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this being so at these places on account of their proxmlttv
to large bodies of salt water and the opportunity thus of-
fered for the removal and dissipation of the sewage by
dilution and tidal currents. e
At Worcester, Mass., is a good representation 10 this
country of & well-managed chemical precipitation plant.
Worcester is a city of about 110,000 people, the natural
drainage of which is intoa river which flows through the
city. The plant for chemical treatment of the city’s
sewage was constructed largely in 1891, although addis
tions have been made to it since, as the growth of the
city and the increase in the volume of sewage to be dis-
posed of haverequired. At these works there are sixteen
precipitation tanks, about 100 feet long, 66.7 feet Wide,
and 7 feet deep. When the works were first puf into
use, the volume of sewage treated was about 3.83 million
gallons per day, and in 1901 it was 9.76 million gallons
per day. The sewage on its way to the tanks passes
through screens, and is there mixed wx:ch_ chemicals.
From these sereens it passes through a mixing channel
to the first precipitation tank and then cz_mmpn_ous_ly
through the series of tanks, at the end of which it 15 dis-
charged over a weir. Lime and sulphate of alumina are
generally used for precipitation. The sewage, however,
is of a rather unusual character owing to the discharge
into the sewers of much waste from iron and wire WOIks,
in which large quantities of acid are used. On account
of this the sewage is sometimes acid and contains sulphate
of iron. When in this condition no sulphate of alumina
is nsed, lime alone being added in sufficient quantities to
decompose the sulphate of iron and allow precipitation.
In the addition of the chemicals they are powdered and
then passed through hoppers into agitators, where :they
are well mixed with a small amount of sewage. From
these agitators this sewage containing the chemicals is
discharged into the main body at the head of the mixing
channel. About one ton of chemicals per million gallons
of sewage treated is used. During 1901 the purification
effected by this plant was shown by the following table:

TABLE IV.—PARTS PER 100,000,

Sewage. Effuent.

Ammonia— 5
FTEO covvrrnarnsnnsrsonansnssns 0 a 1.6260

3180
2620
Chlorine = ; 89500
0Oxygen consumed . 4,1000

In suspension

This table shows that approximately forty-nine per
cent. of the organic matter determined as albuminoid
ammonia was removed, and about fifty-three per cent. of
the organic matter determined by the oxygen-consumed
method. By operating the plant in the manner followed
at Worcester the volume of wet sludge produced amounts
to about 1.5 per cent. of the total volume of sewage
treated. ;

A series of experiments upon the removal of organic
matter from sewage by means of chemical precipitation
was made at the Lawrence experiment station, continu-
ing from 1890 until 1898, and the results showed that
generally about fifty per cent. of the total organic matter
could be removed from the Lawrence sewage by this
treatment, and a considerably greater percentage of the
matters in suspension only. As good resulis were ob-
tained with the normal alkaline sewage of Lawrence
when using one thousand pounds of chemicals per one
million gallons as when using a greater amount, and, of
the various precipitants tried, sulphate of alumina gave
on the whole the best results. The chemicals used in
precipitation are of low cost per pound, but when & large
volume of sewage is to be treated, this expense amounts
to a serious sum. At Worcester during 1901 the cost of
operating the precipitation plant was $48,774 or $12.27
per one million gallons of sewage treated, a very-large
portion of this expense being for the chemicals used and
for treatment of sludge.
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By chemical precipitation the amount of organic mat.
ter present in sewage can be reduced very greatly before
the main body of sewage is allowed to run to waste, as
the figures already guoted show. The organic matter in
golution, however, is affected but slightly by this treat-
ment, and this is really the matter which is in the proper
condition to putrefy first—that is, it is the most offensive
matter in the sewage as the sewage undergoes decay.
On this account clarification by chemical precipitation is
but a partial purification at best, and in order really to
purify the sewage, a further treatment of the effluent of
the precipitation tanks must be resorted to. That is,
this is necessary if a stable or non-putrefying effluent is
to be obtained.  Up to the present time this has usually
been accomplished by filtration through sand. Almost
with the inception of the work upon chemical precipita-
tion at the Lawrence experiment station sand filters were
put into operation to receive the sewage clarified in this
way. For example, the supernatant ligquid f.rom treat-
ing Lawrence sewage with sulphate of alumina, at the
rate of one thousand pounds per one million gallons and
allowing four hours for sedimentation after the addition
of the chemical, was applied for over four years toa sand
filter containing five feet in depth of sand of an effective
gize of 0.17 mm., and at an average rate of 200,000 gallons
per acre daily. 'This rate was from two to three times as
great as could have been followed successfully upon the
area used if untreated Lawrence sewage had been ap-
plied. A well purified, well nitrified, clear, and stable
effluent was always obtained, and at the end of the ex-
periment the filter used was in good condition. Theupper
few inches of sand were somewhat clogged with organic
matterat the end of this period, but no more so than was
to be expected when filtering sewage at this rate.

At Worcester it has been recognized that the effluent
from the filtration plant would not have the desired
effect in rendering the river into which the sewage for-
merly flowed very much less objectionable unless fur-
ther treatment was given the sewage, especially as the
volume of sewage is increasing steadily as the popula-
tion of the city increases. On account of this, sand fil-
ters are bheing constructed there, upon which a portion of
the sewage tuns after chemical treatment. At the end
of 1901 the city had 14.5 acres of filter beds. These fil-
ters received during the year 220,000 gallons per acre
daily of partially purified sewage, and when the chemical
effluent alone was being passed to them, they were at
times operated at the rate of 300,000 gallons per acre
daily. Owing to the fact that the Worcester sewage 13
often slightly acid, the results obtained by these beds
have not, of course, been as good as would have been the
case if the sewage was alkaline. Nevertheless, they add
very materially to the efficiency of the plant,

Mechanieal Straining of Sewage.—In the process just
deseribed a large body of sludge is formed, this sludge
consisting of the precipitated matters, chemicals and
water—that is, it consists of about five to ten per cent. of
mineral and organic matter, mixed with ninety to ninety-
five per cent. of liquid. By filter-pressing the sludge
can be further freed from the liquid until the weight of
water and that of solid matter are about equal—that i§,
fifty per cent. of each. This isexpensive, however. This
fact being recognized, experiments were early inaugurated
at the Lawrence experiment station, looking toward some
method of freeing sewage so thoroughly from the organic
matter in suspension in it, that this matter would contain
but a small percentage of water; that is, investigations
were made looking toward producing high rates of filtra-
tion through sand filters by removing the matters in sus-
pension in sewage as well as or better than by chemical
precipitation, and at as low or lower cost per one million
gallons of sewage treated. These experiments seemed to
indicate that coke strainers could be constructed which
would accomplish this result. Accordingly, in 1894 a
coke strainer was put into operation, containing six inches
in depth of coke * breeze.” This breeze is the screenings
from commercial coke. Strainers of this sort and of a
varying depth were kept in operation for seven or eight
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years, and resulted in removing from the applied sewage
nearly as much organic matter as is removed by chemi-
cal precipitation. The organic matfer, moreover, re-
moved in this way is left in a semi-solid mass upon the
surface of thestrainer or in the upper layers of coke, and
can be easily removed, together with some of the coke,
if necessary, when the strainer becomes clogged on ac-
count of its accumulation, and subsequently dried and
burned. That is to say, instead of having the suspended
matters in the sewage left in the bottom of a tank mixed
with a large volume of water—so large, in fact, that it
forms ninety-five per cent. by weight of this concentrated
sewage—we have these matters practically freed from
water.

Such strainers were operated at Lawrenceat rates vary-
ing from 1,000,000 to 2,000,000 gallons per acre daily.
A strainer constructed in 1895 was continued in operation
for three years, and during this period the amount of
coke removed from it amounted to one inch in depth for
each 16,400,000 gallons of sewage strained. It was found
later, however, that with a slightly coarser grade of coke
as good a removal of organic matter from the sewage
could be obtained and with an expenditure of not more
than half as much coke as thefigures given. As a result
of straining through coke, about forty per cent. of the
total organic mafter in the sewage can be removed, and
about sixty per cent. of the organic matters in suspen-
sion, varying, of course, with the different grades of sew-
age. 'The resulting effluent from a coke strainer can, of
course, be purified at a rate of filtration much greater
than can be attained with a sand filter receiving un-
treated sewage. At Lawrence a filter receiving strained
sewage was continued in operation for a number of years
at a rate approximating 300,000 gallons per acre per day,
and the average effluent was about as follows, showing
good nitrification and purification:

EFFLUENT OF SAND FILTER.
PARTS PER 100,000,

. 2.3800
.0001

.0207 | Bacteria, per cubic cen-
if timetre

A purification plant of this description has recently
been constructed in the town of Gardner, Mass., where
the sewage is first passed through a coke strainer with
an area of one-half acre, and then to sand filter beds.
Strainers of fine anthracite coal in operation at the exper-
iment station have of late done better work upon an ex-
perimental scale than coke filters.

Filters of Coarse Material at Rapid Rates of Filtration.
—~Sedimentation, chemical precipitation, and straining
are not, of course, in the true sense proper sewage purifi-
cation. They are but preliminary methods taken to re-
move and concentrate a certain amount of the organic
matter in sewage, and thus make it possible to filter the
main volume at high rates upon sand or other filters, It
is only in fortunate localities, however, that sand filters
can be constructed at a low cost. In New England in
most instances sandy areas are available. Throughout a
large section of this country, however, areas of sand are
not to be found, and sewage filters must be built on dif-
ferent lines. This is also the condition of affairs in Eng-
land. Because of this, elaborate studies and experiments
have been made of late years upon other means of puri-
fying sewage than by sand filfration; all these methods
having, of course, as their main feature the possibility
of purifying large volumes of sewage upon relatively
small areas. Sand filters are comparatively inexpensive
of construction, costing in New England not more than
from a few hundred to four or five thousand dollars per
acre, according to the locality in which they are built
and other conditions. All high-rate filters, however, are
of necessity constructed of material, the expense of gath-
ering which together or of preparing it for use varies
greatly, and in some instances exceeds the cost of a like
area of sand filter beds.

Of the first attempts upon filtering sewage at high
rates, the passage of this sewage through aerated gravel
or broken stone filters, with nitrification aided by a cur-
rent of air forced into the filters, appeared to be the most
interesting and practical. Such filters were operated at
the Lawrence experiment station as early as 1892, and at
experimental plants in other places soon after this date.
At Lawrence average rates of 500,000 gallons per acre per
day were obtained by this method, covering a period of
five years, and good nitrification occurred in the filters,
the sewage being applied to these filters in small doses at
frequent intervals. The effluents of the filters, however,
contained much organic matter in suspension and in so-
lution, and the purification obtained was considered only
preliminary to sand filtration, or, in other words, it was
simply a method for increasing the rate at which sand
filters could be satisfactorily operated, but with an idea of
destroying, more effectively than could be done by chem-
ical precipitation or coke straining, the organic matters in
suspension in the sewage. The highest average rate ob-
tained at the station by this combination of aerated gravel
filters and sand filters was 250,000 gallons per acre daily.
Owing to the grade of gravel used and the lack of proper
underdrainage, these filters clogged badly from time to
time, necessitating the removal of filtering material,
washing, and replacing. The sand filter also became
badly clogged from time to time, necessitating the re-
moval of surface sand. The cost of aeration by means
of a forced current of air was congiderable. Later stud-
ies at Lawrence, moreover, have shown that the method
of filtration and aeration followed in the gravel filters,
although causing nitrification and thus partially purify-
ing the sewage, undoubtedly rendered the organic mat-
ters coming through these filters in suspension in their
effluents of a more stable, less easily decomposed nature
than when applied in the sewage to the filters. For this
reason, when these effluents were applied to sand filters,
although the liquid passed below the sand readily and
was well purified, these stable matters, instead of being
readily passed into solution and nitrified by bacterial
action, accumulated within the upper layers of the sand.
Disposal plants based upon this method of procedure are,
however, in operation in several places in this country
with more or less success.

Contaet Filters.—Contact filters are sewage filters con-
structed of any coarse material such as coke, cinders,
slag, broken stonme, gravel, broken bricks, etc. The
method of operating these filters is to close the gate at
the outlet of their underdraing, gradually fill the open
space of the filter with sewage, allow a period of stand-
ing full, then drain, rest for a more or less prolonged
period, and again fill. In this manner the entire depth
of the filter is brought into contact with the sewage ap-
plied each day; that is to say, the entire open space of
the filter is filled with sewage daily or even several times
daily, and a high rate of filtration obtained. It is evi-
dent that filters constructed of these materials and oper-
ated in the way ouflined cannot produce the results given
by good sand filters; in other words, they are not good
strainers, and the sewage passes through them too quickly
for prolonged bacterial action to occur. Nevertheless,
very safisfactory purification results can be obtained by
their use, especially if the system of beds is so constructed
that double contact of the sewage is given—that is, a
system of beds in- two sets, all sewage passing through
two filters.

In operating these filters the method of filling may be
continuous or intermittent; that is to say, the sewage
may be allowed to pass into the filter continuously until
the entire open space is filled from the underdrains to the
surface, or the sewage may be run in at frequent inter-
vals. When the latter plan is followed and the sewage
is well distributed, the method introduces more air into
the pores of the filter than the continuous method, and
better purification ensues. When the effluent flows from
the filter, air is drawn into the filter again and fills the
open space. It is evident that, if the action of the bac-
teria upon the sewage in the filter is to be that of oxida-
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tion, the sewage should be withdrawn some time before
the exhaustion of this oxygen occurs. When the filter
is emptied, the oxygen drawn in causes a partial oxida-
tion of the organic matter left within the filtering ma-
terial, nitrification ensues, and we have a filter _real]y
working all the time, although flooded but a portion of
the time. If the filter is constructed of rough material,
such as cinders, coke, slag, etc., much organic matter is
strained out from the applied sewage by being caught on
this rough material, to remain in the filler and to become
oxidized and nitrified when the filter is empty. .EX]iiL’rl-
ments with this class of filters were first made in Eng-
land.

Long-continued investigations have been made af the
Lawrence experiment station studying this class of filter.
Filters of different materials have been in operation, dif-
ferent methods of flooding have been followed, and
double contact has been compared with single contact.
These studies have shown that the best results can be ob-
tained with filters constructed of rough material, such as
cinders and coke, that in such filters, when well operated,
good nitrification occurs, and that fairly stable efiluents
are obtained. With filters of broken stone much poorer
results are obtained. The rates of filtration followed
have reached one million gallons per acre per day with
filters of coke five feet in depth, and rates fully as great as
this with filters of broken stone. In all these filters there
is a tendency for the open space to become clogged more
or less with the matters removed from the sewage, thus
decreasing the rate of operation, and the prevention of this
is the most serious problem presented in the satisfactory
and permanent operation of contact filters. In fact, it js
quite generally recognized at the present time that, if
filters of rough material are to be used successfully in this
way for any long period, a larger portion of the matters
in suspension in the sewage mus! be removed asa pre-
liminary to filtration. In the life of filters of thisnature,
but constructed of smooth material, this preliminary
treatment is not so essential, as the material in the filter
can be so graded and the underdrains left so open that
much of this matter will pass from the top to the bottom
of the filter and flow out from the underdrains. Such
filters of smooth material, however, do not, as has been
said, give as good results as the filters of rough material.

Contact filters are being adopted and constructed in
many places, especially in England. At Manchester,
England, a plant for the purification of 30,000,000 gal-
lons of sewage per day upon contact filters is now being
built, the sewage first being treated in septie tanks which
will be spoken of later. To show the purification results
obtained by this manner of filtration, the following figures
are quoted, giving the average analyses of the effluents
of two coke contact filters at Lawrence, operated during
1901 at rates of 910,000 and 850,000 gallons respectively.
To the first filter sewage was applied which had first been
passed through a coke strainer, and to the second filter
sewage just as pumped from the sewer.

TABLE V.——PARTS PER 100,000,

Filter No. 1.

0.5200
1.6400

Ammonia—

Albuminoid—
Total
In solution ...
In suspension.
Chlorine
Nitrogen as—
Nitrates .
Nitrites .
Oxygen cons 2 & 3]
Bacteria per cubic centime 31,8 397,000

The effluents here averaged are somewhat better than
can be obtained, generally speaking, by contact filtration.
The purity of these effluents, however, does not compare
favorably with those which can be obtained by sand fil-
tration. The organic matter present in them is, never-
theless, often oxidized to a more or less stable condition,
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thus rendering them well enough purified torun to waste
at many places. ’ P ;

Septic Tanks.—A septic tank is simply a brick or
conerete tanl, covered or uncovcreq, tln'mg gh wh;_ch SeW-
age passes slowly, allowing time for sedimentation and
for the action of those bacteria which disintegrate, hy-
drolize, and by this means destroy or change organic
matter by passing it into solution in theliguid or causing
it to escape into the air in the form of gas. On a previ-
ous pageastatement has been made regarding the differ-
ence between fresh and stale sewage. To carry on even
further the bacterial action causing this change is the
theory of the septic tank treatment. In many instances,
however, of so-called septic tanks, the sewage when en-
tering is so fresh and the period allowed in the tank so
short that little more occurs toward changing the sewage
than that which occurs when the sewage passes through a
considerable length of sewer before reaching the filtration
area. To explain the action of the tank in other words,
we can say that, when oxygen is exhausted from sewage,
bacterial life continues active and putrefaction ensucs,
following the process of decomposition, which occurs in
the presence of oxygen. All of the organic matter in the
effluent from a septic tank is supposed to be changed by
the action of the bacteria to a condition in which it is
more easily oxidized by the aerobic bacteria in sand or
other filters.

While several claims to the first installation of a tank
of this kind have appeared, it was in modern times and
under modern studies probably first put into operation in
Exeter, England, and soon adopted in other places in
that country. Its success or failure as an addition to a
sewage disposal or purification system appears to depend
largely upon the nature of the sewage to b(:_treated. It
is evident from long-continued experiments in Lawrence
and elsewhere, that with some sewages passage through
the tank is of undoubted advantage in connection with
the disposal of sludge, and that the sewage is as easily
or more easily purified than without the tank action.
Other experiments at Lawrence have shown that there is
danger, in the treatment of some sewages in the tank, of
so oversepticizing them, so to speak,—that is, of carrying
the work of the anaérobic bacteria to such an extent—
that the efluent of the tank can be filtered only with
considerable difficulty and after good aeration. A small
tank has been in operation for five years at the Lawrence
experiment station, treating the sewage pumped there,
and after these years of use the accumulated sludge within
the tank amounts to about thirty per cent. of the tank
capacity, the tank not having been cleaned out during the
course of the experiment ; and further than this, the efflu-
ent of this tank has contained only about one-half as
much erude organic matter as thesewage entering. The
time of passage of the sewage through the tank hasaver-
aged about sixteen hours. Af a filtration area in Massa-

chusetts a tank was continued in operation for several
years, and the sewage reaching this area was really more
difficult to filter after treatment in the tank than before.
The reason was that the sewage was very rotten when
entering the tank, and when issuing from it was of a
character which seemed to retard nitrification within the
filter, unless thoroughly aerated preliminary to filtration.

TABLE \'I.fr’mré PER 100,000,

Septic Sand Coke
sewage. filter. filter.

Rate—gallons per acre daily ; 300,000 iiﬂllﬁ‘f)()u
Ammonia—

Total
In solution
In suspension
Chlorine
Nitrogen as—
Nitrates
g e ek o
Oxygen consumed .| 28500
Bacteria per cubic centimetre | 1,020,000 |
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The effluent from the septic tank at the Lawrence sta-
tion has been applied for the past five years to two ex-
perimental filters, one of these being an intermittent sand
filter and the other a coke contact filter. High rates of
filtration have been maintained with each filier. During
1902 the rates and the average analysis of the septic sew-
age applied to and the effluents from these filters were ag
shown in the preceding tahble.

At Manchester, England, very extensive experiments
were carried on for two or three years, investigating this
process. Tanks with a capacity of 500,000 gallons per
day were operated, both covered and closed fanks being
used, with little difference in the results obtained, and
the city of Manchester is now building a sewage disposal
system whereby the sewage will first be treated in septic
tanks and then upon double contact filters. At this city
in 1900 the volume of sewage to be disposed of reached
80,000,000 gallons per day. From the operation of their
experimental tanks it was estimated there that it would
be fair to assume that fully thirty-five per cent. of the
sludge would not become liguefied in the tanks, but would
have to be removed from time to time, That is to say,
where they were in 1899 carrying 237,000 tons of wet
sludge to sea per year, it was estimated that only about
75,000 tons would have to be carried to sea after the con-
struction of the system; the remaining organic matter
being disposed of by bacterial action in the tanks and on
the filters.

At Worcester, Mass., this method of treatment has
been experimented with for several years, a tank of 850,-
000 gallons capacity having been used. Through this,
sewage has been made to flow at a rate varying from
300,000 to 500,000 gallons per day. The sewage at
Worcester is generally acid, but this has not interfered
entirely with the tank action, as about twenty-five per
cent. of the total solid matter has generally heen removed
by the tank, The odor from this tank has been very con-
siderable, and also from the beds when this sewage has
been applied to them.

Plainfield, N. J., among other places, has recently
adopted this system of sewage disposal. This is a city
of about 16,000 people, and has the so-called separate sys-
tem of sewers. It formerly disposed of its sewage on
sand filters, but these were not particularly successful
owing to the extreme fineness of the sand. Hence a
change was made.. Two septic tanks have been con-
structed, fifty feet wide, one hundred feet long, and six
feet deep, both being under one roof. The sewage, after
it passes from these tanks, goes to a double set of contact
filter beds. The average flow of sewage per day at the
present time is about 800,000 gallons, and it reaches
the disposal plant through a fifteen-inch pipe. At this
place it enters a small influent chamber, where the flow
may be diverted to either tank. The sewage enters the
tanks about two feet above their floor level. In front
of the inlets to the tanks are baffle walls, to deflect the
flow of sewage and distribute it evenly across the whole
width of each tank. The sewage flows from outlet open-
ings, twelve in number in each tank, placed below the
surface of the sewage and above the floor of the tank.
In leaving the tanks the sewage passes upward over a
weir into a channel to the first set of contact beds.
Air and light are excluded from the septic tank, but
the sewage is supposed to be aerated after passing from
the tank by flowing into and through a channel extend-
ing the full length of each tank. The gate-house and
roof over the septic tanks are of wood, with tar and
gravel covering, all the remainder of the construction of
the tank and weir being of stone, brick, or concrete.
The contact beds are in two sets of four each, the first
set being 5.42 feet above the level of the second set.
Each bed is ninety-two feet wide, one hundred and six
feet long, and five feet deep. On the concrete floor of
each bed fourteen lines of four-inch horseshoe tiles are
laid, radiated from the gate-chamber, and coarse stone is
spread beneath and over them sixinchesdeep. The first
set of beds contain, above this coarse stone, three and

one-half feet in depth of trap rock, the pieces of rock

varying in size from one-fourth to one and one-half
inches in diameter. The second set of beds are of prac-
tically the same depth, but slag and cinders are used as
filtering materials instead of the broken stone. Distribu-
tion pipes are laid in the upper foot of the material,
through which the sewage is distributed over the surface
of the beds. The sewage runs continuously from the
septic tank through a twelve-inch pipe, builf in the top
and middle wall of the gate-chamber at the intersection
of the division walls. Here it is diverted by wooden
gates to each of the four beds in succession.. After one
bed is filled the sewage is turned on to the next, and so
on; the height of the sewage in the beds being indicated
by tell-tale balls above the roof of the gate-chambers.
The sewage remains in each bed an hour or more, is
drawn off through a sluice-gate and passes through a
pipe to the gate-chamber of the second set of beds, from
which it is discharged, afier a period of contact, into a
brook. Each bed is at rest an hour or more between
fillings. Sludge can be drawn from the tanks through
eight-inch pipes to sand filters. In a year’s operation of
this. system it was necessary to remove sludge from the
septic tanks several times. The price of construetion
of this system of disposal is said to have been about
$40, 000,

Intermittent Continuous Filtration—In the continua-
tion of studies upon rapid methods suitable for the puri-
fication of sewage, filters of coarse material have heen
constructed, through which sewage is passed in a prac-
tically continuous stream. The coarseness of the mate-
rial used in these filters is so great, however, and the rate
of application of the sewage to them so regulated, that
the surface of the filter is always practically free from
sewage, and a large portion of the open space in the filter-
ing material is always filled with air. Such filters may
be constructed either of rough material such as coke, slag
or cinders, or of smooth material, such as coarse gravel or
broken stone. By the method of operation the sewage
applied passes in thin streams or layers over the filtering
material, and is in contact with air from its entrance at
the surface of the filter until it passes away in the under-
drains. With a filteri ng material of such a coarse nature,
operated under conditions which assure an abundance of
air within the filter, wonderful activity of the oxidizing
and nitrifying bacteria is induced, and the production of
nitrates is exceedingly rapid. TFilters construeted in this
manner, containing from eight to ten feet in depth of filter-
ing material, can be operated, on an experimental scale at
least, at rates approximating two million gallons per acre
daily, and produce a highly nitrified effluent. Much of
the organic matter in suspension in the sewage when it
enters these filters passes away in suspension in their
effluents, but in a very different and inoffensive condition
from that in which it exists when applied to the filters.
That is, if the filter is well constructed and properly
operated, a large portion of this matter adheres for a
considerable period to the filtering material throughout
the entire depth of the filter, and its more easily decom-
posed constituents are either passed into solution, or dis-
appear as gas, while the remainder is oxidized to a more
stable form. Effluents of successful filters of this class
contain organic maftter in such a stable form that they
are little subject to putrefaction even under adverse con-
ditions, except after a considerable interval and more
often than otherwise they improve in character after issu-
ing from the filter. Their steady improvement is assured
if they run into a considerable body of water containing
freeoxygen. Filters of thisclass were first put into oper-
ation at the Lawrence experiment station in 1899, and
have since been studied quite extensively there. Studies
upon their operation and the results produced by them
have also been carried on in England of late years upon
a considerably larger scale than at the experiment station.
They have not as yet, however, been installed on any con-
siderable scale for the practical treatment of the sewage
ofatownorcity, Such a filter was operated at Lawrence
during 1903 at a rate, at times, of 2,250,000 gallons per
acre per day, and produced an efluent often turbid, but
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always well nitrified and fairly stable. L

analysis of this effluent is shown in the follow o Do SWieut Lpetatlon:

of many analyses made during the year:
TABLE VIL.—PARTS PER 100,000.

Rate—gallons per acre daily
Color ..
Ammon

Free.......

Albuminoid
Chlorine...
Nitrogen as —

Nitrates

Nitrites .. ed

ygen consumed ...oooves

%ﬁé%ﬁi‘ia per cubic centimetre

i i f sew-
Résumé.—In the preceding pages nine 111&?l;hods;'or ¢
age dis?cfsal or puri]!)':'lcat.iﬁnc{ha‘ve bzer; Eisff;'ﬂlgc;géecno; Ell r1;1 (ig
the most important methods n us e
They include those methods by “t 1}19 1 iled ai%ﬁand s
by natural means—that is, by bacteria an Reesie e
mise of such developments in the 1u
]égggugf&y to cover all sewage purification problems.
The methods are as follows:
: Disposa,lfby dilution. et
Jewage farming or irri ;
: %‘?;:ragtion througgh intermittent sand filters.
. Chemical precipitation, followed by ﬁl_trz_a.tlou.
Mechanical straining, followed by ﬁl_trat}f)n.f o
. Filtration through gravel or other filters of coa
material, with forced aeration.
ntact filters. -
g ggpt-ic tank treatment, faé%f_;w?_d éuy filtration.
rmittent continuous filtration. e :
g'm:[rifgrizing these methods, it can be smddthail (illq
posal by dilution is extensively practised an 1eJ:]u ir : g_
satisfactory at such places as those mentioned in the p
vx(é:i’;e;;. farming is successful in many places, rcs-*.;‘)‘e-
cially with a concentrated English or ]uuropeand sewa éghcl
Tiltration through intermittent filters of sand ?]1.. (6] ed
fine material is a process which is already exteflsllx-(, y uiie
and is certainly destined to be used very lmgﬂT ¥y in o
future wherever such filters can be built at~a 105'1501_13 -
expense. They are entirely suceessful wherever use 1t
the material of which the beds are constructed is suit-
able, aud if such beds are properly 0pergted. : T
Where a large amount of sewage must be taken ca ?:
of upon a small area, or w.here some c:larl_hca_t_lon ;:uus
be made before sewage is disposed of by dl].LiF]l(l)lni]C 1em(i
ical precipitation is of undoubted value and will be use
for many years in meeting such problems. S
Straining sewage through coke or other materials l 8
like nature is undoubtedly successful on a small 'S(éla e,
and the future will show whether it can be applied to
lems. :
1m;£g‘§£cg€loge§atiou and filtration through gravel is hardly
entitled to serious considcratign in 'bhls' connection, bug
as it was really the first step in the various lprg)ccsseis c%
rapid filtration, it has been included in the previous tlcx :
It can undoubtedly be made practical and of use w mr_e
the volume of sewage mlbe purified is small, and where
i ndary consideration.
COEIEI;S ?1’:33 ‘(:;cf) contyact filters will increase undoubtedly mj
places where sand filters cannot be easily or mexpen.swel}-
constructed. If they are properly built and properly op-
erated, good results can be obtained by their use.
Septic tank treatment is also a proved success in some
cases, and will undoubtedly be used much in the future.
It must never be considered, however, as it is sometimes
now considercd by those ignorant of the subject, that t'he
septic tank treatment is a purification. Tt is sunplg a
clarification, and a preliminary treatment whereby sllu lge
may be destroyed and the sewage may be so changed 1t1:at
either purification is made more easy by subsequent fi 1t1 g-
tion, or the rate of ﬁltrﬂtiton rréade greater than could be
: ithout this freatment.
SecIlrlxiglt}m‘;rttent continuous filters seem to have very much

nd more at plac ] od
:)nfof?p%n a small area and where the climate does not in

i t 1 ]
g?%%gﬁ‘lg? is formed by the union of two cells (gametes) of
different aspect.
is the macrogamete, egg, Or ovum (g.2.),
more active
or its equivalent.

i ete consti i ¢
%ﬁ??ggﬁlidual which produces the latter is said to be of

the male sex, the individual producing the former is said

es where sewage must be disposed

H. W. Clark.

ife hist Iticellular
— life history of nearly every mu 1
e Iﬂéi:aeis a time W}ilen a new germ (odspermium,

- Tess mobile of the two cells,
e and the smalleg
v is the microgamete, spermatozoon (g.2.
alet EI‘lhe abil'fr‘]sy to produce a macro- or
tutes the essential distinction of sex.

sex. Inmost of the higher plants and
;‘g :efgfvtgg {iﬁ?féewer animalg both sexes are mc}udel;l in
a single individual, which is then said to be fiermap fs?oi
d@:ef.s The union of dissimilar gametes is Lhclr essen ﬁl
feature of sexual reproduction (see Impr egnci]wa?,).. 2
many of the unicellular _a.m.mals, l?ro_tozon, }tea: (115{7“‘_
temporary union, or conjugation, of smnla.xr gfatr{m e e
ing which there is an interchange of pmt)o e I?E{iﬂfer-
substance. In other Protozoa the gametes areg e
ent size and thé unioniscomplete and per?aln(;rll el
in these lowly forms we see foreshadowed the se
3 jgher organisms.
pr?? egfif fdbellliililéIiE}iLgfosgx be correct, it follows that the
quality of sex cannot be an attribute of the galnerttzis, 2;1;
only of the parent organism, except in s0 fixr’ia‘s d 15 o
of the offspring may be determined by some charac e =
tic of one or both of the gametes. This view 18 111}01 nLhc_JCh
by what is known of the history of the germ C{:l s, W '1; 2
has been shown elsewhere to be identical in all esserar llile
features in the two sexes (see Reduction .Dw-mgnt)l. The
differences between the gametes of the male an 1105(, o
the female are confined to the eytoplasmic stn}clu;)rc?j ihc
are associated with a physiological division o av. 81 e l(;d
cytoplasm of the egg being more or less laden wi 1“'10_1
yolk and unprovided with locomotor app_uratu;, 1"3
the spermatozoon has practically all of its Cyii‘O]:'l??éh
moditied into a locomotor apparatus, by' means of w el
it may actively scek the egg. This enpléxnzglglnl 1~= a0
in accordance, however, w1_tl} the views of Ge '(10‘:. a"
Thomson, who see in the visible difference betw (‘u; e%%
and sperm evidence of the same differentiation o 1st
that is found in the adult. They regard sex as a %ulq;]ﬁ)
of protoplagm. It is for them a guestion of mn(zita, 0 lam.
In the female the anabolic processes are predomin thé
while the katabolic processes are prcdommantl in 1
male. These characteristics are passed on to ‘tlc f;r%;;
and spermatozoa respectively, and fcrtlhmt;onn res
the normal balance and rhythm of cellular hfc._1
It is difficult to follow the physiology of tl.uﬁ cogclelp-
tion of sex, for, if the male is predominantly ata.o 1ucé
one would think it might be hard for him to grol\gf ’]_Tﬂli%
might almost expect him to shrink. ,I-Iavelocd T
(1894) has gathered the published data in regar (é lie
differences in metabolism of men and women, and e
finds differences in certain phases, but the general resu .
is inconclusive. Thus, men have a larger pcrcent%%e; (i)u
heemoglobin in the bloed and greater lung capacity n
proportion to stature; but, on the other hand, \R_on;hc
have a higher pulse rate. It is very probable ﬂi;attu‘:mlic
period of early maturity in women there is less il. g o
activity than in men as is shown by the grea'ter. tende 13
to store up fat. But, if the words mean any thing, Ia'\;lp‘ -
dominant condition of katabolism is mconmsten_t “{; 1 tmd
crease of weight or with life itself beyond a very ;ﬁ}el ;s-
period, and therefore lcan hs,i?rdly be accepted as
ial feature of * maleness. Lo
ser{;!g may follow Ellis in dividing the cha.mctenstlcg
that distinguish the sexes into primary, secondary, ano.
tertiary. The primary characteristics are those ass :
ciated with the organs concerned in the productlgp ‘aln:l
union of the gametes. And these organs may be dlﬂé“\arp
again into the essential and the accessory reproduc 1mi
organs. The former are the gonads, called ovary a

of promise in them, and they will undoubtedly be adopted
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teslis in female and male animals respectively. In low

e

TP

.

REFERENCE HANDBOOK OF THE MEDICAL SCIENCES. Sexs

forms, like the jelly-fishes, there are no other reproduc-
tive organs. But we need to go very little higher in the
scale to find developed accessory organs that assist in the
discharge and union of the gametes. Such are the ovi-
ducts, the vasa deferentia, and the appendages of these
organs. Morphologically these tubes may be modified
nephridea, or they may be newly developed structures,
In all strictly terrestrial animals and in many of the higher
groups of aquatic forms fertilization takes place within
the oviduet. This is associated with a marked structural
differentiation of the sexes. The male is usually pro-
vided with a special organ for the introduction of the
spermatozoa. This may be a prolongation of the sexual
orifice, forming a penis, or, as in the rays and higher
crustacea, it may be in part a modified limb. In the fe.
male, on the other hand, the oviduct is either provided
with glands to secrete a protective covering for the egg,
or is modided to shelter the developing embryo, or even,
as in the placental mammals, to nourish it during its
feetal life.

The secondary sexual characters are those that clearly
distinguish the sexes without being directly concerned in
the reproductive function. Among these characters we
may distinguish clasping organs, weapons, ornamenta-
tion, voice, and appliances for the shelter or nutrition of
the offspring. In a large number of agimals, especially
among the crustacea and insects, there are to he found
special modifications of one or more limbs of the malps
which serve to hold the female in firm embrace during
coitus. Many males are provided with weapons, as
tusks, horns, spurs, or the like, which are employed in
fighting with other males for the possession of the fe-
males. Often the males alone are provided with such
weapons, and when they are possessed by both sexes,
they may differ in the two sexes. Thus the cow has
long, pointed horns adapted for defense against carniv-
orous enemies, while the bull has shorter, thicker horns,
probably more useful for fighting with rivals.

In some cases structures that probably arose as weapons
are now developed as ornaments, The most notable ex-
amples of this are the antlers of the deer family. In
most cases, however, the ornamentation has arisen inde-
pendently of the weapons, and consists of the most varied
forms of coloring and modification of structure. Orna-
mental secondary sexual characters are found widely dis-
tributed among the insects, amphibia, reptiles, birds, and
mammals. They are especially conspicuous among the
birds, They are usually possessed by the adult males
only, and reach their highest state of perfection during
the mating scason. After this season the deer shed their
antlers, and many male birds, like the bobolink, ex change
their bright plumes for the sober protective coloring of
the female. This exuberance of growth and coloring in
the males, together with the song of male birds, and other
instances of greater activity, like the superior eagerness
of the male in courtship, are talen by Geddes and Thom-
son as evidence for their conception of maleness as 1, pre-
ponderance of katabolic activity. But they leave out of
consideration the fact that these conditions are not always
characteristic of the male sex. In the species of phala-
rope—birds not uncommon on our shores—the female is
the more Dbrightly colored, the more pugnacious, and

more ardent in courtship; in short, she has all charac-
teristics usually found in a male, except that she lays
eggs. The male, on the other hand, is relatively dull col-
ored, is courted by the female, incubates the eggs, and
takes entire care of the young.

The characters that we are considering are called orna-
mental, not because they appear beautiful to us—often
they are quite the contrary—but beecause, according to
Darwin’s theory of sexual selection, they are supposed to
have been developed through the choice, conscious or un-
conscious, of the courted sex (see Hyolution).

In man we find ornamental secondary sexual characters
in both sexes, which would seem to indicate that the
courting is not all done by one sex. The chief of these
characters in men is the beard. While women have
longer hair on top of the head, and this is associated
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typically with an entire absence of visible hair on other
parts of the body, except on the axilla and pubes. The
layer of subcutancous fat that develops in young women
upon reaching maturity, and gives them the characteris-
tic rounded contours of that period, may have become a
fixed character of the species by the action of natural
selection, owing to its value as a provision for the nutri-
tion of prospective offspring: but, at any rate, it now
forms omne of the chief ornagmeénts of women.

Sexual differences in the voice or in the method of using
it are common, as every one knows, in amphibia, birds,
and mammals. Witness the piping of the frogs, the
song of birds, and the deep voice of men. Usually the
modification of the voice is found in the males, and first
appears, as in man, at the beginning of ‘maturity. In
fact, it is a general rule that when the male possesses
special weapons, ornaments, or peculiarities of voice,
these characteristics are not developed until about the
time of the first ripening of the spermatozoa, and the
immature males resemble the females. For this reason
it has been inferred that the female, at least so far as
these characters are concerned, represents a more primi-
tive type than the adult male.

Devices for sheltering eggs or young are developed
alter different patterns in various groups of the animal &
kingdom, and they are usually confined to the females, ¥
Thus in most species of crustacea the female s provided
with some means of carrying the eggs until they hatch.
The female marsupials have a fold of the skin forming
a pouch, in which the imperfectly developed young are
placed at birth and are carried there until they are able
to run about. The most characteristic organs of the
mammalia and the ones from which the group has re-
ceived its name, the mamms, or milk glands, are pos-
sessed by the females of all species from monotremes fo
man. While functional only in the females, these organs
are present in a rudimentary coudition in the males also.
Their importance as a means of rearing the young is so
great that it has been questioned as to whether they
should not be regarded as primary rather than secondary
sexualorgans. That they are essentially secondary, how-
ever, is shown by the practices of civilized women, who
have largely relegated them to the position of orna-
ments—to the detriment of the best races of the human
species.

In addition to the well-marked secondary sexual ehar-
acters that distinguish males and females, there are other
usually slight differences that Rllis classifies as tertiary
sexual characters. We know very little in regard to
these differences in the sexes of the other animals, but,
thanks to Ellis, we have in his book, “Man and Woman ”
(1894), a very interesting and compiete summary of these
characters, anatomical, physiological, and psychical, in
men and women. It would be impossible to summarize
even his summary in the limits of this article. We can
notice only a few of his conclusions and must refer the
reader to the book for more.

Among the anatomical differences women show a
greater youthfulness of physical type, as is common
among females generally; but they show another ana-
tomical peculiarity not found in other female mammals,
and that is an enlargement of the pelvis, This, in the
higher races of men, might be regarded as a secondary
sexual character. A study of the brain and of the intel.
lectual process in men and women gives the impression
that the observed intellectual differences may be asmuch
due to differences of training as to any innate differences
between the sexes. In their senses women a ppear to be
less diseriminating, hut more irritable, and in their emo-
tions they show a greater affectability. Ellis thinks that
women are more variable than men, but that this is true
for all characters is denied by Pearson.

It is a general rule that in most species the two sexes
are approximately equal in number of individuals, but
in a few forms in which parthenogenesis is common there
may he a large preponderance of females. From the
records of 59,850,000 births in European countries Qes-

Yor. VII.—10

terlen (1874) calculated that the normal proportion of
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