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vl PREFACE.

they have caused in Massachusetts may be considered as
typical of those experienced elsewhere.

The descriptions of the organisms in Part II are necessarily
brief and limited in number. The organisms chosen for
description are those that are most common in the water-
supplies of New England, and those that best illustrate the
most important groups of miéruscopic animals and plants.
In many cases whole families and even orders have been
omitted, and some readers will doubtless loock in vain for
organisms that to them seem important. The omissions have
been made advisedly and with the purpose of bringing the
field of microscopic aquatic life within the scope of a practical
and elementary survey. For the same reason the descriptions
stop at the genus and no attempt has been made to describe
species and varieties. Notwithstanding this it is believed
that the illustrations and descriptions are complete enough to
enable the general reader to obtain a true conception of the
nature of the microscopic life in drinking-water and to appre-
ciate its practical importance. To the student they must
serve as a skeleton outline upon which to base more detailed
study.

The illustrations, for the greater part, have been drawn
from living specimens or from photo-micrographs of living
specimens, but some of them have been reproduced from
published works of standard authority. Among these may
be mentioned: Pelletan and Wollé on the Diatomacea;
Wollé, Rabenhorst, and Cooke on the Chlorophycea and
Cyanophyce®; Zopf on the Fungi: Leidy, Bulschi, and
Kent on the Protozoa; Hudson and Goss on the Rotifera;
Baird and Herrick on the Crustacea; Lankester on the Bryo-
zoa; Potts on the Spongide; and Griffith and Henry on
miscellaneous organisms.
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This book has been prepared during the leisure moments
of a busy year. Its completion has been made possible by
the kind assistance of my present and former associates in
the laboratories of the Boston and Brooklyn water-supply
departments and of other esteemed friends, to all of whom I
tender my sincere thanks. I desire also to acknowledge the
valuable assistance of my wife, Mary R. Whipple, in revising
the manuscript and correcting the proof. To many others I
am indebted indirectly, and among them I cannot refrain from
mentioning the names of Prof. Wm. T. Sedgwick of the
Massachusetts Institute of Technology; Mr. Geo. W. Rafter,
C.E., of Rochester, N. Y.; and Mr. Desmond FitzGerald,
C.E., formerly Superintendent of the Boston Water Works
and now Engineer of the Sudbury Department of the Metro-
politan Water Works. To Prof. Sedgwick and Mr. Rafter
water-analysts are indebted for the most satisfactory practical
method of microscopical examination of drinking-water yet
devised, and Mr. FitzGerald will be remembered not only as
an eminent engineer but as the founder and patron of the
first municipal laboratory for biological water-analysis in this
country.

GEORGE CHANDLER WHIPPLE.
New YoRrg, January, 189g.
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THE
MICROSCOPY OF DRINKING-WATER.

AR

CHRARTRER T,
HISTORICAL.

THE study of the microscopic organisms in water dates
back to the seventeenth century. With the invention of the
compound microscope enthusiastic observers began to search
ponds and streams and ditches for new and varied kinds of
microscopic life. Among the pioneers in this field of Natural
History were Hooke (1665), Leeuwenhoek (1675), Ray (1724),
Hudson (1762), Miiller (1773), Dillwyn (1809), Kiitzing
(1834), Ehrenberg (1836), Dujardin (1841), and Stein (1849).

It was not until 1850 that the study of the organisms in
drinking-water was recognized as having a practical sanitary
value. Dr. Hassal of London was the first to call attention
to it. His method of procedure is unknown, but in all proba-
bility it consisted of the examination of a few drops of the
sediment collected in a deep vessel after allowing the water
to stand for a longer or shorter interval. Radlkofer (1865)
of Munich, and Cohn (1870), Hirt (1879) and Hulwa of Bres-
lau, pursued the study and emphasized its importance, but
they made no radical improvement in the method.

In 1875 Dr. J. D. Macdonald of London suggested im-
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provements in the sedimentation method, and made a rude
attempt to obtain quantitative results by allowing the water
to settle for a definite length of time, collecting the sediment
on a removable glass disk or watch-glass at the bottom of a
tall jar, and afterwards transferring this glass disk with its
accumulated sediment to the stage of the microscope for
«direct examination.

In" 1884 Dr. H. C. Sorby of England attempted to
obtain a more exact enumeration by passing a gallon of the
:sample through a fine sieve (200 meshes to an inch) and then
washing the collected organisms into a dish and in some way
counting then,

In America important researches were made by Torrey,
Vorce, Mills, Leeds, Potts, Nichols, Farlow, and others, but
previous to 1888 the work was chiefly of a qualitative
character.

In 1887 the Massachusetts State Board of Health begun a
systematic examination of all the water-supplies of the State,
and two years later the State Board of Health of Connecticut
began a similar but less extensive series of examinations. In
1889 the Water Board of the City of Boston established a
biological laboratory * at the Chestnut Hill Reservoir for the
purpose of studying systematically the biological character of
the various sources of supply. In 1893 a small laboratory
was established by the Public Water Board of the City of
Lynn, Mass. In 1897 Mt. Prospect Laboratory, connected
with the Department of Water Supply of Brooklyn, N. Y.,
was equipped and put in operation. It is devoted to general
water analysis, and the microscopical examination of water

* For the first eight years of its existence it was conducted by the
author under the general direction of Mr. Desmond FitzGerald, Super-
intendent of the Western Division of the Water Works.
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from the different sources of supply forms an important part

of the routine work.
Similar biological work has been lately undertaken by

health departments and by water experts in other parts of
the country.

The reports of the various laboratories show that during
the last ten years more than fifty thousand samples of water
have been submitted to microscopical examination in New
England and New York, and that this number is increasing
at the rate of about eight thousand a year.

The method of microscopical examination first used by
the Massachusetts State Board of Health was that suggested
by Mr. G. H. Parker. A piece of cotton cloth was tied
firmly over the end of a glass funnel and 200 c.c. of the sam-
ple were made to pass through it. The organisms were left
as a deposit on the cloth, After this straining the cloth
was removed and inverted over an ordinary microscopical
slip. The organisms, together with a small quantity of
water, were dislodged upon the slip by blowing downwards
upon the cloth through a piece of glass tube. This method
was useful, but it did not give accurate quantitative results.
Mr. F. F. Forbes of Brookline, Mass., used a modification
of the cloth method. The water was filtered as in Parker's
method, but the neck of the funnel passed into a tank from
which the air was exhausted by an aspirator. This hastened
the fltration and allowed a larger amount of water to be
filtered.

The present method of examination was foreshadowed in
the work of Mr. A. L. Kean. He filtered 100 c.c. of his
samples through a small quantity of coarse sand placed at the
bottom of a glass funnel and supported by a plug of wire
gauze. After filtration the plug was removed and the sand
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with its contained organisms was washed into a watch-glass
with 1 c.c. of water. This was stirred up to separate the
organisms from the sand and a portion was transferred to a
cell holding one cubic millimeter. From the number of
organisms found in this cell the approximate number orig-
inally present in the water could be obtained. This method
has become known as the ‘‘ sand method.” |

In 188g Prof. Wm. T. Sedgwick and Mr. Geo. W. Rafter
made valuable improvements upon Kean's original idea.
Prof. Sedgwick suggested the use of a cell much larger than
that used by Kean, bounded by a brass rim and having an
area of 1000 square millimeters ruled by a dividing engine into
1000 squares. The filtration was made as before, and the sand
was washed into the cell with one or two cubic centimeters of
water and distributed over the bottom. The cell was then
placed under the microscope and the organisms counted in a
certain number of the small squares. From this count the
number of organisms present in the sample was estimated.
A modification of this method was the one first used by the
Connecticut State Board of Health. In the Connecticut
method precipitated silica was used instead of sand for the
filtering medium, and this was supported upon a pledget of
absorbent cotton.

Mr. Rafter’'s improvements consisted in the substitution
of a ruled square in the ocular of the microscope for the ruling
upon the plate, in the separation of the sand from the organ-
isms by decantation, in the use of a cell covered by a cover-
glass and containing just one cubic centimeter, and in the use
of a specially constructed mechanical stage. The Sedgwick-
Rafter method has been modified somewhat by recent experi-
menters,* but its essential character has not been changed.

* Dr. Gary N. Calkins substituted a perforated rubber stopper capped
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While sanitarians have been pursuing the study of the
microscopic organisms because of their effect on the quality
of water-supplies, other scientists have approached the subject
from an entirely different standpoint. In the same year that
the Massachusetts State Board of Health began its examination
of the water-supplies of the State, Victor Hensen of the Uni-
versity of Kiel, Germany, published a description of a new
method of studying the minute floating organisms found in
Ilakes. To these organisms he gave the name ‘‘ plankton,’’ *
a collective word applied to all minute animals and plants
that float free in the water and that are drifted about by waves
and currents. Plants attached to the shore, and animals that
possess strong powers of locomotion, are not included in the
plankton, but fragments of shore plants, fish-eggs, young fish-
fry, etc., are included. The term ‘¢plankton,’”’ however,
may be said to be synonymous with the term ‘‘ microscopic
organisms '’ of the sanitary biologist.

Hensen's method is radically different from the Sedgwick-
Rafter method. The latter is strictly a laboratory process.
The samples of water operated on are small; the concentra-
tion of the organisms is made in the laboratory. Hensen
devised a net by which the organisms could be concentrated
in the field, so that only the collected material need be taken
to the laboratory.

Even before the publication of Hensen’s paper, scientists

by a circle of bolting-cloth in place of the plug of wire gauze. Mr. D. D.
Jackson suggested a cylindrical funnel in place of the ordinary flaring
chemical funnel, and added an attachment at the lower end to control the
concentration and prevent the sand from becoming dry. The author has
graduated the funnels, designed a simple automatic concentrating device,
and applied an aspirator to hasten the filtration. He also designed the ocu-
lar micrometer and the record blank now used, and suggested the idea of a
standard unit of size for estimating the organisms and amorphous matter.
* From the Greek plankios, wandering.
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on the Continent had become interested in the study of lakes.
The early observations of Prof. F. A. Forel, of Morges,
Switzerland, on Lake Geneva were followed by the establish-
ment of a Limnological Commission in Switzerland. Under
its direction many valuable lines of physical and biological
research were undertaken. This was followed in 18go by an
International Commission. From this time increased atten-
tion has been given to the biology of ponds and lakes. A
biological station was established by Zacharias at Lake Plén
in 1891, and a group of scientists have contributed important
articles to its annual reports. Apstein at Kiel, Schroeter at
Zurich, and many others have made extensive and valuable
observations. Biological stations are multiplying and the
work is being extended to France, Italy, Austria, Denmark,
and Norway.

Similar investigations have been carried on in the United
States. In 1893 Prof. J. E. Reighard, acting under the
direction of the Michigan Fish Commission, made a biological
study of LLake St. Clair. This was followed by an examina-
tion of Lake Michigan by Prof. Henry B. Ward, and by
studies of the crustacea in Lake Mendota by Prof. E. A.
Birge, and in Green Lake by Prof. C. Dwight Marsh.

Biological stations have been recently estallished by a
number of Western universities on and in the vicinity of the
Great Lakes.

For several years Prof. James I. Peck, acting under the
direction of the U. S. Fish Commission, has been making
important studies of the food of certain fishes, notably the
menhaden. He uses the Sedgwick-Rafter method instead of
the plankton net for concentrating the microscopic organisms.

In 1896 Dr. C. S. Dolley of Philadelphia suggested the
use of the centrifugal machine for the purpose of concentrat-
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CHAPTER TI.
THE OBJECT OF THE MICROSCOPICAL EXAMINATION,

A COMPLETE sanitary examination of water, as conducted
in modern laboratories, consists of three parts,—the physi-
cal, the biological, and the chemical. The biological ex-
amination may be divided imto the microscopical and the
bacterial, because of different methods employed. The

data obtained are as follows:

PHYSICAL EXAMINATION.
Temperature — Turbidity — Sediment — Color—Odor,

both cold and hot.

B1oLOGICAL EXAMINATION,
Microscopical.
Number of microscopic organisms per c.c.—Amount
of inorganic, amorphous matter, etc.
Bacterial.
Number of bacteria per c.c.—Presence of intestinal or

pathogenic bacteria.

CHEMICAL EXAMINATION.

Total Residue on Evaporation—Loss on Ignition—
Fixed Solids — Alkalinity — Hardness — Chlorine —
Iron—Nitrogen as Albuminoid Ammonia—Nitrogen
as Free Ammonia—Nitrogen as Nitrites—Nitrogen
as Nitrates — Total Organic Nitrogen (Kjeldahl
Method)—Oxygen consumed—Dissolved Oxygen.

(The last three are of use only in special cases.)
8
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Such an analysis is intended to show whether or not the
water is of such a character that it would cause sickness if
used for drinking; whether or not it contains anything that
would render it distasteful or unpalatable; and whether or
not it contains any ingredient that would make it unfit for
Jaundry use or for general domestic or industrial purposes.
Sanitary examinations are necessary also in studying the
effect of processes of purification.

'Opinions regarding the function and value of sanitary
water analyses have undergone a change in recent years,
The numerical results of a single analysis of a sample of water,
when considered by themselves, are now believed to have
little intrinsic value. It has been found that the value of the
analysis lies in its interpretation, and that each part of the
analysis must be interpreted by comparison with all the other
parts and in the light of exact knowledge of the environment
of the water. The interpretation of an analysis is as much a
matter of expert skill as is the making of the analysis itself.
The physical, biological, and chemical examinations should
be interlocking in their testimony, yet these different parts
are to be given different weight in the study of different
problems. For example, in the detection of pollution the
chemical and bacterial examinations furnish the most infor-
mation, in the study of the @sthetic qualities of a water the
physical and microscopical examinations are most important,
while in investigations concerning the value of a water for
industrial purposes the chemical and physical examinations
sometimes suffice.

The biological examination is concerned with the micro-
organisms found in water. The term ‘‘ micro-organisms,”’
when used in its broadest and most literal significance, includes
all organisms which are invisible or barely visible to the



10 THE MICROSCOPY OF DRINKING-WATER.

naked eye. It is frequently used in a narrower sense, how-
ever, as a synonym for bacteria. Using the word in its broad
sense we may divide the micro-organisms found in water
into two classes, as suggested by Prof. Sedgwick.

-

Microscopic Organisms.

Not requiring special culture.
MIcRrO-ORGANISMS, | Easily studied with the microscope.

Otganisms, either Microscopic in size, or slightly larger.
Plants or animals.

plants or animals, )
invisible or barely Bacterial Organisms.*
visible to the

naked eye.

Requiring special cultures.

Difficultly studied with the microscope.
Microscopic or sub-microscopic in size.
. Plants.

This subdivision is convenient for the sanitarian as well as
for the biologist, because the two classes of organisms affect
water in different ways. With certain reservations it may be
said that the bacteria make a water unsafe, the microscopic
organisms make it unsavory. |

Microscopical Examination.—The microscopical exam-
ination of water may be considered in four aspects: I.
As indicating sewage contamination. 2. As explaining
the chemical analysis. 3. As explaining the cause of tur-
bidity, odors, etc., in water. 4. As a method of studying
the food of fishes and other aquatic animals.

1. The microscopical examination cannot be depended
upon to determine the pathogenic qualities of a drinking-

#* The bacteria are not considered in this volume. The reader is
referred to the numerous works on Bacteriology, and in particular to
“ Micro-organisms in Water,” by Percy and G. C. Frankland.
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water. To be sure, the germs of disease are microscopic
bodies, and when artificially cultivated or when found in
the tissues of the body they can be studied with microscopes
of high power. But when scattered through a mass of
water they cannot be detected by ordinary microscopical
methods, because of their small size and because they are
greatly outnumbered by the ordinary water bacteria. It is
questionable whether they can be discovered even by methods
of culture. Not only may water contain pathogenic bacteria
without discovery, it may contain the ova or larvae of some
of the endoparasites of man. It is probable that endoparasitic
diseases are more common than has been generally supposed;
and while diseased pork, beef, etc., are the chief agencies of
infection, it is known that water polluted by animal excrement
may contain the ova or larve of such endoparasites as 7enia
solium, Tenia saginata, Botriocephalus latus, Ascaris lumbri-
cotdes, Trichocephalus dispar, and Anchylostomum duodenale.
Infection of animals by the drinking of water contaminated
by barnyard wastes has been several times recorded, while a
microscopical examination of the water has seldom revealed
the presence of the suspected ova or larvae. This is not
because they are too minute to be detected, but because the
quantity of water examined is necessarily too small.

The microscopical examination cannot show definitely
whether a water is polluted by sewage unless the pollution is
excessive. It can, however, give evidence which, taken
with the chemical and bacterial examinations, may establish
the proof. A microscopical examination of sewage reveals
few of the living organisms that are found ordinarily in
water. Ciliated infusoria, such as Paramzcium and Trache-
locerca; fungus forms, such as mold hypha, Saprolegnia,
Leptomitus, Leptothrix, and Beggiatoa; and miscellaneous
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objects, such as yeast-cells, starch-grains, fibres of wood and
paper, fibres of muscle, epithelial cells, threads of silk, woolen,
cotton and linen, insect scales, feather barbs, etc., may be
observed. Most of these objects are foreign to unpolluted
water, and their presence in a sample of water leads one to
suspect its purity.

Furthermore, there are other organisms, such as Euglena
viridis, which live on decaying vegetable matter and which,
though not found in sewage, are often associated with it
in polluted water. Their presence in a sample is a cause
of suspicion. These evidences, however, should be weighed
only in connection with an environmental study and with
the entire sanitary analysis. The common microscopic or-
ganisms found in water are not themselves the cause of
disease, nor does their presence indicate sewage pollution.

2. The chemical examination determines the amount of
organic matter that a sample of water contains, but it does not
determine the nature of it. As the character and condition
of the organic matter is very important from the sanitary
point of view, the microscopical examination gives valuable in-
formation by showing not only whether the organic matter in
suspension is vegetable or animal, but by determining whether
it is made up of living organisms or of decomposing frag-
ments. For example, the amount of albuminoid ammonia in
suspension is sometimes so great that one might suspect that
the water was polluted did the microscope not show that the
high figure was due to a growth of some organism. Orina
series of samples from a reservoir it might be difficult
to account for a sudden decrease in the nitrates or free am-
monia were it not for the appearance of some microscopic
organism that had appropriated the nitrogen as a part of its

food.
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3. By far the most important service that the micro-
scopical examination renders is that of explaining the cause
of the taste and odor of a water and of its color, turbidity,
and sediment. Several of the microscopic organisms give
rise to objectionable odors in water and, when sufficiently
abundant, have a marked influence on its color. They also
make the water turbid and cause unsightly scums and sedi-
ments to form. Upon all such matters related to the ssthetic
quallities of a water the microscopical examination is almost
the only means of obtaining reliable information,

4. The microscopic organisms form the basis of the food-
supply of fishes and other aquatic animals. Sometimes the
relation is a direct one; that is, the microscopic organisms are
themselves eaten by fish. This has been well illustrated
by Prof. Peck. The menhaden swims with its mouth open,
and 1s provided with a peculiar filtering apparatus by which
the minute organisms are caught. It has been shown that
the presence or absence of these fish from certain sections of
the Massachusetts coast depends upon the abundance of
microscopic life in the water, and also that the weight of fish
of any particular length depends upon the quantity of this
food material at hand.

The relationship between the plankton and fish life is not
always so direct. In many cases the fish feed upon crustacea
and insect larvae; the crustacea feed upon the rotifera and
protozoa; the rotifera and protozoa feed upon alga; while
the alge nourish themselves by the absorption of soluble
inorganic substances.

The interrelations between different organisms of the
lower world, and between the organisms and their environ-
ment are matters of intense scientific interest, and limnology
is fast assuming an important place in scientific literature.






CHAPTER TII.
METHODS OF MICROSCOPICAL EXAMINATION.

THE most important methods of microscopical examina-
tion of water now in use are: I. The Sedgwick-Rafter
Method; 2. The Plankton Net Method; 3. The Plankton
Pump Method; 4. The Planktonokrit. They differ chiefly
in the manner of concentrating the organisms.

I. THE SEDGWICK-RAFTER METHOD.

The Sedgwick-Rafter Method consists of the following
processes: the filtration of a measured quantity of the sample
through a layer of sand upon which the organisms are de-
tained; the separation of the organisms from the sand by
washing with a small measured quantity of filtered or dis-
tilled water and by decanting; the microscopical examination
of a portion of the decanted fluid; the enumeration of the
organisms found therein; and the calculation from this of the
number of organisms in the sample of water examined. The
essential parts of the apparatus are the filter, the decanta-
tion-tubes, the cell, and the microscope with an ocular mi-
crometer.

The Filter.—The sand may be supported upon a plug of
rolled wire gauze at the bottom of an ordinary glass funnel 7
or § inches in diameter, but the cylindrical funnel shown in

Fig. 1 is preferable. The inside diameter of this funnel at
s
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The filters may be arranged conveniently in a row against

the laboratory wall as shown in Fig. 2. The filtered water
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Fic. 2.—BATTERY oF FILTERS. SEDGWICK-RAFTER METHOD.

may be collected in a sloping trough and carried to a sink,
or jars may be placed under the separate funnels. A hinged
covering-shelf above the filters is useful to prevent the access
of dust.

The sample to be filtered may be measured in a graduated
cylinder or flask, or the filter-funnel itself may be graduated.
The graduated filter-funnel is especially useful for field work,
as it saves the necessity of carrying an additional graduate.
The quantity of water that should be filtered depends upon
the number of organisms and the amount of amorphous
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collected on the sand. If 500 c.c. of the sample are filtered
it is usually best to wash the sand with 5 c.c., thus concen-

trating the organisms one hundred times.

The amount of

water filtered divided by the amount of water used in wash-
ing the sand gives the *‘ degree of concentration.”” The

degree of concentration may vary from 10
to 500 according to the contents of the
sample. Ordinarily it should be 50 or 100.

IB}? shaking the test-tube the organisms
will become detached from the sand-grains.
If this is followed by a rapid decantation into
a second test-tube most of the organisms,
being lighter than the sand, will pass over
with the decanted fluid, while the sand is
left upon the walls of the first tube. To
insure accuracy the sand should be washed
a second time and the two decanted por-
tions mixed together. If, for example, it
is desired to concentrate a sample from
500 c.c. to 10 c.c. the sand should be
washed twice with 5 c.c. and the two por-
tions poured together. This will give a
more accurate result than a single washing
with 10 c.c.

Mr. D. D. Jackson has suggested the
use of an attachment at the lower end of
the funnel that automatically arrests the
filtration as soon as the proper degree of
concentration has been reached. This is
illustrated in Fig. 3. The attachment fits

Fic. 3. — CONCEN-
TRATING ATTACH-
MENT. SEDGWICK-
RAFTER METHOD.

over the rubber cork that supports the sand, uniting with the
lower end of the neck of the filter by a ground joint. The
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1f the operator is watching the filtration even this form of
attachment is unnecessary, as the filtration may be stopped
by inserting a plug in the rubber stopper as soon as the level
of the water has fallen to the desired point. This method
of concentrating is to be preferred to the usual one described
above in which the surface of the sand is allowed to become
uncovered before the sand is washed into the test-tube.
As the use of either form of attachment described above
retards the rate of filtration it is better not to put on the
attachment until the water has fallen almost to the desired
level. -

If the concentrated water is allowed to stand in the funnel
for any length of time some of the organisms are liable to
become attached to the glass sides. To prevent error from
this cause the neck of the funnel may be washed with a small
measured quantity of filtered water, and this may be caught
in the large test-tube and used for washing the sand a second
time as described above.

The Cell.—The cell into which a measured portion of the
concentrated fluid is placed for examination is made by
cementing a rectangular brass rim to an ordinary glass slip.
The internal dimensions of the cell are: length 50 mm., width
20 mm., and depth 1 mm. It therefore has an area of 1000
sq. mm. and a capacity of 1 c.c. A thick cover-glass (No. 3)
having dimensions equal to those of the outside of the brass
rim (55 mm. by 25 mm.) forms a roof to the cell, The con-
centrated organisms in the decantation-tube are distributed
uniformly through the fluid by blowing into it through a
pipette, and one cubic centimeter of the fluid is then trans-
ferred to the cell in such a manner as to distribute the organ-
isms evenly over the entire area. This may be done by laying
the cover-glass diagonally over the cell so that an opening is
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of the microscope, the area covered by it on the stage is just
one square millimeter, For convenience it should be sub-
divided as shown in Fig. 6. The size of the largest square
is one square millimeter. The size of the smallest square is

Fic. 6.—0cuLAR MICROMETER USED IN THE SEDGWICK-RAFTER METHOD.

one standard unit.* The best micrometers are made by en-
graving, but a serviceable micrometer for occasional use may
be made by photography.} With a 2-inch objective and a
No. 3 ocular the square ruled for the ocular micrometer
should be 7 mm. on a side. Before using the micrometer the
proper tube-length must be ascertained by comparison with
a stage micrometer,

Enumeration.—The cell, filled with the concentrated
fluid, is placed upon the stage of the microscope and the
organisms included within the area of the ruled square are
counted. It is then moved so that another portion of the
cell comes into the field of view and another square is counted.

* See page 20.
t This idea was suggested by Mr.Wallace Goold Levison, Brooklyn, N, Y.






METHODS OF MICROSCOPICAL EXAMINA TION. 25

filtered; z¢, the number of cubic centimeters of water used in
washing the sand: and #, the number of squares counted.

Sources of Error.—The operations of the Sedgwick-
Rafter method involve several sources of error. They may
be classified as follows:

1. Errors in sampling.

2. Funnel error, or the error caused by the organisms
adhering to the sides of the funnel.

3. Sand error, or the error caused by imperfect filtration.

4. Error of disintegration, due to the breaking up of
organisms en the surface of the sand.

5. Decantation error, or the error caused by the organ-
isms adhering to the particles of sand, and by the water used
in washing the sand being held back by capillarity during the
process of decantation.

6. Errors caused by the organisms not being uniformly
distributed in the cell.

Errors in Sampling.—These errors arise chiefly from the
fact that organisms vary in specific gravity and in their
behavior towards light. If the bottle containing the sample
is allowed to stand even for a short time, some of the organ-
isms will sink to the bottom, some will rise to the surface;
some will collect on the side of the bottle towards the light,
others will shun the light as much as possible; while some will
attach themselves quite firmly to the sides of the glass,
Evidently the bottle must be shaken before the portion for
examination is withdrawn. Errors in sampling are common,
but, to a great extent, are avoidable.

Lunnel Error.—The funnel error, due to the organisms
settling upon and adhering to the sloping sides of the funnel,
varies greatly according to the character of the water filtered,
It is highest in the case of samples rich in the Cyanophycea
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Most of the organisms that pass through the sand do so
during the early part of the filtration, before the sand has
become compacted. If, before the sample is poured into the
funnel, the sand is compacted by passing through it some
distilled water, using the aspirator to increase the pressure,
the sand error will be reduced considerably.

Errors of Disintegration. — Many of the microscopic
organisms are extremely delicate. They are very susceptible
to -::'hangecl conditions of temperature, pressure, and light.
As soon as a sample of water has been collected in a bottle
some of the organisms begin to disintegrate: and if the sam-
ple stands long before examination and if it is submitted to
the joltings of a long trip by express, some of the organisms
will break up and become unrecognizable. The process of
filtration helps to disintegrate them by bringing them in
violent contact with the surface of the sand, but the method
of concentrating the sample by arresting the filtration as
described above reduces this error to a considerable extent
by keeping the sand from becoming dry and by preventing
many of the organisms from even reaching the surface of the
sand. The errors due to disintegration during transit and
before examination can be avoided only by making the exami-
nation at the time of collection. This is often necessary,
particularly when one is searching for such delicate organisms
as Uroglena. The errors of disintegration during filtration
cannot be entirely avoided, but if the examination of the
concentrated fluid is supplemented by a direct examination
of the water gross mistakes may be prevented. Utroglena,
Dinobryon, etc., may be detected in the sample with the
naked eye after a little practice. They may be taken up
with a pipette and transferred to the stage of the micro-
scope. This direct examination is important and ought
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accuracy, however, depends greatly upon the character of the
organisms in the water examined.

Results of Examination—Standard Unit.—The micro-
scopical examination of most samples of surface-water will
show that the concentrated fluid contains minute organisms
of various kinds, fragments of larger animals and plants,
masses of a grayish or brownish flocculent material, and fine
particles of inorganic matter. The inorganic or mineral
matter is usually not considered in the Sedgwick-Rafter
method; more information can be obtained by a direct
examination of the sediment and by chemical analysis. The
brownish flocculent material has been called ‘‘amorphous
matter ©° because of its formless nature, and ‘‘ zoogleea "
because of its supposed bacterial origin. The term zooglcea
has a definite meaning in bacteriology and is applied to a mass
of bacteria held together by a more or less transparent gluti-
nous substance. It is not strictly appropriate as applied to the
brownish flocculent matter, which is not so much a collection
of bacteria as the product of bacterial action. The word
phytoglea might be used in its place, but the term “‘amor-
phous matter’' is a broader term and quite as appropriate.
The amorphous matter, then, includes all the irregular masses
of unidentifiable organic matter. It does not include vege-
table fibres, vegetable tissue, etc., nor does it include mineral
matter except as this is intimately mixed with the flocculent
material. The amorphous matter occurs in a finely divided
state or in lumps of varying size. In order to correctly
estimate its amount it is necessary to have some unit of size.
A unit of volume is impracticable because of the great labor
involved in determining the dimensions of the masses
observed, but a unit of area approaches closely to what is
desired. Such a unit was suggested by the author in 1880,
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(Y

This system, which, for convenience, we may call the “‘in-
dividual counting system,’’ does not always give satisfactory
results. In the Boston water-supply it was found often that
a sample which a simple inspection showed to be heavily laden
with algze and which was offensive both in appearance and in
odor gave a low figure in the count, while a sample that was
clear and agreeable to the taste gave a very high figure.
This was due largely to the great difference in the size of the
orgzinisms. A great mass of Clathrocystis was given no more
weight in the result than a tiny Cyclotella. Each counted
one, though the former sometimes contained a thousand times
as much organic matter as the latter. In order to make the
figures representing the total number of organisms bear some
close relation to the actual character of the water as shown
by the physical and chemical analyses, it was suggested that
the standard unit already in use for the amorphous matter
might be applied to the organisms as well. This ‘““standard
unit method '’ was adopted at the Boston Water Works, and
has been used extensively elsewhere,

The unit system does not involve much extra labor in the
counting. Many organisms are so constant in size that they
may be counted individually and then reduced to standard
units by multiplying by a constant factor. Filamentous
forms of constant width may be measured in length and then
reduced to units. Irregular masses and variable colonies may
be estimated directly in units. In practice it has been found
desirable to modify the unit somewhat in cases where organ-
isms are especially thick or thin in order that the results may
approximate a volumetric determination as nearly as possible.

It is not always that the unit system gives better results
than the counting system. Sometimes it is advisable to state
the results both in number of individuals and in standard units.
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SCHEDULES OF CLASSIFICATIONS USED AT DIFFERENT
IN DIFFERENT LABORATORIES.

TIMES AND

Inpiviouar CoUNTING SYSTEM.

Sranoarn UniT SvsteMm.

Mass. St. Bd. Baston Mass, St Bd, | Conn. 57, Bd. Brmi-gn ﬂf’?’”
of Health. | Water Worlks. af Health, of Headth. IH".:.fer epie, W:::ift
: A : : Log ords.
Parker, 1887 |Whipdle, r1880.% | Calkins, régo £&or, kipple, 1597, Hollis, 187,
Diamq:mceu: Dhatomacea Diatomacese matomaces Diatomaces Diatomaceas
Desmidies Desmidies
Palmellaceas . Protococcol-
Zoosporem Desmidiems Alge dee Chlorophyces | Chlorophyces
Zyvgnemaces: | Chlorophyces Confervaces
olvociniess
1
Cyanophycex | Cyanophycesz | Cyanophycex | Cyanophycexe | Cyanophycem |‘ Cyanophycea
Schizomy- Fungi Fungi Fungi Fungi and Fungi
cetes Schizomycetes
Protozoa Rhizopoda Rhizopoda Rhizopoda Protozoa Rhizapoda
Infusaria Infusoria Infusoria Infusora
Rotifera Roufera Vermes Rotifera Rotifera Rotifera
Entomostraca; Crustacea Crustacea Crustacea Crustacea —_—
Sponglaria Miscellaneous | Miscellaneous | Ova Other Miscellane-
Nematoda (including Spores Organisms oS
Annelida Loogloea)
Total Total Total Taotal
Organisms Orpanisms Organisms Organisms
Amorphous Amorphous A
morphous
Matter Matter Mmfer

Miscellaneous

Bodies

Records.—The results of analysis may be recorded on a

blank similar to the one shown on page 32.

bered vertical columns correspond to ten squares
The two right-hand columns give the results in *“ Number per

c.c.”” and in ‘‘ Number of Standard Units per cie®

The ten num-

counted.

Either

* The Standard Unit system has been used since Jan. 1, 1893.
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The volume is obtained by allowing the material to stand
in alcohol in a graduated cylinder for 24 hours. At the end
of that time the plankton will have settled and the volume in
cubic centimeters may be read from the scale. This gives
the total volume in one catch. It is customary to express
results in ““number of cubic centimeters of plankton under
| number of cubic centi-

one square meter of surface’’ or in
meters of plankton in one cubic meter of water,

The approximate weight may be determined by drying
on filter-paper and weighing. The results are usually ex-
pressed in grams of plankton under one square meter of

surface or in one cubic meter of water.

The chemical analysis of the plankton usually consists of
the determination of the percentage of organic material, ash,
silica, etc.

The enumeration of the organisms is the most important
part of the laboratory investigation. The material is evenly
distributed in a definite amount of alcohol by shaking, and a
portion is removed to a small trough or cell and placed under
the microscope. The various organisms are then counted.
Lines drawn on the bottom of the cell aid the observer in
covering the entire area of the cell. As in the case of
volume and weight, the results are generally expressed either
in ** number of organisms under one square meter of surface '’
or in “‘ number of organisms per cubic meter of water.’’
Both these methods are objectionable because so many figures
are involved. They often extend to the millions and some-
times to the billions. It is preferable to express the smaller
organisms, such as the alga and protozoa, in ““number per
cubic centimeter,” and the larger organisms, such as the
crustacea, rotifera, etc., in *‘ number per liter.'’

It is evident that the ‘‘ plankton net method '’ involves
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shaped receptacles attached to an upright shaft, with the necks
of the funnels pointed outwards. The receptacles have a
capacity of one liter each. The funnel portion is made of
tinned copper; the stem is a glass tube that has a bore of 21
to 5 mm. The glasses are held in place by a cover, such as
is employed in mounting a water-gauge. The shaft is driven
by hand or belt through a series of geared wheels, so arranged
that 50 revolutions of the crank, or pulley-wheel, produce
8000 revolutions of the upright shaft. By this rapid revolu-
tion of the sample the organisms are thrown outwards by
centrifugal force and collect in the neck of the funnel, from
which they may be removed for examination.

There are certain practical objections to the forms of
apparatus now constructed. It is not only difficult but
dangerous to use high speeds when large quantities of water
are operated on. Field has been unable to use a speed
greater than 3000 revolutions per minute. This speed main-
tained for four minutes, however, was sufficient to throw out
all the organisms except the Cyanophycez. By reducing the
amount of the samples and by perfecting the mechanical
parts of the apparatus it seems probable that excellent results
may be obtained by this method,

Comparison of the methods described above will show
that the Sedgwick-Rafter method and the planktonokrit are
designed for use in examining samples of water in the labora-
tory, while the plankton net and the plankton pump are
intended for field work. The latter are most serviceable in
concentrating the larger microscopic organisms such as the
Rotifera and Crustacea. The Sedgwick-Rafter method is the
most practical and efficient method for use in sanitary water
analysis. It should not be relied upon completely, but should
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organic and mineral matter of the soil and modified by bac-
terial action, and when the water reaches the light this food
material is seized by the micro-organisms. One will recall
the luxuriant aquatic vegetation at the mouth of some spring
or in some watering-trough supplied with spring-water.
Organisms are occasionally met with in ground-water supplies,
but, with the exception of the Schizomycetes, the number of
organisms depends upon the exposure of the water to the
thtland air; that is, it is only as a ground-water becomes a
surface-water that the microscopic organisms develop.

The following table, compiled from the examinations of
the Massachusetts State Board of Health, gives an idea of the
organisms met with in ground-water supplies. Except in the
case of springs, the figures represent the average of monthly
observations extending over one or more years.

Spring-waters usually contain no microscopic organisms.
Several exceptions are noted in the table,—one at Westport,
where 455 Himantidium were present, and one at Millis, where
the water contained 180 Chlamydomonas per cc. That these
were accidental is shown by the fact that in 1893 five exami-
nations of the Aqua Rex Spring showed an entire absence of
organisms.

Well-waters also are ordinarily free from organisms, but
in some cases Crenothrix grows abundantly in the tubes of
driven wells. This is particularly true if the water is rich in
iron and in organic matter. Wells driven in swamps are
often thus affected. The tubular wells at Provincetown are an
example. Crenothrix is sometimes found there as abundant
as 20 000 per c.c. The water contains more than 0.125 parts
of albuminoid ammonia per million, and the iron varies from
1.00 to 5.00 parts per million. Many similar cases might be
cited. Leptothrix and Spirochate forms are also observed in
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food. It is difficult to draw a sharp line between these two
classes of organisms. Some are free-swimming at will or
during a part of their life-history, and some free-swimming
organisms are always found associated with sedentary forms.
On most rivers there are some quiet pools where free-swim-
ming forms may develop. In a sample of river-water, then,
one is likely to find sedentary forms which have become
detached, organisms which have developed in the quiet places
or in tributary ponds, and spores or intermediate forms in the
life-history of sedentary organisms. In streams draining
large ponds or lakes the water naturally has the character of
the pond- or lake-water, and organisms may be abundant,

The number of microscopic organisms found in rivers is
subject to great fluctuations. If the water is rich in food-
material, littoral growths often develop with rapidity, while a
heavy rain that increases the current of the water and the
amount of scouring material that it carries may suddenly wash
away the entire growth. With such conditions the number of
organisms collected in a sample may be above the normal.
At other times a rain may diminish the number of organisms
in a sample by dilution. But the fluctuations are due chiefly
to changes that take place in the g}owths in tributary ponds
or swamps, and to the fact that rains may cause these ponds
to overflow.

The table shows that the Diatomacea are the organisms
found most constantly in rivers. Navicula, Cocconema,
Gomphonema and other attached forms are common, but
their numbers are small compared to those found in standing
water. Some of the Chlorophycea, particularly Conferva,
Spirogyra, Draparnaldia and other filamentous forms, are
often observed. The Cyanophycea, except the Oscillariez,
seldom occur. Stony Brook, in the table, represents a stream
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thermometer-bulb may be immersed just beneath the surface
in an inclined position and the reading taken before removing
it from the water. In taking the reading one must be careful
to avoid parallax by holding the thermometer exactly at right
angles to the line of sight. When the water is too rough for
reading directly some of the surface-water may be dipped up
and the temperature of that ascertained. Thermometers with
bulb immersed in a cup are prepared for this purpose. Direct
observations are much to be preferred.

The observation of the temperature of the water at
depths below the surface is more difficult.

The simplest method of obtaining results that are in any
way accurate is to enclose a weighted thermometer in a
stoppered empty bottle and to lower this to the proper depth
and fill it by drawing out the stopper. After allowing a
sufficient time for the apparatus and thermometer to acquire
the exact temperature of the water the bottle is drawn to the
surface and the feading taken before the thermometer is
removed from the bottle. If the bottle is of sufficient size,
if it is allowed to remain down long enough, if it is drawn
rapidly to the surface and the reading taken at once, the
error ought not to exceed one degree Fahrenheit. This
method is impracticable for lakes much deeper than 5o ft., and
beyond that depth some form of deep-sea thermometer is
necessary. Several forms of maximum and minimum ther-
mometers and of self-setting thermometers have been devised.
The Negrette and Zambra thermometers have been used
extensively for obtaining the temperature of very deep water.
Several forms of electrical thermometers have been suggested,

but the thermophone * is the only one that has proved of
practical value,

* Invented and patented by H. E. Warren and G. C. Whipple.
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terminals of a slide-wire which forms a part of the indicator.
A third leading wire extends from the junction of the two
coils to a movable contact on the slide-wire, having in its cir-
cuit a telephone and a current-interrupter,—the latter oper-
ated by an independent battery connection. The telephone
and interrupter serve as a galvanometer to detect the presence
of a current. The slide-wire is wound around the periphery
of a mahogany disc, above which there is another disc carry-
ing a dial graduated in degrees of temperature. The movable
contact which bears on the slide-wire is attached to a radial
arm placed directly under the dial-hand, the two being
moved together by turning an ebonite knob in the centre of
the dial. This indicator is enclosed in a brass case in a box
that also contains the batteries. The sensitive coils are
enclosed in a brass tube of small diameter which is filled with
oil, hermetically sealed, and coiled into a helix., Connections
with the leading wires are made in an enlargement at one end.
The leading wires are three in number and are made to form
a triple cable. The temperature of the leading wires does not
affect the reading of the instrument because two of them are
of low resistance and are on opposite sides of the Wheatstone
bridge. They neutralize each other. The third leading wire
is connected with the galvanometer and does not come into
the question. The readings of the instrument are independ-
ent of pressure.

The operation of taking a reading is as follows: The coil
i1s lowered to the depth where the temperature is desired,
the three leading wires are connected to the proper binding-
posts of the indicator-box, the current from the battery
is turned on, the telephone is held to the ear, and the index
moved back and forth over the dial. A buzzing sound
will be heard in the telephone, increasing or diminishing as
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on a seven-years series of weekly observations, but some
irregularities have been omitted for the sake of simplicity.

If one traces the line of surface temperatures, he will
observe that during the winter the water immediately under
the ice stands substantially at 32% F., though the ice itself
often becomes much lower than 32° at its upper surface. As
soon as the ice breaks up in the spring the temperature of the
water begins to rise. This increase continues with some
fluctuations until about the first of August. Cooling then
begins and continues regularly through the autumn until the
lake freezes in December. If this curve of surface tempera-
ture were compared with the mean temperature of the atmos-
phere for the same period a striking agreement would be
noticed, and it would be seen that the water temperature
is the higher of the two. When the surface is frozen
there is no comparison between the air and water tempera-
tures. During the spring and early summer, when the water
is warming, the water is but slightly warmer than the air,*
but during the late summer and autumn it is about g°
warmer. The surface temperature of the water fluctuates
with the air temperature during the course of the day as well
as on different days. The maximum is usually obtained
between 2 and 4 P.M. and the minimum between 5 and 7 A.M.
The daily range is seldom greater than 5°, though it may be
much more. At the latitude of Boston the maximum sur-
face temperature of the water of lakes during the summer is
seldom above 80°.%

* It must be understood that it is the mean temperature of the air
during 24 hours that is referred to, and not the maximum temperature
during the daytime.

t A surface temperature of g2° was observed by the author at Chestnut
Hill Reservoir on Aug. 12, 1896, at 3 p.M., after a week of excessively hot
weather, during which the maximum daily temperature remained above
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perature throughout the vertical becomes practically uniform,
and vertical currents are easily produced by slight changes in
the temperature of the water at the surface and by the
mechanical effect of the wind.

This is the period of ** spring circulation '’ or the *‘ spring
overturning.’’ It lasts several weeks, but varies in duration
in different years. As the season advances the surface-water
becomes warmer than that at the bottom, and finally the
difference becomes so great that the diurnal fluctuation of
surface temperature and the effect of the wind are no longer
able to keep up the circulation. Consequently the bottom
temperature ceases to rise, the water becomes ‘‘ directly
stratified,”” and the lake enters upon the period of ‘‘ summer
stagnation.”” During this period, which extends from April
to November, the bottom temperature remains almost con-
stant, and the water below a depth of about 25 ft. remains
stagnant. In the autumn the surface cools and the water
becomes stirred up to greater and greater depths, until finally
the ** great overturning '’ takes place and all the water is in
circulation. At this time there is a slight increase in the
bottom temperature that corresponds to the temporary
lowering of the temperature in the spring. Then follows the
period of “‘autumnal circulation,”” during which the surface
and bottom strata have substantially the same temperature.
In December the lake freezes and ** winter stagnation '’
begins.

The use of the thermophone for obtaining series of tem-
peratures at frequent intervals in the vertical has enabled the
author to study the temperature changes in more detail, and
to see how they are affected by the geography of the lake and
the meteorology of the region.

In a frozen lake the water in contact with the under sur-
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(abnormal) change in the curve at the bottom may be
explained as follows: During the period of autumnal circula-
tion the temperature is uniform throughout the vertical. As
the weather gets colder the temperature throughout the
vertical drops. Until the temperature has reached the point
of maximum density the circulation of the water through the
vertical takes place by thermal convection. Below that tem-
perature it takes place chiefly by wind action. If the wind is
not sufficiently strong to induce complete circulation the
bottom temperature ceases to fall at 39.2°. Thus the bottom
temperature at Lake Cochituate in December, 1894, was leflt
at that point. Later the wind stirred the water to a depth of
45 ft., and above that depth the temperature became uniform
at about 38.5°.

Freezing usually occurs on a cool, still night. The surface-
water cools and freezes before the wind has had a chance to
mix it with the warmer water below. The suddenness with
which a lake freezes and the intensity of the wind at the time
determine the depth of the layer of cold water, and the tem-
perature of the air and the intensity of the wind previous to
the time of freezing determine the temperature of the water
at the bottom. The Lake Winnipesaukee curve (Fig. 10)
represents the effect of a current flowing between two islands,
A layer of cold water about 18 ft. thick was flowing over a
quiet body of warmer water. The dividing line, at a depth
of about 20 ft., was very sharply defined. The Crystal Lake
curve (Fig. 10) shows abnormal conditions produced by
springs at the bottom of the lake.

During the summer the temperature of the water is simi-
larly affected by meteorological conditions. After the ice has
broken up the temperature of the water at all depths rises.
Above 39.2° circulation takes place chiefly by the action of
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upper and lower layers there is a thin layer where the tem-
perature changes rapidly,—sometimes 10° in one vertical foot,
This region is sometimes called the ¢kermocline. Its position
and temperature gradient vary according to the depth of the
lake, the intensity of the wind, and the temperature of the
water above and below. The upper boundary of the thermo-
cline is sometimes very sharp—particularly in the autumn;
the lower boundary is less distinct. In the fall the position
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of the thermocline drops towards the bottom as circulation
extends to greater and greater depths.

These seasonal changes of temperature are modified some-
what in very deep and in very shallow lakes and in lakes
situated in extremely hot or cold climates, and these modifi-
cations may be used as a basis for classification.

Classification of Lakes According to Temperature.—
Lakes may be divided into three zypes, according to their
surface temperatures, and into three orders, according to their
bottom temperatures. The resulting nine classes are shown
in Fig. 12. On these diagrams the boundaries of the shaded
areas represent the limits of the temperature fluctuations
at different depths. The horizontal scale represents tem-
peratures in Fahrenheit degrees increasing towards the right,






LIMNOLOG V. 65

in a general way to the character of the lakes; i.e., their size,
contour, depth, surrounding topography, etc.

The temperature changes which take place in the nine
classes of lakes according to this system of classification are
exhibited in another manner in Fig. 13. These diagrams
show by curves the surface and bottom temperatures for each
season of the year, the dates being plotted as abscissa,
and the temperatures as ordinates. The shaded areas show
the difference between the surface and bottom temperatures,
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the wider the shaded area the greater being the differ-
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A study of these diagrams brin
facts concerning the
In Fig. 12 it will

gs out some interesting
phenomena of circulation and stagnation.
be seen that the circulation periods occur
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the water in any pond or stream bears a close relation to the
amount of swamp-land upon the tributary watershed.

The color is due to dissolved substances of wvegetable
origin extracted from leaves, peaty matter, etc. It is quite
as harmless as tea. The exact chemical nature of the color-
ing matter is not known. It is complex in composition.
Tannins, glucosides, and their derivatives are doubtless
present. The color of a water usually bears a close relation
to the albuminoid ammonia present. Carbon, however, is
the important element in its composition. The color of a
water varies very closely with the ““oxygen consumed.’’
Iron is usually present, and its amount varies with the depth
of the color. In some waters iron alone imparts a high color,
but in peaty waters it plays a subsidiary part.

The color of a water is usually stated in figures based on
comparisons made with some arbitrary standard, the figures
increasing with the depth of the color. The Platinum-Cobalt
Standard, the Natural Water Standard, and the Nessler
Standard are those most commonly used. The former gives
the most satisfactory results. Comparisons of the water with
the standard may be made in tall glass tubes or in a calorim-
eter such as that used at the Boston Water Works.*

The amount of color in the water collected from a water-
shed has a seasonal variation. This may be illustrated by
the color of the water in Cold Spring Brook, at the head of
Basin No. 4, Boston Water Works. This brook is fed in part
from several large swamps. The figures given are based on
weekly observations.

AVERAGE COLOR OF WATER IN COLD SPRING BROOK, 1804,

Jan. Feb. Mar., Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Av,
99 .88 .96 .93 I.42 1.59 .98 .75 .60 .69 I.44 I.20 1.04

* See FitzGerald and Foss, ‘* On the Color of Water," Jour. Frank.
Inst., Dec. 1894.
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percentage reduction was independent of the original color of
the water.

This bleaching action takes place in reservoirs where
colored water is stored. Stearns has stated that in an unused
reservoir 20 ft. deep the color of the water decreased from
.40 to .10 in six months. In Basin No. 4, referred to above,
the average color of the water in the influent stream for the
year 1894 was 1.04. For the same year the average color of
the water at the lower end of the basin was .71. It should
be stated that this difference is not due wholly to bleaching
action. The amount of coloring-matter entering the reservoir
is not shown by the figure 1.04, for the reason that the
quantity of water flowing in the stream is not uniform. It is
greatest in the spring when the melting snows give the water
a color lower than the average. Furthermore, some colorless
rain-water and ground-water enters the basin. There is also
a loss of high-colored water at the wasteway at a season when
the color of the water is above the average. It is a difficult
matter to ascertain just the amount of bleaching action that
takes place in a reservoir through which water is constantly
flowing.

Experiments (by the author) made by exposing bottles of
colored water at various depths in reservoirs have shown that
the bleaching action that takes place at the surface of a
reservoir is considerable,—sometimes 504 in a month, It
decreases rapidly with increasing depth, and the rapidity with
which it decreases below the surface depends upon the color
of the water in the reservoir, as the table on the following
page will show,

From these and many similar experiments it has been
found possible to calculate the extent of the bleaching action
that takes place in any reservoir. The results agree closely
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was noted. A water that had such a turbidity that the wire
became invisible at a depth of one inch was assumed to have
a turbidity of one degree. Other degrees of turbidity were
obtained by dividing one by the depth of the wire in inches.
That is, a water in which the wire disappeared from view at
a depth of 5 inches had a turbidity of 0.2: a water in which
the wire disappeared from view at a depth of 20 inches had a
turbidity of .05, etc. With comparatively clear waters the
use of the black-and-white disc, as suggested by the author,
will be found more satisfactory than that of the platinum
wire.

Perhaps the most complete studies of the transparency of
water on record are those made by Forel and others in
Switzerland. Three methods of experiment were employed.
The first was that of the visibility of plates. This method,
used by Secchi in 1865 in determining the transparency of
the water in the Mediterranean Sea, consisted of lowering a
white disc (20 cm. in diameter) into the water and noting the
depth at which it disappeared from view, and then raising it
and noting the point at which it reappeared. The mean of
these two depths was called the limit of visibility. The
second method, known as that of the Genevan Commission,
was similar to the first, but instead of a white disc an incan-
descent lamp was lowered into the water. This light when
seen through the water from above presented an appearance
similar to that of a street-lamp in a fog; that is, there was a
bright spot surrounded by a halo of diffused light. When the
light was lowered into the water the bright spot first dis-
appeared from view. The depth of this point was noted as
the ““ limit of clear vision.’’ Finally the diffused light dis-
appeared, and the depth of this point was called the ** limit
of diffused light.”” Both these methods were useful only in
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Pacific Ocean, 59 m. It should be remembered that these
are all comparatively clear and light-colored waters, and that
in them the light penetrates to far greater detph than in
turbid and colored water. For example, in Chestnut Hill
Reservoir, a disc lowered into the water at a time when the
color was 0.92 disappeared from view at a depth of six feet.

The author’s experiments have shown that the limit of
wvisibility may be determined most accurately by using a disc
about 8 inches in diameter, divided into quadrants painted
alternately black and white like the target of a level-rod, and
looking vertically down upon it through a water-telescope
provided with a suitable sunshade. It has been found that
the limit of visibility obtained in this manner bears a close
relation to the turbidity of the water as determined by a di-
aphanometer. It also varies with the color of the water, but
the relation has not been carefully worked out.

Absorption of Light by Water.—The absorption of light
by distilled water is said to vary with the temperature. The
following coefficients are given by Wild as the result of
laboratory experiments. It seems probable that the figures
are too low.

Intensity of Light after passing

Temperature. through 1 dm. of Distilled Water.
24.40 & 0.g17g
17.0 0.93068
6.2 0.94769

The coefficient of absorption of light by colored water is
quite unknown.

The reduction of light in passing downward through a
body of water is supposed to follow the law that as the depth
increases arithmetically the intensity of the light decreases
geometrically. For example, if the intensity of the light
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said to be very troublesome because of their wide distribution,
the frequency of their occurrence, and their unpleasant effects.
They are Asterionella, Anabana, Clathrocystis, Ccelospha-
rium, Aphanizomenon,* Dinobryon, Peridinium, Synura,
Uroglena, and Glenodinium. This list seems like a short one _
when one considers the annoyance that the microscopic
organisms have caused in various water-supplies.

The observations of sanitarians and the planktologists show
that the microscopic organisms are very widely distributed
in nature. They are found in all parts of the world, and
under great varieties of climatic conditions. It is probable
that they appeared on the earth at an early geological age.
Some of them are found as fossils,—notably the diatoms,
which have silicious walls that are almost indestructible.

In spite of the vast amount of study that has been given
to the microscopic organisms we are still very far from under-
standing the laws governing their distribution. Why it is
that a certain genus will grow vigorously in one pond and at
the same time be absent from a neighboring one where the
conditions apparently are as favorable, or why a form may
suddenly appear in a pond where it has been never before
seen, we are still unable to say with certainty. Solution of
such problems involves a far-reaching knowledge of the
chemical constituents and the life-history of the organisms,
besides the effect of physical conditions, such as temperature,
pressure, light, etc. The sciences of bio-chemistry and bio-
physics are yet in their infancy. Until these have been
further developed many problems connected with the micro-
scopic organisms must remain unsolved.

The following statistics are of some value in connection

* In the reports of the Massachusetts State Board of Health this organ=
ism is sometimes classed with Oscillaria.
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growths. There are no deep ponds where the Diatomacez
are lower than 100 per c.c., while in 15% of the shallow ponds
they are lower than that figure. It thus appears that the
heavy growths of the Diatomace® are somewhat more likely
to be found in the deep than in the shallow ponds. The
same may be said of the Chlorophycez, though the difference
is not so marked. 31% of the deep ponds and 27% of the
shallow ponds at times have growths as high as 1000 PEr c.C.
The Cyanophycea and Protozoa, on the other hand, incline
toward shallower water. In the case of the former, 1849 of
the deep ponds and 34% of the shallow ponds at times have
growths of 1000 per c.c., while in the case of the latter the
figures are 12% and 32% respectively

In this connection it would be of interest to show statis-
tically the relation that undoubtedly exists between the
growths of organisms and the character of the material form-
ing the bottoms of the ponds, but unfortunately the necessary
data are lacking in too many cases. So far as observations
have been made, it appears that muddy bottoms are very
largely responsible for excessive growths of microscopic
organisms.

An important question, and one which is of particular
interest to water analysts, is the relation between the growths
of organisms and the chemical analysis of the water in which
the organisms are found. Unquestionably there is such a
relation, and we should very much like to be able to take up
a chemical analysis and say ‘“‘this water contains such and
such substances in solution, and, therefore, such apd such
organisms may be expected to thrive well in it.”’ In other
words, we desire to know better the nature of the necessary
food-supply of the microscopic organisms,*

* Experiments upon this subject are now in progress.
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small extent does the excess of chlorine influence the number
of organisms observed, though there is a slight tendency for
heavy growths of organisms to accompany high excess of
chlorine. This fact corresponds with the common observation
that vigorous growths of orgamisms are often observed in
ponds far removed from any possible contamination.

The hardness of a water, i.e., the abundance of carbonates
and sulphates of calcium and magnesium, appears to have
some influence upon the organisms. This is noticed in all
four classes, though it is most marked in the case of the
Diatomacez and Protozoa. For example, of the 10 ponds
low in hardness not one ever has the Protozoa as high as 1000
per c.c., while of the 11 ponds high in hardness every one has
Protozoa above 100 per c.c., and. 4 commonly have them
above 1000 per c.c.

The sanitary chemical analysis ordinarily states the amount
of nitrogen present in four different forms, namely, albumi-
noid ammonia (dissolved and suspended), free ammonia,
nitrites, and nitrates, which represent four stages in the
change of organic to inorganic matter. Since nitrogen is
essential to all living matter we naturally expect that organ-
isms will thrive best in waters rich in that element. The
above statistics show that this is the case, and that it is true
for each class of organisms and for the different conditions of
nitrogen tabulated. The free ammonija and nitrates appear
to be particularly influential in determining the amount of life
present. For example, 10 of the 13 ponds low in f[rce
ammonia never show maximum growths of the Cyanophycem
above 100 per c.c., while 4 of the 7 ponds high in free
ammonia commonly have growths above 1000 per c.c.

One must be careful in these matters, however, not to
mistake cause for effect. Free ammonia, for example, indi-
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order diatoms are sometimes found during the summer after
periods of partial stagnation.

Of the many genera of diatomacea® that are observed in
water only those that are true plankton forms exhibit the
spring and fall maxima. The most important of these are
Asterionella, Tabellaria, Melosira, Synedra, Stephanodiscus,
Cyclotella, and Diatoma. Other genera are more uniformly
distributed through the year. All of these SEeVen genera are
smﬁetimes, but not often, observed in the same body of
water. As a rule certain ponds have certain diatoms peculiar
to them. For example, Lake Cochituate often contains large
growths of Asterionella, Tabellaria, and Melosira; other
diatoms are to be found, but they are seldom very numerous.
Basin 3 of the Boston Water Works contains Asterionella,
Tabellaria, and Synedra, but few Stephanodiscus or Melosira.
In Basin 2 only Synedra and Cyclotella are found. In Basin
4 Cyclotella usually predominate. Fresh Pond, Cambridge,
Mass., is famous for its Stephanodiscus, and Diatoma is
common in the water-supply of Lynn, Mass.

The genera that appear in any pond are not the same
every year. In Lake Cochituate the spring growth in 1890
consisted of Asterionella and Tabellaria; in 1891 of Asterio-
nella with a few Melosira: in 1892 of Melosira chiefly; in
1893 of Melosira and Asterionella; and in 1894 of Tabellaria,
Asterionella, and Melosira, Furthermore, in any season it is
seldom that two genera attain thejr maximum development
at the same time,—sometimes one appears first and sometimes
another. The most interesting succession of genera that the
author has observed occurred in 1892 in Chestnut Hill Reser-
voir of the Boston Water Works. The spring growth began
in April and continued through July. For three months the
total number of diatoms present did not materially change,












SEASONAL DISTRIBUTION OF ORGANISMS, a9

magnesium, calcium, iron, manganese, etc., but the amounts
of these various substances required has not been determined.

These facts enable one to formulate a theory for the
explanation of the occurrence of maximum growths of diatoms
after the periods of stagnation and during the periods of cir-
culation.

During the periods of stagnation the lower stratum of water
in a deep lake undergoes certain changes that are very pro-
nounced if the bottom of the lake holds any accumulation of
organic matter. The organic matter decays, the oxygen be-
comes exhausted, decomposition proceeds under the action of
the anaerobic bacteria, the free ammonia increases, and other
organic and inorganic substances become dissolved in the
water.  During the period of circulation this foul water
reaches the surface, further oxidation takes place, and com-
pounds favorable to the growth of diatoms are formed. At
the same time the vertical currents carry to the surface the
diatoms, or their spores, that have been lying dormant at the
bottom, where they could not grow because of darkness or
because of the absence of proper food conditions. Carried
thus towards the surface, where there is an abundance of
light, air, and nutrition, they multiply rapidly. The extent
of their development depends upon the amount of food-
material present, the temperature of the water, and the
amount of vertical circulation, If the upper layers become
stratified and the surface remains calm for a number of days
the diatoms will settle in the water into a region where the
light is less intense. If they sink far enough they enter a
region where the light is not sufficient for their growth, and
if they sink below the thermocline succeeding vertical circu-
lation of the upper strata will not affect them. Unable to
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temperature of the water is above 70° F. Aphanizomenon
is more independent of temperature. It apparently prefers
a lower temperature than most of the Cyanophycex. In
some ponds it is present throughout the entire year, even
when the surface is frozen. On one occasion it grew under
the ice in Laurel Lake, Fitzwilliam, N. H., and became
frozen into the ice to such an extent that the ice-cutters were
alarmed at the green color. In Lake Cochituate, Aphani-
zomenon reaches its greatest growth in the autumn. This
accounts for the maximum of the curve of Cyanophycea
in Fig. 14 occurring in October instead of in August or Sep-
tember.

Schizomycetes and Fungi.—These forms have no well-
marked periods of seasonal distribution. They are liable
to be found at any season. Mold hyphz are frequently
found at the bottom of lakes during the summer, and at
the surface under the ice in winter. Crenothrix may be
found in the stagnant water at the bottom of a deep lake
during the summer, and at all depths in the autumn after the
overturning of the lower layers of water. Crenothrix has
been observed during the summer in swamps in company
with Anabzna and other Cyanophycez.

Protozoa. —The seasonal distribution of the Protozoa,
taken as an entire group, is extremely variable and differs
considerably in different ponds. No curve can be drawn that
will represent all cases. In Lake Cochituate the curve has a
major maximum in the spring, a minor maximum in the
autumn, with the summer minimum lower than that in the
winter. In Mystic Lake the curve has but one maximum,—
in the summer. These differences are due to the fact that
the group of Protozoa is a broad one, and includes organisms
that differ widely in their mode of life.
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kingdom; namely, the Dino-flagellata and some of the Flagel-
lata that are rich in chlorophyll. A few genera that occur most
abundantly in the spring and fall have a brownish-green color
like that of the diatoms, which also have spring and fall max-
ima. The Ciliata that live upon decaying organic matter are
attuned to a comparatively high temperature,—about 75° F,
This has been demonstrated by experiment, and it corresponds
with the time of their observed maximum. Those Protozoa
that exhibit a strictly animal mode of nutrition are most abun-
dant at those seasons when there is plenty of food-material in
the shape of minute organisms or finely divided particles of
organic matter. This partially explains why growths are
sometimes present in the winter when bacteria are numerous,
or after periods of stagnation when particles of organic matter
from the bottom have been scattered through the water.

Rotifera.—Rotifera are found at all seasons of the year,
but are most numerous between June and November. In
many ponds the maximum occurs in the autumn. Some
genera are perennial, others are periodic in their occurrence,
Anurza and Polyarthra are found throughout the year, but
their numbers rise and fall at intervals corresponding to the
hatching season. Conochilus is often abundant in June,
Asplanchna in July and August, and Synchzata in August and
September. The littoral Rotifera are most abundant during
the summer.

The Rotifera feed upon the smaller microscopic organisms,
and their seasonal distribution is largely influenced by the
amount of this food-supply. The reactions of the Rotifera
to light, temperature, etc., are not well known.

Crustacea.*—The number of Crustacea present at differ-

* For a full discussion of the scasonal distribution of the Crustacea the
reader is referred to Dr., Birge's studies of the Crustacea of Lake Mendota.
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Vertical Distribution.—The laws that govern the vertical
distribution of the microscopic organisms are more compli-
cated than those which govern their horizontal distribution.
The latter affect the organisms mechanically; the former,
vitally. While their specific gravity and the vertical currents
produced mechanically or thermally play an important part,
the amount of food-material and dissolved oxygen and the
amount of heat and light influence the very life of the organ-
isms.

In a lake of the second order the determining factors vary
at different depths and at different seasons. In the summer,
for example, the conditions above the thermocline * are very
different from those below it. Near the surface the water is
warm, the light is strong, oxygen is very abundant, and there
are vertical currents, Near the bottom the water is cold, the
light is weak, the oxygen may be exhausted, and the water
is perfectly quiet. With these conditions chlorophyll-bearing
organisms naturally thrive best above the thermocline. They
seldom develop below it.

It has been shown by experiment that the development
of diatoms is greatest near the surface and that it decreases
downwards as the light decreases. In nature, however, it
cannot be expected that the number of diatoms in the differ-
ent layers of water will follow this law closely, because the
diatoms are heavy and constantly tend to sink and because
the water above the thermocline is more or less stirred up.
One would expect rather to find a uniform vertical distribution
above the thermocline, and below it a rapid decrease in the
number of organisms. Such a distribution is common. The
following instances of the vertical distribution of Asterionella
and Tabellaria in Lake Cochituate may be cited in illustra-

e

* See page 62,
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example, is usually more abundant in Lake Cochituate just
below the thermocline than it is at the surface. On July 31,
1895, the numbers of standard units of Microcystis at dif-
ferent depths were as follows: Surface, g4; 30 ft., 342; 60
ft., 140.

It is interesting to notice that a sudden wind affects the
vertical distribution of the Cyanophycea and the Diatomacea
in opposite ways. It tends to decrease the number of blue-
grEeﬁ alge at the surface by preventing the formation of
scums, while it increases the number of diatoms by prevent-
ing them from sinking.

The Protozoa, as a class, seek the upper strata of water.
Euglena sometimes form a scum upon the surface. Uroglena,
Synura, etc., are often most numerous in winter just beneath
the ice. The Dino-flagellata are distinctly surface forms.
Some of the Protozoa seem to avoid direct sunlight and keep
away from the upper surface of the water, though they may
be very abundant at a depth of one or two feet. The Ciliata
and those Protozoa that have a distinctly animal mode of
nutrition are more irregularly distributed through the vertical,
The Rhizopoda are most abundant near the buttm;n.

At times some of the Protozoa are more numerous at the
thermocline than elsewhere in the vertical. An interesting
illustration of this occurred in Lake Cochituate in the summer
of 1896. Mallomonas are not ordinarily abundant in this lake,
but on June 24 they suddenly appeared just below the
thermocline. At the mid-depth (30 ft.) there were 116 per
C.c., at the bottom there were 42 per c.c., but at the surface
there were none. They developed rapidly, and on August 4
there were 3640 at the mid-depth. The growth continued
until September, and during this time the largest number
observed at the bottom was 276 per c.c., while above the
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well. A very faint odor is one that would not be detected
by the ordinary consumer. A fainz odor is one that would
be detected if attention were called to it but that otherwise
would not attract notice. A distinct odor is one that would be
readily detected and that might cause the water to be looked
upon with disfavor. A decided odor is one that would force
itself upon the attention and that might make the water
unpalatable. The term “‘very strong’' is reserved for those
odors that make a water unfit for drinking. This term is
seldom used. The reader will understand that these defini-
tions are far from exact, and that the intensity of odors varying
in character cannot be well compared. A Jaint fisiry odor, for
example, might often attract more attention than a distincs
vegetable odor.  Heating a water usually intensifies its odor. *
A water that has a fasnut odor when cold may have a distinct
odor when hot.

Most of the vegetable odors are caused by vegetable matter
in solution. Brown-colored waters invariably have a sweetis/-
vegetable odor, and the intensity of the odor varies almost
directly with the depth of the color. Both color and odor
are due to the presence of certain glucosides, of which tannin
is an example, extracted from leaves, grasses, mosses, etc.
In addition to the odor, these substances have a slight
astringent taste. Colorless waters containing organic matter
of other origin may have vegetavle odors, but they are usually
less sweetish and more straw-like or peaty. Akin to the
vegetable odors are the carthy odors caused by finely divided

*In the laboratory the “cold odor" is observed by shaking a partly
filled bottle of the water and immediately removing the stopper and apply-
ing the nose. The * hot odor' is obtained by heating a portion of the
water in a tall beaker covered with a watch-glass to a point just short of

boiling, When sufficiently cool the cover is slipped aside and the observa-
tion made.
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particles of organic matter, clay, etc. The two odors are
often associated in the same sample.

2. Odors produced by the decomposition of organic matter
in water are not uncommon. They are described, somewhat
imperfectly, by such terms as moldy, musty, unpleasant,
disagreeable, offenstve. An unpleasant odor is produced when
the vegetable matter in water begins to decay. It may be
said to represent the first stages of decomposition. As
decomposition progresses the unpleasant odors become dis-
agreeable, and then offensive. It is seldom that the decom-
position of vegetable matter in water produces odors worse
than ‘‘decidedly unpleasant.”’ The disagreeable odors usually
can be traced to decaying animal matter, and, as a rule, gffen-
sive odors are observed only in sewage or in grossly polluted
water. The terms moldy and smusty are more specific than
the terms unpleasant, disagreeable, and offensive, but they are
difficult to define. They are quite similar in character; but
the musty odor is more intense and is usually applied only to
sewage-polluted water. The moldy odor suggests a damp
cellar, or perhaps a decaying tree-trunk in a forest. The
bacteriologist will recognize this odor as similar to that given
off by certain bacteria growing on nutrient gelatine.

The odors of decomposition naturally are associated with
the odors of the other groups, and one often finds it conven-
ient to use such expressions as <« Zistinctly vegetable and faintly
moldy,”’ or ‘‘decidedly fishy and unpleasant.”’ '

3. The odors of drinking-water due to the presence of
living organisms are the most important because of their
common occurrence, because of their offensive nature, and
because they affect large bodies of water. It is only within
recent years that these odors have been well understood, and
even now there is much to be learned about the chemical
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nature of the odoriferous substances and their relation to the
life of the organisms. At one time it was supposed that it
was only by decay that the organisms became offensive,
It is now a well-established fact that many living organ-
isms have an odor that is natural to them and that is pecul-
iar to them, just as a fresh rose or an onion has a natural
and peculiar odor. It has been found, also, that in most
cases,—and it may be true in all cases,—the odor is produced
hyl compounds analogous to the essential oils. In some cases
the oily compounds have been isolated by extraction with
ether or gasoline. Odors due to these oils have been called
“‘odors of growth’ because the oils are produced during the
growth of the organisms. The oil-globules may be seen in
many genera if they are examined with a sufficiently high
power. They are usually most numerous in the mature forms
and are often particularly abundant just before sporulation or
encystment. The production of the oil represents a stor-
ing-up of energy. The odors have been called ‘‘odors of
disintegration,’’ because they are most noticeable when the
breaking up of the organism causes the oil-globules to be
scattered through the water. It is sufficient, however, to call
them the ‘‘natural odors'’ of the organisms, to distinguish
them from the very different odors produced by their decom-
position.

It was stated in Chapter IV that the microscopic organ-
isms are not found in ground-waters (except when stored in
open reservoirs) nor in streams in sufficient abundance to
cause trouble. It is in the quiescent waters of ponds and
lakes and reservoirs that they develop luxuriantly, and it is to
the reservoir that one should look first when investigating the
cause of an odor in a public water-supply.

The littoral organisms found on the sides of reservoirs
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Hydrodictyon utriculatum and other Chlorophyce=: Forbes
investigated a water-supply where a growth of Chara was
thought to be the cause of a bad odor; and Weston has
stated that serious trouble was caused in Henderson, N. e
by an extensive growth of Cristatella.* All of these cases
where odors in water-supplies have been attributed to certain
limnetic organisms lack corroboration,

The author once examined a reservoir where a mass of
Melosira varians several feet thick covered the slopes to a con-
siderable depth. A severe storm tore away the fragile fila-
ments,and masses of Melosira passed into the distribution-pipes
and caused a noticeable vegetable and oily odor in the water.,

In connection with the relation of the littoral organisms
to odors in water-supplies some reference should be made
to the ““‘cucumber taste'’ that has been a frequent cause
of complaint against the Boston water-supply. In 1881 the
trouble was very severe. The water had a decided odor of
cucumbers, which was intensified at times to a ** fish-oi] **"
odor, Heating made the odor very strong and offensive.
A noted expert made an examination and concluded that the
seat of the trouble was in Farm Pond,—one of the sources of
supply. This pond was so situated that all the water of the
Sudbury system passed through it on its way to the city.
Chemical analysis of the water and microscopical examination
of the mud failed to reveal the cause of the odor. It was
found, however, that fragments of fresh-water sponge (Spon-
gilla fluviatalis) were constantly collecting on the screens
and that these had the ‘“‘cucumber odor. It was decided
therefore that the fresh-water sponge was the cause of the
odor, The conclusion was quite generally accepted and the
report has been quoted extensively.

— e

" The organism observed was probably Pectinatella and not Crista-
tella.—AvurHor.
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isms may be observed with the microscope. The number of
oil-globules varies according to the age and condition of the
organisms, and the intensity of the odor varies with the
number of oil-globules present. Finally, the oily substances
have been extracted from the organisms and it has been
found that they possess the same odor as that observed in
the water containing them.

A series of experiments was made at one time to show
that the amount of oil present in the organisms was sufficient
to account for the odors observed in drinking-water. Some
of the familiar essential oils, such as oil of peppermint,
oil of clove, cod-liver oil, etc., were diluted with distilled
water, and the amount of dilution at which the odor be-
came unrecognizable was noted. The oil of peppermint
was recognized when diluted 1 : 50 000 000; the oil of clove,
I : 8 000 000; cod-liver oil, 1 : 1 000 000; etc. The odor of
kerosene oil could not be detected when diluted 1 : 800 ocoo.
The amount of oil present in water containing a known num-
ber of organisms was estimated for comparison. It was found
that in water containing 100 colonies of Synura per c.c. the
dilution of the Synura oil was 1 : 25 000 000; and that in a
water with 50 000 Asterionella per c.c. the dilution was only
I :2000000. Thus, the production of the odor by the oil
is quite within the range of possibility. An interesting fact
brought out by the experiments was that the odor of the oils
varied with different degrees of dilution not only in intensity
but in character.* This variation of the character of the
odor with its intensity is important to notice, as it accounts
for the different descriptions of the same odor in a water
supply at different times and by different people,

* On one occasion seven people out of ten who were asked to observe
the odor of very highly diluted kerosene oil declared that it smelled like
ii pﬂrfllmﬂl'}".u
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“‘pig-pen '" odor. Beggiatoa and some species of Chara give
the odor of sulphuretted hydrogen. All the odors given off
by the decomposition of microscopic organisms are offensive.
They are particularly so when the organisms contain a high
percentage of nitrogen. Jackson and Ellms, in an interesting
study of the decomposition of Anabana circinnalis, found
that that organism contained 9.66¢ of nitrogen. They found
that the “*pig-pen "’ odor was due ‘‘to the breaking down of
l1ighiy organized compounds of sulphur and phosphorus and
to the presence of this high percentage of nitrogen. The
gas given off during decomposition was found to have the
following composition :

Mansh=gas .. snnvoss 0.8%
Carbonicacidccoosrivens 1.5%
e en o s e 2.9%
NHERO e o et s eas 12.4%
ElwainEenit o0 s s s 82.4%

100.0%

The gas that remained dissolved in the water containing the
Anabzna was practically all CO, and represented a large per-
centage of the total gas produced.’’

Besides the odors above described, water-supplies some-
times become affected with what have been called ““chemical
odors,”’—such as those of carbolic acid, creosote, tar, etc.
They can be traced usually to some pollution by manufactur-
ing waste, though a vigorous decomposition of organic matter
has been known to give an odor resembling carbolic acid.
Similar odors are sometimes caused by the coating on the
inside of new distribution-pipes.

The extent to which water-supplies are afflicted with odors
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at hand it is believed that such organisms are not injurious,—
certainly not to persons in good health. The actual amount
of solid matter contained in the organisms is much smaller
than might be supposed. For example, it has been calculated
that the weight of one Asterionella is .0000000004 gram. A
growth of 100 000 Asterionella per c.c. would render a water
unfit to drink because of its odor, yvet a tumblerful of such
water would contain but eight milligrams of solid matter, and
only one half of this would be organic matter.- It is almost in-
conceivable that such a small amount of organic matter could
cause trouble unless some poisonous principle were present,
and so far as is known no such substance has been found.
The alleged cases of poisonous algz rest upon too uncertain
evidence to be received as facts.

Nevertheless there is some reason to believe that people
accustomed to drinking-water free from organisms may be
subjected to temporary intestinal disorders when they begin:
to drink water rich in microscopic organisms,—just as people
are affected by changing from a hard to a soft water and vice
versa. It is possible that with young children and invalids.
such disorders may be more common than has been supposed.

The subject of the removal from drinking-water of the
odors produced by microscopic organisms is not treated in this
work because the results thus far obtained do not warrant pub-
lication. Ordinary filtration is not likely to prove entirely
successful, because the odor-producing substances are capable:
of passing unchanged through sand layers of considerable
thickness. Aeration after filtration is beneficial to a limited
extent. It seems probable that the best solution of the
problem will involve the removal of the organisms from the
water by some form of filtration, and the removal of the odor-
producing substances by some absorptive or oxidizing agent.
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amount of color above this figsure can be generally traced to
swampy land. The color of the stagnant water of swamps
is sometimes very high,-—often 3.00 and sometimes as high as
5-00 or 7.00 on the *‘ Platinum Scale.”’ From this jt is easy
to see that even a comparatively small percentage of swamp-
land upon a watershed may have an important effect upon the
color of the combined yield.

A highly colored water means a water rich in organic
matter. If the color is much above .50 the water has an
unsightly appearance, a distinct vegetable odor, and a
sweetish and somewhat astringent taste. But the pres-
ence of organic matter is objectionable for another reason.
It helps to furnish food-material for the microscopic organisms,
and these may render the water very disagreeable, Swamps
are breeding-places for many of the organisms that cause
trouble in water-supplies, and flumerous instances might be
cited where organisms have developed in a swamp and have
been washed down into a storage-reservoir, rendering the
water there almost unfit for use.

Cedar Swamp, at the head of the Sudbury River of the
Boston water-supply, furnishes an example of this, During
August, 1892, Anabzna developed abundantly in a small
pond in the middle of this Swamp. At one time there were
8400 filaments (about 50000 standard units) per c.c. A
heavy rain washed the Anabxna down-stream, and on August
I5 there were 2064 filaments Per c.c. at the upper end of
Basin 2. On August 17 the water entering the basin con-
tained but 600 filaments, and 2 week later it contained
none. The Anabzna were washed down-stream in a sort
of wave. Basin 2 is g long, narrow basin. The wave of
Anabzna passed through the basin, down the aqueduct,
through the Chestnut Hill Reservoir, and into the service-
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isms. Again the Boston water-supply furnishes an example,
A short distance above Basin 3 there were at one time
several mill-ponds. These ponds were favorite habitats of
Synura. These organisms were often found there in large
numbers, and when the water was let down-stream through
the mills or when heavy rains caused the ponds to overflow,
the Synura would become numerous in Basin 3.

Thus it is seen that in order to avoid the growth of trouble-
some organisms the water should be delivered from a water-
shed guickly, and should not be allowed to stand in shallow
ponds or pools in contact with organic matter. As far as
possible a watershed should be self-draining. It may be
added that the storage reservoir also should be self-draining.
It often happens, when the bottom of a reservoir is uneven,
that water is left in small pools as the reservoir is drawn
down. These pools are usually shallow and the water
becomes warm and stagnant. They often become filled with
rich cultures of organisms, and when they overflow the organ-
isms are scattered through the reservoir. Such pools or
pockets should be provided with an outlet. If this is impos-
sible it may be advisable to fill them up. The author once
observed a ‘‘pocket’’ in a reservoir that was excavated to a
considerable depth for the sake of removing all the organic
matter at the bottom. This pocket could not be drained, and
during the summer it became the breeding-place of Synura
and other Protozoa. It would have been better to have
removed a portion of the organic matter and to have covered
the remainder with clean material.

It has been stated that water should not be allowed to
stand for any length of time in contact with organic matter,
It is quite as bad for water to stand over a swamp as it is for
it to stand in a swamp. It may be worse, for if the water
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has sufficient depth the decomposition of the organic matter
at the bottom may take place in the absence of oxygen, and
under these conditions some of the resulting products are
more easily taken up by the water. This brings us to the
consideration of the so-called ** stagnation effects.”’

Stagnation.—By the term ‘‘stagnation '’ is meant a con-
tinued state of quiescence of the lower layers of water in a
lake or reservoir caused by thermal stratification, as described
in Chapter V. During these periods of quiescence the water
below the thermocline, i.e. the stagnant water, undergoes
certain changes,—the character and amount of these changes
varying with the nature of the water and especially with the
presence or absence of organic matter at the bottom of the
reservoir. Stagnation may be studied best in ponds where
there is a considerable deposit of organic matter at the
bottom, and of such ponds Lake Cochituate is an excellent
example.

Near the efflux gate-house the lake has a depth of 6o ft.
At the bottom there is a layer of organic matter of unknown
thickness. The upper portion of this is due to deposition
of organisms and other organic material transported by the
water. The period of summer stagnation extends from April
to November, and during this time the deposit of organic
matter at the bottom is accumulating.

The changes that take place in the water at the bottom
of Lake Cochituate during the summer are shown in the fol-
lowing table, where the analyses of the water at the surface
and bottom are compared. The most conspicuous change is
that of the color (see Fig. 17). While the water at the sur-
face is bleaching under the action of the sunlight, that at the
bottom grows rapidly darker until, near the close of the
stagnation period, it has a decided opalescent turbidity and a
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with little color. Important changes in the organic matter
in the lower layers take place during the stagnation periods.
The amount of organic matter in the water increases by
sedimentation from above and by solution from the ocoze at
the bottom. The albuminoid ammonia increases. Decom-
position of the organic matter takes place. The dissolved
oxygen disappears and the nitrates, iron, etc., become
reduced. The free ammonia and nitrites increase. After
the'supply of oxygen has become exhausted, putrefaction
through the agency of the anaerobic bacteria takes place
and the water acquires offensive odors. Increasing amounts
of mineral matter are taken up from the bottom by the lower
layers of water. This is true not only of iron, but also of
silica, manganese, and some of the calcium and magnesium
salts.

These stagnation effects are observed only below the
thermocline. The relative changes that occur at different
depths are well shown by the amount of dissolved oxygen,
and the progress of the changes through the season may be
studied by a series of such observations. The following
- table serves to illustrate this: *

DISSOLVED OXYGEN AT VARIOUS DEPTHS IN LAKE
COCHITUATE, IN PER CENT OF SATURATION.,

Aug. 16, 1851. Sept. 28, 18g1.
SYNERAG & S e 79 Qo
i e i o e . 84 81
2OLEE L P A 5 36 33
A0 e CR e ‘e ar a9
- Ta B R e T g S O LA 20 ‘8
L S S 2 —
BON L R T o o]
OSSR e e — o]
B e S (o} —

*Much more elaborate studies upon this subject have been made at
Jamaica Pond by the Massachusetts State Board of Health. For further
details the reader is referred to the Special Report of 1890 on Examination
of Water-supplies, and to the Annual Reports for 1891 and 1892,
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The effect of stagnation upon the microscopic organisms
has been referred to. Little life exists below the thermocline.
The ooze at the bottom is largely an accumulation of dead
organisms. The few living organisms that are found there
are Fungi, Protozoa and Crustacea,—organisms that are
parasitic or that play the part of scavengers. The water at
the bottom, however, acquires a supply of food-material—
both organic and mineral—suitable for microscopic life. After
stagnation ceases and the period of circulation begins, this
food-material is carried to the upper regions where, with
light and oxygen, the organisms are able to utilize it. The
diatoms in particular depend upon the food-supply acquired
by the water during periods of stagnation.

The stagnation of a pond that has deposits of organic
matter at the bottom affects the quality of the water in two
ways. When the bad water at the bottom is carried to the
surface during the periods of circulation the entire body of
water is affected by it. The color increases, the organic
matter increases, and the odor may become unpleasant.
These are the direct effects. Odors of the water that are
caused by the growth of organisms that have been stimulated
by the acquired food-materials are the indirect effects.

The disagreeable effects of stagnation are not dependent
upon the depth of a pond, except in so far as the depth
affects thermal stratification. They depend somewhat upon
the character of the water stored, but much more upon the
amount and character of the organic matter at the bottom and
upon the length of the stagnation periods, If the bottom of
the reservoir contains no organic matter the phenomena
described above will not occur. It has been found that in
Basin 4 of the Boston water-supply, where the organic
matter was carefully removed from the bottom, the dissolved
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oxygen at the bottom does not become exhausted during the
stagnation periods, although it is appreciably reduced in
amount. The author once collected a sample from Lake
Champlain at a depth of nearly 400 ft. The temperature
was 39.2°—i.e. maximum density—and the water was prob-
ably in a state of permanent stagnation. The sample was
bright, clear, colorless, and without odor. The material on
the bottom was found to be almost perfectly clean gravel.

Organic matter at the bottom of shallow reservoirs will
cause a deterioration of the water stored in them. If there
is no summer stagnation the water at the bottom becomes
warm, and decomposition goes on rapidly. The products
of decay taken up by the water support the growth of organ-
isms,—particularly the blue-green alge. Moreover, during
the winter when the surface is frozen these shallow ponds
grow stagnant and the conditions become similar to those
in deep ponds. After the periods of winter stagnation,
shallow ponds often contain heavy growths of diatoms.
Organic matter at the bottom of a shallow reservoir affects
the quality of the water in another way. It offers support
for fixed aquatic plants, and these may injure the quality of a
water directly by their decay or indirectly by harboring the
microscopic organisms,

The evidence is conclusive that the removal of the organic
matter from the bottom of a reservoir is an important factor
in the prevention of the growth of troublesome organisms.
To what extent engineers are warranted in expending large
sums of money for the cleaning of reservoir sites is a matter
for expert opinion in every individual case. The removal of
trees, stumps and vegetation is always wise. The removal
of the upper layers of soil that contain large percentages of
organic matter is usually advisable but not always necessary.







CHAPTER XI.
STORAGE OF GROUND-WATER.

C‘mmm’-waz.‘fr must be stored in the dark in order to pre-
vent the growth of microscopic organisims.

Water that has passed through the soil usually carries
much mineral matter in solution, some of which forms an
important ingredient of plant-food. When such water is
stored in an open reservoir it is liable to deteriorate. Diatoms
especially are liable to develop, because their mineral contents
are greater than those of most plants. These growths are
less likely to occur in a new reservoir than in one that has
been long in use. The seeding of the reservoir must first
take place. As a rule some of the littoral organisms
develop first, growing on the sides or even on the bottom of
the reservoir. Gradually a deposit of organic matter collects
at the bottom, and the conditions become favorable for the
growth of the limnetic organisms.

Of the diatoms that occur in ground-water exposed to the
light Asterionella is by far the most troublesome. Others
may make the water turbid, but the Asterionella js very
odoriferous. In surface-waters it has been found that this or-
ganism develops most vigorously after the stagnation periods.
It is probable that this is true also in ground-waters. Most
reservoirs for the storage of ground-water are shallow and of
comparatively small 'size. Often water is not pumped
directly through them. Such reservoirs become stagnant at

141







STORAGE OF GROUND-WATER, 143

vals. In a general way these growths have shown the spring
and fall distribution, but they also correspond to some extent
with increased proportions of ground-water used. At times
the numbers of Asterionella present have been very high,—
25 000 or 30000 per c.c. For many years Ridgewood
Reservoir caused no trouble and the water-supply bore an
enviable reputation. It was not until a considerable deposit
of diatoms and other organic matter had accumulated on the
bottom of the basins and until the amount of ground-water
had come to be about 40% of the total supply that the con-
ditions became favorable for such enormous growths of
Asterionella. Fortunately for the consumers, a by-pass
around the distributing-reservoir permits the water to be
pumped from the aqueduct directly into the distribution
system. This is used whenever the Asterionella in the
reservoir become abundant enough to cause a bad odor.
Water that has been filtered is practically a ground-water,
Modern filter-plants therefore often provide that the filtered
water shall be kept in the dark until used. The filter-beds
themselves are often covered. This is chiefly to prevent freez-
ing during the winter, but it also serves to prevent growths of
alga upon the surface of the sand. These growths are some-
times very thick and add considerably to the cost of filtration
by requiring more frequent scraping of the filter-beds.* Of
the organisms that grow upon the surface of sand-filters

* A growth of organisms upon the surface of a sand-filter sometimes has
its advantages. On the filter-beds at Far Rockaway, L. I., where a ground-
water supply is aerated and filtered for the sake of removing the iron, an
extensive growth of confervoid alge and filamentous diatoms develops dur-
ing warm weather. When the water is drawn off preparatory to scraping
the filter, these alge growths form a fibrous layer upon the surface of the
sand. This matting is so tough that it may be rolled up in sheets, and as
it contains a large percentage of the iron removed from the water it
materially reduces the labor of scraping the sand, and has the further
advantage that it removes comparatively little sand,
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and distribution-pipes. It is especially liable to occur about
woodwork.

Crenothrix causes trouble in tubular wells by choking
them with deposits of iron. Leptothrix, Spirochata, and
allied organisms also do this. Crenothrix causes trouble in
the service-pipes by reducing the capacity of the pipe. But
it causes most trouble when the filaments break off and
become scattered through the water. It is then liable to.
make the water unfit for laundry use on account of deposits
of iron-rust.

Crenothrix has caused annoyance in many water-sup-
plies. The “‘water calamity’ in Berlin first drew atten-
tion to ifs evil effects. In 1878 the water from the Tegel
supply became filled with small, yellowish-brown, flocculent
masses which settled to the bottom when the water was
allowed to stand in a jar. The odor of the water and the
effects of the iron oxide in washing were decidedly trouble-
some. Crenothrix was not found in Lake Tegel, but was found
in many wells, in the reservoirs at Charlottenburg and in the
unfiltered water of the river Spree.

In 1887 the water-supply of Rotterdam was badly affected
with Crenothrix. The water was drawn from the river Maas,
and, after sedimentation, was filtered. At the time when
Crenothrix appeared the system was being enlarged. New
filter-beds were in use, but the filtered water was conducted
through the old conduits and the old reservoir to the old!
pumps. In the old conduit, or flume, there were many-
wooden timbers, and on these Crenothrix was found growing:
in abundance. Inspection showed that some of the water
was imperfectly filtered, and that this impure water was

the chief cause of the sudden and extensive development of
Crenothrix.
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the averages of weekly temperature observations for five years
at Chestnut Hill Reservoir and at two taps, one at Park
Square, 5 miles from the reservoir, and the other at Mattapan,
11 miles from the reservoir, During the spring and summer
the water grows cooler as it passes through the pipes, and dur-
ing the autumn and winter it grows warmer. The maximum
temperature at Mattapan is never as high as that at Park
Square, but the minimum temperature is about the same at
both places, though it occurs later in the season at Mattapan,

Samples taken at the same places serve to illustrate the
changes that take place in the organisms of the water due to
their passage through the pipes. Weekly observations for
five years (1891—5) showed the following average number of
organisms present:

Number of Standard Units Per c.c.

Organisms, Amorphous Matter,
Chestnut Hill Reservoir............ 248 222
Brookline Reservoir................ 215 212
Tap in Park Square................. 18g 190
Lap in MAatbapan s v oot oo vo s B1 105

The greatest reduction does not occur near the reservoirs,
where the pipes are large and the currents swift, but at the
extremities of the distribution system, where the pipes are
smaller,

The observations showed that during the winter, when
there are comparatively few organisms in the water, the
reduction in the pipes is much less than during the summer,
when organisms are more abundant. During the six months
of the year, from November to April, there was a reduc-
tion of 444 in organisms and 24% in amorphous matter in
about 6 miles of Pipe; while during the six months from
May to October the reduction was 624 for the organisms
and 53% for the amorphous matter, It is worth noting that
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above referred to was made for the years 1892 and 1893,
The following were the results:

PERCENTAGE REDUCTION OF MICROSCOPIC ORGANISMS IN
THE DISTRIBUTION-PIPES BETWEEN PARK SQUARE AND
MATTAPAN, BOSTON, MASS,.

Average for the years
1892 and 1893.

Diatomace® ..o oivs i s SRS S 58 per cent
, Chlorophyeez=,..... .. R e B kOl
Cyanophyce®. i e veie AR T e P - [ L
RO GOZ0d o, aiers atal s alel e g (G2 IR S
s oS i a0
@rganisms’of all kinds., .l .. . . e 2

Questions naturally arise as to the cause and effect of this
reduction of organisms in the pipes. They may be considered
under the following topics: sedimentation, disintegration,
decomposition, and consumption by other organisms,

Most of the microscopic organisms are heavier than water.
Some always settle in quiet water, and they do so in the
pipes whenever the current is reduced to a certain point.
Others, which in ponds usually rise to the surface on account
of the gas-bubbles which they contain, will settle in the pipes
when the pressure of the water has deprived them of their gas.
In dead ends the organisms and particles of amorphous matter
often accumulate and form deposits upon the bottom of the
pipes. They also tend to deposit on up-grades. It is a
matter of frequent observation that the water from the high
points of a distribution system contains fewer organisms than
that from the low points. The same fact has been observed
in high buildings, where the difference between the water on

the upper stories and that on the lower floor is often con-
siderable.
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Many of the common organisms are very fragile. Even
a slight agitation of the water will break them up. This is
particularly true of certain Protozoa, but it also happens to
the siliceous cells of diatoms.

The organisms found in surface-waters are accustomed to
live in the light. When they enter the dark pipes they are
liable to die and decompose. This is particularly true of
some of the organisms that are abundant in the summer.
Microscopical examination of samples from the service-taps
has often revealed organisms in a decomposing condition,
swarming with bacteria. This decomposition tends to reduce
the numbers of organisms in the pipes.

Another important consideration in the reduction of
organisms is the fact that in many of the distribution systems
where surface-waters are used the pipes are covered with
growths of sponge, etc. These attached growths depend for
their food-material upon the minute organisms found in the
water. If the growths are abundant, the removal of organ-
isms {rom the water by this means may be considerable.

2. Comparatively little has been written in this country
upon the biology of aqueducts and pipes. Our attention has
been called to growths of Crenothrix and of fresh-water
sponge, but no attempt has been made to give an accurate
account of the organisms infesting the distribution systems of
. our water-supplies. In Europe, however, the subject has
been considered to some extent.

In the city of Hamburg the minute animals inhabiting
water-pipes were studied by Hartwig Petersen in 1876. Ten
years later Karl Kraepelin made a more extended study.
His observations were of much interest. He found an animal
growth, often more than one centimeter thick, covering the
entire surface of the pipes. The composition of this growth
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varied in different places. He gave a list of sixty different
species observed. In many places the walls of the pPipes were
covered with fresh-water sponges, chiefly Spongilla fluviatilis
and Spongilla lacustris. Mollusks were conspicuous, espe-
cially the mussel, Dreyssena polymorpha. Snails were also
numerous. Hundreds of ‘‘water-lice "’ (Asellus aquaticus)
and “‘water-crabs '’ (Gammarus pulex) were found at every
examination,. The material known as “‘pipe-moss '’ was com-
mon, and consisted largely of Cordylophora lacustris and the
Bryozoa, Plumatella and Paludicella.

At the time when Crenothrix was giving so much trouble
at Rotterdam, Hugo de Vries made an extended study of the
animals and plants found in the water-pipes of that city.
His observations were confined chiefly to the pipes and canals
which conveyed the unfiltered water of the river Maas to the
filter-beds. In speaking of one of the canals he said: ‘‘ The
walls were thickly covered with living organisms up to the
water-level. They formed an almost continuous coating of
varying composition., There were only one or two excep-
tions to this. In one place, where the water came from the
pumps with great velocity, the walls were free from living
organisms; and in another place, where there was almost no
current, only one living form was seen, There was a sec-
tion of one of the canals, where a gentle current was flowing,
that was a magnificent aquarium. The walls were everywhere
covered with white tufts of fresh-water sponge (Spongilla
fluviatilis). Many of these tufts reached a diameter of 6
or 8 inches, but most of them were somewhat smaller.
Between the Sponge patches were seated countless numbers.
of the mussel, Dreyssena polymorpha. Individuals old and
young were often seen grouped together in colonies which
sometimes extended completely over the sponges. But what
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been observed in the water from the service-taps, and as it
had been seen growing in some small pipes connected with
the filtration experiments at the Chestnut Hill reservoir, more
extended observations were made in different parts of the
distribution system.

These brought out the fact that sponges and the Bryozoa
were well established in the pipes. Many other organisms
were also observed. In some places almost pure cultures of
Stentor and Zoothamnium were found. At other points
hosts of different organisms were seen, such as snails, mussels,
Hydra, Nais, and Anguillula, Acineta, Vorticella, Arcella,
Ameeba, countless numbers of ciliated infusoria, and many
other forms. The growths were distinctly animal in their
nature, but in many places parasitic vegetable forms, such as
Achlya, Crenothrix, Leptothrix, etc., were common. The
most important class of organisms found, however, was the
Bryozoa, of which Fredericella and Plumatella were the
chief representatives.

The fact that the organisms that dwell in water-pipes
depend for their food-material upon the alg®, protozoa,
etc., contained in the water may be easily demonstrated by
experiment. Specimens of Fredericella and Plumatella were
once placed in a series of jars, some of which were supplied
with water rich in its microscopic contents, while others were
supplied with the same water after filtration. All the jars
were kept in semi-darkness at the same temperature, and were
examined daily. The Fredericella and Plumatella that had
been supplied with filtered water soon began to die, while
those in the other jars lived as long as the experiment was
continued. Some of the same Bryozoa were placed in jars
furnished with water from the Newton supply,* and after

* A ground-water almost free from microscopic organisms,
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CHAPTER XIV.

DIATOMACE.E,

THE Diatomacez comprise a group of minute vegetable
forms of a low order. Their exact position in the scale of life
has been the subject of much controversy. The early writers
considered them to belong to the animal kingdom because
of the power of movement that some of them possess. Later,
when they had become generally recognized as plants, they
were considered as a Class or Order of the Alge. Recent
cryptogamists, however, prefer to class them as an inde-
pendent group, thereby recognizing the fact that they are
quite different from most unicellular plants. This differ-
ence lies chiefly in the possession of siliceous cell-walls upon
which may be observed certain markings that are constant in
size and arrangement for each species. The great beauty of
these markings, together with the infinite variety in the sizes
and shapes of the cells of different species, have long made
them objects of special study by microscopists.

Diatom Cells.—A diatom cell is constructed like a box.
There is a top and a bottom, known as the upper and lower
valve, on both of which markings are found. The valves are
connected by membranes known as ‘“sutural zones,’’ ‘* con-
nective membranes,’’ * girdles,”’ or, when detached, as
"“hoops.”” There are two of these membranes, one attached
to each valve, and they are so arranged that one slides over
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the ends, terminal nodules, ¢, e. Between these nodules and
extending along the medial line of the valve there is a sort of
ridge, f, in which there is a furrow called a raphe, or raphé.
Through this the living matter of the diatom probably com-
municates with the outer world. The slit is supposed to be
somewhat enlarged at the nodules. The raphé, the nodules,
and the markings, taken in connection with the shape and size
of the valves, are the most important external features of a
diatom and are the first to be considered in studying them.
Shape and Size.—There is probably no class of unicellu-
lar organisms in which the outlines vary more than in those of
the diatoms. From the straight line to the circle almost all
the geometrical figures may be found. Some of these may be
described as circular, oval, oblong, elliptical, saddle-shaped,
boat-shaped, triangular, undulate, sigmoid, linear, etc. The
variations in shape are most marked in the valve view. The
girdle view, as a rule, is more or less rectangular, The valves
are usually plane surfaces, with only slight curvatures or
undulations. Occasionally the surface is warped as in Am-
phiprora and Surirella. As a rule the two valves of a frustule
are nearly parallel, but in such forms as Meridion, Gom-
phonema, etc., the frustule is wedge-shaped when seen in
girdle view. The most varied forms are found in salt or
brackish water, and the common fresh-water forms are so
simple and so characteristic that the reader will have little
difficulty in assigning them their pProper generic names.
Some genera have the cell divided more or less completely by
internal plates, called septa, when fully developed as in
H]ml?dnnf:ma; and vitte, when' incomplete as in Gramma-
tophora. Some diatoms have external expansions on the mar.
gin of the valves, Surirella, for example, has thin expansions
known as ale, or wings. When these ala are imperfectly
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ing the character of the valves. Some writers insist that the
points are elevations: others claim that they are depressions.
Recent students agree that the structure is more complex than
was formerly considered to be the case. The following con-
ception of M. J. Deby, while perhaps not correct for all cases,
is a good illustration of the modern view (see Fig. 20).

lananane

& . TRICERATIUM PLEUROSIGMA
FI6. 20.—TRANSVERSE SECTION OF A DiaTom VALVE. (After Deby.)
@. Upper (outer) layer. @. Inter-alveolar pillars,
6. Lower (inner) layer. 7. Thin part of upper layer.
¢. Cavities, n. Bottom of alveolz,

““The valves of most diatoms are composed of two layers,
between which there are circular or hexagonal cavities
bounded by walls of silica. The upper layer is not uniform
in thickness, but is thin just above the cavities, and thicker,
rising in pointed or rounded prominences, above the intersec-
tion of the walls of the cavities. The upper layer is lightly
silicified, and the thin portions are easily broken, making
openings into the cavities. The lower layer -bears varied
designs the nature of which has not been well established..
What authors have described as areol®, pearls, pores, orifices,,
granular projections, depressions, hexagons, beads, points,,
€tc., are really one and the same thing."’

Cell-contents.—The frustule of a diatom is somewhat
analogous to the shell of a bivalve,—the living matter is
inside. Just inside the cell-wall there is a thin protoplasmic
lining (primordial utricle). This protoplasm sends radiating
streams through the cell, and it is possible that a portion of
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it extends through the openings in the cell-wall and communi-
cates with the outer world. It is this layer of protoplasm also
that secretes the silica of the cell-wall. Between the streams
of protoplasm (PL 1, Fig. C) there are what appear to be
empty cavities. In or on the borders of these, oil-globules
may be sometimes observed. There is a nucleus, and
probably a nucleolus, located near the centre of the cell.
The most conspicuous portion of the cell-contents, however,
consists of colored lumps or plates, which are usually constant
in appearance and position for any particular species. The
brown coloring matter of these ‘chromatophore plates’’ is
known as diatomin. It is a substance analogous to chloro-
phyll and has been considered by some writers to be a com-
pound of chlorophyll and phycoxanthin. The spectrum of
diatomin is very similar to that of chlorophyll. There are
two absorption-bands,—one between B and C in the orange-
yellow, and one between E and F in the indigo-violet.
Diatomin is soluble in dilute alcohol, giving a brownish-yellow
solution that is sometimes very slightly fluorescent. When
dried or treated with concentrated sulphuric acid it assumes a
green color. When living diatoms are exposed to the direct
rays of the sun or subjected to heat for a considerable time
the color of the chromatophore plates changes from brown
to green. In certain species other internal features have
been noted; namely, the contractile zonal membrane, the
germinative dot, double nucleus, etc., but of these there is
little known.

External Secretions.—Living diatoms are covered with
a transparent gelatinous envelope, which is probably a secre-
tion from the protoplasm. In many species it is very thin
and can be discerned only by the use of staining agents. In
the filamentous and chain-forming species it serves to hold
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the frustules together. In Tabellaria, for example, little
lumps of the gelatinous substance may be seen at the corners
of the frustules at the point of attachment. Some species
secrete great quantities of gelatinous material and are entirely
embedded in it. In a few cases it is of a firmer consistency
and forms tubes, stalks, or stipes, upon the ends of which
the frustules are seated. These stalks attach themselves to
stones, wood, etc., immersed in the water.

Mu?ement.—Snme of the diatoms exhibit the phenome-
non of spontaneous movement. This has always excited
interest and has been the subject of much speculation. It
was the chief argument advanced by the early writers for
placing the diatoms in the animal kingdom. The most
peculiar movement is that of Bacillaria paradoxa, whose frus-
tules slide over each other in a longitudinal direction until
they are all but detached, and then stop, reverse their motion,
and slide backwards in the opposite direction until they are
again all but detached. This alternate motion is repeated at
quite regular intervals. Some of the free species show the
sreatest movement, and of these Navicula is one of the most
interesting. Its motion has been described as ‘“ a sudden
advance in a straight line, a little hesitation, then other
rectilinear movements, and, after a short pause, a return upon
nearly the same path by similar movements.” The move-
ment appears to be a mechanical one. The diatoms do not
turn aside to avoid obstacles, although their direction is
sometimes changed by them. The rapidity of their motion
has been calculated to be ‘400 times their own length in
three minutes.”” Their motion shows the expenditure of con-
siderable force, Objects 50 or 100 times their size are some-
times pushed aside.

Various hypotheses have been advanced to account for the
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movement of diatoms. Naegeli suggested that it was due to
endosmotic and exosmotic currents; Ehrenberg claimed that
the movement was due to cilia; another writer, that it was
caused by a snail-like foot outside the frustule; another, that
it was due to a layer of protoplasm covering the raphé.
H. L. Smith, after much study, came to the conclusion ‘* that
the motion of Navicul® is due to injection and expulsion of
water, and that these currents are caused by different tensions
of the internal membranous sac in the two halves of the
frustule.’’

In spite of all the study that has been given to the sub-
ject, we must admit that the cause of the movement of
diatoms is unknown. The *‘cilia theory '’ seems the most
probable, but it is doubtful if the cilia are more than mucous
threads.

Multiplication.—Diatoms multiply by a process of halv-
ing or splitting, the Greek word for which gives rise to the
name diatom. The cell-division is similar to that in all plants,
but in this case the process is of especial interest because of
the rigid character of the cell-walls.

The process begins by a division of the nucleus and
nucleolus. The protoplasm expands or increases in bulk,
forcing the valves apart, the hoops sliding one out of the
other. -The two halves of the nucleus separate, the diatomin
collects at either side, and a membrane forms, dividing the cell
into two parts. Finally the two parts separate. The newly
formed membrane becomes charged with silica, making a new
valve, and soon after its hoop develops. This process is well
illustrated by a drawing of M. J. Deby, shown on Plas
Figs. D, E,and F. Sometimes the frustules separate entirely;
sometimes they remain attached forming filaments, as in Mel-
osira, bands as in Fragilaria, or zigzag chains as in Tabellaria.
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The above is the usually accepted theory of cell-division.
It is probably correct in many, if not in most cases. It
assumes that the siliceous walls are not able to expand, and
the result is that after repeated division the frustules become
smaller. It is claimed that in some cases the cell-wall does
expand, and therefore that the size of the frustules does not
decrease after division.

The generally accepted theory of cell-division assumes that
a diatom frustule has two valves, one the larger and older,
and the other the smaller and younger. After division two
cells are formed, one equal in size to the larger valve and the
other equal to the smaller one, the difference in size being
twice the thickness of the hoop. This theory also assumes
that both the mother- and the daughter-cell have the power
of further division, From these assumptions certain laws of
multiplication may be deduced. For example: If 4 is the

parent cell,

After one period of time, ?, A will have produced s
(X tWD PEI’iOdS i [ 2;: _zf [ ii i ,;'f,
El.nd _‘,51' i ik ' Cr
i thI'E'E [ [ [ 3:} A i ii Qe ..B”,
E £k [ i C”,
BJ‘ Qi Qi it C‘rl
C (] ic i D:

and so on.

From this it happens that
After £ we have 14 4 15:
e G o e
SRR ey R B

and so on.

The laws may be expressed mathem atically as follows:
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a single frustule, self-fertilized, producing two sporanges and
two auxospores; Zkird, two conjugating frustules, with un-
differentiated endochrome, producing one sporange and one
auxospore; fourth, two conjugating frustules, with differen-
tiated endochrome, producing two sporangial cells, one of
which is sometimes abortive. Good examples of conjugation
may be found in Surirella splendida, Epithemia turgida, and
in various species of Melosira. The sporangial frustules of
Melosira (shown in PI. III, Fig. I17) are quite common,.

Classification of Diatoms.—Several methods of classifi-
cation of diatoms have been proposed, but only two are
worthy of attention, and even these must be considered as
provisional,

The most recent is that proposed by Pfitzer and elaborated
by Petit. It is based upon two assumptions,—namely, that
the internal disposition of the endochrome is constant for all
individuals of the same species, and that the relation between
the frustule and the endochrome is fixed and common to all
species of the same genus. The family Diatomacew is divided
into two sub-families, the Placochromaticesm and the Cocco-
chromaticez. The genera of the first sub-family have the
endochrome arranged in plates or layers, and those of the
second sub-family, in lumps or small granular masses.
Secondary classification into tribes, etc., depends upon the
symmetry of the valves with reference to the axes, the dis-
similarity of the valves of a single frustule, the presence or
absence of an intervalvular diaphragm, the raphé, nodules,
etc. There is little to be said in favor of this system, but it
is worthy of study as the authors have tried to do what has
been long neglected,—namely, to emphasize the study of the
entire cell with its contents rather than to confine the atten-
tion wholly to the cell-wall or frustule.






1€ . .- i ) I 1 - =) 1
a 1 | LE -]
\
ol T 1 " - . -
= w1 B I P s o % | =T
= § el . L VY
! ll | i - 5
| 2 cl
b - - - [}
T - e ; -
. a . | AL + Fale
5 | - 1 | a
| -













[
- T .
- 1= Yigi
1 3 --.I L -
i . = |























































y I
C . 1 |
i, ] ,




: |
-. 3 s
| i
- '} Rk (L
. L = :




- . RS [ . " - =1
: . o | - rr d




- = T = 1 Lo
. 1 I r E
; 1 [ Ll " = -
P - : 1 ] - | -




5 - - L1

























- | - L 3 3 s i e £
= -
E e 1 rd










" g P Rmulng
I 7y BT E : Cel e g 3 L
-y 1 - 11
1 ! < - - 1 £
X — - - ¥
: ]
- C 1 ; L -

























1]} b A
i
; T ’ 1 . : | § 2 3
| | " =
\ \ i E l

































































































246 THE MICROSCOPY OF DRINKING-WATER,

extend and contract its tentacles; mesenteries in the form of
fibrous bands; an ovary; and a rudimentary nervous system.
There is no heart and no blood-vessels of any kind.

The most conspicuous part of the animal is the circlet of
ciliated tentacles. They are mounted on a sort of platform,
or disc, called a lophophore, at the forward end of the body.
This lophophore, with its crown of tentacles, may be pro-
truded from the end of the protective tube at the will of the
animal. The tentacles themselves may be expanded, giving
2 beautiful bell-shaped, flower-like appearance. They are
hollow and are covered with fine hair-like cilia. They are
muscular and can be bent and straightened at will. By their
combined action currents in the water are set up towards the
mouth, situated just beneath the lophophore. Minute organ-
isms are thus swept in as food.

The Bryozoa increase by a process of budding which gives
rise to the branched stalks. There is also a sexual reproduc-
tion. Statoblasts, or winter eggs, form within the body and
escape after the death of the animal. They are sometimes
formed in such abundance as to form patches of scum upon the
surface of a pond. The various forms of these statoblasts
assist in the classification of the Bryozoa.

The following are some of the important fresh-water
genera. There are many marine forms.

Plumatella.
Zoary confervoid, brown-colored, branched, tubular, branches
distinct. Lophophore crescent-shaped. Tentacles numerous,
arranged in a double row. Statoblasts elliptical, with a cel-
lular dark-brown annulus, but no spines. (Pl. XVIII, Fig. 6.)

Fredericella. :
Zoary tubular, branched, brown-colored. Lophophore cir-

cular. Tentacles about 24, arranged in a single Tow. Stato-
blasts elliptical or subspherical, smooth, no spines, without a
cellular annulus. (Pl XVIII, Fig. 4.)
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representative sample. Do not fill the bottle in such a way
that the surface-scum may enter. When collecting samples
from streams or lakes note carefully the nature of the littoral
growths in the vicinity. These are sometimes of value in
the interpretation of an analysis.

Numerous methods have been suggested for collecting
samples from depths below the surface. The simplest method
consists of lowering a weighted stoppered bottle to the desired
depth and pulling out the stopper by means of a separate
cord. 'When the bottle is full it may be drawn to the surface
with little probability that the water will be displaced. An
extra precaution to avoid admixture with the upper layers of
water may be taken by using a rubber stopper fitted with a
glass tube bent at right angles above the stopper and sealed
at the end. With this arrangement the water is allowed to
enter the bottle by breaking the
glass tube by a pull from an auxili-
ary cord. Or an inflated rubber
ball may be put into the bottle.
When the water enters, the ball will
G be forced up into the neck of the
bottle on the inside and make an
effective seal.

APPARATUS FOR
COLLECTING SAMPLES
OF WATER

When collecting samples from
depths greater than 50 ft. it is
desirable to avoid the use of the
auxiliary cord. The following ap-
paratus has proved very satisfactory

down to depths of 400 ft. (See
B-b ] Fig. 21.)

F1G. 21 The frame for holding the bottle
consists of a brass wire, 4, attached to a weight, B, which is

-H
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made by rolling a sheet of brass so as to form the sides of a
shallow pan and filling this with melted lead to the height in-
dicated by the dotted line. At each side where the wire rod
is attached a strip of brass extends upward, terminating in a
clip, €. These brass strips have considerable spring and are
designed to hold the bottle in place, as shown in the cut.
Guides, D, prevent the strips from being bent too far inward,
and the uprights, 4, prevent them from being bent too far
outward. The bottle may be inserted easily by holding
back the springs, C, and pushing it between the clips. The
frame is supported by the spring, 7, joined to the sinking-
rope, £. A flexible cord, G, extends from the top of the
spring, %, to the stopper, #, of the bottle, /. The length of
this cord and the length and stiffness of the spring are so
adjusted that when the apparatus is suspended in the water
by the sinking-rope the cord will be just a little slack. In
this condition it is lowered to the depth at which one wishes
to fill the bottle. A sudden jerk given to the rope stretches
the spring and produces sufficient tension on the cord, G, to
pull out the stopper. As a precaution against a possible loss
of the apparatus through breaking of the spring, a safety-cord,
not shown in the figure, extends through the helix connecting
the sinking-rope, £, directly to the frame, /. This safety-
cord, which is always somewhat slack, is also adjusted to
prevent too great a stretching of the spring.

With great depths it is necessary to reduce the size of the
aperture through which the water enters the bottle and to
close this with a suitable valve. This may be done by pass
ing a piece of brass tube through a rubber stopper and closing
this tube at the top with a brass plug ground to fit. Or the
spring may be used to break the end of a sealed glass tube
inserted in the stopper.
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Lewis, W. B, Report on the Microscopical Examination of the Croton
and Ridgewood Waters. 4th Ann. Rept. Metropolitan Board of
Health, New York, 1869.

Lewis, W. J, Microscopical Examination of Potable Waters in the State
of Connecticut. Rept. Bd. Health, Conn., 1882.

Macadam, lIvison. Note on the Presence of Certain Diatoms in a Town
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Mason, Wm. P. Water Supply. New York: John Wiley & Sons, 18g6.

Mass. State Board of Health. Special Reports.

18go. Special Report on Examination of Water Supplies.

Examination of Water Supplies and Rivers.

The Chemical Examination of Waters and the Interpretation of
Analyses. Dr. T, M. Drown.

Report upon the Organisms, except the Bacteria, found in the
Waters of the State. G. H. Parker.

Summary of Water-Supply Statistics—Rainfall, Flow of Streams,
Temperature of Air and Water. F.P. Stearns.

A Classification of the Drinking Waters of the State.

Special Topics relating to the Quality of Public Water Supplies—
The Effect of Storage, Investigation of Deep Ponds, Special
Characteristics of Certain Surface Waters, The Natural Filtra-
tion of Water. F. P. Stearns and T. M. Drown.

The Pollution and Self-Purification of Streams. F. P. Stearns.

18go. Special Report on Purification of Sewage and Water.

Filtration of Sewage and Water, and Chemical Precipitation of
Sewage. Hiram F, Mills.

A Report of the Chemical Work of the Lawrence Experiment Sta-
tion. T. M. Drown and Allen Hazen.

Experiments upon the Chemical Precipitation of Sewage at the
Lawrence Experiment Station. Allen Hazen.

A Report of the Biological Work of the Lawrence Experiment Sta-
tion. Wm. T. Sedgwick. -

Investigations upon Nitrification and the Nitrifying Organism.
E. O. Jordan and Ellen H. Richards.

1895. Special Report upon a Metropolitan Water Supply for Boston.

Improvement of the Quality of the Sudbury River Water by the
Drainage of the Swamps upon the Watershed. Desmond Fitz-
Gerald.

On the Amount and Character of Organic Matter in Soils and
its Bearing on the Storing of Water in Reservoirs, T. M.
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