
winter, by change in temperature of the water, the bottom water
comes to the surface, it brings with it free ammonia amounting to
0.0300 or 0.0400 parts per 100,000.

That the hig‘h albuminoid ammonia is due to microscopic organ-
isms, is indicated by the fact that about three-quarters of it is in

- suspension. The peculiarities of this source are so marked that
they are made the subject of study in a subsequent section.

The next source is the Arlington Storage Reservoir, in which the
- excess of chlorine is 0.36 parts. Its total nitrogen is higher than
- any we have considered, being, however, nearly all contained in its
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We now reach the last source, Mystic Lake of the Boston water
supply, which has the extremely high excess of chlorine of 1.55
parts per 100,000. This excess cannot be attributed entirely to
household wastes, because some of the tanneries in this watershed
are far from sewers, and the chlorine from their wastes, from work-
ing salt hides, must ultimately enter the stream. We have not,
then, in this case, our ordinary measure of water from household
wastes.

The population upon this drainage area, not provided with sewers,
is about 820 per square mile, which, with our estimate of 20 per
square mile for each 0.01 part excess of chlorine, would give an
excess of chlorine of 0.41 parts per 100,000, leaving 1.14 parts to
be contributed by other sources.

We do not know how much organic matter would accompany the
latter portion of the chlorine. We find here the highest total nitro-
gen in any of the sources, and much of this in the objectionable form
of free ammonia, indicating much pollution, and very incomplete
purification. A much more elaborate study of the several streams
which supply this water to the lake would be necessary to determine
to what extent the organic matter of the household and manufactur-
ing wastes is made over into new forms before the water is drawn
from the lake.

During the warm months, when the alge and other oreanisms are
growing rapidly, and the surface water does not sink, the free
ammonia - of the incoming organic matter appears to be appro-
priated by such growth, and thus reduced to about one-third of
the average amount, indicating a good degree of purification at
such time. -

As the cold weather comes on, the surface water, growing colder
than that at the bottom of the pond, sinks, and the bottom water
rises, bringing with it the results of decaying organic matter from
the bottom, increasing the free ammonia in the water drawn from the
pond to nearly three times that of the average for the year.

This high free ammonia indicates here, as well as in sewage, a
state of decay; and, although the nitrogen of this decaying organic
matter may have, in large part, come from sewage, we are unable to
say whether any disease germs, that may have been associated with
it in sewage, have been able to survive the various changes that have
occurred. The strongest ground for concluding that they have not
survived is, that a community is daily drinking this water, and is
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' ammonia, and an increase of forty-two per cent. in the nitrates. As
the former represents the organic and the latter the inorganic and
harmless form of nitrogen, it will be seen that a very considerable
purification takes place in this instance after the water leaves the
pumps.

At Boston, the changes due to pumping and holding water in the
College Hill Reservoir of the Mystic Works are somewhat similar
to those at Lawrence, as the free and albuminoid ammonias decrease
and the nitrates increase. At both of these places where the great-
est purification takes place, the waters are more affected by sewage
than at any other of the places included in the comparisons. The
Merrimaek River above Lowel!l also receives sewage, so that a cor-
responding change might be expected in the water of that city ; but
the quantity of sewage is considerably less than at Lawrence, and
it enters the river at more remote points, which may possibly
account for the difference in the effect of storage in the two cases,
There is also a difference in the size of the distributing reservoirs,
that at Lawrence holding fifteen days’ supply, and that at Lowell
six days’ supply.

Surface Waters stored in Open Tanks.

Only a few comparisons have been made to determine the effect
of storage of this kind, as it seemed probable that the water would
be affected to a less extent in tanks than in open reservoirs. The
few examinations made indicate that the change, if any, in the char-
acter of the water due to such storage is small, and that it is bene-
ficial rather than otherwise.

Ground Waters stored in Open Distributing Reservoirs.

As in the case of surface supplies, analyses have been made of
waters collected simultaneously from ground water sources and from
the open . distributing reservoirs into which the water was pumped.

Observations have been made at twelve places, and of these
seven are selected where the water is pumped directly from a
dark ground water source to an open reservoir. In six of these
instances the examinations were continued for two years, and in the
other for one year. The seven places selected are Brookline,
Cohasset, Hyde Park, Kingston, Revere, Ware and Woburn. The
average amount of the nitrogen compounds and the changes due to
storage in an open reservoir are shown in the following tables. In
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‘after the filling of the reservoir was completed, they were present
in great numbers. On May 29 the water contained the maximum
amount of suspended organisms, which by their growth had used up
practically ail of the nitrogen in the inorganic form of nitrates
originally contained in the water. From this time the number
of organisms in the water decreased, probably by their sinking to
the bottom and slopes of the reservoir. The albuminoid ammonia
in solution, which in this case is either dissolved from or excreted
by the organisms, showed a large increase from the beginning of the
experiment to its end.

The microscopical examinations confirmed the results obtained by
chemical analysis.

Taking the experiment as a whole, it is an excellent illustration
of the rapidity with which organisms may develop in ground water
containing suitable mineral food. Similar results have been ob-
tained by Mr. F. F. Forbes,* from microscopical examinations of
the water of the open distributing reservoirs at DBrookline and
Newton, subsequent to their being filled with fresh water.

It has sometimes been suggested that these growths in ground
water reservoirs were due to insufficient circulation; that is, to not
changing the water in the reservoir often enough. The foregoing
experiment indicates that the algee grow so rapidly when supplied
with fresh water that it would be impracticable to change it often
enough to prevent their growth. A practical experiment to test the
vialue of such circulation was made at Brookline, and the results are.
stated by Mr. Forbes in the paper above alluded to, as follows: —

¢ As additional proof of the statement I have just made, I will
relate a little experience we had in the Brookline reservoir several
years ago. Everybody said that circulation was what we needed
to keep the water free from algm, and one time, after the reservoir
had been carefully cleaned, this view of the case was given a
thorough trial. It was in summer, when our daily consumption was
about a million gallons. All the water, nearly, was pumped into
one end of the reservoir, and made to pass through it. The amount
of water in the reservoir during this trial was not much in excess
of the daily consumption; in other words, nearly as much water
was pumped into the reservoir each day, and drawn from it, as the

—_—

& « A Btudy of Algm Growths in Reservoirs and Ponds,” by F. F. Forhes, Superintendent
of Water Works, Brookline, Mass. Journal of the New England Water Works Association,
June, 1830, :
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The most obvious difference in these two kinds of storage is in
the character of the basin. In a pond, unless the level has been
changed, the existing conditions have prevailed so long that, even if
the bottom is muddy, they may be expected to affect the water much
less than vegetable deposits which have been flooded in reservoirs
within a comparatively recent period. There are also other differ-
ences between ponds and reservoirs. The former are generally
deeper and situated nearer the head waters of streams, so that they
store the water for a much longer time. It is not uncommon for
ponds to have a capacity equal to the yield of their watersheds for
one, two or even three years. A pond having a small watershed,
particularly if the region is gravelly or sandy, may receive nearly
all of its water by filtration, and that which finds access to the pond
from the surface will be free from contamination by swamps. A
reservoir, on the contrary, is generally fed mainly by the stream
upon which it is built, which in turn may derive a part of its
supply from swamps.

It may therefore be said in a general way of natural ponds, as
compared with storage reservoirs, that they are deeper, and receive
more ground water and colorless surface water, and that the water
in them is replaced less frequently ; also that they do not contain in
their bottoms recently flooded deposits of vegetable matter.

There are of course exceptions to these rules, as some ponds are
very shallow, and others have been raised, thereby covering large
areas of swamp and meadow ; while, on the other hand, some artificial
reservoirs have been prepared by removing all vegetable matter
from them, so that in some respects they are bettm th.m ponds,

The storage of water in ponds and reservoirs has frequently
favored the growth of alge and other organisms which affect the
taste and odor of water; but it has, on the other hand, been gener-
ally thought to decrease the color of the water by the bleaching
action of the sun, and also to improve the water by sedimentation.

The various effects of storage under different conditions, so far as
they are indicated by the examinations made, will be given in detail.

The Effect of Storage upon Color.

Observations have been made of the color of water taken from
the principal streams entering several reservoirs and ponds, and of
the water at their outlets.
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small reservoirs which contain but a few days’ supply. These are
frequently built upon mountain streams, and their most important
office is to act as settling basins to catch the gravel, sand and débris

- brought down by the stream. The effect of reservoirs of this kind

is wholly beneficial. In a great majority of cases, however, it is
necessary to provide storage equal to the amount of water consumed
in a month or more, and only such reservoirs as contain this amount
of storage will be further considered.

Observations have been made on 71 ponds and reservoirs of this
class, nearly all of which are sources of water supply. Of these,
45, or 63 per cent., have at some time given trouble from bad tastes
and odors; but in three instances the troubles have occurred in
reservoirs which have only recently been filled, and may not recur
when the reservoirs ave older. In 16 other cases the trouble has
not been serious, or has occurred only at long intervals, leaving
26, or 37 per cent., of the ponds and older reservoirs which have
given much trouble. In making a distinction between supplies
which have given much and little trouble, those in which the aggre-
gate duration of the bad tastes and odors has not exceeded one
month in five years are included in the latter class.

In making a further classification it has been assumed that all
natural ponds should be classed as ponds, even though they were
made artificial in part by being raised ; while all artificial reservoirs
are classed as reservoirs, even though they may have existed as mill

‘ponds for a very long time. Ponds and reservoirs are assumed to

be polluted when the population upon the drainage area is more than
300 to the square mile, and the waste products from this population
enter the pond or reservoir either directly or by filtration through
the ground. In the latter case the sewage may be wholly purified
by filtration, yet the etfluent will contain nitrates which will promote
the growth of organisms, and may thereby cause bad tastes and
odors. Where the average depth is less than 9 feet, the pond or
reservoir is ealled shallow; and in two instances where there is a
great deal of very shallow flowage, ponds having an average depth
of 10 feet are classed as shallow. Water having a color of 0.30 or
more is assumed to have a high color.

Using the above arbitrary divisions, a classification of the ponds
and reservoirs, with reference to the oceurrence or non-occurrence
of troubles, has been made. The three new reservoirs above re-
ferred to have been omitted; also Farm Pond and Chestnut Hill
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The prominent changes in the character of the water, as indicated
by the foregoing table, will be first referred to. The observations of
April 4, 1890, were made after a mild winter, during which the
pond had been covered with ice but little of the time, and circula-
tion of the water to the bottom was probably produced frequently by
the wind. A few days before these observations were made, active
cireulation was known to have been caused by changes of tempera-
ture, because the surface water was then being warmed to the tem-
perature of maximum density. As a rvesult of this circulation, the
water was uniform in quality from the bottom to the surface, and the
products of decay, which existed in the water in large quantities
the previous autumn, had disappeared by oxidation or had been
absorbed by organisms which were particularly abundant at this
time.

Immediately after this date the free ammonia began to uacen-
mulate in the bottom layers, and or April 29, 1890, the date of
the second set of observations given in the table, was present in
considerable quantity. In the latter part of the summer the differ-
ence between the surface and bottom water hecame most marked.
The water at the surface, containing no free ammonia, was in as
good condition as at any season of the year, while that at the bottom
was foul, and loaded with the products of decay. A sample from
the bottom at this time, when first collected had little or no color,
but after standing became a deep, yellow-brown. The odor of the
bottom water at this season of the year was generally very offensive,
and often that of sulphuretted hydrogen. This condition of the
water is indicated by the analyses of Aug. 14, 1890,

Water of this character while at the bottom of the pond cannot
undergo any improvement, on account of the absence of free
oxygen, and it consequently remains in a foul condition, to rise
in the autumn (when circulation is established between the surface
and the bottom) and mingle with the whole mass of water, affecting
injuriously that nearer the surface. The effect of the circulation will
be seen by reference to the series of Nov. 27, 1889, when the odor
of the water was distinctly disagreeable at all depths, and the free
ammonia at the surface had increased from practically nothing in
the summer to .0640 parts per 100,000,

From the foregoing description it will be seen that there are two
prominent differences between the storage of water in a deep pond
like the one here deseribed and a shallower one in which the water
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The next feature considered will be the seasonal changes, in the
pond as a whole, of the various forms of nitrogen. These are shown
by the columns of averages in the table on pp. 756-759; also
graphically by the diagram opposite.

The most prominent feature of the diagram is the increase in free
ammonia during the summer stagnation, and its disappearance during
the period of eirculation, which extended from November to April.

This increase, as already stated, is due to the accumulation of free
ammonia in the lower layers of the water by the decomposition of
organic matter; also in part to the deoxidation of the nitrates in
these layers. The decrease takes place after the water in the bottom
layers has, by the autumn circulation, been exposed to the air and
mingled with the surface water, thereby losing its offensive gases
and renewing its supply of dissolved oxygen so that nitrification
can take place. That nitrification does occur is obvious from the
correspondence between the increase in nitrates and the decrease in
free ammonia. There is also, at the same time, an increase in the
suspended albuminoid ammonia, showing that organisms, either
directly or indirectly, appropriate a considerable portion of the
nitrogen of the free ammonia.

The suspended albuminoid ammonia was higher at the beginning
of the special examination than subsequently. It had been much
higher previously, owing to an abnormally abundant growth of
Oscillaria, which reached its maximum June 1, and was rapidly
disappearing when the first special observations were made.

The dissolved albuminoid ammonia was remarkably constant
throughout the whole period.

The fluctuations of the nitrites follow in a general way those of
the nitrates ; but the similarity is not very striking.

In addition to the above changes, which occur in the pond as a
whole, the table on pp. 756-759 contains also the changes which
occur at each of the depths examined. To present these changes
graphically, and to show their relation to the temperature of the
water, the diagram opposite the following page has been prepared.
In order to avoid confusion of lines, the results obtained at the
surface and at a depth of ten feet, which correspond closely, are
combined ; and those at a depth of twenty feet are omitted. The
nature of the changes indicated upon the diagram has already been
so thoroughly discussed that it will be unnecessary to refer to more
than a few special features.
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In comparing the three reservoirs as to their physical character-
istics, we find that none of them are so deep but that the bottom
water is brought to the surface in summer by every strong wind.
All of them are artificial, none have had the vegetable deposits
removed, and each covers some land which was formerly swamp
or meadow. The Haynes Reservoir at Leominster is the poorest
one of the three with regard to the general depth, the proportion of
very shallow flowage, and the amount of swamp in the bottom. The
Ludlow Reservoir at Springfield is much better in these respects,
being nearly twice as deep as the Haynes Reservoir, containing very
little shallow flowage, and a smaller proportion of swamp. The
Brockton Reservoir is intermediate between the other two in the
features mentioned, except that it contains a smaller proportion
than either of land which was originally wet, and this was a meadow
rather than a swamp. The water which enters this reservoir, how-
ever, coming to a considerable extent from swamps and meadows,
is darker colored and contains more organic matter than that enter-
ing the other reservoirs.

The quantity of water entering the Drockton Reservoir during a
year is three or four times the amount required to fill it, while the
other reservoirs are filled on an average about once in nine or ten
months.

Neither of the three reservoirs receives any considerable amount
of sewage.

Judged by ordinary standards, the unfavorable conditions at
Leominster are very much more prominent than at Springfield, and
the peculiar trouble which is common to both places would naturally
be expected to appear in an exaggerated form at the former place.
It will be seen by reference to the diagram that this is the case,
though not to the extent which might be expected when the great
differences in the two reservoirs are considered. At Brockton the
trouble was most serious in 1887, and has grown less and less
every year since; so that, on the whole, this reservoir has been
affected much less than the others, notwithstanding the fact that
both the reservoir and the water entering it are worse than at
Springfield, except that the reservoir at the former place has no
extensive swamp in the bottom. Brockton has also the advantage
that the water in the reservoir is changed more frequently.

In extending the comparison to the other reservoirs in the State
which give less trouble or none, there are many which, judged by
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now possess of the waters of Arlington, Wayland and Whitman
throw much new light on this subject. The very striking increase
of the free ammonia in these cases of imperfect filtration hias already
been mentioned. This points to decomposition in progress either
of the organic matter in the water itself, or of that contained in the
porous media through which the water filters. In this decomposi-
tion of organic matter the oxygen dissolved in the water is used up,
and under these conditions the iron in solution as sesquioxide is
reduced to the protoxide, and thus both of the necessary con-
ditions for the rapid multiplication ,of the Crenotlriz are brought
about. Furthermore, the absence of light where these changes are
going on is favorable for bacterial growth. More study of the sub-
ject is needed, to determine the cause of this rapid decomposition
of the organic matter in rapid filtration, and also to ascertain whether
the presence of Crenothriz has any influence in promoting this
decomposition. But the above theory of the cause of the rapid
development of Crenotlirix, in the three cases under consideration, is
consistent with the facts which we now possess on this subject.

In the case of ground waters which are perfectly filtered, in which
practically all the organic matter has been removed by oxidation as
the result of intermittent filtration, or by long contact with porous
strata in continuous filtration, we do not have trouble from Chreno-
thriz, nor do we have evidence of recent decomposition in the
presence of free ammonia.

It is true that the biological records in the preceding pages show
the occasional presence of Crenothriz in considerable quantity,
in other ground-water supplies than those we have been considering.
In such cases it may be that the conditions of filtration were at the
time imperfect, or that subsequent decomposition had been in prog-
ress, since we not infrequently find that Crenothrixz increases in
the dead ends of the pipes.

Notwithstanding the general distribution of Crenothirixz in natural
surface waters, the cases in which serious annoyance arises from its
abundant growth are comparatively few. This is doubtless due to
the fact that there is lacking the coincidence of the two conditions
‘necessary for its life, namely, decomposing organic matter and iron
in solution as protoxide.

The generally accepted statement that good ground waters are
free from bacteria finds confirmation in the results of the bacterial
examinations which have been made of some of the waters of wells












THE POLLUTION OF STREAMS.

There are many instances in which sewage is discharged into a
stream without producing a degree of pollution which is apparent to
the senses, or which is seriously objectionable where the stream is
not used for the purposes of domestic water supply. On the other
hand, it frequently happens that a stream receives so much sewage
that it becomes very foul and offensive to those living near it.

The dividing line between these two conditions must always
remain somewhat indefinite, both on account of a difference of
opinion as to what degree of pollution is permissible, and because of
the great difference in the conditions at different places, such as, for
instance, the character of the sewage ; the fluctuations in the flow of
the stream, occasioned by its use for mill purposes; the existence
of mill ponds in which sewage deposits may accumulate ; and the
presence of population along the banks below the point where the
sewage is discharged. At the present time the dividing line is
rendered still more indefinite by a lack of information as to the
effect of a given quantity of sewage upon a given quantity of water.

The investigation of the rivers in Massachusetts furnishes some
information upon this subject, which will be presented in this section.

There are some instances in which the polluting matter from
factories is more important in its visible effect upon a stream
than domestic sewage; but in a great majority of cases, where the
population is provided with sewers discharging into a stream, the
domestic sewage is the controlling factor. In attempting to deter-
mine a permissible ratio between the amount of sewage and water,
we are confronted by another trouble ; namely, the variable amount
of polluting matter contained in sewage from different communities ;
but, as this is due to the different amounts of water used in different
places rather than to variations in the amount of polluting matter
contributed per person, this difficulty will be avoided if we adopt
as a basis for calculations the relation of the population to the
quantity of water flowing in the stream. The volume flowing in
streams is commonly expressed in cubie feet per second; but, in
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Two samples collected from the Charles River, below Milford,
where it is a very small stream, one taken a week later than the
-other, in July, 1890, contained respectively .1570 and .1320 parts
of free ammonia. The first had only a faint odor, and the second
was decidedly offensive. This case is introduced, in part, for the
purpose of showing that the amount«.of ammonia is by no means an
unfailing index of the amount of odor from sewage. It is, however,
the best index that we have where the pollution is occasioned by
domestic sewage.

Several instances might be enumerated of streams which are pol-
luted by sewage so that the water contains from 0.0100 to 0.0300
parts of free ammonia, without having offensive odors.

It will be seen that the foregoing data are insufficient for reaching
a definite conclusion, and a further study of the subject is very much
needed. In the mean time, however, it is necessary to solve prac-
tical problems, and it is therefore desirable to limit the debatable
ground as far as may be justified by the observations. For this
purpose two lines have been drawn across the table on page 739, to
include those ratios of population to volume concerning which there
may be doubt. These lines include volumes from 2.5 to 7.0 cubic
feet per second per 1,000 persons, and free ammonia from 0.0399 to
0.1116.

With smaller volumes of water, the pollution is so great as to be
inadmissible. With larger volumes, the pollution is so small as to
be clearly admissible from the stand-point of the offensiveness of the
water. From other stand-points, however, such as the use of water
for certain manufacturing purposes, the amount of dilution should
be greater ; and in a stream used for domestic water supply it can-
not be said, with our present knowledge, that any degree of dilution
will make the water entirely safe for use.

All of the foregoing relates to the pollution of the water itself,
as if the sewage emptied into a stream of unvarying volume, flowing
with sufficient rapidity to prevent deposits. If, instead, the sewage
is turned into a stream where it is ponded by a dam, or if there are
ponds on the stream below the point of discharge, the solid particles
of the sewage may accumulate and decompose, giving off offensive
gases. This is more likely to oceur if the deposits are covered with
foul water in which the dissolved oxygen has been used up, because
the decomposition will then be putrefactive rather than a process of
oxidation. The fluctuations in the height of a stream, where they
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the banks of the stream. The amount of pollution at this place was
increased somewhat by the manufacturing refuse turned into the
river below Worcester.

The Merrimack River will be considered with reference to the
effect of the sewage of Lowell upon it. In this case observations for
more than three years are available. The average flow of the river
has been 8,720 cubic feet per second, and the average population of
Lowell for the same time 74,500 ; hence, the volume flowing has
equalled 117 cubic feet per second, per 1,000 persons. If, instead
of the average flow, we take the low-water flow of 2,200 cubic feet
per second, and the population as given by the census of 1890, the
volume per 1,000 persons is 28 cubic feet per second. It will be
observed that the former of these results represents a greater
dilution than any indicated by the table on page 789, while the
latter shows a dilution four times as great as the highest about which
there is any doubt. The discharge of this sewage into the river,
added to that which has already entered it from eities and towns
above, together with a vast amount of manufacturing sewage, has
not affected the water enough to prevent the city of Lawrence, ten
miles below, from adopting and maintaining a water supply from
this sonrce; although the danger to health which has been found to
exist in this water supply has led the city authorities to contemplate
the introduction of water from a new source. This is a striking
instance of the extent to which a great river can dilute the sewage
of a very large population ; but the fact that the water is not worse
than it is, is undoubtedly due in part to the so-called self-purifying
power of streams, which will now be discussed.

SELF-PURIFICATION OF STREAMS,

This subject may be discussed with reference to the subsequent
use for drinking of water which has been polluted by sewage, or
from the other stand-point of rendering inoffensive a stream which
has been made offensive in the same way. Inthe case of the stream
used for drinking, chemical purification is less important than the
destruction of disease germs, so that the purification should be con-
sidered from a bacterial as well as a chemieal stand-point; while in
the case of the offensive stream the improvement is well indicated
by chemical analysis alone.












1889.] WATER SUPPLY AND SEWERAGE. 797

pounds, which may be due to the growth of organisms which appro-
priate the free ammonia and nitrates, and to the increase from
artificial pollution caused by the population and factories on the
large area of watershed which drains into the river below Uxbridge.
It might be thought that the increase from these causes would be
insufficient to offset the decomposition of the organic matter of the
Worcester sewage, and this would probably be the case were it not
that the portion which still remains in the river is comparatively
stable in character.

The free ammonia, which is a product of decomposition and a
characteristic component of sewage, decreases, from Worcester to
Uxbridge, from 1,728 to 1,629 pounds. It is not probable that
this represents the whole loss of free ammonia which takes place in
this distance, because a considerable amount must have been devel-
oped below Worcester by the decomposition of the dissolved and
suspended organic matter, and a further amount, as in the case of
other constituents, must have entered with the sewage and other
polluting matters turned into the stream at different points below
Worcester. This view is supported by the increase of nitrogen as
nitrates, from 218 pounds at Worcester to 426 pounds at Uxbridge,
which is due to the oxidation of the nitrogen of the free ammonia.
From Uxbridge to Millville there is a loss of 330 pounds of free
ammonia, and an increase of nitrogen as nitrates of but 31 pounds.
In this case the loss of ammonia does not appear to be oceasioned to
any large extent by oxidation. Some of the nitrogen is undoubtedly
appropriated by suspended organisms, and some by fixed plants.

The chlorine shows a gradual increase from point to point, which
is easily accounted for by the population below Worcester.

If we estimate the total nitrogen at Worcester and Millville, by
methods which in this case are necessarily approximate, we find
3,000 pounds at Worcester and 2,156 pounds at Millville, leaving
844 pounds daily unaccounted for. A portion of this is undoubtedly
contained in the suspended matter, which settles to the bottom in
mill ponds and sluggish places, and either remains there or is swept
down the stream by freshets, thereby generally escaping without
being represented in an analysis. It is possible that some of the
ammonia thay escape into the air, and some may be appropriated by
fixed plants. It is also not improbable that a portion of the differ-
ence may be due to the unavoidable inaccuracies in comparisons of
this kind, as previously indicated.












































































































































































































