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THE PURIFICATION OF TANNERY WASTES,

Harny B. Hoaraon.

INTRODUCTION.

The rapid growth of large cities and industrial establishments
upon the watersheds of the interstate rivers during recent years has
inereased the volume of sewage and industrial waste that these rivers
receive to such an extent that Congress, in August, 1912, directed the
United States Public Health Service to study * the pollution, direct
or indirect, of the navigable rivers of the United States.”

The Ohio and Potomac watersheds were selected for extensive
study, the Ohio on account of the number and size of the industrial
cities located on its watershed, and the Potomac on account of the
large oyster industry located at its mouth. The cities and towns lo-
cated in the Ohio Valley contribute large volumes of domestic sew-
age and industrial wastes to the river, and, in order to preserve it as
a source of water supply for the riparian cities, it is quite evident
the time will come, if it is not already here, when protective measures
will have to be considered by the cities and industries to maintain the
water in a reasonable degree of purity. While there are not so many
large cities located in the basin of the Potomac River, nevertheless
the possibility of the contamination of oysters by the sewage of Wash-
ington has given the oyster growers in the lower part of the river
much concern. Thus it will be noted that the authorities interested
in the purity of the water in the two rivers viewed the situation from
different angles, those along the Ohio from the standpoint of drink-
ing water, and those interested in the Potomac from the standpoint
of the shellfish industry.

A brief summary of the history of stream pollution and the laws
controlling it in England is of interest as showing the difficulties
of enacting legislation after the rivers have become extensively
polluted. This was very well stated by John D. Watson, M. Inst.
C. E., chief engineer to the Tame and Rea District Drainage Board,
Birmingham, England, in a paper presented at the engineering
conference in connection with the Congress of the Royal Sanitary
Institute on September 6, 1910. The following notes, taken from
Mr. Watson’s paper, describe the condition of the rivers when the

(7)
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first survey was made and offer suggestions for legislation to re-
store and maintain the rivers in a reasonable degree of purity.

The first attempt, as stated by Mr. Watson, to inquire into the
pollution of the rivers, was the appointment of the royal com-
mission in 1867, and it came as the result of frequent and loud
complaints from the general public. This inquiry, which seems
to have been of the most thorough and unbiased character, referred
to the rivers of the great industrial counties as * rivers running
with liquid which had more the appearance of ink than water,
owing to trades waste being discharged into them.” Reviewing
the situation 40 years later, it is stated that “as a nation we can
congratulate ourselves on the progress made.” Some of our great
towns have still much to do in perfecting their sewage disposal
works, while some are only beginning to tackle the subject in
earnest, but “a lion is in the way.” The chief obstacle to the coun-
try reaping a full reward for the money which has been spent on
sewage purification works is the discharge of unpurified trada
waste into the streams.

Referring to the town of Bradford, where Mr. Watson was
called in as arbiter regarding the discharge of trade waste into
city sewers, he states, “I incline to the view that the maintenance
of the purity of the rivers is quite as much national as local in its
significance, and we should do all we can to strengthen the hands
of the royal commission in pressing upon the Government the im-
portance of this question.” Finally, in discussing the excellent
results obtained by the corporation of Edinburgh in 1889 in re-
storing the water of the Leith *to a condition not less pure than
many a meadow stream,” Mr. Watson sums up the situation as ob-
tained in England in 1910, as follows: * Local authorities are fully
alive to the need for purifying domestic sewage and much has been
done in this direction. They are desirous also that trades waste should
be tackled, but they are bewildered by the nebulous state of the law,
‘and it now remains for them, assisted by all sanitarians, to induce
the Government to alter and simplify the law so as to bring about
harmonious and consistent action on lines approved by an independ-
ent board like the proposed central authority, and I think this can
best be done by giving the recommendations of the royal commis-
sion on sewage disposal our united and hearty support.”

It is obvious, from reading the extracts from Dr. Watson’s paper,
that the sanitary condition of the rivers of England was not inquired
into until the rivers were very seriously polluted and corrective meas-
ures were difficult to apply, and it is also evident that the tendency is
to urge national control over the whole question of maintaining the
rivers in a reasonable degree of purity. In our country the Govern-
ment may well profit by the experience abroad, and may, at least, as- |
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sist in protecting the interstate rivers against extensive.pollution, by
determining the extent of purification of sewage and wastes required,
and the type of plant best suited for meeting the requirement speci-
fied.

During the surveys made, following the passage of the law of 1912,
it was found that the discharge of industrial waste was creating a con-
dition in many of the smaller rivers, and to some extent in the inter-
state rivers themselves, similar to that referrved to by Mr. Watson in
his deseription of the sanitary condition of some of the rivers of
England at the time of the first survey. Local sentiment, the fish and
game clubs, and the State boards of health were exerting pressure on
the State legislatures to pass laws prohibiting the discharge of all in-
dustrial wastes into the rivers and streams. The manufacturers, on
the other hand, recognized the seriousness of the situation but claimed
that the cost of purifying their wastes would force them to abandon
their business, and some of the schemes proposed for treating the
wastes would have required the expenditure of large sums of money.

A situation had developed along many of the tributaries where
neither side to the controversy understood the full significance of the
problem of purifying the industrial wastes. As the solution of this
problem had a direct bearing on the quality of the water discharged
into the interstate rivers and all interested parties desired an impar-
tial investigation, it seemed advisable, therefore, to include the study
of methods for purifying industrial wastes as a part of the purpose
and intention of the law directing the United States Public Health
Service to study “the pollution, direct or indirect, of the navigable
rivers of the United States.”

The plan adopted was to build and operate testing stations at
representative mills of those industries producing liquid wastes for
which there was no known method of purification or where the meth-
ods proposed were too expensive for general application. The units
of the testing stations were of sufficient size and were operated for a
long enough period of time to develop the basic data for designing
plants to purify all the waste from industries producing wastes simi-
lar to those treated in the tests.

The first testing station was constructed at the Deford Tannery,
Luray, Va., in the summer of 1914, and closed on August 9, 1916.
Another was constructed at the American Strawboard Plant, Nobles-
ville, Ind., in the fall of 1914, and closed July 1, 1916. A testing
station was built at the Haffner Bros. Tannery, Cincinnati, Ohio, in
the spring of 1916, and closed December 1, 1917. At Grove City, Pa.,
a station was operated to purify creamery waste, and another at
Amelia, Ohio, to treat tomato eanning waste. The data obtained from
operating the testing stations at the two tanneries are included in this
report.
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Assistant Sanitary Engineer C. P. Rhynus assisted in the design
of the testing station operated at Luray, Va., and had charge of the
construction. Sanitary Chemist H. C. Colson, jr., was in charge of
the laboratory and the operation of the station from September, 1914,
to March, 1916. Following the resignation of Mr. Colson, Attendant
Charles C. Bolen was in charge and samples were sent to the labora-
tory in Cincinnati for analysis,

Sanitary Engineer Harry R. Crohurst assisted in the design of the
testing station operated at the Haffner Bros.’ tannery in Cineinnati.
Sanitary Bacteriologist Walter V. D. Tiedeman constructed the sta-
tion and had charge of the operation throughout the tests.

Sanitary Bacteriologists Emery J. Theriault and Hugh M. Camp-
bell were responsible for the chemical analyses of the samples received
from the testing stations at Luray, Va., and Cincinnati, and Sanitary
Bacteriologists . E. Smith, 2d, and E. M. Meyer made the bacterio-
logical examinations.

Sanitary Engineer H. H. Wagenhals assisted in the preparation
of the data contained in the report.

The officials of the Deford Leather Co. and the Haffner Bros.’
tannery took an active interest in the tests condueted at their respec-
tive tanneries, and through their hearty cooperation contributed
much toward the sueccessful operation of the testing stations. Mr.
Thomas Deford, vice president of the Deford Leather Co., was
especially interested in the tests, and his personal influence greatly
assisted the work,
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EXPERIMENTS AT THE DEFORD TANNERY, LURAY, VA,

RESUME OF RESULTS.

The testing station at Luray, Va., was put in operation in Sep-
tember, 1914, and discontinued August 9, 1916, During this time a
method of purifying tannery wastes, such as are produced by the
organic tanning process, was developed that gave satisfactory results
and the cost of construetion and operation of a plant to treat all the
wastes was considered reasonable by tanners interested in the puri-
fication of their wastes.

The Deford Co. make belting leather from the sides of cowhides
and sole leather from the heads and bellies. Tan liquor leached from
oak bark at the plant is used in tanning the sides, and chestnut
extract for tanning the head and bellies. There is no bating and
the liming process is the ordinary procedure of practically all tan-
neries. The removal of the hair is done entirely by machinery and
the fleshing is practically all done by machines.

In preparing the hides for tanning there are two different kinds
of wastes produced, one from the liming of the hides and the re-
moval of the fleshings, and the other from washing the hair after
removal from the hides. In the tanning process proper there are
wastes produced in the various stages but the characteristics of all
are the same, each one having as its principal constituent tan liquors
that have been exhausted, or washed from the leather after leaving
the tanning vats,

The volume of wastes from the three different sources varied ac-
cording to the number of hides tanned, but the average daily dis-
charge of total waste during the tests was approximately 106,000
gallons. This was divided as follows: Beam house wastes (liming
and fleshing), 65.500 gallons; hair washing, 23,500 gallons: spent
tan liquors and wash water from the sides after tanning, 14,000 gal-
lons; and wash water from rinsing the heads and bellies, 2,900
gallons. The average number of hides tanned per day during the
tests was 275. The total amount of wastes discharged, per hide
tanned, was 385 gallons, composed of spent tan liquors and water
from rinsing the leather after tanning, 61 gallons; wastes discharged
from the beam house and liming vats, 238 gallons; and wastes from
washing the hair, 86 gallons.

(11)
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As the tests progressed it developed that it was not feasible to
treat each waste separately, on account of the acidity and excessive
oxygen demand of the spent tan liquors, and it further became evi-
dent that the ordinary methods of purifying sewage would not be
applicable in treating tannery wastes. During the last six months
of the tests, referred to later on in the text as Period Five, which
extended from February, 1916, to August, 1916, a method of treat-
ment was carried out that gave satisfactory results. It consisted of
treating the spent tan liquors and the wash water containing tan
liquor, with lime sludge from the unhairing vats, and mixing the
supernatant from this treatment with the wastes from the beam
house, liming vats and hair washing machines, This gave a pro-
portion of 1 part of the treated tan liquors to 3.4 parts of hair
washing wastes and 4.8 parts of beam house wastes or 1 part of the
treated spent liquors to 8.2 parts of the other wastes. This mixture
was treated with ferrous sulphate at the rate of 10 grains per gal-
lon and allowed to settle in a tank a minimum period of 4 hours and
then applied to beds of cinders and coke varying in depth from 5 to
7 feet. The wastes were applied to the beds by means of a system
of troughs. The rates on these filters varied during the latter part
of the tests from 190,000 to 300,000 gallons per acre per day. The
effluent from the cinder filters was treated on sand filters, varyving
in depth from 2 to 5 feet, at rates during the latter part of the
tests ranging from 289,000 to 426,000 gallons per acre per day.

The eflluents from all the sand filters, regardless of the depths and
rates, contained nitrites and nitrates throughout the final period of
operation. The oxygen consumed figures were comparatively low,
the total suspended matter was on the average not more than 32
p. p- m.,! the total organic nitrogen during the last three months of
the test was not higher than 7.2 p. p. m. in the monthly averages
and the stability such that samples diluted with two parts of creek
water had a relative stability number of 96+4. Tish (sunfish and
minnows) lived in the undiluted effluent of the sand filters more
than a month without any apparent discomfort.

In considering the results given above and those in the tables in
the body of this report it must be borne in mind that the spent tan
liquors contain organic eompounds that are very difficult to break
down in the filters and that the discharge of the effluents of the
filters into streams of water will not be attended by the same rapid
decomposition that results when sewage with a like amount of
organic matter is similarly discharged. This is demonstrated very
clearly in Table 28 where the average total organic nitrogen for
the month of April in sand filter 5-S was 57 p. p. m. and the number

1 The abbreviation p. p. m i= employed thronghont the text for “ parts per million * or
more accurately, * milligrams per litcer."
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of hours required to reduce the methylene blue samples was 240.
The organic nitrogen ordinarily ran from 2.5 to 8 p. p. m.. but the
example given above shows that the interpretation of chemical results
obtained from purifying some industrial wastes must be considered
from the standpoint of the effect the purified waste will have on
the receiving body of water rather than the amount of organic
matter present in the effluent.

The color of the sand filter effluents was that of very weak tea,
and there was no change in color when a solution of an iron salt
was added to them.

All of the wastes containing tanning solutions from the Deford
Tannery could not be taken care of in a large plant at the ratio
of 1 part of these wastes to the 8.2 parts of all the other wastes.
Approximately 10,000 gallons could be treated at the above ratio,
and tanneries producing spent liquors in excess of the ratio of 1
to 8.2 will find it necessary either t{) eut down the waste liquors
by using a part back in the “leaches” or else pump enough water
to bring the dilution up to 1 to 8.2. In using river water to dilute
the spent liquors the dilution required would undoubtedly be less
than 1 to 8 but this could only be determined by actual test. Some
tanners are returning the wash water from rinsing off the strong
liquors adhering to the hides when removed from the lay away
vards, back to the * leaches,” and if this were done at Luray the total
amount of spent tan liquors discharged per day would be less than
10,000 gallons.

The results obtained from the operation of the testing station
during the final period of operation were satisfactory and there
seemed no doubt that a plant could be designed to treat all the
wastes from a tannery at a reasonable cost. There were, however,
certain features that could not be definitely decided by the small
test units. These applied particularly to the proper depth of the
sand and to a certain extent the cinders. (Coke on account of its
cost, and the absence of any striking superiority in the results ob-
tained by its use, is not considered a suitable filter medium for the
preliminary filters.)

It was, therefore, recommended that the tanners of Virginia in-
terested in the purification of their wastes construct and operate
a permanent unit to determine the least depth of sand that would
give a saisfactory effluent over a long period of time; to decide the
maximum rate at which wastes could be applied to the filters on
a large area; and to learn the amount of technical supervision re-
quired to obtain the most efficient results.

The tanners readily saw the advantage that would result from
the operation of a larger unit than was used in the tests, and the
Deford Co., at Luray, the Leas and McVitty Co., of Salem, and
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G. R. Cover & Sons, of Elkton, Va., requested the Government
to prepare plans for a permanent unit of such size as would demon-
strate the practicability of the process developed in the tests. Each
company contributed one-third the estimated cost of the plant, and
it was located at the Deford Co.’s plant, Luray, Va., on the site for-
merly used for the testing units. A complete description is given
of this plant under the cost data in the conclusions of this report.
The data obtained from the operation of the larger unit will be
published at a later date.

The permanent unit was completed the latter part of June, 1917,
and the results obtained during the summer following have shown
the wisdom of building the larger unit. The plant on the whole
has given results that check very closely those obtained in the tests,
and it now seems assured that a sand filter 3 feet deep will yield as
satisfactory an effluent as a bed 5 feet deep. The results have also
indicated that a roughing filter 4 feet deep will yield an eflluent
that can be purified on sand filters 8 feet in depth. The roughing
filter and sand filter were each operated 24 hours a day at net
rates of 200,000 gallons per acre per day, enough wastes being stored
during the day time to supply the filters during the time the tannery
was closed down at night.

The cost data given at the end of this report for the filters are
based on net rates of 200,000 gallons per acre per day. It did not
seem advisable to begin the operation of the shallow filters at a
higher rate than 200,000 gallons, and pending further studies on the
question of rates the figure given above will be considered as the
basis for designing a complete treatment plant.

No further studies were made relating to the drying and disposal
of sludge as it is considered that existing data on sewage sludge is
sufficiently applicable to this case.

THE PROCESS OF TANNING HIDES, AND WASTES PRODUCED AT
THE DEFORD LEATHER CO., LUBAY, VA.

The processes of tanning hides are complex and vary in different
tanneries, and the wastes produced are largely influenced by the par-
ticular method used. A description of the process of tanning em-
ploved at the Deford Leather Co. and of the nature of the wastes
produced is, therefore, important in order that those interested in
the purification of tannery wastes at other plants will be in a position
to use the results contained in this report to the greatest advantage.

TAKNNING THE IIDES.

This company tans cowhides only, producing belting butts, with
some sole leather from the heads and bellies, The normal rated ca-
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pacity is 304 hides per day, but the output during the tests fell short
of this figure, averaging 275.

The rawhides are received, heavily salted to prevent decomposi-
tion, and are first thoroughly soaked and washed with fresh water
to remove the salt and dirt. After soaking they are roughly fleshed
to remove the larger pieces of fat and flesh adhering to them and
passed on to the liming tanks. These are a series of tanks containing
limewater in solution of gradually increasing strengths, through
which the hides pass from the weakest to the strongest, the object
being to loosen the hair sheaths, In this condition the hair is very
readily and quickly removed by an unhairing machine. Small
streams of water play on the roller of this machine, serving the
double purpose of carrying away the hair and of washing off the
lime.

The hides are then refleshed by hand or by a fleshing machine to
remove any pieces that may have remained from the first fleshing
before liming. The dehaired hides are then thoroughly washed in
running water to remove lime, and taken from the beam house to
the tanyards. Here they are first placed on the rockers. These con-
gist of a series of racks arranged on a central shaft over a vat con-
taining a tanning solution. As the shaft rotates back and forth
through a small arc the arms of the racks are raised and lowered so
that the hides suspended from them are raised and lowered in the
tan liquor, The liquor in which the hides are first treated is the
weakest solution of tan extract used in the tannery. As the tanning
progresses this solution is withdrawn and the liquor from the next
stronger vat drawn in. In this way the hides are treated with solu-
tions of gradually increasing strength till they are ready for the next
step in the tanning process, which is carried on in the handlers.

In the handler pits the hides are hung in the liquor and are con-
tinuously submerged. The first handler pit contains a solution
stronger than that in the last rocker pit. In fact, the weakest handler
solution is run daily into the strongest rocker pit. As in the rockers
the hides in the handlers are treated with solutions of gradually in-
creasing strength, so that by the time the strongest solution has com-
pleted its action the hides are completely struck through or tanned,
and are passed on to the layers.

Here they are spread out in pits and dusted with ground bark,
the layers of hides and bark alternating. When the pit is full, con-
centrated liquor is run in till the hides are completely covered. In
this condition they are left undisturbed for about 130 days or until
they have taken up as much as possible of the tannic acid and other
material. On removal from the last tanks or layers the hides are
transferred to vats containing clean water, where they are left to
soak overnight. The next morning they are rinsed and drained.
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The heads and bellies are tanned in vats containing the chestnut
extract liquors, and are then bleached of their surface tannage to
obtain a lighter coloring. This is accomplished by the use of tanner’s
alkali (sodium bicarbonate) which is later neutralized by dilute sul-
phurie acid. The heads and bellies are then rinsed in water to re-
move the exeess acid, and dewatered in a centrifugal machine.

At the present time tan liquor leached from oak bark is used ex-
clusively at the Deford Leather Co., except for a small amount of
chestnut extract for the heads and bellies. However, the supply of
ouak bark is becoming more distant, increasing the cost of transpor-
tation, and the impression at the tannery now is that in the near
future the extract will be substituted more and more for the weaker
bark solutions extracted at the tannery. This change will tend to
reduce the amount of this waste, as the liquors made from the ex-
tract do not sour as quickly as those made from the bark at the mill,
and there will be less leakage due to the less handling of the liquors.

From the tanyard the hides are taken to the drying loft, where
they are thoroughly dried, rubbed, filled with oil, and otherwise pre-
pared for market. As there is no waste produced beyond this stage,
the deseription of the further processes will be omitted.

WASTES FPRODUCED,

From the process outlined above different and distinet wastes
are produced which present varied problems for treatment studies.
The construction or arrangement of the factory itself, whereby
different wastes are mixed, is also an important factor. At the tan-
nery of the Deford Leather Co., in particular, the wastes may be
summarized as follows:

Wash water from the green hides.

Wastes from the liming vats and unhairing machine.

Wash water from the fleshing and graining floors,

Exhausted or spent tan liquors and rinse water from vats in the
lay-away yard.

Iixcess tan liquors ecarried by the heads and bellies when removed
from the tanning vats.

Leakage from the leaching vats and a small amount of wash
water.

Spent alkali and acids from bleaching vats.

Wash water from green hides—The hides are received, bundled
separately, and heavily salted. At the tannery they are unfolded
and thoroughly washed with eclean water to remove the salt and
dirt. These wash waters, therefore, are heavily charged with sodium
chloride, but contain relatively small amounts of suspended solids
and dissolved organic matter. They do not present any difficulties
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in treatment, and serve to dilute the stronger wastes from other
sections of the beam house with which they are mixed.

Waste from liming vats and wnhairing machine—The unhairing
waste may be divided into three distinet classes. Two result from
the liming process, the liquor which is emptied from the vats when
the liquors become exhausted, and the solid residue which settles
to the bottom. The latter is shoveled out of the tanks and piled
behind the tannery to be hauled away for fertilizer. It does not,
therefore, of itself enter into the treatment problem. The liquid
portion, however, must be treated. It contains in suspension small
particles of insoluble lime with some hair, and in solution, the sol-
uble portion of the lime not absorbed by the hides, together with
some organic matter dissolved from the hides. The solids in this
waste, which constitutes the bulk of the waste from the beam house.
settle quickly, leaving a clear supernatant that is not difficult to
treat.

The third waste from the unhairing process is that from the un-
hairing machine. As the hides pass under the rough roller of
this machine, which is wide enough to cover the whole hide, small
streams of water play over it and ecarry the hair away to the screen
and wash out the lime.

The screen, built of 14-inch mesh galvanized-iron wire covered
with a fine-mesh screen, is attached to a shaft which rotates back
and forth through a half circle. In this way the screen is dropped
into the water in which the hair is floating, and allowed to rest mo-
mentarily in this submerged condition until the hair mat is formed
over the surface again. It is then lifted out, picking up the hair,
carrying it over, and dumping it to the rear of the screen. The
operation is, therefore, automatic and the screen self-cleaning, re-
quiring little attention beyond the removal of the accumulation of
hair. The waste from the tank passes under a submerged baflle, and
then up to the overflow.

This effluent should contain the finely divided lime and dirt washed
from the hair with a very small amount of hair itself, but the
deposits of hair along the sides of the ditch to the pond, in the
settling pond itself, and on the banks of Hawksbill Creek are strong
evidence that the apparatus is not very eflicient.

The quantity and character of this waste vary but little through-
out the day. The bulk of the suspended solids will settle out in a
couple of hours, leaving a supernatant capable of satisfactory treat-
ment by filtration.

Although a part of the beam house operation, the waste from the
unhairing machine at this tannery is not discharged with the beam
house waste, but has a separate outlet,

116508°—19—=2
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Wash water from the fleshing and graining floors—The waste
from the graining and fleshing floor consists of the wash water
used for cleaning at the close of the working day. Although the
total volume is small, it is of a highly polluting character owing
to the heavy suspended matters, which are composed largely of small
pieces of fleshings trimmed from the hides. The presence of a large
number of buzzards, at times 18 or 20 or more, around sludge shoals
of the settling pond into which this waste enters is suflicient evi-
dence of this fact, although there is no odor noticeable. These solids
settle readily in about an hour, and as this waste can not be sepa-
rated from that from the lime soaks, which require about two hours’
settling, it is evident that but little flesh can escape a sedimentation
tank,

Lwhausted or spent tan liguors and rinsing water from vats in
lay-away yard —Waste containing tan liquors at the Deford Plant
comes from two different sources. The most important of these is
the exhausted liquors from the rocker pits. As a series of packs
of hides pass through these tanks the contents of the first tank of
each pack is wasted to make room for the solution from the next
stronger tank, and this solution becomes the first tank for the next
succeeding pack. Several of these tanks are emptied each night.
The second source of waste tan liquors is the soak tanks in lay-away
or main yards, The total quantity of water used in these tanks is
about the same as that in the vats in the handler yards, but the
amount of tan extract is much less, as it is only that carried over
from the lay-away yard by the hides. The tanks in the main yard
are also emptied at night and into the same ditch receiving the
liquors from the handler yards. Night emptying is not the custom-
ary procedure in the ordinary tannery where extra tanks are avail-
able and a more elastic system of piping is installed, but at this
plant it is necessary in order that the tanks can be filled and ready
for use the following morning.

To the two spent tan liquor wastes referred to above there should
be added the leakage from the tanks, called black liquor, from
the fact that the leakage has come in contact with iron. There is
only a small amount of this liquor which is pumped out once a
week,

Fwcess tan liquors earried by the heads and bellies when removed
from the tanning vats—From the operation of the centrifugal drier
the excess water and some tan liquors carried over from the rinse
water from the bleaching vats is removed from the heads and bellies.
This results in a wastage of a small amount of fairly strong waste.
No wash water is used in this process and as a result the drainage
liquor is a small amount of strong tanning solution. A somewhat
similar waste is discharged from the revolving wash drum in which
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the excess spent tan and dirt is removed from the heads. This,
because of the wash water used, is much greater in quantity, but,
while colored brown, is much less concentrated than the liquor from
the centrifugal machine. All the wastes from the washing and dry-
ing of the heads and bellies are discharged into a separate ditch
from the one receiving the spent tan from the rockers and the rinse
water from the lay-away yard.

Lealkage from the leaching vats and a small amount of wash
water.—The waste from the leach house is small in volume and con-
sists principally of the leakage from the vats in which the tan
liquors are leached from the ground bark. To this there is added a
small amount of wash water which may contain strong tan solu-
tions. Although this waste at present is emptied into a separate
ditch, there 1s no reason why it can not be diverted to the ditch carry-
ing the spent tan liquors from the rockers and main yards, so that
it need not be considered a separate waste for treatment, but can
be considered as included with other tan liquors.

Spent alkali and acid from bleaching vats—From the bleaching
process there is discharged a waste containing spent alkali and
spent acids, together with the liquors resulting from bleaching the
heads and bellies. The final reaction of the mixture is strongly acid,
but, as it is discharged into the ditch carrying the beam-house waste,
which is strongly alkaline, it is neutralized and its treatment must be
considered with the latter waste.

CHARACTER OF WABRTES AS DISCHARGED FROM THE TANNERY.

The waste or mixtures of wastes upon which treatment studies
were made were discharged through five separate outlets.

Beam-house waste—The discharge from the first one, to be known
as beam-house waste, consists of the wash water from the green
hides, the water discharged from the liming vats, the floor washings
from the graining and fleshing floors, the acid waste from the
bleaching tanks, and a small amount of black liquor leakage from
the rocker pits, which drains continuously into the beam-house out-
let. The black liquor must not be confused with a similar kind of
waste that collects for one week under the lay-away yard and is dis-
charged into the spent tan outlet.

This waste is brown colored and contains insoluble ]_}m'tmlus of
lime and some dirt; its polluting character is due to the fleshings
and the tan extract both of which possess great avidity for oxygen.

Hair washing waste.—The second outlet discharges hair washing
waste exclusively. This waste is grayish in color due to the lime
washed from the hair. The lime also is responsible for most of the
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suspended matter, though there is present a relatively large amount
of hair which could be recovered by more eflicient sereening.

Waste containing tan liguor—Spent tan, rinse water and black
liguor from the main and lay-away yards comprise the entire waste
of the third outlet. This, together with the discharge from the
fourth and fifth outlets, consisting, respectively, of tan leakage and
wash water from the bleach house and execess tan removed in the
centrifugal dryer and wash drum, constitute the most objectionable
waste from the tannery. The settleable suspended matter can be
removed in about two hours settling, but the color is very diflicult
to remove, single filtration serving only to clarify the waste. The
presence of iron in the filtering medium produces an inky-black
color. The tan extract in solution, to which the eolor is due, uses
any available oxygen in a receiving stream and in the absence of
oxygen, the liquor sours and putrefies rapidly so that the dilution
factor must be extremely high to prevent nuisance and support fish
life.

VOLUME OF WASTES DISCHARGED FROM DIFFERENT OPERATIONS IN THE
TANNERY.

The important wastes at the Deford Co.’s tannery may be included
under four headings, each having a separate outlet; beam house,
hair wash, spent tan, and leather wash. The last of these is similar
to the spent tan, in that it is diluted tan liquor washed from the
hides after the tanning process is completed. There are other
wastes, as already described, but they are either so similar to one
of the four, or so small in volume that their addition to other
wastes would not affect the treatment problem.

In Table 1 are given the average daily volume of the four wastes
by months.

TarLe 1.—Average daily volume of wastes by months.
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It will be noted that only an average figure is given for the spent

tan waste. This is due to the fact that it was discharged during the
night, when it was impossible to take continuous readings throughout

the tests. Special series of measurements were, therefore, made at
different times, which included the number of tanks emptied each
night of each series. The average figure obtained for all these series
is included in the table as the average for the tests as a whole. This
may vary during different seasons of the year, being particularly
high in the summer. At this time the tan liquors are at the optimum
temperature for the growth of souring bacteria and must be renewed
more frequently.

The average total volume of waste from the whole tannery was
106,000 gallons daily. Toward this the beam house contributed 62
per cent, hair washing 22 per cent, spent tan 13 per cent, and leather
washing 3 per cent. Adding the leather wash to the spent tan, mak-
ing 16 per cent, the ratio of the three classes—spent tan, hair wash,
and beam house—was 1:1.4:3.9.

During the period covered by the table there were handled, on an
average, 275 hides per day. Computed on a basis of produect, there-
fore, the total waste per hide was 885 gallons, and the number of gal-
lons of waste per hide computed for the individual wastes were 238,
86, and 61 gallons for the beam house, hair washing, and spent tan
liquors, respectively.

DESCRIPTION OF THE TESTING STATION.

The testing station was located in the rear of the tannery, between
it and Hawksbill Creek, into which the wastes are discharged. By
building the deep settling tanks partially in excavation it was possible
to use the natural fall of the ground to obtain a gravity flow through-
out all the units.

To distribute the wastes to the various tanks and filters, wooden
flumes were employed. These intercepted the wastes in the ditches
and conveyed such portions as were needed to the various devices.

The wide range in volumes to be measured, varying from the total
waste from the tannery to the dosage of a sand filter 12 inches in
diameter, necessitated the use of different methods of control and
measurements. For the large volumes, rectangular weirs of various
lengths were used. The triangular notch weirs were best adapted for
measurements of tank-treated wastes and for the influents or efluents
of the larger filters. The readings on the smaller filters were made
with graduated cylinders in which the waste was caught for a
definite period.

For a laboratory the Deford Leather Co. permitted the use of one
of their offices, which was arranged and equipped with sufficient labo-
ratory apparatus to make the more important tests, such as sus-
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pended solids, alkalinity, dissolved oxygen, putrescibility, and spe-
cific gravity and moisture of sludges. Toward the end of the tests
samples were sent to the central laboratory at Cincinnati, where
more complete analyses were made. The analytical methods were,
unless otherwise noted, those recommended by the committee on
standard methods of analysis of the American Public Health Asso-
ciation.

Whenever possible the samples analyzed represented the composite
of one or two working days. In this way the laboratory work was
kept within reasonable limits without making the analytical data
too fragmentary to be of value,

The following tanks and filters were constructed as experimental
units with which to conduct tests. (See Plate I.) As is always the
case with such work, results of operation suggested changes. These
are included in the description of the various devices.

PLAIN SEDIMENTATION AND CHEMICAL PRECIPITATION TANKS.

Tanle A.—This tank was 5 feet in diameter and 10 feet deep, hav-
ing a total capacity of 1,371 gallons below the flow line, 8 inches from
the top. It was constructed of 2-inch pine staves. As originally
installed it was arranged to operate as a Dortmund tank. The in-
fluent entered through a 4-inch galvanized iron tube, the top and
bottom of which flared to 1 foot. Its total length was 5 feet 2
inches, but as it projected above the flow line 8 inches, only 4} feet
were submerged. Allowing the volume of the tank up to within 12
inches of the bottom of this tube as a sludge chamber, the sludge
capacity was 75 cubic feet, and the displacement for the waste 810
gallons, The outlet was made of 2-inch iron pipe arranged as an
inscribed hexagon. Two tees were inserted in each side, dividing
it into three equal parts. The openings were turned up to form a
skimming cup to take the waste from the surface. This tank was
located to receive the waste from the centrifugal dryer and wash
drum in which, as already described, the excess tan liquor is removed
from the heads and bellies. A false bottom, made of galvanized iron,
in the shape of a shallow cone was installed to assist in the removal
of sludge. The sludge pipe led horizontally from the point of the
cone through the side of the tank.

As originally constructed no baffles were placed, but difficulty was
soon encountered with the scum which was carried away in the efflu-
ent, necessitating some form of baffle to protect the outlet. This
baflle was made of #-inch lumber and constructed in the form of a
square inscribed in the tank. Two of its corners were placed at op-
posite angles to the pipe forming the outlet hexagon so that no outlet
cup or T was contained within it. Holes were cut at the four in-
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tersection points to avoid changing the arrangement of the outlet
pipe. The bafile walls extended down 2 feet below the flow line and
terminated in a trap similar to that used in an Imhoff tank. This
was to divert from the outlet chamber any large mass of sludge rising
from the bottom, but did not, of course, accomplish the complete
separation of an Imhoff trap as the flow of the waste was in an up-
ward direction through the trap. This change was made Novem-
ber 18, 1914, about two and one-half months after the beginning of
the tests.

T'anle B.—This was of similar construction to tank A, but slightly
larger, being 7 feet in diameter and 10 feet deep. The total capacity
was 2,687 gallong from the flow line, 8 inches below the top, to the
bottom. It was operated as a Dortmund tank, the inlet dosing tube
being identical with that of tank A. This gave a sludge chamber
of 147 cubie feet and a flow chamber of 1,583 gallons. The arrange-
ment for removing sludge, including the false bottom, was similar
to that in tank A. The outlet was a duplicate of that already de-
scribed under tank A. No baffles were placed in this tank during
its entire period of operation. The waste treated by this tank was
the spent tan liquors from the rocker pits and the soak waters in the
lay-away yard.

T'ank € —This was a circular wood stave tank 7 feet in diameter
and 14 feet deep and with the flow line 8 inches from the top. The
total capacity was 3,848 gallons. The Dortmund inlet tube and ar-
rangement for sludge removal were the same as described for tank A.
This gave a sludge chamber capacity of 301 cubic feet and a flow
chamber of 1,583 gallons. The tank was operated as a Dortmund
tank with baffles arranged the same as in tank A ; that is, a wooden
partition 1 foot from the side of the tank, extending down 2 feet
below the water line and slanting to the side of the tank, with a nar-
row slot protected by a triangular strip nailed to the side of the tank
to prevent sludge from rising and escaping in the outlet pipe.

It was intended to use this tank for the treatment of hair-washing
~waste, but as the test progressed and studies were made of the effect
of combining different wastes for treatment this tank received vari-
ous mixtures of hair-wash, beam-house, and spent-tan wastes. This
is treated in more detail in another section.

Tank D —This was identical in construction and dimensions with
tank C. It had, therefore, a total capacity of 3,848 gallons, of which
1,583 gallons was considered as the flow chamber and 301 cubic feet
as the sludge chamber. Baffles were installed at the same time as
they were in tank A. The design and construction details were the
same and are described under tank A,

During the first year the influent to this tank was from the beam
house, consisting mostly of the waste from the soak tanks, the lime
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pools, and bleaching vats, but, as in the case of tank C, during the
second year it treated various mixtures of wastes from several depart-
ments. In fact, these two tanks were operated in series, the effluent
from tank C being the influent to tank D.

Tank £ —In connection with the study of the spent-tan liquor,
which ineluded chemieal treatment and mixture of it with other
wastes, there was constructed a spent tan storage tank. This tank
was T feet 4 inches by 7 feet 7 inches in plan and 2 feet 2 inches deep.
This gave a capacity of 117 cubie feet, or 871 gallons. It was neces-
sary to fill this tank at night when the tan vats in the rocker and lay-
away yards were discharged, so that the liquor could be held over to
be used the following day or two or as long as it lasted.

PRIMARY AND SBECONDARY FILTERS

Filter 1.—This filter was 5 feet square and had an area of 0.000574
acre. At the beginning of the tests this filter contained 3 feet of
spent-tan bark. The results, however, were so unsatisfactory that
it was at once thrown out of operation and the tan bark replaced
by 7 feet of cinders screened over a }-inch screen.

The influent was regulated and controlled by a triangular weir,
and was distributed by a set of radiating troughs or cross arms set at
90 degrees to each other. The waste was applied at the center,
filled the troughs and flowed out through notches ent in the sides.
As the troughs could be rotated to cover different sections of the
filter, a very fair distribution was obtained. This filter received the
effluent. from tank A, consisting of the waste from the leather wash-
ing drum and centrifugal drier.

Filter 2—In respect to dimensions, filtering media, control, and
distribution, the filter was an exact duplicate of filter 1, as described
above. The influent was the eflluent from tank B, consisting of the
spent tan liquors from the rocker pits and the lay-away yards.

Filter 3—This filter was also 5 feet square and had an area of
0.000574 acre. The filtering medium through the entire period of
the tests consisted of 7 feet of cinders screened over a }-inch sereen.
The methods of control and distribution were the same as already
described for filter 1. The influent was the effluent from tank C till
this tank was put in series with and preliminary to tank D, after
which the influent was received from the latter. The composition of
the influent, therefore, varied within wide limits.

Filter 4—This was a sprinkling filter 7 feet square and had an
area of 0.001125 acre. The filtering material was 1 to 2 inch broken
limestone laid to a depth of 6 feet. The waste was measured by a
triangular weir as it entered a siphon box in which was located a
3-inch Miller siphon that discharged the waste over the filter
through a Taylor clover-leaf nozzle. The influent could be taken
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either from tank C or tank D, and was, in fact, changed several
times as the studies progressed.

Filter 6~C.—This filter was 5 feet square and had an area of
0.000574 acre. The filtering material was altered several times during
the tests, both in character and depth. At the start it was 7 feet of
cinders, screened over a one-fourth inch screen. This was changed to
T feet of coke retained by the same size sereen, and later the coke was
replaced by 5 feet of cinders,

The influent was measured by a triangular weir till late in the tests
when it was caught directly into a graduated eylinder and the exact
flow for one minute measured in cubie centimeters. Distribution was
effected by means of troughs already described. The influent was,
throughout the test, the effluent from tank D, and it varied with the
character of the wastes treated in that tank.

Filter 5-8—To study the effect of double filtration, sand follow-
ing coke or cinders, filter 5-S was constructed directly beneath filter
5-C. It was of the same size, 0.000574 acre in area, and the top of the
filtering material was 13 inches below the bottom of filter 5-C. Two
sides of this opening were boarded up. The filtering material con-
sisted of 5 feet of sand taken from a sand pit on a farm belonging to
the tannery. This sand was washed, and had an effective size of 0.34
millimeter and a uniformity coefficient of 1.5.

Distribution was effected by means of the cracks between the
boards forming the bottom of 5-C which was located over 5-S. Sep-
arate measurements of the volume treated were not necessary as it
was the same as for filter 5-C.

Filter 7 —This was constructed for the same purpose as filter 5-C,
namely, to study the results obtained by double filtration, in this case
of sand following coke. (See filter 8 below.) This filter was located
to receive the effluent from filter 8. Tt was 3 feet square and had an
area of 0.000207 acre. The filtering medium was 3} feet of sand, ob-
tained from the same source as that used in filter 5-C. For distribu-
tion a board drilled with holes was used, and the influent was meas-
ured at first by a triangular weir, but later by a graduated cylinder.

Filter 8 —This unit was originally constructed to study sand fil-
tration of settled waste without preliminary filtration. It was 2 feet
94 inches square, giving an area of 0.000024 acre. Sand was placed
in it to a depth of 5 feet. The sand used was river sand having an
effective size of 0.40 millimeter and a uniformity coefficient of 1.65.
The results obtained, however, were not satisfactory and the sand was
replaced with 5 feet of coke sereened over a one-fourth inch screen.
It was during this period that the effluent served as the influent to
filter 7.

The method of distribution for both the sand and coke was to apply
the influent to the center of the bed on a board 2 feet square and allow
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the liquor to trickle over the sides. The influent was measured by a
triangular weir in the beginning of the tests but this was replaced by
direct reading in a graduated eylinder.

Filters 15 and 16.—During the early part of the test the results
obtained from sand filter 7, treating the effluent from a coke filter,
were so much better than those from sand filter 5-8, treating the
eflluent from a cinder filter, that it seemed desirable to verify them
by two sand filters similar in construction and operation. Filters
15 and 16 were, therefore, installed. Both consisted of 12-inch sewer
pipe having an area of 0.00001803 acre and filled to a depth of 2
feet with washed sand from the tannery farm. This sand, as stated
under filter 5-S, had an effective size of 0.34 millimeter and a uni-
formity coefficient of 1.5. The effluents from filters 5-C and 8 were
caught in buckets and applied to 16 and 15, respectively. The volume
was so small that it was easily measured in a graduated cylinder,
and the area to which 1t was applied was not large enough to require
any distributing device.

SLUDGE BEDS.

-

Four sludge beds, each 10 feet square and 1 foot deep, were con-
structed convenient to the outlet pipes from the bottom of the set-
tling tanks. Each bed was made by excavating in the ground to
the proper depth and throwing the earth up to form a bank to hold
the sludge over the filtering medium. This was composed of 10
inches of cinders that passed over a }-inch sereen with 2 inches of
the cinders that passed through the }-inch sereen on top.

TREATMENT OF THE WASTES.

The studies at Luray, Va.. may be roughly divided into two parts;
first, the treatment of the four wastes individually with separate
devices for each type: and second, the treatment by combination of
two or more wastes, whereby it was possible to take advantage of
chemical reactions between them.

TREATMENT OF THE INDIVIDUAL WABTES.

Beam house—This waste was treated separately from the be-
ginning of the tests, September 1, 1914, to June 18, 1915, A portion
of the flow from this department was diverted to tank D, in which
it was settled for a period of two hours, till March 18, 1915. During
this period the average volume treated was 5,560 gallons per 10-
hour day, or 8.5 per cent of the average total beam-house waste for
the same period. Construction changes prevented the operation of
the test units from March 18 to April 6, 1915. From the latter
date till June 18, 1915, the detention period was 4 hours, and the
average daily volume treated was 3,130 gallons, or 4.5 per cent of the
total.
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The effluent from the tank was applied to the filters. Filter 4,
trickling filter, received this waste from January 15 to March 18,
and from April 6 to June 18, 1915. Filter 5 which, as already noted,
was a 7-foot cinder filter, received the eflluent from this tank from
September 1, 1914, to June 18, 1915, and on May 12 it was changed to
7 feet of coke.

The results of this treatment, as indicated by the suspended solids
content, are given in Table 2. Under the filters are also shown figures
for putrescibility and the 24-hour oxygen demand. The putresci-
bility results can hardly be called a monthly average, as it is diflicult
to combine results obtained with different dilutions. The wvalues
given are more in the nature of typical results.

TanLE 2.—Results of analyses of beam-house waste before and after treatments.
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The average suspended matter removal by the settling tank during
the entire period covered by the above table was 43 per cent. Dur-
ing the 2-hour sedimentation period it was 42 per cent as compared
with 45 per cent during the 4-hour period, indicating that the set-
tleable suspended matter was removed as completely with the 2-hour
detention period as with the 4-hour. The trickling filter (No. 4)
operating at approximately 1.9 million gallons per acre per day
accomplished an average removal of suspended matter during the
5 months of 51 per cent over the tank effluent or 70 per cent over the
raw beam-house waste. In filter 5 (cinders) reductions in suspended
matter of 70 and 83 per cent over the settled and raw waste respec-
tively were obtained. Tt should be noted that the greatest removal
was in December, during which the rate was the highest, 2.07 million
gallons'per acre per day. There is nothing in the results to indicate
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a superiority for either the cinders or stone as a filtering medium.
While the reduction effected by filtration is fair, the remaining con-
tent of solid matter is still too high to call this treatment successful,
even when considered in connection with this one determination. It
is readily seen that the percentage reduction is attributable to the
large solid content of the raw and settled waste rather than to the
low content of the filter efluents.

From the more important standpoint, that of oxidation, the re-
sults of filtration are even less satisfactory. Only very occasionally
was there any oxygen present in the effluents, and the results of May
and June show a 24-hour demand of 124 and 139 p. p. m. for filters
4 and 5, respectively. Stability with methylene blue was obtained
only with dilutions, and the dilution factor was being rapidly in-
ereased with the approach of warmer weather at the time this series
of tests was concluded.

Typical alkalinity results are tabulated in Table 3. An average
of the total alkalinity would be of very little value as the degree is
relatively less important than the state, whether hydrate, carbonate,
or bicarbonate. The table was, therefore, prepared showing analyses
of isolated samples. In the selection of the results tabulated the
one for the tank effluent is that obtained from a sample taken 2 or
4 hours after the sample of raw waste, depending on the settling pe-
riod of the tank and those for filters 4 and 5 from samples taken 10
minutes after the tank samples, which represent the approximate
treatment periods in the filters. The time given in the table is that
at which the raw sample was taken.

TapLe 3.—Alkalinity of beam-house waste in variowus stages of treatment.
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The data from which this table was prepared consisted of sets of
analyses made at half-hour intervals throughout the day, The wide
variation of the alkalinity figures for the raw waste is well illus-
trated.

The effluent from the tank fails to show the same rapid changes in
the state of its alkalinity. This is probably due to the opportunity
for reaction by diffusion with the large volume of liquid in the tank
so that if it contains a bicarbonate content a small volume of in-
fluent with a high hydrate content would be absorbed by the reaction
converting the bicarbonate to the carbonate. This mixture in proper
proportions could be responsible for a reduction in the total alka-
linity. The reverse of this reaction would also be true. If the tank
contained a solution high in hydrates, bicarbonates in the influent
might take a long time to remove all the hydrates. On the other
hand instances occurred where hydrates in the influent were noted
in the effluent in a much shorter time than the stated period of de-
tention. This was due both to the fact that the detention period
was computed on a total displacement basis and consequently was in
excess of the actual, and to the diffusion in the tank whereby the
chemical reaction ran ahead of the current.

The two-day composite sample showed, as in the case of the raw
waste, the presence of carbonates and bicarbonates. This is probably
typical of samples covering long periods,

In the filters the hydrates show marked decrease, though present
at times. The composite sample of June 5 and 6 furnishes the best
results for comparison, as the period covered is of sufficient length to
minimize any error in estimating the time required for the different
steps in the treatment. In this set both the raw and settled wastes
contain carbonates and bicarbonates, but the filters only bicarbon-
ates. The bicarbonates in filters 4 and 5 were 452 and 432 p. p.m.
respectively, which are practically the same as the total of 462 in
the tank effluent in which 112 parts were carbonates. This eonver-
sion could occur only in the presence of CO,, which could be obtained
from the decomposition of organic matter within the filters,

Taken as a whole, the final effluent from this treatment of the
beam-house waste was not satisfactory, nor in a condition to be dis-
charged into a small body of water without creating a nuisance, On
March 18, 1915, studies were undertaken to determine the results of
treating different wastes together, and the separate method of treat-
ment abandoned.

Hair-washing-waste—The unhairing machine was provided with
water sprays which played on the knife cylinder, carrying the hair
away to an open channel in the floor in which it was eaught up by
a stream of water and taken to the screen. The effluent from this
screen constituted the hair-washing waste. While the suspended



30

matter was high it consisted largely of lime washed from the hair,
together with some hair passing the sereen.

From September 1, 1914, to April 28 following, this waste was
treated alone in tank C. The detention period, computed from total
displacement, was 2 hours till March 18, 1915, and 4 hours from
April 6 to April 28, the interval between March 18 and April 6
being devoted to reconstruction work and the station not operated.

The effluent from the tanks was applied to filters 3 and 4. Filter 3,
consisting of T feet of cinders, received this waste during the entire
period of this series of tests; and No. 4, trickling filter, from Sep-
tember 1, 1914, to January 15, 1915.

In Table 4 are given the results of these treatments as shown by
the suspended solids in the various steps. The total volume of waste,
the amount treated in the tank, and the rates on the filters are also
included, together with some data on the oxygen content of the filter
effluents.

Tasre 4.—Results of analyses of hairavashing waste before and after treatment.

[
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The tank removed 41 per cent of the suspended matter during the
nine months tabulated. A 2-hour period of sedimentation is suffi-
cient to remove all the economically settleable matter.

Filters 3 and 4 removed 56 and 48 per cent respectively of the sus-
pended solids in the tank effluent and the combined removals by the
tank and filters were T4 and 67 per cent, respectively, of that in the
raw waste. The residual suspended matter in the effluents was still
quite high, being in fact somewhat greater than in an average domes-
tic sewage.
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The maximum average oxygen demand shown in the tables is 66
p- p- m. for 48 hours, for the month of March, 1915. Several isolated
determinations of the 96-hour or 4-day demand gave values in the
neighborhood of 150 p. p. m.

As the waste from this department is derived entirely from one
operation, the alkalinity is more fairly uniform than was the case
with the more complex waste from the beam house. Table 5 gives
typical results of alkalinity determinations.

Tarre S.—Alkalinity of hair washing waste in various stages of treatment.
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Two typical days were selected—one, February 10, illustrative of
the cold winter weather and with a 2-hour sedimentation period, and
the other, April 22, illustrative of the warm weather and with a
4-hour sedimentation period. The data from analyses of samples
taken at half-hour intervals during half of each day are tabu-
lated.

During the time when the unhairing machine was in operation the
results were fairly uniform, the alkalinity being due to hydrate and
carbonate, owing to the presence of the lime washed from the hair,
Bicarbonates were found during each noon hour when the waste con-
sisted solely of the fresh water in the conveyor trough. This water

116508°—19——38
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was unusually soft. The minor variations at other times were due
to the operation of the unhairing machine.

After mixing in the tank, such variations as were observed in the
raw waste disappeared. The alkalinity was uniformly due to hy-
drates and carbonates, and the amounts of these showed compara-
tively slight changes, the hydrates varying with few exceptions be-
tween 200 and 300 p. p. m. and the carbonates between 150 and 200,
Slight reductions in the total alkalinity over that of the raw waste
can be accounted for by the settling out of suspended lime particles.

Between the 10th of February and the 22d of April a marked
change occurred in the alkalinity of the filter effluents. At the first
date bicarbonates were present only in the first sample each day,
probably due to the practice of thawing out the filter with hot water.
At all other times hydrates and carbonates were present. After
April, however, hydrates and carbonates were never present, the total
alkalinity being due to bicarbonates alone. As was suggested in con-
nection with similar results obtained in the treatment of the beam-
house waste, this conversion was no doubt due to the absorption of
CO, from the air and to destructive fermentation of organic matter
within the filter during the warm months, with the production of
CO,.

Spent tan liguor from rocker pits and rinse water from lay-away
yard.—These form by far the greatest part of all the wastes of this

character. The leather-washing liquors from the centrifugal dryer
and wash drum were also studied separately, but it is evident that

in a permanent plant they can be included with the tan-pit wastes
without materially affecting the composition. The same is true of
other tan-liquor wastes, such as leakage from the bleach house and
from the tan vats, the latter commonly known as black liquor. These,
while much stronger than the liquor studied, are comparatively of
such small volume that it is not anticipated they can effect a treat-
ment which is eflicient for the liquors from the tanning vats.

These wastes were studied as a separate problem during Septem-
ber, 1914, and from November 27 of the same year to March 18,
1915. The tan tanks were emptied during the night and flowed to
tank B. When this tank was filled it overflowed to the ditch. The
settled waste was taken from the tank through a valve located about
halfway from the top and applied to filter 2. In this way a suffi-
cient amount of the liquor was stored in the tank to operate the filter
during the succeeding day. The settling period in the tank, there-
fore, varied greatly, but was never shorter than 8 to 9 hours, which
was more than sufficient to remove any settleable suspended matter.

During September filter 2 was filled with spent tanbark to a depth
of 3 feet, but it soon became evident that this treatment was not
sufficient and the tanbark was removed on November 27 and the bed
filled to a depth of 7 feet with screened cinders.
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Table 6 contains the data from the analyses of the suspended mat-
ter in the effluent from tank B and filter 2, together with other
data relative to operation.

Tanre 6.—Resulls oblained in the freatment of spent tan liguor,
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I Average of o series of readings made during two years, September, 1914, to August, 1910,

No analyses were made during September when the filter consisted
of 3 feet of tanbark. During the last 4 months, December, 1914,
to March, 1915, when the filter contained 7 feet of cinders, the
analyses show an average increase in suspended solids of 100 p. p.
m. in the filter effluent over the influent. This was due to the sour-
ing of the liquors in the filters. The reaction of this waste was con-
sistently acid and remained so throughout all states of treatment,
though there was some slight reduction accomplished by the filter.
Occasional putrescibility determinations gave results showing that
very little oxidation took place within the filter. These determina-
tions were confirmed by oxygen-consumed tests which showed, when
the 30 minutes in boiling water method was used, values ranging
from 15,000 to 49,000 parts per million.

Leather washing wastes—The leather washing waste consisted of
the effluent from the revolving drum in which the heads were placed
to wash off the tan liquor carried over from the tan vats, and other
foreign matter. To this was added the effluent from the laundry
centrifugal dryer in which the heads and bellies were freed from
water mixed with a small amount of tan liquors carried over from
the bleaching tanks. The latter was, of course, much stronger
than the rinse water from the revolving drum, as there was no dilut-
ing water, but it was correspondingly small in volume.

This waste was treated in tank A from September 1, 1914, to
October 28, 1915. During about one month of this period, May
24 to June 30, 1915, lime was added at rates varying from 40 to
120 grains of CaO per gallon, but during the remainder of the
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time no chemical treatment was employed. On November 25, 1914,
filter 1, a T-foot cinder filter, was put in operation as secondary
treatment to tank A, and continued in use during the remainder of
the studies on this particular waste. The results of these studies are
tabulated in Table 7,

Tapre T.—Resullts: oblained by trealing leather washing icaste.
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The tank effluent contained, on the average as much suspended
matter as the raw waste, the average value for the entire 10 months
during which analyses were made being 480 p. p. m. This was partly
due to the presence of oil and grease which were very diflicult to
filter in a Gooch erucible in the suspended matter determination,
and partly to the progressive souring of the liquors which preeipi-
tated compounds in solution. The filter removed but 37 per cent
of these solids, the effluent containing 300 p. p. m., about one and two-
thirds as much as average domestic sewage. The 24-hour oxygen
demand of 418 parts per million was far from satisfactory. While
regular analyses were not made to determine the acidity or the alka-
linity of this waste, a suflicient number of determinations were made
to show that the reaction was acid throughout the entire treatment,
though there was some slight reduction in both the tank and filter.
During June when lime was added to the raw waste the effluents
from the tank and filter were alkaline. From these results it is
obvious that the treatment affected the character of this waste very
slightly, and that the filter effluent was in no condition for final dis-
posal in any small body of water or stream.

While it seemed evident from the beginning of the test that this
waste could not be purified sufficiently by sedimentation and filtra-
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tion through cinders, still it was considered advisable to continue the
operation, making occasional analyses to determine whether it would
be possible to develop oxidizing bacteria in the beds after prolonged
operation. IMere, as was the case in the tests with the liquors treated
in tank B and filter 2, it developed that the concentration of the tan
liquor was too great to permit the ordinary oxidation processes to
start in the filter.

TREATMENT BY COMBINATION OF WABTES,

The general unsatisfactory results obtained from the treatment of
the various wastes separately, and the knowledge gained of their
characteristics and relations, led to some laboratory tests of the ad-
visability of combining two or more wastes, utilizing the alkalinity
of one to neutralize the acidity of another. The results of these tests
were promising and the experiment was continued on a larger seale
May 1, 1915, by treating in tank C a combination of acid spent tan
waste and alkaline hair-washing waste. Many changes were subse-
quently made ; the beam-house waste was added to the two mentioned
above; the ratio of the three was varied from time to time; new filters
were constructed to allow treatment by double filtration; chemical
precipitants were added ; and the operation was frequently altered to
verify or disprove theories that suggested themselves as the studies

proceeded.

- Roughly these changes can be grouped into five periods of opera-
tion distinguished in their main features as follows:

Period 1, May 1 to June 18, 1915: Treatment of the combination
of spent tan liquors and hair-washing waste in tank C with 4 hours
detention period; no chemical treatment.

Period 2, June 19 to September 14, 1915: Treatment of the combi-
nation of spent tan, hair washing and beam house wastes, in tanks
C and D arranged in series, with a 2-hour detention period in each;
no chemieal treatment.

Period 3, September 15 to December 1, 1915: Same as period 2
except that iron in the form of ferrous sulphate (copperas), was
added to the mixture of the beam house and hair wash wastes before
the spent tan was added.

Period 4, December 2, 1915, to February 2, 1916: Treatment of
the combination of beam house and hair washing wastes without
spent tan in tanks C and D, the mixture being treated with iron
as ferrous or ferric sulphate.

Period 5, February 3, 1916, to the end of the tests, August 9,
1916: Treatment of a combination of spent tan neutralized with
lime, hair washing and beam house wastes; the mixture treated with
ferrous sulphate.
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In all the above periods filtration through various types and com-
binations of filters followed the tank treatment.

Period 1—Treatment of hair washing waste and spent tan liguor
together—In order to store the spent tan liquors discharged at night
for treatment with the hair washing waste during the daytime,
tank E, 7 feet 4 inches by T feet 7 inches in plan and 2 feet 2 inches
deep was constructed adjacent to the flume carrying the hair wash
to supply necessary storage. This tank was filled at night when the
tan vats were emptied and used the next day. The supernatant
liquor was siphoned over into the flume carrying the hair wash
and the mixture passed into tank C. The effluent from the tank was
applied to filter 3 (cinders, 7 feet deep) during the entire period.
On May 29 a new 5-foot sand filter, (No. 8), was constructed, which
also treated this effluent during June.

Table 8 shows the volume of each waste that was used and the
suspended matter in the components and in the mixture.

TaprLe 8. —Results oblained by mizing spent ton ond hair washing waste

together,
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The results obtained in treating this mixture in the tank and filters
are contained in Table 9.
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The average removal accomplished by the tank during the two
months was 77 per cent. This compares very favorably with a re-
moval of but 41 per cent accomplished by the same tank when set-
tling hair washing waste alone. (See Table 4.) This removal is not
due to differences in the suspended matter in the tank influent, as in
both cases they were practically the same, 892 and 856. The sus-
pended matter in the tank effluent, when treating hair washing
wastes alone, was 527 as compared with 168 when treating the com-
bination.

As no analyses were made of the raw spent tan during the period
when it was treated alone, it is not possible to make a complete
comparison. Some index is, however, to be found in the suspended
matter of the tank effluents which (see Table 5) was 465 with sep-
arate treatment against 168 with combined treatment.

Referring to Table 8 it will be found that the suspended matter as
determined in the mixture of hair washing waste and spent tan was
practically the same as computed from the ratio of the suspended
matter in each waste. The per cent removal for the suspended solids
in the settled mixture of the wastes was considerably higher than it
was when each waste was settled separately so that it 1s apparent
some change took place in the character of the solids. The most
reasonable explanation seems to be that the finely divided caleium
carbonate in suspension in the hair washing waste was dissolved by
the acid in the spent tan liquors and that the precipitated calcium
tannate, being more settleable than either the calcium carbonate or
the organie suspended matter in the spent tan liquors, carried with
it in settling much of the finer matter that remained in suspension in
the separate wastes,

Filter 3, filled with cinders to a depth of 7 feet, accomplished no
further reduction of the suspended matter contained in the tank
effluent. Those solids which, in the separate treatment of the hair
wash (see Table 4) were removed by this filter, had already been
taken out in the tank.

Filter 8, made of sand, showed an increase of suspended matter
during the first month and later on the suspended matter clogged
the surface of this filter so badly that it did not seem advisable to
continue it in operation. It was, therefore, dismantled and when
the sand was removed it was found to be black and muddy to a depth
of 21 feet. Below this depth clogging was not so evident and the
sand was more normal in appearance, though there were blackened
streaks running through it. The sand removed had a strong odor
resembling sour tan liquor.

While no oxygen demand determinations were made of the influent
to the filters the results obtained from the effluents indicate that
very little oxidation was accomplished, A comparison with the
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relatively low oxygen demand of the hair washing waste, as shown
in Table 4, shows the effect of adding the spent tan liquor with a
very high demand.

The alkalinity of the waste treated during this period for the
various stages of treatment is shown in Table 10,

Tarre 10.—Alkalinity results for period 1.

Parts per million as CaCOy,,

Ratioof Tank C. Effluent of filters.
spent
Date and time. h]llnli;a :
Y
wash. Influemnt. Effuent, 3 8

Carbon- | Biear- Bicar- Bicar- | Bicar-
ate. bonate. | bonate. | bonate. | bonate.

1915,

May 4:

A m. ol R M. .crvr e mram s 1:4. 5 LEL]] 1,062 57 11 R

< e O 1 R 1 T e e T e [ ] [ 638 574 [T | PR
MayIl, 58 m. LoD Mlacsosisannnssnnns e | e 415 g2 T | S R
May 20, 2p.m. bo b P Meccanccccncasnnns 1 ) R 443 468 ey - | R
May 19 and 20, composite. . . ooeeeeenao .. e b PSR 576 424 L) | B P
June 5 and 7, composite. ..ccevenevanaen. l B | 40 24 52 b
June 15:

o e R e e e BA3 341 Ld 259

R P Bl fioscare s 357 332 576 444

| |

This table indicates that one of the objects sought in combining
these two wastes was successfully accomplished, that of neutralizing
the acidity of the spent tan and of reducing the alkalinity of the
hair wash. The resulting akalinity was comparatively uniform, not
excessively high, and in the bicarbonate form.

It will be noted that as a general rule the alkalinity of the filter
eflluents was higher than that of the influent which came from
tank C.

Period 2—Treatment of beam house waste, hair washing waste,
and spent tan liquors together—Omn June 19 construction changes
were made whereby the beam house waste was added to the mixture
of spent tan and hair washing just before entering tank C. On leav-
ing tkis tank the mixture of the three wastes passed into tank D.
Two hours’ storage was allowed in each tank. The object of mixing
all three wastes was twofold, first to treat thg total wastes from
the mill in one plant, thus simplifying the operation and reducing
the cost of construction, and second, to provide a larger volume of
waste with which to dilute the spent tan liquor.

Secondary treatment was provided by filter 3, with 7 feet of cin-
ders; filter 4, a trickling filter with 6 feet of broken stone; filter 5,
with 5 feet of cinders; and filter 8, which had failed as a sand filter
during period 1 and was reconstructed as a 5-foot coke (egg size)
filter.
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At a ratio of one part of spent tan to four of the hair washing
waste it would be possible to treat but 6,000 gallons of spent
tan, as there were roughly 24,000 gallons of hair washing waste dis-
charged daily. (See Table 1.) This was but little more than one-
third of the total spent tan,considering the leather wash as spent tan
for treatment purposes. By adding the 65,000 gallons of beam house
waste it would be possible to dilute the entire amount of spent tan
at a ratio of 1 to 5, or to treat a portion at a much higher dilution
ratio.

Table 11 shows the total volumes and the volumes treated of each
waste, with the ratio of the mixture during this period.

Tapre 11.—Wastes treated during period 2.

Grall day.
rallons per day Ratis
amt‘mi
Trate. Beam house. Hair wash. Spent tan.! Combined. hair
- and beam
| house,
Total. | Treated.] Total. | Treated.] Total. | Treated. Total. | Treated.
1915. f
T aancmmnmnncnas| 6,200 4,270 | 27,500 2,270 | 14,000 630 | 107, TO0 7,220 11:3.3:6.3
A [ TV R e MR [ ey 1 4,600 | 19, 700 2,260 | 14,000 T30 | 104, 400 7,650 |1:3.1:6.4
T T A 6000 | 4630 | 2oon| 20| 14000 700 | 102,200 | 7,640 (1:2.8:5.9
September......-..| 74,200 | 4,600 | 25000 2,240 | 14,000 T80 | 103, 200 7,610 |1:2.9:8.1

I Kot including leather wash.

With the ratios roughly 1:3:6 of spent tan, hair washing and
beam-house waste, respectively, or 1 of spent tan to 9 of the other
two combined, it would be possible to treat about 11,000 gallons of
spent tan. This is 3,000 gallons less than the waste from the handler
and lay-away yards and 6,000 less than the total spent tan, including
the leather-washing waste.

The effect of mixing the wastes, as affecting the suspended solids,
is shown in Table 12:

Tasle 12—Suspended solids in various wastes and combinations during

period 2,
Mixture of nt | Mixture of spent
Hu nﬂ.ur;!“{i;:]lds tan with hair tan and hair wash
=R ALG wash, with beam house,
Date.
H11s- Bus-

= t Hair Beam Ratio of ded | Ratioof il
m wash. house. | wastes. Imma wistes, I:ulids
(p. p. o). (p. p.om.).

R

038
Hak

(o o
TR IR

4560
B

3%

e e i
PREE
DO =3

-------------------------
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Table 13 is arranged to show the results obtained by settling the
mixed waste in tanks and treating the effluent on filters.

Tanre 183.—Results oblained from treating wastes during period 2.

Tanks C-D. Effluant filter 3. Efluant filtar 4,
Stability by Stability by
Parts Pari
Influ- | Efffu- muﬁr Flonae mﬂﬂﬁr maﬁix}r it
ent: ank: i t-‘l.'l bllll!-. RE“ Leek,
i pous- | s lmillion| milkion
- | PR | llons Homs|
ed ed I’EII‘JBHE Hus- D?m' Hmmf;ﬁtm Sns- 0’5!55“ Hours
solids | solids [oa510) | pend- | 9% IDfiu-| to |dally). |pend-| 9% |Diln-| to
. p. | (B. . ed | ™804, Fijon, | decol ed | ™80, | ion, | decol-
i solids, houts. orize. solids, Hours. orize,
1915,
;Imn ......... 51 212 | 0. :Ii% 1K) 400 | 1:49 o } g 168 280 | 1:49 178
Awu.m'l'.','.'f,'i'"ééé'"'ﬁi' 420 |7 TR 10T Be0 | 1oel | ERe | Tase | 1407|248
September...| 958 202 415 124 201 1:19 | 148 1. 66 106} 249 | 1:19 10
Avornge..| 825 | 19| .418| 182 [ iR e L70| 185 895 |...... i .......
Tanks C-I», Effluent fliter 5. EfMuant filter 8.
Stability by Stability by
tnfin- | Efu- I‘ﬁ“ﬁﬂn‘f methylene ﬁrﬂnﬁr methylens
t: blue. blae.
el [ [ Rate
I?':ﬂ.h!. 1 Hl:.'q- El]ﬁ- {I:Ilﬂllb]] '!III.HIEUJ..
pﬂ]l‘l' pgﬂd' pallons 0 1'gni.lcrns o
solids | solids |pffarﬂax:r Bus- e Ing H%II‘SIF&&;'I?-HG E"E fm S H%u':
. | pend- ’ ; i 11-
(p m;& i ed mg*“d* tion, | decol- 2 L s mgfd’ tion. | decol-
m.). | m.. solids. | . & orize, solids. | . = orize.
1915.
}u.}m _________ (i3] 212 | 0.418 130 200 | 1:49 | 181 0 gﬂg 152 555 | 1:49 a%
T E e prem O [ P (s | PR (R | N SR e TR e E e
Auvpusat, .. ... 554 542 429 a3 | 149 2404 i1 k] 175 551 | 1:40 | 2404
Boptember...| 056 202 + 420 164 281 | 19| 124 105 8 I~ B R e Pl 2 AR
Average..| 825 | 319| .42 178| an [ A | 06| m6| 588.....

1| Mixture of spont tan, hair wash, and beam-house wastes. ({For proportions see Table 12.)

The suspended matter in the tank influent averaged for the period
825 p.p.m., practically the same as for June in period 1, but the
removal was but 61 per cent as compared with 77 per cent in the
earlier period. The filters, hnwe-ver, performed much more ef-
ficiently.

In period 1 the efluent from ﬁlter 3 contained the same amount of
suspended solids as the influent and that of filter 8 showed an in-
crease, so that the maximum removal was 77 per cent, all of which
was accomplished in the tank. In this period, however, additional
removal was accomplished in all the filters, amounting to 43, 48, 45,
and 54 per cent respectively for filters 3, 4, 5, and 8 when referred to
the tank efluent. This gave a total removal for the combined treat-
ment of T8, 80, 79, and 82 per cent respectively or about the same as
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for period 1. In spite of the high removals, the final effluents from
the filters were far from satisfactory from the standpoint of final dis-
posal by dilution. The amount of suspended matter was about the
same as that found in an average domestic sewage, and the oxygen
demand for 24 hours varied between about 300 and 700 parts per
million.

The marked improvement in the results obtained with the filters
during September was due to the fact that all of them were thou-
oughly washed and cleaned the lst of September. This was done
with a fire hose, and large amounts of black material which had been
retained by the filtering material were removed. This subject is
diseussed in detail in the conclusions.

Period 3—Treatment of all the wastes mived together with the
addition of ferrous sulphate—The treatment of the combination of
the same three wastes, hair washing, spent tan and beam house, as in
period 2 was continued through period 3, and in addition ferrous
sulphate (copperas) was applied at a rate of about 10 grains per
gallon. The settling period was the same as in the preceding period,
2 hours in tank C followed by 2 in tank D, making a total of 4
hours. The efluent from the tanks was applied to cinder filters 3
and 5-C and coke filter 8, after which secondary filtration was af-
forded by two newly constructed sand filters, 5-S and 7.

Filter 5—S was 5 feet square in plan and contained 5 feet of sand
as filtering medium. It was constructed directly beneath, and re-
ceived the effluent from cinder filter 5-C.

Filter T was 3 feet square and received the effluent from coke filter
8. The filtering medium was 3} feet of sand, obtained from a differ-
ent source but similar to that used in 5-S.

The total volume of wastes produced and the amount of each
treated during this period are shown in Table 15.

TaprLe 15.—Total wasies and volume trested during period 3.

Gallons por day.

_— Ratio of
: spent tan | ForTOuS
Date. Bpent tan. Hair wash. Boam house, Combined. to hair (grains

wash and
ﬂ?ﬂn; 5"'5[';‘1"

Total. |Treated.| Total. |Treated.| Total. [Treated.| Total. [Treated,
1915,

Beptomber. ... l'hm ?ﬁﬂ Eﬁ‘rfm ﬂ,ﬂ‘]ﬂ 71,“ "Jﬁ]'} 113-m ?lﬁi“ lfgrﬂ:&-l 10
October. ......| 14,000 S60 [ 20,300 | 2,340 | 76,300 | 4,800 | 111,000 | 7,500 | 1:6.5:13.6 19
November. . .| 14,000 790 | 20,300 | 2,260 | 68,500 | 4,500 | 103,000 | 7,800 | 1:2.9: 6.2 10

1 Mot including leather wash,

During September and November the ratio relation between the
three wastes was practically the same as during period 2. In Octo-
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ber, in order to get nitrification started before cold weather set in, the
amount of spent tan was cut in half, resulting in much higher ratios
of hair wash and beam house.

The results of suspended-matter and oxygen-demand determina-
tions upon the component and mixed wastes are given in Table 16.

Tapre 16.—Analyses of raw wastes treafed during period 3.

Spent tan. | Hair wash. | o O | D e o
A R ER A R R EN A e
Date. |34 EE! 25 55| %% LR aA 5 [B9 |53 |84 |84
o8 | B4 |24 -4 lg=| 2% |82 <8 |E%|55 [<d |E8%
& =S oA &l2a|=8 g 2| =% |52 g 25 |28
= 4 ] = E = =
| 58 55|85\ 25|02 | 03 |B°| 5| fE 24| Bo | s
2|88 |e%|& |87 s |88 |2 | d S
1015
tember. ... 7 B R [ o R 880 ......] 13 )11 ... 1:1. 5 Lk R
OCLoOBEE . oo ve e 575 | 1,320 | 627 J0[ 476 | 1685 | 16,5 wjL2)| 0 1.8 Tl 425
November. .... T2 | 1,280 ( Q02 10| 7| 225 1:2.0 10 | 1,238 | 508 | L1:1.6 | 1,172 GED

In the mixture of spent tan with the hair-washing waste to
which ferrous sulphate was added, the effect of precipitation is
marked. The average increase in the suspended matter is T1 per
cent.

Table 17 contains the results obtained in freating this mixture
in tanks and preliminary filters:

TaprLeg 1T.—Analyses of efluents from tanks and preliminary filters during

period 3.
Tank C. Effluent filter 3 (cinders). | Fuent ﬂﬂgﬂtl;}fsprlnkling
E Stability § Stability
) | opny P.p-m. | methylene 5 B O
p. p. m.). | (p. p. m.). g_ ufm. g ¥
1915 g g : :
i 1% | 8 "gf 2| 8 | 5| E E
2 gé F 68 B _Eé 2 |& g Evﬁ '_g
Ch 3 | % s |28|3 2 [T5| o [o8
= wm 7 - = =
PRSI [L|Bs|2 e |5 |L|BR|2 e
= 7 =] [ k= =
T B - O I ) B -IR f E
September. . [ O T B | 0.418| #| 18| 1:0| a0|1e6| 299 2:2| 1:0| 23
Qotober....... Tl | 425 | 47 B30 | L4209 111 145| 1:4 481 1.62| 389 B17| 1:6| 48
Now S22 1,172| Bso| 40| 440|418 | 188 | 170 | 1:19| 60| 1.61| 288 | 207 | 1:19| 75
Average.] 968| 502| S70| 485 |.422| 128 | 17| 1.63| az2| 209 |...... 2%

1 Mixture of spent tan, hair wash, beam house, and copperas. (Sse Table 16.)
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TaBLE 1T.—Analyses of efluents frowm tanks and preliminary filters during
period 3—Continued.

Eflluent filter 5-C (einders). EMuent flter 8 {eoke).
=
E Stability E Stability
P.p.m by P.p.m by
E -8 methylene E, P nethylene
bl bl
% |
1915 g . E. 3
= = » = o b i = 'S
RERE S50 |z
A ECE i | 2% 28 |8
B2k g |25 | 2 gl X g |28
E 2 - E g = £
2 2122 |8 |2 & A E-RE
= - =
2 g |solE e | & le |8 |H
e bim o] e CONRC R SR S (| Lo 147 a3 L8 17 0. 105 113 7 b (] S
October............ SR R R (R 1 - (B me 1:8 3 105 141 L e | B
BRI - it e o S | .202| 256 | 260 |1:10) 78| .106| 196 | 162 | 1:9 45
Average. 380 | 28| 268 ! ...... == 105 ( 160 | 194 |.....|......
| |

In the results of suspended matter determinations period 3 paral-
lels very closely period 2. The tanks accomplished a removal of
62 per cent compared with 61 per cent, but the suspended matter
in the influent was greater in period 3 so that the absolute quantity
in the effluent was slightly greater than in period 2. In the latter
period the filters ranged as regards the efliciency of their removal
of solids from 43 per cent to 54 per cent. This variation was
greater in period 3 when filter 4 was low, with but 11 per cent, while
filter 3 was high with 66 per cent, filters 5 and 8 showing 38 per
cent and 60 per cent, respectively.

The oxygen demand in the eflluents shows some improvement, _
dropping from an average of above 450 p. p. m. to an average of
about 230. It must be remembered that during October the dilu-
tion of spent tan was much greater than at any time during period
2, and it is the October results that lower the average. However,
even excepting the October results, there is a marked deerease in the
oxygen demand. In the final analysis of the polluting effects upon
a receiving body of water the best of the filter effluents can make
but a poor comparison with an average untreated domestic sewage.

The new feature in period 3 was the introduction of double fil-
tration. Filter T was operated as a secondary sand filter following
coke filter 8 during the entire period, and in November cinder filter
5 was reconstructed and a sand filter placed directly beneath it.
This new filter was designated 5-S and the old cinder filter 5 as
filter 5-C.
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Table 18 gives the results obtained with these sand filters.

Tante 18.—Results abiained by secondary [ération through sand during

period 3,
Filter 7.
Influent (efuent flter £). EfMuent.
stability by Stability b
P. p. m. [ P. p. m,
Drate. ikt methylens biue, Rate methylene blie,
mitll]inn millllinn F— —
gallong o Lol Oxy- Hours
A TR o I o - T O
: e y 1 T ITLAT . o
dafly. | sots. |24 = | M | Cooe | BUE [iggap ] m | S0 ) e
hours. hours.
1915,
September. . ........ 0, 105 113 7T N (TR caaesed] o INO02 1% 45 1:9 12
070 7] 1T R ) I | | 1 141 197 | S b S 102 12 3l 1] -+ 240
November..........| .I10& 104 162 1% 45 102 41 39 1:9 -+ 240
Avmgn..-.--.,i . 106 150 1y, ) | S e . o 12 4 i [RREATS e
Filter 55
Influent {afuent filter 5-0). EMuent,
Stability by E Stability b
P.p.m. P, p.m., |
Data. methylens blue, vl |
Rate : Rate rm'l'l‘- iylena blue,
!:m'ﬂin'n miillliun
BRS— 0 gal ong Oxy=- Hours
Bus- | pen Hours | - per Bns- 1 o= to
BoTH Dilu- to TR iy Dilu-
daily, |Pended| mand | 50" | gecols | dadly, {Pended| mand | 40,7 | decol-
solids. | 24 orize solids. | 24 orize.
hours. hours.
1915.
Beptembwr.......... e [ e | e e e e e e e e
October............. e L B e e e e o e wammssaalsinnaiai
Movember.......... 0 138 256 20 1:19 78| 0.136 26 fl | 1:8 T
Average... . 136 254 m1 1:19 T8 136 b 1 | [y

These results show a marked improvement over any thus far ob-
tained. The removals of suspended matter over that in the influent
were 84 per cent and 90 per cent for filters 7 and 5-S, respectively,
and when referred back to the raw waste, the combined efliciency
of the total treatment was 98 per cent for filter 7 and 97 per cent
for filter 5-S. The residual suspended solids are sufficiently low to
permit discharge into a body of water even when the dilution is
small.

The oxygen demand values show a great improvement, being well
below that of an average domestic sewage. The putreseibility results
in filter 7 were also very promising, indicating a relative stability
of more than 95 per cent. Filter 5 did not give as satisfactory re-
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sults in this respect, as it was not put in operation until November
9 and hence had been running less than a month.

Reducing the concentration of the spent tan liquors in October
had the desired effect in permitting nitrification to start, but opera-
tion difficulties developed with the approach of freezing weather and
it was thought advisable to discontinue the addition of the spent
tan liquors, which caused pooling on the surface, and treat only the
beam-house and hair-washing wastes. No doubt remained at this
time that the spent tan liquor was the controlling factor in treating
tannery wastes, and it was likewise evident that the strength of the
tan liquor would have to be reduced before the whole amount could
be treated along with the other wastes in the proportions discharged
from the tannery. The next two months were devoted to research
work in the laboratory in an effort to find a precipitant that would
cut down the strength of the tan liquors.

Period }j—Treatment of beam-house and hair-washing wastes
together, with the addition of ferrous sulphate—During this period,
which covered the months of December, 1915, and January, 1916,
the hair-wash and beam-house wastes were treated together, with the
addition of an iron salt. No spent tan liquor, however, was in-
cluded. This change was made, as noted above, because considerable
clogging and pooling of the sand filters occurred toward the end of
period 3, and, during the cold weather, this gave difficulty by freez-
ing. The clogging of the surface layers of the sand at that time
was attributed to the presence of tannins in the wastes, which, react-
ing with the iron in the sand of the filters, formed an almost im-
pervious layer on the surface.

Ferrous sulphate was added to the hair-washing waste previous to
mixing with beam-house waste up until December 11, and ferric
sulphate from that date to the end of this period. This mixture
was settled in tanks C and D, connected in series, giving a total
detention period of about four hours, Primary filtration was ac-
complished in filters 3, 5-C, and 8, which were followed by the sec-
ondary sand filters 5-S and 7. Laboratory tests using ferric sul-
phate showed considerable promise in the laboratory, but in prac-
tical operation the results were not sufliciently better to warrant the
difference in cost between the ferric and ferrous sulphate,

The volume of wastes discharged from the beam-house and hair-
washing machines, and the amount of each treated during this period
are shown in Table 19,
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Tasre 19.—Total wastes discharged and volumes treated during period j.

' Gallons per day.

Treat-
ment Ferne
Diata. Hair wash. Beam house. Comibinad. Tatio hair| sulphate,

wash to |grains per
baosm g-llan.t

Total. | Treated.| Total. | Treated.| Total. | Treated.| DeUSe:

December, 1015, .. 19, 004 2,150 | 56,700 4, 760

75, 10
January,1916.........| 16,400 1,970 | 61, 400 5,000 | T8,

0| 6,910
800 10

=t =t
TR
il
nbd

1 Farrous sulphate ti11 Dae. 11,

The ratio of hair washing to beam-house wastes in the mixture
used is lower than that of the total wastes for either of the two
months covered by the table and lower than that for the average total
wastes over the entire period of the tests. This latter was 2.8. (See
Table 1.) The ratio of the average wastes during 1915, however,
was but 2.6, which is closer to those in the tables, and it was this
ratio upon which the operation was based.

The results obtained from the analyses of the two wastes and the
composite are contained in Table 20.

TanLe 20.—Average analyses of raw wastes during period 4.

Hair wash. Hair wash and ferric sulphate !
Stabili IE-ta 1

P. p.m. :m‘.t.l'l:.'13L|11t:r3|!r P. p.m. mabti‘:u:rlﬁu? i'

blue. blus. a

> [Tl BlaERT [F e

3 HEE g | & |8 £ F %

% Z g8 | d |88 % g3 gd | 28
1Ll LR RTRE
g " = E' |7 = g
& |08 |0 a = |oB|o a [
December, 1916, . . cccecnnnnes] LB lo.ooifoiains 0| 45| 1,404 |...... b 0| 240 10
January,1916. ... .cccnoeoeoonl] LS| 199 o| 82| 1,378| 180| 8| o 126]| 10
Beam house. Hair wash, iron golution, and beam-house mixture
{influent to tank C).

Stability by Stability by

P, p.m. mathylene P. p. m. methylens

Tue. blua,

£ S

o - & =3 . &

$E|E, | |6 | B e (EID| |3

:, e &é —§ .ag gg -55 =

E E‘§ = E o E E b j

2 =8| B |2 =4 < Ea c= | 2 |8
RENAEERERE A il AR At

& |c8|o 5 |H & (4] £ o |e a |1\
December.......... 1,001 |{.. 0 &4|1:2.2) 1,134 | 1,000 )...... ...... (1] 5
January. .. 1,088 | 555G a7 i 401 1:2.5| 1,171 | 1,175 ] 418 (it (1] 24

1 Ferrous sulphate till Dee. 11.
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The effect of leaving out the spent tan liquor is very evident from
the results given in this table, and the improvement in the operating
conditions was even more satisfactory. The spent tan liquors above a
certain concentration form a hard inerusting layer on the sand and
make it almost impervious, The amount of suspended matter was
practically the same during this period as in the previous one, but
the oxygen demand was reduced to 68 p. p. m. and the oxygen con-
sumed was likewise considerably reduced. It must be realized in con-
sidering these results that they were obtained in the winter season
when bacterial activity was at its lowest point.

The most important conclusion to be drawn from this table is that
tanneries using similar methods in the beam house to those where the
tests were made, but not discharging spent tan liquors, can more
readily purify their wastes than those discharging exhausted liguors.
As o natural corollary to the above statement it is evident that tan-
neries discharging waste containing tanning compounds can simplify
their problem of purification just so far as they can reduce the vol-
ume and strength of such wastes,

The results obtained by chemical precipitation with an iron salt,
settling the waste in tank C, and applying the effluent to roughing
filters, are given in Table 21,

TasLe 21.—Average analyses of tank and primary filter effluents during

period 4.
Tank C.
Effluent filter 5.
Inflnent (zee Table A0). Eflnent.

I.l o THL& Ht&bﬂ' l:.o = 1. Sﬁﬁb“- F!- i Eﬁﬂ.bﬂ-
; ity by Y ity by E > ity by
Date. PR Lt T I e R I L
. one . = e — - 3= ]
4 E? 3 | blue. | 2 215 | blue. ﬁ%" = ”? g blue.

AL AL =3 |3 |58 |2
T (5812 .[.¢l 3 |B903] ¢ 28 [z |28 ] ¢
z <2 29| g |28| = 2 las & 88 k- Z |22 |ag| 2 |3
AR aH R A
ey Lyl = E E .n p‘-h 'E
2 |8:C |BEE| 2 |E= 8 [EEE| @ [F(|82)8 |EEE
December, 1915 1,020 ... .l....] O|6&] 22 |...... MMl 0§47 | 0L408 | £0 0| W3
January, 1916. ...| 1,175 | 418 | 61| 0| 28| 364 | 180 | 60| 0| 11| 40883 | 177 |94| O 68

116508°—19——4
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TaprLe 21.—Average analyses of tank and primary filter effluents during
period j—Continued.

Effuent filter 5-C. Effluent filter 8.
. P. p. m.

E' S Btability E h Etability
Date. g = = by methy- g = = by mothy-
0 T |E | lneblue | 2. . | Es |2 | léne blus.

LD CREREIED

g B2 |84 g% | 8 | 8% -
28 | % |e2(%5 ¢ 28 | 2 [E5(ZE] 4 |8
E gdlex| § [35| B° | § [g5 ez af
|\ HHIE|DE] BB e
& c2|d | B |=3| & a |82|8 | B ::g
Docember, 1015........] 0146 | 2120.... .| &4 o) 132 | s | e2l..... 73 of 1
January, 1916......... 67| 202 |ied| 208| o) x| .cor| so|TiE0| 12| o 7

The tank accomplished a removal of 69 per cent of the suspended
golids in the influent, which was slightly higher (7 to 8 per cent)
than was obtained when spent tan liquor was included. This differ-
ence is not greater than would be expected in comparing the results
from two different periods treating the same wastes.

The oxygen consumed value shows a reduction in the effluent of
the tank over the influent of 57 per cent, while the oxygen demand
of the same samples was reduced only 3 per cent. This difference
may be taken as an index of the suspended organic matter which
would be included in the determination of the oxygen consumed by
the action of the permanganate in the hot acid solution but would
affect to a much smaller degree the 24-hour oxygen demand values,
where the action is much slower. Tollowing the tank the oxygen
consumed values remain very uniform in all the filter effluents, while
the oxygen demand values show an increase as the remaining sus-
pended organic solids become available for normal oxidation without
the assistance of chemical reagents. The putrescibility values repre-
sent the average of widely different results, so that too much impor-
tance can not be given to themj; their general trend in the filters,
however, as would be expected, is toward a slightly increased sta-
bility.

The filters effected considerably better suspended matter removals
than they did during the preceding period. Filters 3 and R were
practieally the same with 74 and 73 per cent, respectively, as compared
with 66 and 60 per cent for period 8. TFilter 5 again showed the
poorest removal, with but 37 per cent, which was 1 per cent lower
than in period 3. In period 3 the suspended matter in the influent
was higher than this period, so that for the same per cent removal
in the two periods the actual suspended solids present in the effluent
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would be less for this period than for period 3. With the exception
of the removal of solids the analyses show that bnt little chemical
- change was made in the character of the waste in the primary filters.
The average analytical results obtained from the efllnents of the
secondary sand filters 5-S and 7 are found in Table 22,

TasLE 22 —Average analyses of sand filter ¢fluents during period 4.

Filter 5-5.
1 Tnfluent (affluent flter 5-C). Efflient.
Etﬂlﬂllt_l'i' by E-t:ﬂ:lqlit by
P.D. M. methylene - . . methylama
Rate,
Diite. s blue. blae.
gallons,
ﬂp{% g | Oxr- H wa | o H
¥. Bt |k i) ! oo (S e ours
pended | snmed, *ﬂ ﬁﬂ“' tgj:" pended | sumed, %El IIJ"T“' m"i’f‘
solids. | 30 mind M5 [HORA PO | solids. | 30 min Tgats | HOR-] - S
J;E“é hours. 9}{‘#% hrnirs.
1915-16. |
Tecember. ... 0. 146 A E | e 84 0 49 i [tk 19 0 132
January...... E 163 202 1M 103 0 24 44 72 ] i 111
- __: -. - - i — — -
Filter 7.
Influent (afflnent fAiter 8). EMuent.
Etability by Btahility by
Ra P P. I, methylens T s T ety long
Dats, milifoh blue. blue.
gallons, 1
r
i | o |8 |0 | o
Y. Hours pen Hours
Sug- | con- Bus- o :
pended | sumed, m?:l-:i E““’ to de- bonded | simed, ng:'l i.ll}lilit o
solids. | 30 mind ™30S | FO ] B [solids. | 30 mind TG | HOR ] O0E
9‘?5"8 hours. ﬂ:-:E“E. hours.
1915=14.
Decombar. ... 0,197 e e 73 (] 132 B 5 i 404
January...... « 200 RO 160 102 0 4 11 43 & (1] 2404

Sand filters 5—S and 7 were 5 feet square and 5 feet deep, and 3
feet square and 34 feet deep, respectively. The sand in each was
from a different source, that in 5-S being slightly finer than that
in No. 7 but containing no silt, clay, or loam. No. 5-5 was installed
to verify the results obtained in No. 7 with a larger and deeper
filter, and had not been in operation as long as the latter filter.
The results on the whole are very satisfactory, the suspended matter
averaging 10 parts in the efluent of No. 7, the oxygen demand for
24 hours less than 10 p. p. m., and the putrescibility showing a
stability of 240 hours. Filter 5 removed 86 per cent of the applied
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suspended matter, and there was a material reduction of the oxygen
consumed and oxygen demand, although not quite so low as No. T,
which can be explained as being due to the nitrification which
started in this filter before cold weather set in.

Attention is again called to the fact that there was no spent tan
liguor treated in the waste during this period and that the problem
of purifying all the wastes exeept spent tan liquors from a tannery
of this kind is not a serious one. The effluents from either filter
5-5 or 7 could be discharged into any stream, no matter how small,
without danger of creating a nuisance, and when the dilution factor
is large in the winter months the effluent from a preliminary einder
filter could be discharged without danger of creating a nuisance.

Period 6. —Spent tan liguors treated with Ume sludge and mixed
with beam-house and hair woashing waste to which ferrous sulphate
was added.—During period 4, when no spent tan was treated.
laboratory tests were conducted with a view of preparing this waste
for more satisfactory treatment with the other wastes. During
period 5 these experiments were adapted to large scale operation
in the testing plant. This period extended from February, 1916,
to the end of the tests, August 7, 1916, and constitutes by far the
most important part of the tests. The results obtained by treating
the various wastes separately and in combination during the pre-
ceding periods, and the operating experience obtained from previous
tests, afforded essential data for the schedule finally adopted and
by which satisfactory results were obtained. In fact, the operation
during this period was the logical outgrowth of the earlier experi-
ments.

Plate IT shows the arrangement of units during this period. On
the extreme right of the picture the weir in the main diteh from
the tannery can be seen. The two troughs leading to the tanks car-
ried the wastes from the beam house (on the right), and the hair
washing machines (on the left), to tank C just beyond the steps.
To the right of the troughs is tank D. The tank in the foreground
by the side of the attendant was used for storing the spent tan liquor
and for treating it with lime sludge. The small square tank on
top of tank C contained the ferrous sulphate solution. The over-
flow weirs for regulating the wastes treated are shown in the fore-
ground and direetly in front of the attendant. The wastes, mixed
in definite proportions and treated with the iron solution, first
passed through tank C and then to D and on to the filters, just
behind the tanks.

The spent tan was first treated with the lime sludge thrown out
of the lime vats in the beam house. Sufficient of this material was
added to neutralize the acidity of the spent tan, resulting in the
precipitation of tannins as calcium tannate. The precipitate was



FIG., 2—GEMERAL VIEW OF TESTIMNG STATION AND POMD FOR SETTLIMG THE
WASTES FROM TAMNMERY.

FiG, 3.—VIEW SHOWING DEVELOPMENT OF CORN FERTILIZED WITH TAMMNERY
WASTE SLUDGE: FERTILIZED HILLS IN THE CENTER.
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allowed to settle and the supernatant liquor was then siphoned over
and added to the hair-washing waste. To this mixture an iron salt
was added to act as a coagulant, and this composite was mixed
with the beam-house waste just before entering tank C. The settled
ellluent was given preliminary treatment through filters 3, 5-C, and 8,
and the secondary sand filters, 5-S and 7, received the effluents from
5-C and 8, respectively. Inconsistencies in the results obtained from
5-S and T, in that 7, a sand filter containing but 3.5 feet of filtering
medium, gave distinetly better results than 5-S, which was also a
sand filter, but contained 5 feet of filtering medium, led to the con-
struction of two new sand filters, 15 and 16. These were identical
In every respect, consisting of 12-inch vitrified sewer pipe filled to a
depth of 2 feet with the same grade of sand. Filter 15 received the
effiuent from the same filter as filter 7, and filter 16 from the same
as filter 5-5.

The total volume of wastes discharged from the tannery and the
amount treated during this period are shown in Table 23.

Tanre 23.—Total wastes and volumes treated during period 3.

Spent tan.! Hair wash. Beam howse. Combined.,
Gallong per E ,E' Gallons per ,E Gallons per Gallons per 'gﬁ
day. E] day. aﬂ day. day. =B
Data, Py = . ug
5. o ’
Rt P BT R T
BN EREASE N AR N
& = = & = & &
1816,
February. 14, D) 240 | 220 | 18,400 | 2.200 10 | 60,500 | 4,900 | 83,200 | 7,340 | 1: 9.2:20.4
arch......... 14,000 | 240 | 220 | 24,500 | 2,650 | 10 | 68,300 | 4,930 {107,100 | 7,820 | 1:11.1:20.5
.......... 14,000 | 240 | 230 | 24,700 | 2,600 10 | 74,000 | 4,470 [102,700 | 7,370 | 1:11 1:15.6
P 14,000 | 380 | 220 | 23,600 | 2,680 10 | 64,400 [ 4,440 (102,000 | 7,500 [ 1: 7.0:13.4
June. . ceveios| 14,000 420 | 230 | 27,000 | 2,530 10 | GO, 900 | 4, 800 100,900 | 7,750 | 1: 6.0:11.4
LTELI 14,000 | 7a0| 220 19,800 (2,450 | 10| 54,100 | 4,740 | 87,900 | 7,020 | 1: 3.5: 6.5
Avgust........| 14,000 | 1,130 | 220 | 23,500 | 3,850 | 10 | 60,800 | 5,400 | 95,300 | 10,350 | 1: 3.4: 4.8

1 Not including leather wash,

2 Waste lime from unhairing vats used at rate of 0.063 pound per gallon of spent tan. Average molsture,
50 per cent. Ca( 39 per cent.

1 Ferric sulphate daring February.,

The procedure adopted during this test relative to the propor-
tions of the various wastes treated was to work up from a safely
small amount of the lime-treated spent tan to as large an amount as
could be satisfactorily purified by the filters. This is well illus-
trated by the last column in the above table. Starting with ratios
of about 1 part of tan to 10 of hair washing and 20 of beam-house
waste, the concentration was worked np to about 1 to 8 to 5. As
is shown later, it is believed that the volume of spent-tan liquors
could be cut down to 10,000 gallons daily, so that a ratio of 1 to
2.4 to 6.1, or of 1 part of tan to 8.5 parts of hair wash and beam-
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house waste combined, would have taken care of the full 10,000
callons of spent tan during the last month, August. The actual
ratio of 1:3.4:4.8, or of 1:8.2, came very close to fulfilling this con-
dition, though the amount of hair wash treated was proportionately
high and that of the beam-house waste correspondingly low. A much
closer agreement was very difficult to obtain, owing to the variations
in the flow of the different wastes and to difficulties in operation
and control of the test units.

The results obtained from the analyses of the individual raw
wastes and the mixtures of these wastes are shown in Table 24 :

TanLe 24 —Analyses of the raw wastes and mizture of the wastes treated
during period 5.

Bpent tan Halir wash Treated tan, halr
ﬁ“ﬁ“? “!'I':ls ﬁl‘ﬁmﬁ treated | | and treated m washz* and beam
L L i | withlime tan ¢ ) house (p. p. m.) with
p.. p. m.j. 1-... p. Im. ). {P' p. m;:'a {F‘ 'I'-h m-:'n. p- p- . )s [PITU'.I-E Hujpllﬂtﬂ- -
: 1<) : 1= i 1] . T A 15 . 1= »
pete. | 4 | T | 4|8 R < | . |88
22|28 fz |2 |53 (2|8 2| . |3
E Ez B gz 2 gz g |E] | & EE £ gz &g
T | ER|3|8:|3|:¢d|3[62(3 (54|32 |85|E|c8
2 5 = =
s B3| B |83 |%|Ed|%|%d|2|%E| % |E|5E
B B B eE | & | B pa |8 |E
2 |82 |8 | &= £2 | 2 |82 |2 |88 8 (&8 |8 |&
1914,
7 TEs ) MRS WSS | ) | SIS 11 I 13,000 |...... e 8o | 455 (1,150 TI0} 78| 7.8
March....}..c.cia ........g ...... PR e 19,000 |..ouoaloaeeeea| P02 | 465 | 1,197 | 088 | BO | 4.5
April......| 1,780 | 13,500 (1,248 | 5,900 | 926 | 11, 900 (1,300 | 1,630 | 920 | 433 | 1,433 866 | 97 | 10.2
BY.urenaa] 1,320 | 18, 700 10, 600 | 832 | 11, 000 1,180 | 762 | E20 | 1,124 | 675 | 74 | 15.5
June ... 17062 | 15,800 | 700 | 13700 | 946 | 10,100 [1,147 | 1928 | 980 | 585 | 17500 | 790 | 66 | 14,3
Tuly.......| 1,085 | 17,100 | 755 | 6,700 | &78 12,700 | "750 | 1,800 | 777 | 587 | 1,140 11,060 | 62 f 1000
Aungust....| 2,505 | 19,800 | 570 | 7,000 [ 985 | 17,400 |...... vanmaa] B30 (1,140 ﬂﬁall.ﬂaﬁ 32| 150

1 Mixture of spent tan from rocker pits and hide wash, about half of each.
1 Forratio of wastes in eomposite sée Table 23, This composite constitutes the influent 1o ssttling tanks,
* Ferrie sulphiate during Fe ¥.

The results given in the preceding table show where the problem
lies in purifying tannery wastes where tannic acid is used for tanning
leather, The suspended matter in the spent liquors from the rocker
pits and hide washing tanks is high but it can be removed in settling
tanks, but the oxygen consumed, running as high as 19,800 p. p. m. in
the rockers and 13,700 in the rinsing tanks, can not be taken care of so
easily. Treating the spent liquors with lime sludge not only reduces
the oxygen consuming value of these wastes but changes the reaction
from acid to alkaline which is more favorable for bacterial action.
Even with the addition of the lime sludge, however, the strength of
the spent liquors is high as measured by the oxygen consumed. Some
difficulty was experienced in judging the correct amount of the wet
lime sludge to add to each tank of spent liquors, and the results given
in this table are not as typical of what can be accomplished when the
exact water content and strength of the lime sludge is known, as
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those given in Table 25, where special precautions were tuken to ob-
tain the proper reactions.

Tests carried out in the laboratory on a small scale had shown
that about 50 per cent of the oxygen consuming value of the spent
tan liquors could be removed by treatment of the liquors with lime
sludge from the liming vats. To learn how far these results could
be duplicated under actual working conditions with the exact
strength of the lime sludge and tan liquors known, several runs were
made under the most favorable conditions that could be arranged.
The results obtained in these special runs are given in Table 25.

TanLe 25.—Showing the results obtained by mixing lime sludge from unhairing
vals with spent tan Higuor,

O xypen consumed, 30 minutes.
Gallonz | Poeunds Per cont Graing | Before lime sludra | After lime slodge
Darshmmaﬁﬁy of gﬂpmt n:‘ }.}'lMﬁ Slariares r _[:rj. as mji«ﬂfd{ };mrl.s Ta ﬂa__:illc:_f-d }{I!ﬂl-'L‘i
sach an n sludge amn, « r million}. ion).
treated. | added. | Bludge | "GogcY | P B
IIot Cold, ot Cold,
o°C. | 20°C | ee°C. | 20°C.
Jan. 31, Feb. 1....... 591 24,6 49.2 126 6, 4 3, 239 #, 476 1, 501
Fab.5,8,and 7....... BEG 55.2 41.6 183 11, 771 7,208 5,000 3, 160
Fah. 10, 11, and 12.... RES 75.0 50.6 300 5, 925 3,081 5, 000 2, 765
Feb. 15, 18, and 17.... 855 55.3 53.0 £33 10, 922 6, 004 4,20 2,528
Feb. 17and 18........ 545 55.3 53.0 53 10, 902 G, 00 &, 397 1,817
Fab. 19, 20, and 21,... 845 55.3 52.8 231 15,257 8, 532 4 898 2, (85
Feb. 25and 23........ 5 55.3 52.8 31 7,350 4,270 4,520 2,530
Fal., 28, 29, and 30.. .. 835 55.3 58.7 o34 T, 347 4, D04 4, 108 2,449

The results given in the preceding table indicate the maximum
results that can be obtained in treating spent tan liquors with lime
sludge. In each of the tests which covered two or three days the
lime sludge was analyzed and an amount added that gave the most
efficient results. In each series the spent tan storage tank was filled
to a definite volume and the lime sludge carefully weighed and
stirred in with the spent tan. In all the analyses except one in
both the hot and cold tests the spent liquors treated with lime have
an oxygen-consuming value less than one-half of that in the un-
treated samples.

Because of the variation in the state of the alkalinity in the dif-
ferent wastes, it was impossible to include the monthly average of
this determination in Table 24. A special table, No. 26, has there-
fore been prepared to show the alkalinity or acidity as determined
in individual samples. During February and March this table is
not complete. Early in March the laboratory at Luray was closed
and analytical work, with the exception of the putrescibility test on
the filters, was done at the central laboratory at Cincinnati, Ohio.
In making this change the sampling schedule was revised so as to
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include only samples from those devices which had shown promise
of yielding satisfactory results.

TaABLE 20.—Acidity or alkalinity of raw iwcastes ond mixztures of wastes treated
during period 5.

Parts per million as CaC0,.
Treated tan
Spont | Bpent Trasted tan.s Treated tan and Re J
1 am hoiise, hair wash, and
Dato. tan.! | tan.? beam house.t T hrnte s
|
AciditylAeldity Acidity Dicar- | I
e = ¥- | Car- | Biear-| Hy- | Car- | Bicar-| Car- | Bicar-
}m m P&éﬂ" bonate.(drate.| bonate.| bonate, drate.| bonate.| bonate.) bonate.| bonate.
19165,
Fab. 3 ) cvivens T 210
i e - &0 256
Mar. 10 |........ 170 i)
vpr.17 | i i B
Apr. :
25 2.0090 | B L0 . e 1M A0 ieaileankl] B W0 leeiiesa 450
20 w30 L1850 AR .c.ana.] EEE wcLBeY 0T Godiialo | B . TelliiiEiE Flii]
May 5| 2,280 650
151 2,860 100 |.cccccc:i] BB |accocilooeadon 70 [icaiac) | 23O 9Dl iooiiss 530
19 | 2,500 Gk
- (- S ) R TR AR T R N [ ] (T (R 480
Juma 10| 3,200 1,650 (M |occeeiiclocen..| 180} d80f......] 40| 25)........ 450
6] Sa] S8R ialemaanlini ] Bl SRRl ] 1 I 450
20| 2,350 e 440
a0 | 3,000
Jaly Il | 8,200 [aecsciic)imacaaac) SO0 140 280 %.-caaoofeoaiic] 180 CBOB | iiiis 400
20| 3806 ] 35 |eerensee] 138 |eenia.] TOO).......lo...d BB 220).....ol l 720
27 | 2,500 L 640
Aug. £ | 3,000 | 695

1 8pent tan from rocker pits.
IE- Lian I.'I'Dlll.hi.dﬂ-““ﬂﬁh-r
ture of spent tanfrom rmte.rpita and spant tan from hide wash, treated with lime slodga.
: %EE 3{&?&&5‘: Enﬂﬁ'?vﬂhwﬁd beam honse with ferrons sulphate, (Forratios ses Table 23]
The acidity of the spent tan from the rocker pits varies consider-
ably but in the average it is about twice as great as that from the
hide wash. When it is recalled that the hide wash is clean water
in which the hides from the lay-away vards are slid back and forth
to remove excess tan and foreign particles, this difference is readily
understood., The wide variation in these solutions which, with a
mixture of half and half, would range from about 600 to 2,900 parts
per million of acidity, made it very difficult to judge the dosage of
lime to effect complete neutralization. The above table shows that in
four instances, April 25 and 29, July 27 and August 8, insufficient
amounts of lime were added. It must also be remembered, however,
that the lime used was the wet sludge taken from the unhairing vats
in the beam house, and that it was subject to variations in the mois-
ture content. In every case the excessive alkalinity of the lime-
saturated hair-washing waste was sufficient to take care of this
acidity and to produce an alkaline mixture,
The beam-house waste showed its usual variations, containing

hydrates and carbonates on April 17, carbonates alone on June 30,
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bicarbonates alone on May 19, and both carbonates and bicarbonates

in the remainder of the determinations.

The final mixture which

constituted the influent to the settling tanks contained after March
17, with but one exception, April 17, only bicarbonates.

The results obtained from the analyses of the effluents from the
settling tanks and primary filters are shown in Table 27,

TABLE 2T.—Average analyses of efluents from settling tank and primary filters
during period 5.

TREATED TAN, HAIR WASH, BEAM HOUSE (INFLUENT TO SETTLING TANKS),

&

g Farts per million. == | Btability

i z | 23 |Inethl

gd | & Nitrogen as— 92 E'Er.i E‘h e,

=
Date. ZE |=. . 55,-: Sgr | 22 [ =
B2 |4 Ba| 2|8 (538 |g30| 28|
= |l& |& |8 |2 |28 |8°%| &2 | B |83
1916.
PRIEORTY & - cconssaleiiss e e - T (R - ] e SIEERE Sl (N L 2 b 113 SRR 1:1 13
March..... RS e VT A S| R | FFETR PR el e 0ES a.0| 1:2 18
2y ] AR S e e S | L ! A e | R ) el (48 o, | e S i a]) i 4] |EEate B
T e R e e 1,124 ! 41 - k| e D R 0 675 1k (SR R
< ] e R e S 1,300 (i3 a2 i1 LR e 460 T F e RS s e
TRyt pEEre MaE Tl VI T T [ O T (T 530 | 1,060 10.0]......0...
Momet.l o oo o |t | A |- o) o] o o 605 | 1,388 | 150 .. iioiois
Average...... .“i1,1sa o | N 1E [ o [ IR 576 LR T A e E
EFFLUENT SETTLING TANKS,
oL o 1 SRR ST S ||| 55 B SIS SRS 1o o SRR [ 1 | 13
1T L Gy 1 s e e e T .| 420 e e ] e Femmm 405 2 1 18
P 0| R wea| 495 7 | B | SR R A (i . 532 L5 e et
CY R e e RN 60| BE| 2] ). i|siesss 480 428 M1 Y e ESR -
June. ... LT TGRS i 53| 53| 30| 28 i) [ 4610 530 |8 I
|11 R St e e e B0 43 12 31 2 [0 572 G40 L IE [ERRRa ol e
ADFHE ;2 <o 220 %5 e i | R B Py e ) R N e :
Average.... asaiih 44| B5| 2 i [ e 588 530 [ 511 [ e
EFFLUENT FILTER 3 (CINDERS)

T SR [ T 1 N A Jziebadl Ccienlibuanila, LT | T Y IR 1:1]
Mamch, . .......ccus . 345 | 280 ] ) \er s TH R T R 1 e e 0 16
X il aas 1 106 | 254 o I ) e S 008 i bl e ] e TR 0 i

e .ea| 197 612 43 21 L |Cas e s G619 3 1., 0 100
JUDY-. v caana ..e| 1981 310 18 10 o R e 443 il d] Y 0 103
11T AR cven] <1981 X3 23 10 ] el [P 470 o (R 1:1 LT
Angost.......c.....] 198 | 910 a4 al 3 .. 575 320 [ Ty S peee

Average........| 246) 419 38| 23 Ll PN E [ 532 B e e | e
EFFLUENT FILTER 5-C (CINDERS).
FobEIary. .. oou... 0.200 | 190 46 b il e 292 199 |........ 1:1 | 150

| TR 5 L1588 | 270 1) R DR 0.0 | Tr. ave e | [ 0 16
Aprl..... L8 121 o SR S [ 7 PSR 495 1 ] R 0 3

AY..... 20 | 152 18 12 6.7 M| 17.0 306 ] B R ] 240
F L] el e B R s B J2E0 | 144 16 11 5|.500] 3.2 avn g - B | e 0 100
31 i e 285 [ 140 e | 1.2 11| .70 | 3.4 453 iy LU (R 1:1 47
Anpast... ... LBO8 | 130 16 2 14 0 1] 530 210 B s s
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TaBLE 2T.—Average analyses of effuents from setiling tank oand primary filters
during period S—Continued.

EFFLUENT FILTER 8 (COKE).

February..........| .182| 218 | ...... e S | 310 GO0 locseanin 1:1 74
17 AR T e | R -1 L R 15 e Bl B T R N R g L b 1) [RERRE 0 16
Aprl.......coooood) L2121 108 5 ) [EGRER Ehoud 00038 |...... 428 250 . 0 25
o e R el 270 | 450 44 a3 M e e 442 2y N PR R L] 116
T T T e L3068 | 243 32 1] 32 |.0s0 | 2.0 443 -y I [ 0 146
e e | b & 221.0Mm| 1.1 515 [ L (A 1:1 o6
F R0 T RN LAl 150 22 (F 18 0 1] 150 7L (e
Average........| .251 29:-'1 5| n :m| I A TRy |l

By moving the laboratory work from Luray to Cincinnati it was
possible to make much more complete analyses of the samples. The
stability determinations were still made in the field, but the time
lost in transportation prevented satisfactory results from oxygen de-
mand analyses and this determination was not made. For this rea-
son the analytical tables in this period differ from those of preceding
periods. Inasmuch, however, as the waste treated during this period
differs from that in period 3 only in the lime treatment and concen-
tration of spent tan liquors, a comparison is made whenever possible.

The influent to the tank when the spent tan is treated with lime
sludge has a slightly higher suspended solid content than without
the lime, the increase on the average being about 22 per cent. As
compared with an average domestic sewage, the suspended solids
are about 6 times as great, the total nitrogen 4 times, free ammonia
3.1 times, and oxygen consumed 6.1 times.

The effiuent from the tank in this period contained 444 p. p. m.
of suspended solids. This value is T4 parts higher than the tank
effluent in period 3, but because of the higher amount of suspended
matter in the tank effluent the reduction in the amount of suspended
matter removed is 64 per cent as compared with 62 per cent during
period 3. The solids removed were largely mineral as evidenced by
the relatively low reduction in oxygen consumed of but 15 per cent.
Only 50 per cent of the iron was removed, probably the excess over
that required to combine with the tannic acid. It was estimated
that enough iron was added to form iron tannate with all the tannie-
acid compounds and a slight excess in addition to form a precipitate
with the lime to assist in carrying down the suspended matter. The
iron tannate exists in the cul]oidgul state and that part which is not
carried down with the suspended matter in the wastes escapes with
the effluent and is removed by the filters. The free ammonia and
organic nitrogen also show reductions comparable with that of the
organic solids. As would be expected, the alkalinity remained con-
stant.

The removal of suspended solids in filter 3 was more or less
erratic and unsatisfactory. While four out of the seven months
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show average reductions of from 41.5 to 275 p. p. m., about 34 per
cent, two other months show such a decided increase that in a
general average of the whole period the amount of solids remain
practically the same. Consideration must be given to the fact that
this filter had been in continuous operation throughout the entire
test, almost two years, and for this reason subject to periods of un-
loading. That these solids unloaded were in an altered state is
indicated by the removal of about 42 per cent in the oxygen con-
sumed. A stability of 100 hours of the undiluted eflluent, such
as occurred during May and June, is another indication that the
solids were at least partly oxidized. The stability dropped in
July to 57 hours with a 1:1 dilution owing to the increased dosage
of tan liquors. During period 3 the suspended solids were much
lower, 128 p. p. m., as against 419, but the stability was only 160
hours with a 1:19 dilution.

Filter 5-C gave a much more satisfactory removal of suspended
solids, 63 per cent of that in the influent being removed, and the
actual amount present was 164 p. p. m., as compared with 228 p. p. m,,
in the same filter eflluent during period 3. This filter had seen less
service than filter 8 and was not unloading during the time covered
by the table, but the putrescibility results are more variable and,
on the whole, were about equivalent to those obtained from filter 3.
The comparison of the results above indicates that filter 3 after two
yvears’ operation was still giving an eflluent suitable for filtration
through sand.

Filter 8, in length of service, falls between Nos. 3 and 5-C, and
it will be noted that the suspended solids contents lies about halfway
between these two. The total nitrogen was about the same as for
filter 8 but higher, about 50 per cent, than for filter 5-C, when
corresponding months are averaged. The oxygen consumed is the
highest obtained for any of the three primary filters in operation
during this period, and the stability stands, for the most part, in
the same relation. Compared with itself during period 3 the sus-
pended solids content is about double.

In all these comparisons it is very important to keep in mind the
difference in rates. Thus it will be noted that filters 8 and 5-C,
are fairly close together during this period, but that from May on
they were both treating an appreciably larger volume than filter 3.
Moreover, a comparison of rates for the same filters during periods 5
and 3 shows that for filter 3 it was lower during period 5, for filter
5-C lower, and for filter 8 considerably higher, amounting to more
than twice as much.

Viewing the results of primary filtration as a whole it may bs
said that the eflluent from these filters was approximately twice as
strong as an average untreated domestic sewage.
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The effluents from filters 5-C and 8 were treated on four secondary

sand filters.

Sand filters 5-S and 16 followed 5-C, and filters T and

15 followed 8. The analyses of the effluents of these filters are given

in Table 28.

TasLe 28 —Average analyses of emmfzs from secondary sand filters during

EFFLUENT FILTER 58 (INFLUENT FILTER 5-C).
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These results indicate a wholly satisfactory effluent, and they were
further confirmed by the physical condition of the filters observed
during operation.

The highest average suspended solids content was 32 p. p. m., ob-
tained from filter 5-3, and this figure includes results obtained dur-
ing February and March, before routine operation was well estab-
lished. It seems safe to say that in a permanent plant, a uniform
effluent could be obtained from secondary sand filters with about 25
p. p. m. suspended solids.

Oxidation had progressed sufficiently to warrant a stable effluent,
the nitrates at times averaging as high as 36 p. p. m., as during May
for filter 7. With the increased rate and the concentration of spent
tan during August, this constituent, as would be expected, dropped
to a much lower figure; but in only one filter, No. 16, did the results
drop below 1 part per million. In this connection it should be stated
that the results given for August were obtained from the analysis of
three sets of samples for nitrates covering five days, and two sets
covering four days for all other results,

The oxygen consumed which was, with few exceptions, well within
safe limits, also showed the effect of the additional spent tan, but in
this case also the worst effluent obtained would admit of disposal by
dilution even where the dilution factor was comparatively low. The
same may be said of the stability values for August. While filter 5-5
showed a reduction of mythelene blue in but 37 hours with undiluted
samples, it is believed that it would have stood the maximum incuba-
tion period of 240 hours, with a dilution as low as 1:1.

A comparison of the Augusi results in the above table with those
shown in Table 18 for November, 1915, gives an indication of the
value of the preliminary treatment of the spent tan with lime sludge.
The concentration of spent tan during both months was approxi-
mately the same, 1:2.9:6.2 or 1:9.1 for November, and 1:3.4: 4.8 or
1:8.2 for August, but the rates were two to four times as high, so
that an average of about three times as much spent tan was applied
to the filters during period 5 as period 3. Even so, however, sta-
bility results during period 3 were obtained with a dilution of 1:9,
while in period 5 no dilution was necessary.

There is a decided drop in the total organie nitrogen results in
filter 5-S for the average between May and June and the other
filters between April and May. While this drop was not so pro-
nounced in the daily results, nevertheless it is sharp enough to
assume that oxidation developed very rapidly when started. During
February and March there was only a trace of nitrates in the efflu-
ents of filters 5-S and 7, but beginning in April there was an in-
crease to 25 and 26 parts, respectively, and in May, with the nitrates
increasing, the organiec nitrogen dropped from 57 to 15 p. p. m. in
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5-S, and from 29 to 8 in filter 7. The same general relation
existed in filters 15 and 16 during this time. The coincidence of
the change for the values of total organic nitrogen and nitrates in
April and May and the continued high values for nitrates in May
show the effects of warm weather on the rate of oxidation. The low
figure for the nitrate results for August was due to an increase in
the amount of spént tan liquor, but as the amount added at this
time represented a fair average for the year, it seems reasonable to
assume that the effluent from the sand filters ought not to fall
below the results for August.

To confirm the excellent results obtained from sand filter 7 (9
square feet in area and 3} feet deep), in a large filter, No. 5-S was
constructed with an area of 25 square feet, and 5 feet deep. The
effluent from the deeper filter was not as satisfactory as was an-
ticipated ; in fact the analyses for the first two months showed lower
oxidation than the shallower filter. The only difference in the two
beds besides the areas and depths was that the sands were obtained
from different sources. To learn how far the difference in the sand
might affect the results, filters 15 and 16 were installed. They
consisted of two 12-inch sewer pipes filled to a depth of 2 feet with
the same grade of sand and received the effluents from filters 8 and
5-C, respectively. The rates on these small filters were accurately
controlled by catching the influent in a graduated cylinder over a
definite period of time every hour.

A comparison of the average monthly results for the periods
during which the three different depths of filters were in service is
interesting. Tilter 7 gave uniformly good results from the be-
ginning. Filter 5 did not develop nitrification to any extent until
after several months of operation, while filters 15 and 16 gave ex-
cellent results immediately after being put in operation and con-
tinued to give a satisfactory effluent throughout the test. The two
shallow filters received settled waste during 10 hours, while 7 and
5-S were dosed during the entire 24 hours. The evident conclusion
to be drawn from the results obtained from the operation of all the
sand filters is that a shallow bed of sand gives better results than a
deeper bed. This subject is discussed further in the conclusions.

The early attempts to purify each waste separately proved con-
clusively that the spent tan liquors were too concentrated for treat-
ment in filters; the lime waste from washing the hair contained so
miuch lime that the sludge could not be removed from the tanks
except by shoveling it out, and the beam house wastes contained so
much coarse material that it was difficult to remove the sludge
through a 4-inch pipe. During the last period, February 3 to August
15, 1916, all the above wastes were mixed together to overcome the
difficulties that had been encountered in treating each one separately.
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From an operating standpoint the combination worked out admir-
ably. DBy treating the spent tan liquor with lime sludge and diluting
it with the other wastes, to which ferrous sulphate was added, the
concentration was reduced so that a stable effluent could be obtained,
and at the same time a sludge was produced that readily flowed
through a 4-inch pipe under a 4-foot head and dried on drying beds
to a spadable condition much quicker than that obtained during any
of the previous periods,

THE VOLUME, ANALYSIS AND DISPOSAL OF SLUDGE.

In the treatment and disposal of concentrated industrial wastes,
which contain large quantities of suspended solids, the disposal of
the sludge is of extreme importance. Throughout the tests at Luray
frequent measurements were made of the sludge deposited in the
tanks. Samples were taken and chemical analyses made, including
the specific gravity and moisture content,

Tests were made to determine the feasibility of drying the sludge,
as removed from the tanks, to such a condition as to permit eco-
nomical handling. The necessary degree of moisture reduction and
duration of the drying period were thus established sufficiently close
to use in the design of permanent units. Investigations were also
made to study the value of the sludge as an ingredient or filler for
fertilizers. These studies consisted of field tests, on a small seale,
using the sludge as a fertilizer in growing various grains, ete.
Samples of the sludge used in the growing tests were analyzed for
those constituents which are of value as a fertilizer.

VOLUME AND ANALYSIS OF SLUDGE DEPOSITED,

Sludge deposited in tank A.—During the time when tank A was
operated, treating the leather wash or diluted tan liquor from the
revolving wash drum, three satisfactory sludge measurements were
obtained. These results are tabulated in Table 29,

Tapre 290 —Sludge deposited in tank A—Treating spent tan and leather wash

ligquors.
Period (1915).

Jan. 7to | Feb. 13to | Apr. 14 to

Feb, 13. Mar. 8. ug. 9.

Volume af waste h-ea.ted(tlmu_-mmlgullons} R A %) | 0. 6 ans. 1
5Iuﬁgea¢¢ﬂ:nulﬂed§ B R 40 a7 2.48
Sludge aceumulated cublu yards pur mlll.l-uu nguua] ............. 9.5 6. 10 12. 10
Per cent water . e e e e s T4.00 2. 40
Wﬁgﬂwt PR e Tl S R e 1.07 1.07
Iy 60 {tons pnrm.llllouga.HGM} ............................... SR 1.40 1.92
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The weighted average of the three values for the volume of sludge
deposited is 13.1 cubic yards. Compared with sewage sludge, this
sludge is of low moisture content, and consequently of high specific
gravity. In physical characteristics, this sludge was smooth to
granular, and free from gas. The color resembled that of chocolate,
and the odor was the inoffensive odor of tan bark.

Sludge deposited in tank B.—Several attempts were made to meas-
ure the volume of sludge deposited in tank B, treating spent tan
from the rocker pits, but in no case was any measurable quantity
found.

Sludge deposited in tank C.—The operating schedule of tank C
admitted of complete and satisfactory sludge measurements. The
results obtained during the period when this tank was a separate
unit, before being placed in series with tank D, are shown in
Table 30.

TarrLe 30.—STudge deposzited in tank O while operated oz a separate unil,

Poriods (1914-15).
Ive. 16 | Feb.13 | Mar. 8 Apr. 10
Type of waste treated— to to to ta
Jan, 5. | Mar. 8 | Mar. 26, June 2,
Hair washing, HW. 8T
Volume of waste treated (thousand Bnm} ................. 112 118 T4 115
Average suspendod solids, influent 5 L R i PR 75l T30 BLA
Average suzpended ao efMuant p.m Ao e e W [T 555 578 192
Euapended solids remo %& 5} 356 159G 142 874
Su.n: ed solids removed (tons nﬁﬂinngﬂ.luns) 1.48 B v ) 1.56
Elud;u mmﬂﬂgﬁl mbhgm ml.'lliu ga]l : | 27| af 05 8
ACCLI (L] pm' n ons L B
Permntwumr e L sensadl EBE 188 Ly £2.3
Dpcc vity * 105 11.05 21.05 1.03
ry solida a:}:*umuluml {(tons per million mﬁa 3.05 203 1.1 4.74
Ratioof dry solids accumu Lo suspa d.mlidx romoved. 2.0 2.5 1.7 3.0

1 Halr washing, spent tan from rockers |
# Computed from analy=es of sludge at different depths in tank,

In respect to the sludge deposited, as recorded in cubic yards per
million gallons, the results show even wider variations than for
tank A. Referred to a dry solids basis and compared with the sus-
pended solids removal, there appears more uniformity. On the
average, the sludge accumulated represents 2.3 times as much dry
solids as the suspended solids removal figures show. The extremes
included in this average are 1.7 and 3. Analytical errors can not
account for this difference. The most logical explanation for the
difference noted in the table is that the free lime in solution was
precipitated as calcium carbonate in the tank and thereby added
sludge which was not indicated by the suspended solids in the in-
fluent.
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During the period when hair wash was treated alone, in which
period the first three columns of the above table are included, the
sludge was heavy and of comparatively low moisture content. It
became ecompacted in the bottom of the tank and was very difficult
to remove. In fact, at one time, April 10, it was necessary to eut a
hole in the side of the tank and remove the sludge by shovels. This
sludge was grayish in color from the lime; it was for the most part
homogeneous and smooth, but contained a large amount of hair,
which frequently was matted together in stringy lumps. With these
exceptions the mass of sludge was granular., There was very little
gas and practically no odor, what little there was being inoffensive.

Shortly after the last run was begun, spent tan was added to
the hair wash, which resulted in a sludge entirely different from
that previously obtained. This sludge was chocolate-brown in color,
from the tan liquor, and streaked with veins of grayish-white lime
~ediment. It ran freely and was for the most part free from lumps,
though there were present small stringy masses, held together by
matted hair. The odor was putrid, resembling sour tan, and quite
offensive. As iz shown in the table, the moisture content was con-
siderably higher, due to the addition of the spent tan. The volume
of the deposit, T0.8 cubic vards per million gallons, is too large to
he accepted on the basis of one run. The actual amount deposited
was probably nearer that computed from the difference between
the solids in the influent and that in the eflluent.

Shudge deposited in tank D.—During the period covered by Table
30, tank D was operated as a separate unit, treating the beam-house
waste. The sludge record for this waste is shown in Table 31,

‘TaBLE 31.—S8ludge deposgited in tank D while operated as a separate unit.
[ Type of waste treated, beam-house waste.)

Period (1914-15).
Oet. 16 to | Jan. 5 to | Mar. 25 tol May 2 to
Jam. &. | Jan.15. | May 3. une
Volome of waste treated (thonzand gallonz). . ...ooeucneaaann. ¥9.3 41.0 70.4 1.2
Average suspended solids, uanl;fp?,p. e S e R 1,024 BH a6 844
Averggasuspended solids uent (p. p.m. .. .. i b i) 408 402
Suspended solids removed s 304 242 278 352
suepended solids removed (tons per million gallons)........... 1.27 1.01 1.16 1.47
accomnbated (cuble Pards). .. ... .cccsssnccasisaiiaiaan. 1.44 B2 .03 1.40
Eladge accnmulated (cuble yards per million gallonz).......... 18.2 19.9 13.2 15.4
S D o s ] 5, 9 86,9 BG.7 870
& L P e B L 1. 044 1. 044 1.053 1.06
ry. g pecumulated (tons per million gallons). ............ 210 2.30 1.50 1-77
Ratio of dry solids accumulated to suspended solids removed. . 1.65 2.8 1.3 1.21

The beam-house waste contained considerable guantities of lime
sludge from the unhairing vats. There were also present other heavy
suspended solids, such as pieces of fashings, ete. These are respon-

116508°—19——5
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sible for the high specific gravity and low moisture content shown in
the above table. Throughout the four runs the sludge accumulated
remained fairly constant, ranging from 13.2 to 19.9 cubic yards per
million gallons and from 1.56 to 2.30 tons of dry solids. The ratio of
the sludge accumulated to the suspended solids removed is again in
favor of the sludge accumulated. The same explanation of the dif-
ference applies, the free lime in solution having been precipitated as
calcium carbonate. Physically, this sludge was smooth and free from
gas. It had 2 uniform dark-brown color, and a slight odor, pungent
but not offensive.

Sludge deposited in tanks € and D—After June 19, 1915, when
tanks C and D were connected in series and all three of the principal
wastes were treated in combination, the greater part of the sludge,
about 90 per cent, was deposited in tank C. From August 18, 1915,
to August 1, 1916, approximately one year, 11 sludge measurements
and examinations were made. During this period the ratio of spent
tan liquor to hair-washing and beam-house wastes was varied, as will
be seen by reference to Tables 11, 15, 19 and 23. The average results
of these measurements, together with certain analytical data on the
influent and efliuent wastes, are recorded in Table 32. These results
are by far the most important obtained, as they represent the treat-
ment best suited for purifying wastes from tanneries similar to the
one where the tests were made.

Tanrke 32 —Sludge deposited in fanlks € ond D in series.

Total velume of wastes treated (thounsand gallong) oo eeeen 1, 836
Suspended =olids in influent, tank C (P, P D) e - 1, 180
Suspended solids in effluent, tank D (p. P M) oo 3TD
Suspended solids removed (P Po MY oo e 810
Suspended solids removed (tons per million gallons) oo 3. 38
Sludge aceumulated (cubie YOPA8) e e cmceem e ceceecemaaae  B2.4
Slhudge acenmulated (cubie yards per million gallons) . ____ 40, T
BT L AT e i s e S e = 910
D R e 1. 039
Dry solids accumulated (tons per milllon gallons) oo _____ 1205
Ratio of dry solids accumulated to suspended solids removed. - = 1.17

The average values show about 1.17 times as much sludge accumu-
lated as is estimated from the suspended matter determinations, the
minimum ratio for one month having been 0.83 and the maximum,
1.62, Taking the average of the dry solids content in the sludge ac-
cumulated in tanks C and D to be 3.95 tons per million gallons of
waste treated, with 91 per cent of water and a specific gravity of 1.04,
there would be deposited 50 cubic yards per million gallons, or about
5.8 cubic yards per day, from the total daily flow of this tannery of
about 106,000 gallons. On the basis of the average number of hides
tanned per day, 275, the amount of sludge deposited per 100 hides
would be approximately 2 cubie yards., Several analyses more com-

180.8 per cent in tank ¢, 104 per cent in tomk T
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plete than those contained in the above table were made of the sludge
from tank C. Thess analyses were made to determine the fertilizer
ingredients, and are included with the discussion of tests made to
determine the fertilizing value of the sludge. (See Table 35.)

Sludge deposited in the tan-liguor treatment tank—In the treat-
ment of the spent tan with lime sludge preliminary to its mixture
with the hair wash there was produced a large volume of sludge.
This tank in which the sludge settled out was comparatively small,
having a capacity of but 885 gallons. This was filled with spent tan,
lime sludge added to it and thoroughly stirred, and the precipitate
allowed to settle overnight. On certain typical days the residual
sludge was measured and analyzed for moisture.

The record of these measurements and analyses is given in Table
No. 33.

Tagie 33.—Sludge deposited in the tan-liguor treatment lani.
| Date (1216).
o1 - Tals Waighted
Feb.1., | Feb. 5. | Feb.10. | Felb. 15, | Feb, 10, averags,
Poundds of lime slud%a a.ﬂﬂed e 24.6 565.3 75.0 55.3 B3 e.eaaie
Percent of water in lime sludge.... ... .. 40.2 1.6 60,13 £3.0 LR R
Volome spent tan treabed [ a1 835 855 8al et A
Lime sludge used, dry bas {,gt'alm par
0T ) e - 4 126 152 Sk 232 o) i R
g udgamumuﬂawd (cubig feet). . 2. 17 15,54 41.71 27.80 20, 85
Sludze n.-;-cumuhmd I:r:uhiu jn.rds per
million gallalls} 1,450 T80 1,750 1, 160 880 1, 1%}
Per cent water, . e e e g 97.0 06,0 [ G e 5.5
e [ ey Ty SR R ! (R 1.024 1.024 1001 ) ciaiis 1.015
lgry splids t:m-a ner mi]lu}n ga.llmu.l
Deposited as sludge AL, e | PRSP (. R e e 8l e 35,0
Added ﬂﬁlllﬂﬂﬁlllﬂ-ﬁﬂ .......... EiEEEeTiae E RO | S R SR e el 15.4
Bemoved from liguor {difference). ..|.......... i .......... SRR | (S & [ el Rl sl Sl 20.2

As would be expected, the variations in the composition of the
spent tan caused large differences in the veolume of sludge deposited.
The weighted average of the five results gives about 1,200 cubic
vards of sludge, containing 35.6 tons of dry solids per million gal-
lons. A permanent plant to treat all the wastes of the tannery would
have to care for 14,000 gallons daily of spent tan liquor under pres-
ent operating conditions, so that the sludge accumulation would
amount to 16.7 cubic yards a day. With larger tanks for the spent-
lime sludge treatment in which the resulting sludge could be held
till it had become more dense, or if this sludge were mixed with that
drawn from the main settling tank, it could be brought to a water
content of about 90 per cent and a specific gravity of about 1.04.
This would reduce the volume of sludge from 16.7 cubie vards to
about 5.7 cubie yards per day, or approximately 2.1 cubic yards con-
taining 364 pounds dry solids per 100 hides tanned.



66

This sludge when drawn from the tanks was thin, had a light
chocolate-brown color, was homogeneons and floceulent, and flowed
readily through a 2-inch pipe. There was a faint tan-bark odor to
the sludge when first drawn, but at no time during the drying period
did offensive odors develop.

SLUDGE DRYING ON OPEN BEDS,

To determine the length of time required to dry the sludge irom
the various settling tanks it was drawn to beds prepared, as already
deseribed, and the time required for the sludge to dry to a spadable
condition was recorded.

Table 34 gives the results of these tests upon sludge from the
tanks during different periods of operation and under varions kinds
of weather conditions.

TABLE 34.—Results obtained by dreging sivdges on open beds.

|'||. l:ﬂllmi'! 5 ‘Fnh;mnf
Test | Bource | Date ap- ap:rllll}d Numbert porsont || Test | Source | Date ap- | applied N“ml"fer Per
No. | tank. | plied. | (cubie| L9955 | water, || No. | tank. | plied. | (cubic|gfdays| cent
M}- drying. {fw-t}. drying. | water.
|
1915, | 1M5.
1 b} Mar. 27 228 g Eﬂ v L Jupe 2 ns 0 g.'lg
| 4 m:ﬂ il A oks
5| m.9 s| D |Aug 16| 132 o| .6
i ii-B 4 Ri.0
9 T 1 7 2.8
2 i Apr. @ 13 g .f:.glj 0 L Aug. 17 305 g %.2
i . &
.} 3‘2.0" L3 B0
11 .5
10 C Bopt. 25 210 0 H2.3
3 L Apr. 10 128 gy 3 ;JE g . G
i 1. L &1.3
L A Apr. 15 L] E %; 11 C Oct. 16 153 g i I%E
[k N
7 5.0 11 55.0
1974,
5 1 May 3 122 g ';‘gﬂﬂ 12 c Jan. 20 210 g z!‘;‘;
1| me :
¥ =1 13 L Febh. 28 151 0 .5
4 TED.2
i C June 2 b i 2.3
T} GE.0 14 [ Apr. 25 141 0 1.9
10 9.2

| Wet weather—rain or sn
2 Heavy lime sludge; had lo be shoveled out through hole eut in tank.
! Cold and snow.

The first seven runs recorded in the above table were made during
the time when each waste was treated by separate devices. For most
of them the water content of the applied sludge was appreciably
lower than when the wastes were treated in combination and con-
tained much of the flocculent precipitate formed by the reaction be-
tween them. The water content of the sludge of the combination
treatment averages about 92.5 per cent. It is probable, however, that
in larger tanks this could be reduced to about 90 per cent.
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With 5.3 eubic yards of sludge daily from the tanks in which the
combined wastes are treated, and 5.7 cubic yvards from the tank in
which the spent tan is given preliminary treatment with lime sludge,
it would be necessary to handle 11 cubie yards of sludge daily in the
operation of a plant caring for the entire waste from the tannery.

Considering the results obtained during the winter months of
January and February, it would seem safe to assume that sludge
beds at Luray, Va., could be used the year round, and that even during
the winter months 20 days would suffice to reduce the wet sludge to
such a state of dryness that it would be practical to remove it with
shovels and haul it away in the same type of wagon that is used
for hauling manure. With a daily deposit of 11 cubie yards, and
allowing a period of 20 days between doses, the total sludge to be
taken care of at each dose would be about 220 eubic yards. Applied
to a depth of 12 inches, there would be required 5,400 square feet of
sludge bed area or a bed T4 feet square. This drying treatment
would bring the sludge to a condition in which it could be spaded
and choveled into wagons for final dispoesal.

There is also the possibility at this tannery of handling the sludge
in tank wagons without preliminary drying. A plant could be de-
signed 'ﬁhereh}" the sludge would flow directly from the tanks into
a wagon, and in the tests that are to be continued at the tannery it
is planned to compare the cost of hauling the sludge direct from the
tanks as drawn with that of drying it on beds, removing it, and
hauling the dried sludge to the farm.

DISPOSAL OF SLUDGE A% A FERTILIZER.

The Deford Co, have had in use for several years two settling
ponds, one 100 feet and the other 65 feet in diameter, for removing
the solids from their wastes. They are used alternately, one being
in operation while the other is drying and being emptied. The com-
pany owns a large farm on which all the sludge from the ponds is
utilized, and the results have been so satisfactory that their farm is
producing more and better grain than any of the land adjoining.
They have found it valuable not only for growing grain and hay but
in mulching apple and peach trees, of which they have several thou-
sand, all in excellent condition.

To determine the mmparatime value of the sludge taken from the
settling tank in growing grain with and without the sludge, a strip
of clay ground was prepared l:*-::-ntammg several areas of 20 square
feet each. The plots were planted in wheat, corn, and oats. Six plots
were devoted to the wheat and oats, fnur of which had fertilizer
added, the remaining two being controls. The fertilizer was added
to the hills of corn, one plot being used. The plants in each of the
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beds came up at about the same time, but at the end of two weeks
the fertilized hills showed stronger growths and from that time on
maintained a better growth, but unfortunately an extremely dry sea-
son set in and even with watering the wheat and corn did not develop
to maturity. The oats were not affected to the same extent as the
wheat and corn and the results showed an increase of 30 per cent
in the fertilized plots. A picture taken early in the summer, repro-
duced in Plate III, shows the difference in growth of the corn, the
unfertilized rows being on the end and the fertilized hills in the
middle. The amount of dry fertilizer used on an acre basis was 32
and 4} tons, but the discussion above refers only to the larger quan-
tity as it was on the plots using this amount that the best results were
obtained. |

There is no doubt as to the value of the solids removed from tan-
nery wastes as a fertilizer, especially for clay ground. Compared
with ordinary manure fertilizers they rank higher than stable
manure, pound for pound of dry material, in all the essential con-
stituents except potassium, and the presence of the caleium carbonate
in the tannery sludge is a distinet advantage. The following
analyses of sludge show the complete results of several determina-
tions and in addition an analysis of horse manure taken from Ohio
Agricultural Experiment Station Bulletin No. 246, page 726:

TapLe 35.—Aualyses of sludge removed from tank O and one analysis of horse
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1 Ohio Experiment Station Dulletin 246, Table I, p. 726

The figures given in the analyses above for tank C cover a period
of operation extending from November 16, 1915, to June 30, 1916,
and give a very fair average for the composition of the solids in the
waste over an extended period. In comparison with horse manure
such as is obtained from the ordinary horse stable the average of
tannery sludge results shows almost twice as much nitrogen, and
more than twice as much phosphate, but only about one-fourth as
much potassium. In addition there is a high percentage of lime
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which most land requires unless it lies directly over beds of line-
stone,

There is always a small amount of hair present in the sludge,
which it is impossible to remove, so it is not likely this material will
find a ready market as a filler for commercial fertilizers, but there
is a possibility of a market being developed in the neighborhood
where the tannery is located. In some comparative tests to deter-
mine the value of different kinds of fertilizers the Ohio Agricultural
Experiment Station, in Circular No. 96, recommended the use of 6
tons of yard manure per acre every four years and the tests showed
that with the addition of lime to the manure there was a good return
over the cost of applying the lime and manure. Using these tests as
a basis and considering the lime already present in the waste, the
solids from a tannery settling pond or disposal plant will be at least
equal to the value of manure.

The results given in the table showing the chemical composition
of the spent tan, lime-treated sludge indicate that this material does
not contain as much of the common fertilizing ingredients as the
sludge from the mixture of all the wastes, The lime, reported as cal-
cium carbonate, was the excess added to the spent-tan liquors, and the
large amount found shows quite plainly that it will be necessary in
large plant installations to mix water with the sludge from the
liming vats to form a water suspension before adding it to the spent
tan liquors, In the tests the lime sludge was taken from a large pile
and stirred in with the spent liquors by hand without forming a
suspension in water, and it is evident that more lime was added than
was necessary.

WASHING FILTERS.

Up to the beginning of period 3 the filters which had continued
in operation to this time had been in service more than a year, a
part of the time at high rates, and as a result they were badly
clogged. To learn how much of the solids collected in the filters
could be removed by flushing the beds with water, arrangements
were made with the tannery on September 1, 1915, to use water
from their fire protection pumps for washing the filters.

Filter 8, filled with cinders sereened to remove the dust and fine
particles, was flooded with water for 1} hours. The first washings
were dark-colored, contained a large amount of black particles,
“and had a slight odor which existed only when the first water came
throngh. At the end of the washing period there was no sediment
in the water and no color. The voids in the top layer of cinders 1
foot down were practically free and, as the bed was flushed from
the bottom for a few minutes at the end of the washing period and
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chowed no suspended matter, it seems safe to assume that the bed
was restored to its original condition by washing. This bed was
operated for almost a year after this period without showing the
same amount of clogeging that took place up to this time and the
inference is that the suspended matter in the influent following
period 3 was in better condition for storing and unleading. The
material in the einder beds should be washed once a year, and the
wash water either settled in =eparate tanks or pumped back into the
main settling tank.

Filter 4 (sprinkling filter) had received the settled effluent from
the hair-washing machine for a long time previous to period 3
and had become o clogged with hair and incrustations on the hair
and stone that washing out the clogging material became a very
difficult matter. To open up holes through the upper 6 inches re-
quired a full stream through a 1}-inch hose under 60 pounds pres-
sure. While flooding was suflicient to clean ont filter 3, it required
the full force of the nozzle pressure to clean this filter. After 1%
hours washing this bed was practically free of clogging material.
The evidence obtained during the washing of this filter shows con-
clusively that waste containing large amounts of hair and caustie
lime can not be treated on sprinkling filters on account of the in-
crustations, Filter 3. treating the hair-washing waste over a longer
period than 4, did not show the same amount of clogging.

Filter 5 (coke, } inch) was flooded for 1} hours with water, and
all the material in the voids of the filter were washed out in this time.
The even size of the coke permitted a downward flush that carried
most of the solids away in the first few minutes, but in order to
start the filter in period 3 as free as possible from the accumulation
of former periods the washing was continued for 1} hours.

Filter 8 (coke, } inch) was washed in the same manner as 5, and
the results were the same. The washing was continued for one hour,
but 90 per cent of the solids were removed from the bed in the first
15 minutes.

From observations made at the time the filters were washed it was
evident that it will be practical and perhaps necessary to flush out
cinder filters with water once a year. The time the filters were
treated with water was much longer than will be required in praec-
tice, as at that time it was desired to get the filters in as near their
original condition as possible for a new period. Early in the spring
will be the best time to wash the filters, as the oxidation within the
beds is lowest in the cold months and therefore the accumnlation of
colids is greatest, and when life first begins to stir in the deposit it
can be more easily detached from the filter medium.

At the close of the tests all the filters in service were examined to
determine the extent of clogging. Filter No. 3 had an appreciable



71

amount of finely divided, dark-brown deposit below the surface for
about 6 inches, and below that a constantly decreasing amount to
the bottom. There was no surface clogging. In the middle of the
bed there was some odor, enongh when considered with the deposit
to assume that this bed was working up to capacity, but with wash-
ing once a year not beyond its eapacity. Filters 5-C and 8, in oper-
ation a little less than one year, did not show the same amount of
clogging as No. 3, but in a general way the condition of these filters
ean be said to be the same as No, 3.  When dismantled all the filters
had earthworms and other forms of small worms and bugs scattered
throughout the upper half of the beds. In the spring and early sum-
mer worms and bugs were much more in evidence than during the
period when the filters were examined at the close of the tests.
The summarized conclusions from this portion of the investigation
will be brought together in another portion of this report, in order
that the detailed results of the other branches of the investigation
may first be presented and the conclusions considered as a whole.

CONTINTATION OF TEST3 IN A LARGER TXIT.

There are certain features of the problem of purifying tannery
wastes that can not be definitely determined with small test units,
The general prineiples upon which the design of a treatment plant
could be made having been established, it seemed advisable to verify
the results in a full-scale plant before deciding definitely upon the
best type of settling tank, the necessary depth of the filters, and
the most advantageous rate of filtration.

DESCRIFTION OF PLANT,

A preliminary unit for the treatment of 10.000 gallons per day
of combined waste was therefore constructed at the Deford Co.’s
plant at Luray, Va., by the Deford Leather Co., the Leas & McVitty
C'o. of Salem and G. R. Cover & Sons of Elkton, Va. Its design
was based upon the results obtained in the experimental tests, It
consisted of the following devices:

(1) Storage tanks for the spent tan liguors. These wastes
were discharged at night and duplicate tanks were re-
quired to hold the spent liquors over for treatment dur-
ing the entire 24 hours. Each tank was 10 by 6 by
31 feet deep, and there was a dosing apparatus, con-
sisting of float valve and eontrolling valves, attached to
the outlet piping from the tank. These tanks were also
used for treating the spent liquors with the lime sludge
from the unhairing vats. The bottom of each tank
sloped to a sludge outlet pipe.
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(2) Two tanks, each 1} by 2} by 2 feet deep, were con-
structed for storing and applying the ferrous sulphate
solution to the waste. There was installed the necessary
float and valves for controlling the amount of iron solu-
tion added to the waste,

(3) A settling tank, 20 by 8 feet by 11 feet deep, was provided
for removing the settleable suspended solids. There
were provided three 6-inch sludge outlet pipes, and the
bottom of the tank was sloped to concentrate the sludge
near these pipes. There was one scum bafile across the
tank midway between the inlet and outlet pipes. The
inlet to the tank was a trough across the tank at the
top and the outlet was a 2-inch pipe extending through
the end wall, 6 feet 8 inches below the top of the tanlk.
A float valve attached to the end of this outlet pipe
controlled the rate on the filters. A baflle wall with a
row of 1-inch holes bored through it level with the outlet
pipe was set in grooves in the bottom and sides of the
tank, 4 feet 4 inches from the end wall, to hold the scum
back and to keep the sludge from piling up around the
outlet pipe. The level of the waste in the tank is drawn
down to within 1 foot of the outlet pipe during the time
the tannery is closed down at night.

(4) Siphon box and siphon attached to the outlet from the
settling tank to control the rate on the roughing filter.

(5) Roughing filter. This filter is 42 by 30 feet by 4 feet
deep. The material comprising this bed is blast fur-
nace slag, varying in size from } to 2 inches, the coarser
material predominating. The total depth of filtering
material is 4 feet, and the total depth of the bed, in-
cluding the tile and coarse stone underdrainage, varies
from 5 feet at the outlet to 4} feet at the opposite
side of the bed. The waste is applied to the bed by
means of troughs on the surface. Cinders would have
been preferable for this filter, but they could not be ob-
tained within reasonable distance of Luray, and the
slag, which was available within 30 miles of the tannery,
was substituted. The slag was porous and there was
sufficient small material in it to retain the solids in the
waste,

(6) A siphon chamber and box were installed to receive the
waste from the preliminary filter and apply it to the
sand filters.
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(7) Sand filters. Three filters were constructed, each 11 by
30 feet in area and 2, 3, and 4 feet deep, respectively.
The beds were separated at the surface by 2-inch planks
nailed to posts set on the dividing line. The waste is
applied by troughs set on the surface of the beds and
supported on posts, and the amount each bed receives
is measured by weirs in the box receiving the discharge
from the siphon. The sand used has an effective size
of 0.4 and a uniformity coefficient of 1.05. The under-
drainage, consisting of farm tile covered with approxi-
mately 8 inches of coarse and fine stone, is not included
in the depths of the beds given above.

(8) Sludge beds were not included in the original design,
but will be installed later.

RESULTS.

This plant was put in eperation July 15, 1917. TUnfortunately
it was necessary to discontinue the scientific supervision of this in-
vestigation in favor of more important war activities, The plant
was therefore placed in charge of an attendant, and has been oper-
ated continuously to date, January, 1919,

Five sets of composite samples were analyzed during July and
August, 1917, and during the last four months of 1918, a series of
10 composite samples were sent to Washington and submitted to
partial examination. The results are shown in Table 36, It is ap-
parent that the plant is capable of continuous satisfactory operation
under such management as is readily possible at any tannery,

Tapre 36.—Analyfical results of treatment on Tarvge unit.
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EXPERIMENTS AT HAFFNER BROS. TANNERY, CINCINNATI, OHIO.

The results given in the preceding section of this report were
obtained from studies made at a tannery producing as its principal
product belting leather. There are, however, many other grades of
leather made where the same kinds of raw material are used and
the processes of manufacture are similar, but differing in certain
details, depending on the quality desived in the finished product.
Sole-leather tanneries, for example, must produce a leather than will
stand the heavy friction of walking, while belting leather must be
pliable and firm. Harness leather has other distinctive character-
istics. These various grades of leather are often made in the same
tannery, and as the processes of manufacture are practically the
came, it wonld be expected that the wastes produced would also
be similar. There was, however, so much skepticism among tanners
on this point that 1t seemed advisable to repeat the tests conducted
at the Deford Leather Co., Luray, Va., at another tannery where
similar raw materials were used but a different grade of leather
made. The Haffner Bros. Tannery, loecated convenient to the
laboratories of the United States Public Health Service in Cincin-
nati, make harness leather, and although the wastes from this tan-
nery are discharged into the city sewers and will not require treat-
ment, the owners were sufliciently interested in the subject of tan-
nery wastes’ purification to cooperate in further studies at their
tannery. A testing station was, therefore, designed on the basis of
the data obtained at the Deford Leather Co., and constructed at
the Haffner Bros. Tannery a few months before the Luray tests
were completed.

RESUME OF RESULTS OBTAINED AT THE TESTING STATION OPERATED AT
THE HAFFNER BROS. TANNERY, CINCINNATI, OHIO,

The location of the tannery in Cincinnati was not as favorable
for conducting tests as that of the Deford Co. at Luray, Va. At
the latter place the wastes were discharged from the tannery in
different outlets, and there was sufficient fall between the outlets
and the ditches and pond receiving the wastes to operate the various
tanks and filters by gravity flow. At the Haffner Bros. Tannery
all the wastes are collected in a manhole under the hide house in
the rear of the tannery, and from there discharged through a 12-
inch sewer into a manhole in the city sewer in the street, about 50
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feet away. It was, therefore, necessary to remove a portion of the
tannery sewer, install a pumping box, weir, and connections, and
pump the wastes required for the tests.

The total volume of wastes discharged was measured by a weir set
n a box in the sewer line, and the volume of the individual wastes
was determined from the capacity of the tanks emptied or by measur-
ing the discharge from those processes where there was a continuous
flow. The total average daily volume of waste discharged from
August, 1916, to August, 1917, was 58400 gallons. The average
number of hides tanned daily for the period given above was 165,
and the number of gallons of waste per hide was 350. In the tests
made at the Deford Leather Co.'s Tannery the average number of
gallons discharged per hide tanned daily was 385. The proportion
of the wastes discharged from different processes at the two tanner-
ies, however, showed more variation. From the beam house at the
Haffner Bros. Tannery there were discharged 235 gallons per hide
tanned; from the unhairing machine 55 gallons; from the rocker
pits 20 gallons of spent tan liquor; and from the revolving drum
used for rinsing the tan liquor off from the hides when removed from
the lay-away yard, 40 gallons, The corresponding volumes dis-
charged from the Deford Co. were: Beam house, 238 gallons; hair
washing or waste from unhairing machine, 86 gallons; spent tan
liquors from rocker pits, 40 gallons; rinse water from hides removed
from lay-away yard, 21 gallons. The only significant variation is
the difference in strength and volume of the spent tan liquors from
the rocker pits. This subject is discussed in detail later on in this
report.

All the wastes were treated in the proportion in which they were
discharged from the tannery throughout the tests, except for two
periods; one in August, when the plant was started in operation and
the ratio of the spent tan liquor treated to the other wastes was less
than the discharge ratio from the tannery; and the other from March
24 to April 19, 1917, when no tan liquors from the rocker pits were
treated. Ferrous sulphate was also added to the wastes at the rate
of 10 grains per gallon throughout the period of the tests, except for
the interval between February 1 and 16, 1917, when no iron solution
was added,

The storage period in the settling tank. computed on a displace-
ment basis, was 4 hours, but the actual detention was about two hours,
as determined by the length of time required for dye solutions to
pass through the tanks, The determinations made with the Imhoff
settling glasses indicated that all the solids that would settle out of
the influent were removed at the end of two hours, and in the analyses
of the effluent from the tanks it was found that the settleable solids
were reduced 95 per cent. In large installations the tanks can be
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designed with a lower velocity of flow than was possible to ae-
complish in the test tank, and a higher per cent removal than 95
for the settleable solids may be obtained. More waste was settled
in the tanks than was used on the filters, as it was desired to treat
suflicient waste in the tanks to obtain a large volume of sludge for
measurement, and treatment on drying beds. The outlet from the
settling tanks to the filters was at such an elevation that enough
wastes were stored in the tanks during the daytime to operate the
filters during the 14 hours the tannery was closed down each day.

No diffienlty was experienced in removing the sludge from the set-
tling tanks through the 4-inch sludge line. The sludge dried on sand
beds to a spadable condition, under average weather conditions, in
20 to 25 days.

Two roughing filters were operated, one filled with cinders sereened
over a one-half-inch screen, and the other filled with coke averaging in
size nbout one-halfinch.  The first one is referred to in the text as filter
3, and the sceond as filter 4.  Each filter was 5 feet deep exclusive of the
underdraing, No changes of any kind were made in these filters
throughout the tests. They were, however, covered with straw dur-
ing the winter of 1916-17, and they were washed with water twice
during the time they were in operation. The rates were the same for
bath filters, the influents were from the same settling tank, and as
far as possible they were operated in the same manner in every way.
The cinder filter, however, gave more satisfactory results, and the
sand filter receiving the effluent from the cinder filter gave beiter
results than the one receiving the efluent from the coke filter. The
weighted average results of the operation of these two filters are
eiven in Table 37, which ig a summary of Tables 45 and 46.

TapLe 3T.—Comparative resulls, coke and cinder filtration of selfled tannery
twaste,

|Weighted averages; analytical values in parts per million.]
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In explanation of the high nitrification in these filters it should
be stated that the results cover only the months of April to Decem-
ber, 1917, when oxidation was at the maximum in the beds. During
the preceding winter months there was no nitrate in the effluent.
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All the other results cover the period from November, 19106, to De-
eember, 1917. (See Tables 45 and 46.)

- The difference was apparently not due to the size of the filtering
material in the two beds, but rather to the composition. There was
a noticeable odor of hydrogen sulphide at the outlet from the coke
filter, and the outlet pipe was lined with a growth having the usual
whitish opalescent color characteristic of the growths in filters in
which hydrogen sulphide is formed. Ilushing this filter with water
from the top and through the underdrains improved the quality of
the effinuent for only a short time. There was no odor of any kind at
the outlet from the cinder filter, and the growth on the outlet pipe
and bottom of the filter was grayish in eolor without any traces of
the white opalescent coloring that covered the underdrainage and
putlet pipe from the coke filter. The underdrainage from the two
filters was the same, and the examinations made at the close of the
tests indicated there was no pooling over the bottom of either of the
filters.

The roughing filters were examined at the close of the tests to
learn to what extent that material removed by these filters had been
retained in the beds and what the condition of this material was. In
the upper 2 feet of the cinder filter there was a considerable deposit
of wet but not watery solids with an odor somewhat resembling tan
liguors. Below this the accumulation was dryer and had the odor of
humus although not so pronounced as in sprinkling filters. There
were no offensive odors in this filter. In the coke filter, owing to
the more open body, a larger proportion of the retained material had
worked into the filter and there was a slight odor of hydrogen sul-
phide near the middle depth. The lower half contained more mate-
rial than the cinder filter, and it had less the appearance and odor
of humus, The physical appearance of the interior of the two beds
indicated that the cinder filter was in the more satisfactory condition,
but there was not enough difference to attribute the formation of hy-
drogen sulphide to the difference in the distribution of the suspended
matter. It seems more probable that the coke contributed the sul-
phur.

There was an abundance of small bugs, insects, spiders, and worms
in both filters, particularly in the springtime. Small brown spiders
appeared at intervals in large numbers, and the little gray flv com-
mon to sprinkling filters was present but not in such numbers as
are seen about the latter. Earthworms were found only in small
numbers, but there were many minute forms of worms. The small
white water springtail of the genus Podura was abundant at all
times, and they were distributed throughout the beds although most
plentiful near the surface. While the same species of organisms
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were present in both filters, they were far more numerous in the
cinder filter,

In all the tests made in the development of methods for purifying
industrial wastes there have appeared in the roughing filters large
numbers of small organisms, especially in early spring, and coinei-
dent with their appearance increased nitrification within the beds de-
veloped, as indicated by the analyses of samples of the effluent. Tt
would appear, then, that the characteristic odor of the stored sus-
pended solids in the beds, commonly referred to as resembling humus,
is due in large measure to the “ working over” of the solids by ths
myriads of organisms observable with the microscope and with the
naked eye on the filtering material,

The roughing filters were covered with a layer of straw, 6 inches
thick and. supported about 6 inches above the surface of the beds,
to prevent freezing of the upper layers. This method proved eflicient
and inexpensive, and in northern climates it may be required to
operate filter plants during the wintertime,

The observations made so far on the operation of filters made of
coarse material such as ¢cinders and half-inch coke are that, when op-
erating efliciently, the upper half section of the filter acts asa strainer
to remove the suspended matter, and the lower half as an oxidizing
medium. This conclusion was formed from the condition of the
roughing filters in the two testing stations operated for purifying
tannery waste and the cinder filter for treating strawboard waste.
In all these filters there was a pronounced difference in the stored
organic matter in the upper and lower sections of the beds. Near the
surface, after service of six months or more, the suspended matter
had the characteristic odor and physical appearance of that in the
effluent from the settling tank, while near the bottom the accumu-
lated material was flocculent when suspended in water and smelled
more like freshly turned earth high in organic matter.

It was further learned in the operation of these filters that when-
ever the collection of suspended matter in the upper layers of the
filters became so thick that it was forced down below the upper half
of the beds, then the effluent deteriorated and offensive odors de-
veloped. This condition was avoided by observing the effluent and
flushing the filter with water at the surface and through the under-
drains whenever the analyses or physical condition of the filtered
waste indicated the filter was becoming choked. In large treatment
plants it may be necessary to flush the beds in this way twice a year,
ence in the early spring and again late in the fall.

Two sand filters were operated. One, No. 5, received the effluent
from the cinder filter, and the other, No. 6, the effluent from the
colke filter, Each of the sand filters contained 5 feet of washed river
sand.
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The analyses of the effluents from the sand filters show about the
same variation from each other as was noted in the results from the
two roughing filters. The eflluent from filter 3. which received the
effluent from the cinder filter, was more satisfactory than that from
filter 6, receiving the effluent from the coke filter. The results ob-
tained from the two filters ave presented in Table 38, summarized
from Tables 47 and 48,

TaeLe 38.—Resuliz on secondary sand filtration, aficr fiftration through cinders
and through coke.

{Weighted avernges; analytical values in parts per million.)
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The rates at which all the filters were operated varied from
200.000 gallons per acre per day for the first three months to
100,000 for the last four. During the intervening nine months the

- rate averaged about 150,000 gallons per acre daily. It was demon-
cstrated during the first three months of operation that all the
~wastes could be purified in the proportions in which they were

discharged from the tannery at rates on the filters of 200,000 gallons
per acre per day. The color of the eflluent, however, was very high,
and the rates were reduced in an effort to obtain an effluent relatively
low in color. Reducing the rate, in November, to 150,000 gallons
per acre daily, reduced the color in the case of filter 5 from 400 to
220, and of filter 6 from 410 p. p. m. to 170. Again in August, the
color in the effluent of filter 5 was reduced from an average of 113
in July to 92 p. p. m. by lowering the rate to 100,000 gallons per
acre daily. In filter 6 there was an increase in the average color for
Aungust, but the following momnths showed considerable reduction.

The results of the chemical analyses of the effluents were entirely
satisfactory. During February, March, and April of 1917 the
underdrainage of both filters became badly clogged owing to in-
sufficient slope to the bottoms of these filters, and as a consequence
the results for the three months are not as satisfactory as the others.
During the last five months of operation the biochemical oxygen
demand and the color were very low, particularly in the eflluent
from filter 5. During this period samples taken from both filters

116508°—19——0
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and incubated with methylene blue, without dilution, for five dajys,
were not decolorized. The monthly average analyses for filters
5and 6 are given in Tables 47 and 45

Practieally no clogging took place on the surface of the sand
filters, although there was a hardening of the surface layer that re-
quired raking with a garden rake to break it up about once every
two weeks. A layer of straw 6 inches thick was supported about
1 foot above the sand in each bed to prevent the surface from freez-
ing. This covering was kept over the beds from December 14, 1916,
to Febrnary 24, 1917. When the straw was removed, the wastes
were standing in the furrows made when the covering was placed,
to a depth of about 8 inches. Some protection will be required in
climates where the winters are severe, to keep the sand filter beds
from freezing, especially on Sundays and holidays when the tan-
neries are closed dewn, This subject is discussed in detail in the
conclusions,

In view of the highly satisfactory results obtained from the sand
filters operated at the Haffner Bros. Tannery when treating the
wastes in proportion to the flow from the tannery, there would ap-
pear to be no further doubt as to the practicability of the method
used. At tanneries where the volume and strength of the spent tan
liquors discharged are greater in propertion to the other wastes than
those at the Haffner Bros. Tannery. there are two courses open to
prepare the wastes for the treatment recommended above: The first
15 to reduce the amount of spent tan liquors discharged, either by
evaporating and recovering the strongest of those discharged, or by
using them until the strength is reduoced ; the second is to pump suf-
ficient water to dilute the spent tan liguors so they will be amenable
to the system of treatment that has been developed and demonstrated
in these studies.

THE FPROCESS OF T&ﬁHIHG HIDES AND WASTES PRODUCED.

In order to make the results obtained from the operation of test-
ing stations for treating industrial wastes available for other indus-
tries similar to those where studies are made, it is essential to record
the processes of manufacture in each case and the volume of wastes
produced. Without this information it will be difficult and unsafe
to apply generally the results obtained from ome manufacturing
plant.

THE PROCESS OF TANNING,

The Haffner Bros. Tannery make harness leather from cowhides;
and unlike the Deford Leather Co. who make sole leather from the
heads and bellies, they malke all of the hides into one product. The
hides are first placed in tanks of cleam water to soak for 24 to 36
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hours, depending on their condition, and are then removed and
washed for about 15 minutes in running water. They are next placed
in liming vats where they remain for five days. At the end of this
time the hair sheath has been loosened and the hides are transferred
to pools of warm water where they are soaked for 12 hours. The
next operation is to run the hides through the unhairing machine,
where the hair is removed and washed by jets of water that play
over the roller of the machine. They are once more soaked in a pool
of fresh water for 12 hours, and when removed they are fleshed
and placed in a bate of pigeon manure for 10 minutes and again
rinsed in fresh water. The hides are now ready for the tanning
process proper.

Tan liguor leached from oak bark at the tannery is used for tan-
ning the leather. After the hides have been fleshed, put through
the bate, and rinsed, they are transferred to the rocker pits, where
they are first treated with dilute liquor and later with solutions of
imereasing strength until they have come in contact with the strong-
est liquors used in the rockers. From the rockers the partially
tanned hides are taken to the handlers, where they again pass from
the weakest solution to the strongest, and finally they are transferred
to the lay-away yard where they remain in strong liquor until the
tanning process is completed. About 90 days elapse from the time
the hides are placed in the rockers until they are removed from the
vats in the lay-away yard.

It will be cbserved, therefore, that the preparation of the hides
for tanning and the tanning process itself are practically the same
in principle in this tannery as those used in the Deford Leather Co,,
Luray, Va., and the desecription of the apparatus at the latter plant,
given in Part I, so nearly applies to the Haffner Bros. plant that no
further description will be given.

There are differences, however, in the operation of the two plants
that arve worthy of mention. At Cincinnati there is no grease ren-
dering at the tannery, the hair is less thoronghly washed, the hides
are treated with a bate of pigeon manure, there is no bleaching done,
as all the leather is colored before leaving the tannery, and the hides
are started in weaker liquors in the rocker pits. This last item is
the only significant difference in the operation of the two tanneries
as affecting the wastes discharged.

WASTES PRODUCED,

In the operation of the tanmery many different kinds of waste
were discharged, each with characteristics peculiar to the process
produeing it. They follow in a general way, however, the classifi-
cation given in Part 1 of this report, the differences representing



operations not earried on at both tanneries. At Hatffner Dros. there
are no wastes from bleaching leather, and this company use pigeon’
manure as bate, which has no counter waste at the Deford Leathey
Co. The volume of wastes from both these sources is not suflicient,
however, to materially affect the problem of treatment. The wastes
produced may be briefly described as follows:

Beam-house waste.—The waste from this sourece 1s made up of the
soak water from the green hides, old limes or exhausted lime =olu-
tion, and wash water from the floors.

Rinsing water containing ne lanning solutions—There are two
sources of wastes ineluded in this division, the first from rinsing the
green hides when removed from the soaks, and the second from
washing the hides after passing through the unhairing machine.

Waste from wnhairving machine—~This waste 13 made up of the
water nszed to wash the hair off from the unhairing machine.

Spent tan or exhausted tan liguors.—These constitute the weakest
liguors in the rocker pits, and include all wastes of this nature dis-
charged from the tannery.

Rinse water from hides removed from lay-away yard. The hides
when removed from the lay-away yard are placed in a revolving
drum and washed to remove the tan liquor adhering to them. This
waste differs from the preceding in that it contains a small amount
of strong liquors diluted with a ]al‘gn? volume of clean water. '

The division of the wastes as given above is more or less arbitrary
and is intended only for purpose of comparison with the wastes pro-
duced at Luray. In describing the different kinds of wastes pro-
duced from the latter plant it was possible to take each waste sepa-
rately, as it was discharged through a separate outlet, but at Haffner
Bros. it was necessary to measure the wastes in the tannery, either
in vats or as discharged from the machines.

The beam-house wastes and the rinse water containing no tan
liquors are practically the same at both tanneries, but at Luray a
continuous running stream of water was used instead of washing in
vats with a paddle wheel, as is done at Cincinnati. The waste from
the nnhairing machine is the same in character from both tanneries,
but the Deford Co. wash the hair more thoroughly, and consequently
have a larger volume of this waste. Exhausted or spent tan liquors
come from the rocker pits in both tanneries, but Haffner Bros. ex-
haust their liquors to a much greater extent, and the volume dis-
charged is accordingly much less. The rinse water from the hides
taken from the ]ﬂ;-,r away vard is of the same general character from
both tanneries, in that each washes off the liquor carried away by,
the hides on removal from the tan vats. At Luray, however, the ex-
cess liquor is rinsed off by sliding the hides backward and forward
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through clean water in which the hides have soaked overnight,
while at Cincinnati the hides are taken from the vats in the lay-
away yard, allowed to drain, and rinsed with a continuous flow of
water in a revolving drum.

1t will be observed, therefore, that the type of wastes produced at
these two tanneries is practically the same, but the characteristics or
composition vary in thoese items that are most important in these
studies, that g, the wastes containing exhausted or dilute tan liquors,

DESCRIFPTION OF TESTING STATION.

LOCATION,

The testing station was located in the rear of the tannery, on prop-
erty owned by the park department of the city of Cincinnati.

The arrangement of the test unmits, oflice, and pump house are
shown on Plates 4 and 5. Plate 4 shows a side view of the testing
station and the rear of Haffner Bros. Tannery. In the lower left-
hand corner of Plate 4 is shown the office. and the building near the
fence at the right, with only the roof showing, is the pump house.
At the rear of the inclosure is a small building that covered the upper
half of the settling tanks, a part of the spent tan storage tank (end
projecting on right), weir boxes and controlling devices. This
building was heated with an il stove during severe weather. Im-
mediately in front of the building are the two roughing filters, 3 and
4. and between these filters and the pump house are the two sand
filters, 5 and 6. The force main from the pump is shown passing
over filter 6 and between filters 3 and 4. In the far corner of the pic-
ture, at the left of the building over the setiling tanks, are the two
<ludge beds.

In operation, the waste was pumped into the weir box, measured,
and the spent tan liquor and iron solution added as the waste entered
the first settling tank. A part of the effluent from the settling tank
was treated on filters 3 and 4, and all of the effluent from these
filters was applied to sand filters 5 and 6, No. 5 working in series
with 3. and No. 6 with 4.

PUMPING EQUIPMEXNT,

All the wastes from the tannery are discharged into a manhole
under the beam house. and the sewer line from the manhole runs
under the northwest corner of the tannery to a manhole in the street,
This line, running about 12 feet below the level of the ground, was
tapped 10 feet from the north wall of the tannery, and four lengths of
sewer pipe were removed. A wooden box, 2 feet wide, 4 feet deep,
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and 8 feet long, was set in the sewer line and connected up with the
ends of the sewer pipes where the pieces were removed. The box
contained stilling bafiles and a weir plate for measuring the discharge
from the tannery, and the bottom was 2 feet lower than the invert of
the sewer. Above the box a wooden building was constructed 8 feet
wide by 10 feet long and 12 feet high. Approximately one-half the
building was in excavation. A 2}-inch centrifugal pump direct-
connected to a 5}-horsepower gasoline engine was located on a con-
crete foundation in this building. The pump was provided with a
hand primer, and no foot valve was required. The suction lift was
6 feet, and the discharge head 25 feet.

SETTLING TANKS,

Twe circular wooden tanks were designed, each 6 feet in diameter
and 12 feet deep. At the beginning only tank 2 was used. It was
provided with an Imhoff separating bafHe of the type giving a hori-
zontal flow through the tank. Allowing a depth of 5 feet for the set-
tling chamber and 6 feet 5} inches for sludge storage, the capacities
of these two sections were T60 gallons and 155.5 eubie feet, respec-
tively, A 4-inch sludge line extended through the side of the tank
near the bottom with a 4-inch gate valve attached just outside the
tank. This tank was operated as originally designed up te October
6, when it was placed in series with tank 1. Tank 1 was placed in
operation October 6, 1916. The inlet consisted of a 4-inch galvanized
iron pipe that extended down into the tank 6 feet 2 inches. The out-
let was a wooden trough 6 inches wide and 6 inches deep, set level
with the inlet pipe to tank 2. These two tanks were operated in
parallel, the wastes first passing through tank 1 and then to No. 2.
A 4-inch sludge outlet was placed in this tank, similar to that de-
scribed for tank 2. The settling capacity of the tank was 1,060 gal-
lons, and the volume of the sludge compartment was 182.6 cubie feet.
The space occupied by the gas vents in tank 2 accounts for the differ-
ence between the settling capacities of these two tanks. The object
of operating the two tanks in parallel was to permit more accurate
sludge measurements,

In tank 2 measurements could only be made through the gas
vents, which were on two sides of the tank, and these did not show,
the actual volume of sludge. It was considered advisable, moreover,
o retain tank 2, containing the Imhoff flow section, in the series, to
prevent suspended solids that might rise to the surface due to fer-
mentation in the sludge from escaping with the effluent. These two
tanks were operated as described above until April, 1917, when the
plant was remodeled and the settling tanks were no longer used.
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FIG. 4—GEMNERAL YIEW OF TESTING STATION, SHOWING ITS POSITION WITH
RELATION TO THE TANNERY.

FIG. 5.—GEMERAL YIEW OF TESTING STATION, SHOWING ARRANGEMENT OF
BUILDINGS AND TEST UMITS.
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SPENT TAN STORAGE TANK.

The spent tan liquors were discharged from the rocker pits be-
tween B and 9 a. m. each day. To store these liquors for mixing
with the other wastes during the 24 hours the testing station was
operated, a storage tank was constructed. This was a wooden tank
14 feet long by 4 feet deep and 2 feet wide. As this tank was also
used for treating the spent liquors with lime sludge. there was a
2-inch sludge line installed in the bottom. This tank was placed
immediately over the two settling tanks, and the outlet, consisting
of a 1-inch pipe with a float and valve attached to the end, dis-
charged the liquors into the weir box receiving the wastes from the
pump. The spent tan liquor was treated with lime after July 1,
1917, till the close of the tests in December.

IRON SOLUTHIN TANK,

Ferrous sulphate was added to a mixture of all the wastes, and the
solution was stored in a box 2 feet square and 2 feet deep. There
was provided a regulating device consisting of a float and valve. The
tank was set just above the box receiving the discharge from the
pump, and the solution was added to the wastes as they entered the
first settling tank. This tank was in continuous use up to the time
the settling tanks were discontinued. in April, 1917.

WEIR BOX.

The waste discharged from the pump was received in a box 4
feet 6 inches long by 15 inches deep and 15 inches wide. In the
original installation, weirs were placed in each end of the box for
measuring the amount of wastes treated in each of the settling tanks.
Stilling baflles were placed in the box, and an overflow provided to
remove the excess pnmped and to maintain a constant head over
the weirs. Only one- weir was used, however, for at no time were
the two settling tanks operated separately. The raw wastes entered
the box halfway between the two weir plates, and the overflow, con-
sisting of a 4-inch pipe, was placed near the discharge line from the
pump, to prevent the box from-accumulating sludge.

ROUGHING FILTERS,

There were two of these filters, each contained in a round wooden
tank, 6 feet in diameter and having an area of 0.000645 acre.
Filter 2 was filled to a depth of 5 feet with cinders that had been
sereened over 3-inch screen, and filter 4, with 5 feet of coke averag-
ing in size about 1 inch. The bottoms of the tanks containing these
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filters were covered with concrete varying in thickness from 1 inch
at the outlet to 4 inches at the opposite side of the tank. Grooves
were made in the concrete to facilitate drainage, and the entire
bottom was covered to a depth of about 8 inches, with coarse stone
overlaid with fine. Both of these filters were operated throughout
the tests as originally installed, without any modifications or changes
of any kind.
SAND FILTERS,

These filters were of the same size and construction as the rough-
ing flters, Filter 5 received the efluent from cinder filter 3, and
filter 6 received the effluent from coke filter 4; each was filled with
H feet of washed river sand. having an effective size of 40 milli-
meters and a uniformity coeflicient of 1.35.

Distribution was effected by bringing the inlet pipe to the center
of the beds and discharging the wastes into shallow troughs.

These filters were operated throughout the tests as originally in-
stalled, except that, owing to the settling of the tanks, it was
necessary to throw out the sand and increase the slope of the
bottom,

SLUDGE BEDS,

There were two sludge beds, each 8 by 12 feet. They were in-
closed by 2-inch planks nailed to posts set in the ground, and the
filtering material consisted of 10 inches of sand of the grade used in
the filters. The underdrainage consisted of 4-inch farm tile covered
with coarse cinders. These beds were located adjacent to the settling
tanks, and they were flooded to a depth of about 12 inches by
means of woaden troughs.

OFFICE AND LABORATORY.

As this testing station was located near a central laboratory of
the Public Health Service at Cincinnati, only a small building was
required to serve as an office and for making a few chemical tests.
This building was 8 by 12 feet in plan, and 7 feet high on one side
and 10 feet on the other. Water service was provided, and the
building was heated by oil stoves during the wintertime. The
samples collected were stored in an ice box until they were ready
to be carried to the laboratory for analysis.

OPERATION OF THE TESTING STATION.

The operation of the testing station at the Haffner Bros, Tannery
did not cover the wide range of studies that were made at Luray.
In fact, this whole report may be considered as a continuation of
period 5 in the Luray tests,
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The only important change made in the operation of the station
was in April, 1917, The pumping schedule was revised, and only
enough waste was pumped to supply the filters. Under this schedule
the two large settling tanks were thrown out of service and a parti-
tion placed in the spent tan storage tank, dividing it into two equal
parts. Each section had sufficient storage capacity to supply the
filters 24 hours, and was filled with waste on the day before it was to
be used by pumping one-ninth the capacity each hour. To this tank
was added the correct proportion of spent tan liquor for the day, and
also the iron solution at the rate of 10 grains per gallon of total waste
treated.

It was necessary to make certain changes to simplify the opera-
tion of the testing station, as most of the personnel of the Indus-
trial Wastes Division had been assigned to extra-cantonment sanita-
tion work, and the operation of the station was left in charge of one
attendant. The schedule was therefore arranged so that it could be
managed by one man without special supervising attention.

No sludge data are reported for the period following April. Suffi-
cient resuits had been obtained during the previous eight months,
however, to form definite conclusions regarding the volume and com-
position of the sludge from the Haffner Bros. Tannery. The effluent
of the settling tank after April (see Table 10) contained approxi-
mately the same amount of suspended matter as during the previous
period, and none of the other results show variations greater than
were found during the preceding months.

As pointed out earlier in this report, the amount of spent tan liquor
treated with the wastes is the controlling factor in obtaining eflicient
results, and under the revised schedule it was possible to control the
treatment ratio morve accurately than under the former arrangement
of pumping waste for nine hours each day and applying the spent tan
lignor continuously through a regulating valve. Sludge data, how-
ever, should never be based on the wastes pumped at irregular inter-
vals, and likewise the data relating to the operation of large settling
tanks should represent the results from continuous flow throughout
each working day. The early period of operation could not, there-
fore, have been dispensed with, and the later period gave much valu-
able information regarding the operation of the filters,

VOLUME OF WASTES DISCHARGED FROM VARIOUS OFPERATIONS IN THE
TANNERY.

No attempt vas made to obtain & daily record of the volumes of
the individual wastes produced at this tannery. The wastes arve dis-
charged into one outlet, and only those were measured that had a
direct bearing on the operation of the testing station. Experience at
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Luray had shown that for treatinent purposes only two wastes
need be considered : First, those from tanning the leather, which con-
tain spent or diluted tannin compounds; and second, the composite
from all the other operations. The monthly average results show-
ing the volume of wastes discharged from the spent tan vats, and
from all other sources, and the ratio of the spent tan liquors to the
other wastes, are shown in Table 39.

TaprLes 89.—Wastes discharged from fannery, and rotios or speni fan Tiguors
io beam-house wasfe.

— - - —m e is —

Vastes discharged. rastes di .
Wastes discharged Ratio of Wastes discharged Ratio of

Month spent Manith spont

' tan to " tan to

1916-17. Beam EE:II;,t Total. aain 191617 Beam =5 allllt L | s

| house, Hquors. honese. house. liquors. Tota house.

Gallons. | Gallons. | Gallonae. Gallane. | Gallons. | Gallons.
o g e AT B frag oy 63,000 L. ceneeis February....| 61,000 2,700 | 53,700 1:19
A SRR LR SRS | (LT TR March....... 55, 104 3,000 | 55,100 1:18
Beptember...| 50,700 3,000 | EE 300 1:17 {uiprll ........ 4, 900 3,200 § 50,100 1:15
Ogtober. ....] 49,300 3,000 | 51,600 1:16 AN 54, 500 3,700 | 58,100 1:15
Hovember., .| 54,000 ( 2,000 | A7, 000 L:18 || August...... 03, 8 | 4,300 | GR, 100 1:15
Decomber...| 54,300 [ 2,800 ] 57,100 1:19

JAnuary,....[ 53,900 3,500 § 57, 100 1:17 Average.] 54,300 3,250 | 55,400 17

The volume of wastes discharged from the beam house was ob-
tained from readings taken every 30 minutes from a weir set in a
box located on the sewer line from the tannery. The spent tan liquor
was measured by wier readings taken every five minutes, in a special
box set in the tannery. The spent tan liquors were pumped out
of the vats in the morning. This required about one hour. The
weir measurements were checked by computing the volume of waste
liguors in the tanks.

It will be observed in looking over the monthly average results
for the beam house, in the table, that the maximum daily discharge
of 63,800, and the minimum of 46,900 gallons, are not widely di-
vergent from the average for the nine months. The amount of
spent tan liquors discharged does not vary directly with the volume
of beam-house wastes in the average monthly results, and this is
to be expected, since the operations of the two departments pro-
ducing these wastes are entirely independent. In fact, an increase
in the number of hides worked in the beam house would not affect
the wastes discharged from the tanyard until several weeks later.
There are other factors also that affect the amount of spent tan
liquors discharged. the most important being the time of the year.
In warm weather the liquors sour more quickly than in cold, and
this is indicated by the amounts discharged during the months
of September, May, and August. The number of hides removed
daily from the rocker pits during the three months given above

was about the same as for the other months given in the table.
-
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‘The number of hides tanned daily during the period covered by
the tests varied from 150 to 188, averaging 165. There was pro-
duced, on the average, 350 gallons of waste for each hide tanned.
Refeut-tl to the beam-house waste and including the hair-washing
waste, there were 330 gallons, and to the spent tan liquors, there
were 20 gallons discharged for each hide tanned.

Comparing the wastes produced at the two tanneries it is seen
that each discharged approximately the same total ameount per hide
tanned, and from the beam house also practically the same amount of
waste was discharged. At Cinecinnati the total waste was 350 gal-
lons, and the beam-house waste 235, while at Luray the figures were
285 gallons of total waste, and 238 gallons of beam-house waste.
There is a large difference in the amount of spent tan liquors dis-
charged, the figures at Luray being 40 gallons per hide, and at
Cmmnnﬂl 20 gallons. As will be shown later on, the strength of
the spent quuﬂr from the latter place was considerably less. The
rinse water from the hides from the lay-away yard was approxi-
mately 40 gallons per hide at Cincinnati and 20 at Luray, but the
actnal amount of liquor in the waste from the former was less, as
the hides were piled and drained before rinsing.

Weir measuicments—In planning any investigation where weir
measurements are required the question invariably arises as to how
often the measurements should be taken. Where the flow is compara-
tl?elj' uniform the chances for large errors are not great, but whers
liquids are discharged from tanks or vats into a sewer there are op-
portunities for serious errors. At the beginning of the tests read-
ings over the weir set in a box in the line of the sewer were taken
every 30 minutes. Toward the end these readings were checked by
a special series taken every 10 minutes over eight days. The results
are given in Table 40.

Tarre 40—Discharge from the main scwer gz compubed from readings taken
every 10 minutes and every 30 neindiles.
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The average for the readings taken every 10 minutes in the above
table is made up of 432 readings, and the average for the half-hourly
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reading is made up of 142, The close agreement of the averages is
suflicient reason for assnming the average results for the volume of
wistes are correct within reasonable limits,

FREATMEXNT OF THE WASTES.

The design of the testing station at the Haffner Bros.” tannery
was much simplified as a result of the studies made at Luray. Tests
made at the latter place treating each waste separately had proven
that such procedure was not practical. It was further demonstrated
that when spent tan liquors up to a specified volume were treated
with lime sludge and mixed with all the other wastes and the whole
treated with ferrous sulphate, the mixture could be purified by set-
tling the wastes in tanks and filtering the efiluent through reughing
filters followed by sand filters, The units, therefore, that were
operated at Cincinnati were not materially altered during the entire
period of the tests, but the filters were operated at lower rates than
were nsed in the earlier studies to learn how far the eolor could be re-
duced. This phase of the problem was not considered as important
in the Luray tests as the matter of obtaining a stable effluent, but
as soon as it became evident that this conld be accomplished using
the same method of treatment in Cineinnati as was used in Luray,
attention was turned to reducing the color in the effluent from the
sand filters,

Sampling schedule~The routine sampling schedule adopted at the
beginning of the tests involved collecting separate portions at stated
intervals from 7 a. m. to 5 p. m. over two working days and mixing
them to form a composite. All samples were stored in an ice bex.
The samples taken from the sewer are indicated as beam-house waste,
as they did not contain an average proportion of the spent tan liquors,
and they were taken every 30 minutes. The samples taken, repre-
senting the influent to the settling tank, which included a mixture of
all the wastes, treated with the iron solution, are marked influent to
seftling tank, and these samples were collected every 30 minutes,
Samples from the effluent of the settling tank were taken at the
game intervals. Samples representing the spent tan liquors were
taken from the storage tank at the time this was pumped from the
sewer. From each of the four filters, samples were taken every hour
to form a composite covering two days,

Beam-house waste—Under this heading are included all the wastes
from the tannery exeept the exhausted or spent tan liquors from the
rocker pits, The rinse water from the hides removed from the lay-
away yvard, which contained dilute tan liquor, is included, as it was
impossible to exclude it as was done at the tests made at Luray: The
monthly average analyses of the beam-house waste and the weighted
average for all the results obtained, are given in Table 41.
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TapLE 41.—Monthly average analyses of somples faken from sewer, together
£ with the weighted acerage for all deternvingtions anade,

Parts per million,
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The results given in the preceding table show the composition of
all. the wastes discharged from the tannery, except the spent tan
]iquur from the rocker pit&. The latter were discharged all at one
time in the early morning, and there was no way of mixing this
waste in pmpm‘tmn to the other wastes on the davs samples were
talten. The suspended matter analyses run fairly uniform in the
average results for the months, except in December, 1916, when the
average was only 872 p. p. m. There was only one analysis for this
month, and it is probably toe low, as the results for all the other
months are considerably higher. The organic and ammeoniacal nitro-
gen and oxygen consumed values indicates the large amount of
organic matter present in this waste and illustrate the amount of
oxidation required in the filters to produce a stable efiluent. The
oxygen demand results show the heavy draft this type of waste will
make upon the dissolved oxvgen of a stveam of water. The allka-.
linity results are only given for the determinations where there were
no hydrates present, as averages could not be computed from resulis
made up of the alkalinity in the three different states. Hydrate alka-
linity was present in only a comparatively few composite samples,
There is no doubt, however, that caunstic lime was discharged in the
waste from the beam house, but the dilute-tan liguors rinsed off from
the hides when removed from the lay-way yard were suflicient to
neutralize the free lime in most of the samples. In Table 44 analyses
are given for the composite samples in which hydrate and carbonates

were present.
" There were 66 samples taken, composed of 2,640 small portions,
and covering 132 days.
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Iifluent to settling tank.—The spent-tan liquors, discharged in
the early morning, were pumped to a storage tank and applied to
the general wastes in the proportion this waste bore to the other
wastes. No attempt was made to learn the exact ratio on the days
the liquors were pumped, but the average for the week preceding
was used as the basis for adjusting the mixture, The composite of
the mixture of general waste and spent-tan liquor treated with fer-
rous sulphate at the rate of 10 grains per gallon, constituted the in-
fluent to the settling tank, and the results given in Table 42 more
properly represent the nature of the composite waste from this tan-
nery. 1

TanLe 42 —MWonthly average anclypzes of inflircent to selfling tank, together with
the weighted average for all determinations made,
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The weighted average results given in Table 42 were not com-
jputed from the same monthly averages as those given for the
analyses of the raw wastes (beam house) taken from the sewer, and
no comparison can, therefore, be made of the values given in the two
tables. In the former table, 66 samples were represented, covering
132 days and representing 2,640 separate portions taken from the
sewer, while in Table 42 there are 82 samples represented, taken on
164 days, and composed of 3,280 half-hourly samples. Comparing
the suspended matter resnlts for the same months, the influent to
the settling tank shows higher values in practically all the meonthly
averages, and this is to be expected on account of the precipitate
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formed by the ferrous sulphate added. The settleable solids were
determined by the Imhoff settling glass, and the monthly average
results show that practically all of the settleable solids were removed
by one hour guiescent settling. The effeet of adding the spent tan
liquors to the wastes is shown by comparing the monthly average re-
sitlts for the oxyveen consumed determination in the raw wastes and
‘the influent to the setiling tanks. The influent to the settling tanks
shows higher values for all the monthly averages, except for Decem-
ber, and there was only one analysis for this month. The raw-waste
result is probably net representative, as it is more than 100 per cent
higher than the average for any other month.

Comparing these results with those from Luoray, it will be ob-
served that the latter ave lower for the oxygen consumed values, ex-
cept for the months of July and August, 1916, (See Table 24.) The
values for these two months, however, are the only ones that bear a
direct relation to those for the Haffner Dros. tests, as it was during
‘this period that the maximum amount of spent tan liquor was treated
with the other wastes. The suspended matter and total nitrogen are
‘higher at Cincinnati.

Efluent from settling tank.—The monthly average results and the
weighted average for all the analyses obtained from the efiluent of
the settling tank are shown in Table 43,

Mgy 43 —8hewing woanthily average analyses of ceffivent of settling tanl:, fo-
gethor with the weighted average for all determinations madc,
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The monthly average results in Table 43 were obtained from the
analvses of 93 samples covering 186 dayvs and made up of 3,348 half-
hourly portions.

The suspended matter is 613 p. p. m., and in the influent there were
1,718 parts, =o that the settling tanks eflected a removal of 64 per cent.
At Luray the corresponding result was 63 per cent. (See Table 27.)

The volume of settleable solids in the efluent is not directly com-
parable with that in the raw wastes, as the solids in the latter were
heavy and compacted, the amount showing less after settling for one
hour. In the eflluent, however, the solids were flocenlent and light,
and did not compact in the bottom of the setthing glass. In fact, they

appeared in the settling glass more like a El1El]1]thl precipitate than
suspended matter as this term is usually applied te the solids of
sewage and industrial wastes. It should be recalled here that the
wastes passed through two settling tanks and that the veloeity was
greater than would be the case where only one tank is used. In
large tanks properly baffled there is no doubt that more suspended
matter could be removed than was taken out by the test tanks. The
test tanks, however, removed 94.5 per cent of the settleable solids in
the influent, and even with the most efficient design and operation
of large tanks they could not be expected to remove more than 9
per cent.

The organic nitrogen was reduced from 76 to 48 parts, a removal
of 38 per cent. 'The ammoniacal nitrogen was not affected by passing
the waste through the tanks. At Luray the organic nitrogen was
reduced from 30 to 21 parts.

The oxygen consumed was reduced from 1253 to 881 parts, a re-
moval of 30 per cent, compared with a reduetion at Luray from 925
p. p- m. to 530 parts, or 43 per cent,

The biochemical oxygen demand results show that the removal of
64 per cent of the suspended matter was accompanied by a reduction
of only 37 per cent of the 24-hour, 22 per cent of the :--day, and 23
per cent of the 10-day value.

All results given for alkalinity in the pr eceding tables include only
those days when there were no hydrate in the composited samples.
In order to show how the reaction of the wastes varied, Table 44 has
been compiled from the analyses of composite samples taken on
varioug dates throughout the tests.



05

TavLe 4d.—Allalinity of the vaiw wwaste from geicer and (e inflwent to seitling
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In this table are given representative alkalinity and acidity re-
sults covering the entire period of operation of the plant for the
raw wastes taken from the sewer, the raw waste settled in the tanks,
the effluent from the settling tank, and the spent tan liquor. The
samples taken from the sewer were collected half-hourly, but they
do not represent a trune average of the wastes discharged through-
out the day, as the spent tan liquors were all discharged at one time
in the morning and there was no way of proportioning the samnples.
The influent to the settling tank was the raw waste pumped from
the sewer, treated with the correet proportion of tan liquors and 10
grains per gallon of ferrous sulphate. TPrevious to July the spent
tan liquors were not treated with lime sludge, and the results given
for the influent to the settling tank up to that time are probably a
fair average of the alkalinity of all the wastes mixed together. The
analyses of the effluent from the settling tank indicate the reaction
of the wastes as they were applied to the filters, and for comparison
with the analyses of the filter effluents attention is called to the
monthly average results of the filters in Tables 47 and 48.

116508° —10——oT0
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The acidity of the spent tan liquors shows considerable variation
in the untreated waste, the tendeney, due to fermentation, being for
the acidity to increase with the approach of hot weather. Between
December 19, 1916, and March 22, 1917, the acidity of the liquors
was not higher than 900 p. p. m., and on two occasions it was either
neutral or alkaline, while in August it ran as high as 3,650 p. p. m.
Beginning July 25, when the spent tan liquors first showed a high
acidity, lime sludge from the unhairing vats was added to reduce
the concentration of the liquors, and the results obtained by this
treatment are shown in the last two columns,

The indicators used in determining the alkalinity and acidity of
the wastes were methyl orange, phenolphthalein, and fluorescein.
Titrations where only a small amount of spent tan liquors were
present were fairly satisfactory, but in the strong liquors it was
difficult to determine the exact end point, and the results given,
while agreeing among themselves, probably do not represent the
true reaction of the spent tan wastes. The most important con-
sideration. however, was not so much to obtain the exact reaction,
but to determine whether the final reaction was alkaline or so low
in acidity that the lime in the beam-house waste would render the
spent tan liquors alkaline before going to the filters.

Efftuent from roughing filters—A part of the effluent from the
settling tank was treated on roughing filters 3 and 4, containing
cinders and coke, respectively, as filter medinums. In the Table 45 the
analyses of the influent and the effluent of filter 8 are given.

Tasre 45.—Analyses of influent and efffuent of cinder filter No. 3.
EFFLUENT SETTLING TANK, INFLUENT TO FILTER 3.
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. TasLe 45.—Analyses of dnfluent and efffuent of cinder filler No. 3—Continued,
EFFLUENT FILTER 3 (CINDER FILTER).

5 |
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The advantage of treating the settled waste on roughing filters
- is shown in comparing the analyses of the influent and the effluent.
This filter effected a removal of 83 per cent of the suspended matter,
(8.5 per cent of the organic nitrogen, and 60.4 per cent of the free
ammonia. Nitrification was well established in the filter through-
out all the warm months, Qualitative tests made at intervals during
the winter months indicated that nitrification did not oceur in either
of the roughing filters during cold weather, and the absence of
nitrates in the analyses for the months of November and December,
19017, bear out this conclusion. The alkalinity appearing in the
influent as ecarbonate and bicarbonate was all in the form of bicar-
bonate in the effluent.

There was a small amount of iron present in the effluent of the filter
in practically all the monthly averages, due to the iron tannate not
removed by the filter. The color, averaging 192 p.p.m. for the six
months this test was made, was partly due to the iron tannate. The
strongest color in the effluent, however, was dark brown, more re-
sembling that of compounds in the tan liquor which did not react
with the iron solution added to the untreated waste.

No stability tests were made with the effluent from the settling
tank. and those from the filter were all made with dilutions of 1:4,
using city water. The weighted average for all the results is not a
true average, as all the results in the ;1}Dnthl v averages marked 120
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hours were for samples removed from the incubator while the color
still persisted.

There was a reduetion of 71 per cent in the oxygen consmmed
value, and of 85, 84, and 81 per cent, respectively, for the 24-hour,
5-day, and 10-day biological oxygen demand. |

The coke filter received as influent the efluent from the settling
tank, and as far as was possible it was operated at the same rates

and nnder the same conditions as the einder filter,

The results ob-

tained by treating settled waste in the coke filter are given in Table

46.
Tavry 46.—Analyses of influent and cfluent of eoke filter No. J.
EFFLUENT SETTLING TANEK, INFLUENT TO FILTER 4.
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The removal of suspended matter was only slightly less than that
effected by the cinder filter. The organic and ammoniacal nitrogen,
however, were, respectively, 19 and 32 per cent higher in the effluent
from the coke filter than in the effluent from the cinder filter. The
oxygen consumed was 28 per cent greater, and the oxygen demand
for 24 hours, 5 days, and 10 days was 45, 37, and 41 per cent higher,
respectively. The amount of iron in the effluent of the ‘coke filter
was 0.7 p. p. m. higher than that in the effluent of the cinder filter,
and the color 69 parts higher. In the average stability results there
were only two months during which all the determinations for the
month were stable for 120 hours, and the weighted average was 82,
as against 99 for the cinder-filter effluent, with similar dilutions.
Nitrification did not develop in this filter to the same extent as
occurred in the bed of cinders, and, as was the case with the latter,
there were no nitrates or nitrites developed during cold weather.

The coke-filter effluent failed to meazure up to the standard of
that from the cinder filter in all the montlily averages. Nitrates
appeared in the effluent from the cinder bed in a measurable quantity
in April, and were still present to the extent of 2.9 p. p. m. Novem-
ber 1, but the coke bed was giving only 0.3 p. p. m. in April and by
November 1. 1917, nitrification had disappeared. All the other
analyses show the same measure of difference in comparison with
the results from the cinder filter. .

There was nothing in the operation of the two roughing filters to
account for the difference in the quality of their effluents. Both
received the effluent from the settling tank through the same outlet,
and the rates were aceurately controlled, each receiving the same
amount of waste per day. The underdrainage for the two filters was
alike, and the material in the beds was carefully selected to see that
no foreign matter was included when the filters were constructed,
When the filters were washed each was flushed with water at the same
time and with practically the same amount, and in every way the
same treatment was given to each bed. The difference in the results
obtained from the two filters, however. was very pronounced, and
it ean be explained in either one of two ways: First, the variation
in the size of the material in the filters; and second, its composition.
There was apparently not enongh difference in the size of the ma-
terial to account for any variation in the quality of the eflluent, as
each removed practically the same amount of suspended matter and
its distribution in the filters was practically the same, althongh
there was a somewhat larger accumulation of the solids near the
center of the coke filter. The explanation must therefore lie in the
difference in the eomposition of the filtering media. There was a
noticeable odor of hvdrogen sulphide at the outlet from the coke
filter, and the growths in the outlet pipe and the underdrainage near
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the outlet had the typical whitish opalescent coloring that appears
wherever hydrogen sulphide is formed in sewage. The lower eili-
ciency of the coke filter was most likely due to hydrogen sulphide
formed within the bed, the sulphur coming from the coke, as under
similar conditions the decomposition of the organic matter in the
cinder filter did not produce hydrogen sulphide.t

In the tests made at the Deford Tannery, Luray, Va., the coke
filters gave no evidence of hydrogen sulphide being formed, and the
results from these filters were similar in quality to those from the
cinder filters, It is well known, however, that the sulphur content
of coke varies, and it is quite possible that the material used in the
tests at the Haffner Bros.” Tannery contained an unusually high per
cent. Considering the high cost of coke compared with cinders, and
the experience with the former in the tests made here in Cincinnati,
it is not considered advisable to recommend coke as a filter mediuin
in the roughing filters for treating tannery wastes.

Effluent from sand filters—The effluents from the ronghing filters
were applied to sand filters 5 and 6 at the same rate at which the
former treated the settled waste. Filter 5 received the eflluent from
3, and filter 6 that from 4. The results obtained from filter 5 arve
given in Table 47,

1A gimilar experiemce with coke fAlters or strainers operated at the sewage testing
statlon, Columbus, Ohio, I3 rveported by Mr. George A. Johnson, Im hig * Report on
Bewage I'urification at Columbus, Ohlo, 1905,” he states (p. 144) :

“ At all times doring their operation there was a promounced odor of sulphureted
hydrogen about the discharge pipes in the coke strailners. The cause of this was pre-
sumably due to the fact that the intimate contact under highly anaerobic conditions of the
sludgze in the coke layer and tho applied sewage causing a formation of the gas from the
decompaosition of the organic matter present, and perhaps from the partial reduction of
the sulphur in the coke and the sulphates in the applied sewage. The amount of hydrogen
gulphide thus formed was in such relatively large amounts that the Iron in the sewage
and the sludge was insuficient to hold the gas as Iron sulphide, as was probably the casa
in the septic tanks™
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The results obtained from the operation of this filter during the
first three months were satisfactory in every respect, except the
color removal. In the tests made at the Deford Leather Co. all
efforts were turned toward getting the highest rates out of the filters
that would give an effluent that could be discharged into a river or
ereelk affording only a low dilution, without danger of killing fish
or materially lowering the oxygen content of the receiving body of
water. The removal of color was considered of secondary import-
ance at that time. In the tests that followed this phase of the prob-
lem was given more consideration. As soon as it was learned that
the mixed wastes from the Haffner Bros.! Tannery could be satis-
factorily treated on the filters at a rate of filtration of 200,000
gallons per acre daily, the rates were reduced to determine the
relation between rate of filtration and color removal. Following
out this procedure the filters were operated for 3 months at approxi-
mately 200,000 gallons, 9 months at 150,000 gallons, and 18 weeks at
160,000 gallons per acre per day.

The effect of reducing the vates was not so evident when changing
from 200,000 to 150,000 as 1t was when the change was made to
100,000 gallons per acre daily. In this connection it should be noted
that the first change was made at the beginning of winter when the
color removal was low, and that the effect of the poor underdrainage
in this filter was first made evident during this period. In September
and October of 1916 the color averaged 375, and for the two months
following the lowering of the rate, 235, The inecrease in color in the
efffluent of February was no doubt due to pooling of the wastes over
the bottom of the filter. The value for J uly, 1917, probably repre-
sents what can be expected at a rate of 150,000 gallons, as the drain-
ace of the filter had been improved and the filter was in a normal
condition during this month and the three months preceding, Lower-
ing the rate to 100,000 gallons the 1st of August, 1917, caused a drop
in the color from 113 to 92 2, and in September the color in the

effluent was 55, For the remainder of the period of operation the
monthly averages were considerably lower than any of those at
higher rates.

The suspended matter in the effluent of this filter was uniform for
all the rates, and the alkalinity results do not show any variation corre-
sponding to the rates. The nitrates increased from 6.2 parts in Sep-
tember, 1916, to 9.5 in October. but decreased again with the coming of
cold weather in November. After the relaying of the underdrainage
in April, 1917, the nitrates jumped to 28 partsin May,and they again
increased from 10 parts in July to 26 in August, when the rate was
reduced to 100,000 gallons per acre per day. Dissolved oxygen
was present in the effluent in satisfactory quantities throughout the
period, except between IFebruary 1 and April 30, when all the results
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were more or less unsatisfactory. Reducing the rate in October,
1916, did not increase the dissolved oxygen in the effluent, but when
the rate was reduced from 150,000 to 100,000 gallons there was a
slight increase for the first month and a decided increase during the
months following,

The biochemieal oxvgen demand was low for this effluent at all
the rates except for the one period-of unsatisfactory general oper-
ation. It was particularly low for the 100,000-gallon rate, but, ex-
cept in unusual circumstances where color removal 1s the essential
consideration, the results for the highest rate would be entirely sat-
isfactory.

The inferior results for February were, as already explained,
due to the accumulatioa of the waste over the bottom of the filter,
owing to imperfect drainage. Before this was discovered, an at-
tempt was made to increase the efliciency by leaving out the spent
tan liquor in the influent to the settling tank. This was done from
April 1 to June 1. The treatment of the raw wastes with the iron
solution was also discontinued from February 1 to 16. XNo im-
provement, however, was observed in the effluent of this filter until
the sand was removed in April and the underdrainage relaid with
suflicient slope to the bottom to carry the filtered waste away as fast
as it came through the sand. Beginning in May. nitrification con-
tinued throughout the summer and up to December, and the other
results showed similar improvement.

The number of composite samples taken from filter 5 was 90, and
each sample covered two days and was made up of 20 hourly por-
tions. The analyses, therefore, represent 1,620 samples of the efflu-
ent discharged over 180 days. The composite samples were stored
on ice while being collected. .

The effluent from the coke filter was treated on sand filter G at
the same rate at which the former was operated. The results ob-
tained from the analyses of the efluent from filter 6 are given in
Table 48.
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This filter was operated, as far as it was possible, in the same
manner as filter 5, and all the influences that affected the results from
that filter apply to this one. The same condition of the underdrain-
age was found when the sand was removed in April, 1917, and the
same improvement was noted after better drainage was provided.
The straw covering was placed over the bed on December 24, and
removed Febrnary 24. Leaving out the spent tan liquors in the in-
fluent to the settling tank, April 1 to June 1, and the iron solution
from Febrnary 1 to 16, had the same effect on both filters. The
rates on the two filters were practically the same, each one receiving
all the effluent from the roughing filter with which it was connected
in series, and the rates on cinder and coke filters were maintained
as nearly alike as possible,

The suspended matter in the weighted average for the efluent of
filter 6 was the same as for No. 5. The reduction was 83 per cent.
Computed on the raw waste value there was a total reduction by
roughing and sand filters of 98.9 per cent.

The organic and ammoniacal nitrogen were higher in the effluent
of this filter than for No. 5, and the nitrates were considerably lower,
The oxygen consumed was higher, and the oxvgen demand for 24
hours, 5 days, and 10 days was likewise higher in the effluent of filter
6. The dissolved oxygen was slightly lower, as were the stability
values.

The most noticeable variation in the quality of the eflluents from
the two sand filters was the difference in color. The explanation for
the difference in these results and all the others for the two sand
filters can be found in the tables giving the analyses of the eflluents
from the two roughing filters that supplied influent to the sand
filters. IHere it will be observed that the quality of the effluent from
filter 3, which was treated on sand filter 5, was invariable of a higher
degree than the effluent of filter 4, which was applied to sand filter 6.

In the bacterial analyses the average results for filter 5 show a
lower count on gelatine and agar, and fewer B. coli than filter 6.
The low total number of bacteria and B. coli in the effluent of
both the filters in the average for the last three months, indicates
that a receiving body of water would not be seriously affected by
the bacteria in the effluent of sand filters treating tannery wastes.

The surface laver of sand filter 6 became hard and black much
sooner than that of No. 5, and on the distributing plates of No. 6
there was the same white opalescent color that was noted on the
underdrains and outlet pipe of the coke filter. The sulphur com-
_pounds formed in the coke filter reduced the efliciency of the sand-
filter treatment not only as regards the quality of the effluent but
in the mechanical operation as well.
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There was no difficulty in keeping minnows and baby bass alive
in the eflluent of filter 5, but frequently it was necessary to add tap
water to the aquarinm receiving the eflluent from No. 6 in order to
keep the fish supplied with oxygen. This was particularly true
during hot weather.

The results obtained from treating settled waste on the coke
filter and the effluent from this filter on No. 6 were not as satisfac-
tory as those obtained from the combination of cinder and sand-
filter treatment of settled waste. The final effluent from filter 6
was nevertheless sufliciently oxidized to permit of disposal in a
stream of water affording only a very low dilution, even when the
rate on the filter was as high as 200,000 gallons per acre per day.
The higher cost of the coke, however, and its lower efficiency as a
filtering medium for roughing filters, eliminate it from further con-
sideration in the design of a treatment plant for purifying tannery
wastes,

THE VOLUME, ANALYSIS, AND DISPOSAL OF SLUDGE.

In the operation of testing stations for the development of
methods for purifying industrial wastes there are two principal
problems involved: One the selection of devices for removing the
suspended solids and oxidizing the organie matter in solution, and
the other the arrangement of the settling tank for concentrating
the sludge and disposing of it when removed from the tanks. The
first phase of the problem as relating to the purification of tannery
wastes has been considered in the preceding section. Data on the
accumulation, composition, and disposal of sludge at Luray, were
also given in Part 1. As far as was practicable the sludge problem
was studied at the Haffner Brothers’ Tannery, so as to make the
results directly comparable with those obtained at Luray. The
same method of measurements was used at both stations, similar
chemical analyses were made, and the same type of dryving bed was
installed. |

VOLUME, PER CENT MOISTURE, AND SPECIFIC GRAVITY OF SLUDGE DE-
POSITED IN SETTLING TANKS, BY PERIODS,

Measuring the sludge~The sludge deposited in the settling tank
was measured whenever the amount accumulated to such extent that
it was necessary to remove a portion to maintain the efficiency of the
settling tanks. When sludge was removed the volume in the tank
before and after the removal was determined by measuring the water
above the sludge, and the amount applied to beds was measured in
place on the sand. A further check on the amount withdrawn was
obtained from the difference in elevation of the waste in the tanks
before and after the sludge was removed. There were no serious dis-
crepancies in the amounts found by the three different methods of
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measurement. The second method, that of measuring the sludge on
the drying beds, gave results slightly lower than the other two. and
this iz to be expected, due to filtration of water through the sand
while the sludge is running onto the bed. If the measurements are
taken immediately after the sludge is withdrawn from the tanks, and
the beds are small enough to permit the full dose to be applied in
less than one hour, there ought not to be any material difference in
the amount of sludge determined in this manner as compared with
the other methods outlined above.

In the tests it was pessible to discontinue the operation of the
settling tank while sludge was being removed, and the exact amount
of sludge taken out could be measured, either by observing the fall of
the waste in the tank or by locating the sludge layer under the wastes
by a measuring rod with a bottle attached to one end and a cork
fastened to the end of a cord for removing the stopper from the
bottle at different depths. In the practical operation of large plants.
however, it will not be possible to close the plant down except on
Sundays and holidays, and the method of measuring the sludge on
the beds is recommended where it is not feasible to use either of the
two other methods.

Sampling sludge—Whatever method is used for measuring the
volume of sludge there is only one place to take samples for analysis,
and that is as the sludge comes from the tank or as near it as possible.
It is much simpler to obtain correct measurements of the volume
than to obtain a representative sample of the sludge, especially with
regard to the water content and specific gravity. The most satis-
factory procedure is to take small samples at frequent intervals
during the entire time the sludge is flowing and mix them together
to form a composite. Samples should not be dipped up out of the
sludge flowing in a trough, but should be caught, preferably, at the
outlet from the tank, but if this ecan not be done they should be taken
where the first trough discharges the sludge into the second or where
it goes onto the-beds. After flowing a short distance the heavy
sludge will be found at the bottom and the lighter and watery sludge
at the surface.

Analysis of sludge—In making the moisture determinations at
least 250 grams of the sludge should be taken from the thoroughly
mixed composite of the smaller portions collected. The specific
gravity can be best determined by using 250 cubie centimeters Erlen-
meyer flasks and comparing the weight of the sludge with the weight
of the same volume of water at the same temperature as the sludge.
In very cold or hot weather the difference in temperature of ordinary
~tap water and sludge freshly drawn is considerable, and it will make
a noticeable discrepancy in the results if no adjustment or correc-
tion is made.
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In Table 49 are given data relating to the volume, per cent mois-
ture. and specific gravity of the sludge that accumnlated in the set-
tling tanks,

Tanre 40.—Valuwme, per cent moisture, and apecifie gravity of studge deposited
e wottling taalks, by periods,
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The two settling tanks were operated in series, the waste first pass-
ing through the Dortmund settling tank and then through the Imhoff
tanlk. On account of the unequal amount of slndege deposited in the
two tanks and the difficulty of measuring the sludge in the Imhoff
tank with the batles in place, no attempt was made to compute the
volume of sludge per million gallons of waste for the different periods
as was done in Table 32 in the report of the test made at Luray.
The amount of drv solids was computed in the sludge removed at
different intervals, and the sum of this column used as the basis for
computing the tons of dry solids per million gallons of waste treated
in the tests. The total amount of dry solids removed as sludge,
when compnted from the analyses of samples taken at the different
periods when sludge was removed, was 8.568 tons. The total volume
of sludge removed during the tests was 1.343 cubic feet, and, com-
puting the dry solids in this sludge from the average moisture
and specific gravity values for all the samples analyzed, gives the
total weight of 3.549 tons.

Swmmary of sludge data~The data given in Table 49 refer only
to the amount of sludee removed at different intervals, and the
moisture and specific gravity of samples taken when sludge was
withdrawn. In Table 50 additional data are given which had a
bearing on the sludge deposited. and a summary i1s made of the re-
<ults given in Table 49. There is also included, for the sake of com-
parison. the tons of dry solids deposited per million gallons of waste
treated as computed from the suspended solids removed by the set-
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tling tanks. The amount of suspended solids removed was based
on the analyses of 82 samples covering 164 days and made up of
3,280 half-hourly portions.

TapLe Sh—Amonint and characler of sludge deposited in the settling tanks for
perviod covering the full tine tanks were operated.

Periad covered by shulge and suspended-matter data, June 135,
1916, 1o May 17, 1917
Ratlo of spent tan liguors to other wastes:

A0 e e e e L SRR L i B Bl s 1:27
A for oflhey Dbl e e e e e 1:18
Mintnimm for other months. oo oo 1:1h
Average for period excepting Auvgust_ oo . ___ 1:16G
Ferroug snlphate added (grains per gallon) oo oo 10
Volume of wastes treated In tanks (gallons) ________ 056, 200
Total amount of sludge deposited (cuble yardsy______ 49. 7
Suspended solids in influent, average (p. p. ML) oo 1, 64
Suspended zolids in efMluent, average (Do P ML) oo (L)
Suspended solids removed in tanks, average (p. p. M) oo 1, 0559
Diey =olids computed from suspended solids removed (tons per
o gallong) oo oo s s e L 4, 37
Bhudge accumulated (cubie yards per million gallons) 52
Per cent water (average from Table'd9) o 01.8
Specific gravity (average from Table 49y ____________ _ . __ . 1.033
Diry =olids computed from sludge accumulated (tons per million
T T R T e e S e R e R B 2.73
Ratio of dry solids in sludge meusu:ﬁ.d au tank to suspended solids
remjoved byt e —wa _too doda doo 2wl L s .82

The amount of ferrous sulphate added to the wastes was 10 grains
per gallon throughout the entire period of the tests. Occasional
analyses for iron in the influent to the settling tanks showed the
amount varied from 8 to 14 grains per gallon, but the variations from
the average were not sufficient to make any appreciable difference in
the volume of sludge deposited. For purposes of comparison the
amount of sludge as measured in the settling tanks was checked by
converting the wet sludge into tons of dry solids per million gallons
and comparing this figure with that from the suspended matter
removal by the tanks as shown by the difference between the sus-
pended matter in the influent and effluent.

The value of the sludge as a fertilizer—It has been shown in
Table 12 that a large volume of sludge will accumulate in the set-
tling tanks. WWhen dried to contain not more than 10 per cent
nioisture, the amount to be disposed of will be approximately 5 tons
per million gallons of wastes discharged, or on the basis of 100 hides
tanned daily there will be about 320 pounds. With higher moisture
content the velume will inerease according to the amount of water
present. The cost of disposing of this large volume of sludge will
be a net loss unless it can be disposed of as a filler for fertilizers. In
order to learn what the value of the sludge would be as a filler for
fertilizer several analyses were made for those constituents on which
the value of fertilizers is based. These results are given in Table 51.

116508°—19—38
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Tasre §1.—Chemical anelysis of studge and scuwm from settling tonks,
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The results given in the preceding table show the analyses of four
samples of sludge from the settling tank, and one of the scum taken
from the surface. The three values given, with the high per cent
moisture, were obtained from samples freshly drawn from the set-
tling tanks, while the sample containing 65 per cent moisture had
been on a drying bed for 30 days. The analyses do not indicate
that exposure to air and sunlight have any effect on the chemical
constituents. The results obtained from the scum show that the
material composing it was slightly heavier than water and that the
moisture content was lower than that for the other sludge samples.
The scum was full of small air bubbles, and these, together with the
grease, supported the material that would otherwise have settled to
the bottom of the tank. All of the organic constituents are higher
in the scum than in the sludge, and the ash i1s lower. This was due to
the fact that only the grease and lighter particles of organie matter
was carried to the surface by gas ebullition and this suspended mat-
ter contained less ash and consequently more organic matter than
the heavier sludge remaining on the bottom of the tank.

The analyses do not show that the dried sludge iz a high grade
filler for fertilizers, but the presence of the caleium carbonate along
with the other constituents is an advantage, and the practical tests
carried out at Luray proved that tannery sludge added to soil will
increase its fertility, The value of this sludge will, however, depend
largely on the nature of the soil. Clay ground can be brought up to
a high degree of fertility by a liberal application of the sludge, and
in general any soil requiring lime or humus to loosen it up will be
areatly benefited by the application of sludge from a tannery waste-
treatment plant.

Com pavative analyses of the sludge from the two tanneries.—The
sludges that accumulated in the settling tanks operated at the two
testing stations for the treatment of tannery wastes were produced
from similar raw products worked up by like methods of manu-
facture. The averages of all analyses made at the two tanneries are
riven in Table 52,
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Tante H2.—Average chemical analyses of studge from Huaffner Bros, Tawnery
and the Deford Leather (o,

Per cent (dry hasis 100° .51
Date Source (settling tank), [Specific -:I:v:;';. Total FEther-
y " |Bravity.) water. | nitro- | Pu0s | KaO. {Fﬁt‘:‘,‘“’ i T |soluble
g, vl | 35 50 | atter,
1015=14. .. ...|] Haflner Bros.......... 1,082 | *0L7 135 0. 77 0. 36 b | B 1. 4
1617, .....] Deford Leather Co. ... |2 L0040 | 260,90 500 .58 . 56 0 1.3 2.8
L Average of 4 deferminations af each tannery, ? Average of 14 determinations,

2 Averaga of 11 determinations.

This comparison shows no considerable variation in the specific
gravity and moisture, but in the chemical constituents the total nitro-
gen and ether-zoluble matter are about 50 per cent higher in the results
from the Deford Leather Co.'s plant. The phosphates are about
25 per cent higher and the calcium is about 20 per cent higher in
the Haffner Bros. sludge. The larger amount of ether-soluble mat-
ter found in the sludge from the Deford Leather Co.’s plant is readily
explained by the fact that they render grease from the fleshings re-
moved from the hides before liming, but the other variations must
be attributed either to different methods of operation in the two
tanneries or the character of the hides received at each place while
the tests were eonducted.

SLUDGE DRYING ON OPEN BEDS,

The sludge drawn from the tanks contained, on the average, 91.5
per cent moisture. To learn what length of time would be required
to dry this sludge in the open air, it was applied to suitable sand beds
and the moisture determined after the lapse of a certain number of
days. The results obtained from 14 drying tests are given in
Table 53.

TapLe 03.—Resulfs oblained by drving sludge on open beds,
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|
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The beds used for drying the sludge removed from the settling
tanks were similar to those used in the tests made at Luray. There
were two beds, each with the bottom sloping to a central drain and
covered with coarse cinders. One foot of sand of the grade used in
the filters was placed over the cinders, and the whole was inclosed
by 2-inch planks that extended 1 foot above the sand. The beds were
iocated near the tanks, and troughs were used for applying the
sindge.

In a general way the sludge dried in about the same time as at
Luray. After the third day eracks appeared in the surface, and the
sludge along the sides of the beds began to curl up. Most of the
drying appeared to be taking place at the suiface after the first few
days, and when the sludge was removed the top was hard and dry
and the bottom layer, next to the sand, sticky. The sludge could be
readily removed from the beds at 70 per cent moisture, and this
reduction was accomplished, under average weather conditions either
m winter or summer, in about 25 days. In large plants designed
to treat all the wastes from a tannery it would, however, be advisable
to provide sludge bed area suflicient to retain the sludge on the beds
for an average period of 30 days. This will assure a reduction to
70 per cent at all times, and during the most favorable drying
weather the moisture may be reduced to 60 per cent. In large settling
tanks it may also be possible to obtain a sludge for treatment on the
beds with a lower moisture content than was obfained in the tests,
This will reduce the drying period, as the concentrated sludge dries
quickly at the surface, and the cracks that open permit the evapora-
tion of the water retained below the surface.

CONCLUSIONS.

On the basis of the tests made at the Deford Leather Co., Luray,
Va., covering a period of about two vears, the following conclu-
sions are reached :

The most efficient and economical method of treating tannery
wastes requires that all the different wastes be combined and treated
as one waste. This reduces the number of devices to be constructed,
and results in a compact and simple plant which demands less con-
stant attention than a plant in which each separate waste is treated
by itself. It also uses to advantage the chemical reactions between
the acid spent tan liquor and the alkaline hair washing and beam-
house wastes, and accomplishes a dilution of the spent tan by the
other more dilute and easily treated wastes,

The spent tan liquors should be given a preliminary chemical
precipitation treatment with the lime sludge from the unhairing
vats, before it is added to the other wastes. Special duplicate tanks
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chould be provided for this treatment to allow a day’s quiescent sedi-
mentation after treatment and before mixing with the other wastes.
This preliminary treatment precipitates a large proportion of the
tanning, and does =0 more efficiently than would the alkalinity of the
hair-washing or beam-house wastes, on account of the greater amount
of lime in the lime sludge. Another and important advantage is that
a long period of quiescent sedimentation can be allowed the relatively
emall volume of spent tan liguor, which would not be feasible with
a much larger volume of the total mixture.

Copperas (ferrous sulphate) should be added ot the combined
wastes at a rate of approximately 10 grains per gallon. or 1.5 pounds
per 1,000 gallons, to act as a chemical precipitant.

The sedimentation tank for the combined wastes should be of
=ufficient capacity to store enough waste during the daytime to sup-
ply the filters during the time the tannery is closed down at night
with a minimum allowance of four hours’ time of passage during
the daytime. The old style rectangular tank is satisfactory. Seum
boards, however, must be provided to hold back from the filters the
grease and hair which is carried by the wastes and rises to the sur-
face of the liquid in the tank. A sludge baffle is also required to
prevent acenmulation of sludge near the outlet.

Preliminary or roughing filters should follow the settling tank.
These filters may be constructed of cinders, coke, or slag that have
been screened over a one-half inch sereen or thoroughly washed to
remove dust and dirt. These filters should have a depth of 4 feet
and sufficient area to allow a rate of not more than 200,000 gallons
per acre per 24 hours.

The preliminary filtration should be followed by secondary filtra-
tion through sand. These filters may be construeted of any rough,
sharp medium-size sand that is free from clay or dirt. They should
have a depth of 3 feet and a sufficient area to allow a rate of not more
than 200.000 gallons per acre per 24 hours. The depth of the rough-
ing filter and sand filter and the rates are based on the results ob-
tained from the operation of the permanent unit during the summer
of 1917,

The rates as given for both the roughing and sand filters are based
on a mixture of which the spent tan does not constitute more than
10 per cent. If the volume of spent tan produced in the tannery is
in excess of this and the liquors have the same strength as those
treated in the tests it will be necessary to dilute the spent tan with
fresh water, It is to be expected that by using fresh water to dilute
the spent tan the factor of dilution would not have to be as great as
with the hair-wash and beam-house wastes.

The funection of the roughing filters is largelv mechanieal, to
strain out the bulk of the suspended solids carried over from the
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tank. In addition, however, they do to some degree prepare the
wastes for oxidation in the sand filters where the main function is
that of oxidation. The effluent from the sand filters should contain
less than 23 p. p. m. of suspended solids, and be sufliciently oxidized
to maintain stability with a dilution of not more than 1:1. In the
process of oxidation the eolor given the waste by the spent-tan liguor
will be largely reduced, though it can not be expected that single sand
filtration will entirely remove it. ITowever, with a dilution of 1 to
10 it should be negligible.

The sludge capacity in the spent tan lime-sludge treatment tanks
should be suflicient to hold a deposition of 1,200 cubic yards per
1,000,000 gallons. This sludge should be withdrawn frequently into
the main settling tank. As drawn off from the lime-treatinent spent
tan tank used in the tests the sludge had a water content of 96 per
cent, but in a deeper tank it is believed this will be reduced to 94
per cent.

In the main settling tank there must be capacity to hold the
sludge from the lime treatment spent tan tank as well as that de-
posited in the tank itself. Owing to the depth of sludge that will
accumulate in the settling tank, there will be a large reduction of
the volume of the spent tan sludge, and the water content should not
average above 90 per cent and the specific gravity not more than 1.04.
This would reduce the volume of sludge from the lime-treatment
tank from 1,200, as found in the tests, to about 410 cubic yards per
million gallons of spent tan liquor treated. To this must be added
50 cubic yards per million gallons from the combined wastes treated.
Computing all the sludge produced to 90 per cent moisture and 1.04
specific gravity, and on the basis of 14,000 gallons of spent tan and
a total of 106,000 gallons from all the operations at the tannery,
there should be produced about 1.1 cubic feet of sludge, containing
6.8 pounds of dry solids, per hide tanned. The storage period will
depend to a large extent on climatic conditions. In loecalities where
open sludge beds can be used to advantage throughout the entire
vear, 20 days should be the minimum allowance, and this must be
increased in proportion as the availability of sludge beds during the
winter months is lessened by more severe weather.

The sludge beds should consist of 1 foot in depth of fine cinders,
coke, or sand, underdrained and of such area as to fulfill the re-
quirements set by the sludge-storage capacity of the settling tank.

The feasibility of removing sludge in tank wagons, to be spread
on land as fertilizer in its liquid state, is worthy of investigation.
Loeal conditions, cost of labor, length of haul, cost of land, ete., are
all determining factors in making any comparison between remov-
ing the sludge from the premises in its liquid form and subjecting
it to partial dewatering on sludge beds before removal.
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The sludge accumulating from a disposal plant treating tannery
wastes, such as was used In the tests at Luray, has practically twice
as much of the common fertilizing ingredients as barnyard manure
and in addition more than 30 per cent of calcium as carbonate.
The indicated fertilizer value was verified on small test plots and
on a large scale on the farm owned by the Deford Co.

In order to construct the most economical treatment plant and
operate it at a minimum annual cost, it is highly desirable that as
far as possible all raw materials be used up, and grease and hair
recovered, before leaving the tannery. Spent tan liquors will like-
wise have to be reduced to the lowest concentration and as far as
possible used over again in leaching out new liquors. These forced
economies will bring some return on the investment, the amount de-
pending on the extent such economies are already in practice.

The results obtained from the operation of the testing station at
the Haffner Bros. Tannery have confirmed those reported from the
studies made at Luray, Va. This company makes harness leather
from cowhides by a process of tanning similar to the one used by the
Deford Co. in making belting leather, the only difference being in the
extent that the tanning compounds are used up in the process of
tanning the two different kinds of leather. In tanning hides to be
made into harness leather the tan liquors can be used, espeecially in
cold weather, until the final reaction is neutral or practically so,
while in preparing hides for belting leather the liquors discharged
al all seasons of the year are strongly acid in reaction, indicating
that a considerable amount of tanning eompound is left in the waste
liquors. The analyses have borne out this comparison. Using the
weak liguors until the lime carried by the fresh hides has praetieally
neutralized the acid in them has a practical bearing on the purifica-
tion of the wastes. It was demonstrated in these tests, as it was in
the former, that the amount of spent or weak tan liquors discharged
is the controlling factor in the design of a treatment plant for puri-
fying tannery wastes.

The same type of plant was operated at the IHaffner Bros. Tannery
as was used at the Deford Leather Co.’s Tannery, but at the former
all the wastes were treated in the proportion in which they were
discharged from the tannery, while at the latter it was possible to
treat only a portion of the spent tan liquors along with the other
wastes. The importance of economizing in the use of tan liquors,
and in every way reducing the amount of weak or spent tan wastes
discharged, can hardly be overemphasized when considered in con-
nection with the treatment of the wastes from a tannerv. Where
tanneries discharge wastes containing tanning solutions in amounts
and in strength greater than those treated in the tests at the Haffner
Bros. Tannery, it will be necessary to add lime or to dilute them with



118

an amount of water suflicient to bring the eencentration down to that
given in this report.

In the tests made in Cincinnati, lime sludge was not added to the
spent tan hquors until July 1, 1917, when, owing to the more active
bacterial action in warm weather, it was necessary to discharge them
before they were exhansted. The effect of the lime sludge offset the
increased strength of the tannin compounds during the hot weather,
as evidenced by the high nitrification and relative stability results for
the period following July 1st.

During the wintertime a 6-inch layer of straw well compacted
was placed on racks over the roughing filters and sand filters, and
these effectively prevented freezing of the surface layers. The sand
filters were furrowed "before the straw covering was placed. In
northern climates where the winters are long and severe, the original
design of the beds could be made to include posts extending above
the surface of the beds to serve as supports for holding a straw
covering. The low rates at which the filters are operated and elos-
ing the plant on Sundavs and holidays make some such protection
necessary during the cold weather in the North.

In the tests made at Luray the filters were operated at the highest
rates that would vield a well-nitrified effluent without regard to the
reduction of the eolor. In the studies that followed at Cineinnati
an attempt was made to obtain not only a well-nitrified effluent but
one in which the eolor would be so reduced that, in a dilution of 1:1
or 1:2 in the receiving body of water, the color imparted to the
stream would not be noticeable. The rates at which the filters were
operated in the later tests were therefore lower than those in the
original studies, and the results were correspondingly more satis-
factory. The color was reduced to 55 p. p. m. in the effluent from
one of the sand filters and the suspended matter to about 18 p. p. m.
Minnows and baby bass lived continuously in the effluent from filter
5 for three months without any diluting water being added, execept
on Sundays and holidays when the tannery was closed down.

The depth of the roughing filters and sand filters was 5 feet
thronghout the entire period of operation. In view of the satis-
factory results now being obtained in the larger unit operated at
the Deford Tanmery, Luray, Va., with a depth of 4 feet in the
roughing filter and 3 feet in the sand filter, it is quite probable that.
similar depths of filtering material in the tests made at Haffner
Bros. Tannery would have given as satisfactory results as the depths
used. The shallower depths are recommended.

The tests made at the Haffner Bros. Tannery have demonstrated
that the conclusions drawn from the Luray studies can be applied
to other tanneries using similar raw materials but producing dif-
ferent finished produets. The only new conelusions developed from
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these tests are: First, that for better efficiency a settling basin should
be installed between the roughing filter and the sand filters of sufli-
cient size to provide a nominal storage of the wastes for one hour;
and second, that provision be made for protecting the surface of the
beds from freezing during the wintertime.

It is estimated from the results obtained from the operation of
the two testing stations that approximately 100 p. p. m. of sus-
pended solids ean be removed from the efluent of the roughing filter
by settling basins. This computed (o 92 per cent slndge with a
epecific gravity of 1.02 will give about 165 cubic feet of wet sludge
per million gallons of waste. On the basis of 368 gallons of waste
per hide, the average from the two tanneries, the volume of sludge
daily from 100 hides tannned will be roughly 6 cubic feet. As it
will be necessary to retain the sludge in the tank for at least 20
days in order to obtain a low moisture content, and as it will not
be practicable to remove all the sludge at any one time, the total
slndge capaecity should be 120 cubic feet plus 10 per cent for the
sludge that will remain in the tank each time, making the total
sludge storage capacity required 132 cubic feet.

This will add to the plant recommended on the basis of the Luray
experiments another settling tank having a sludge capacity of 132
ctibic feet and a liquid capaecity of 204 cubic feet, and additional
shudge-drying area of 326 square feet per 100 hides tanned. The
design of this tank will be the same as that recommended for remov-
ing and storing the suspended =olids in the raw wastes.

Summing up the results obtained from the operation of the two
testing stations, it can be stated that a method has been developed
whereby wastes from tanneries using raw products similar to those
where the studies were made can be purified in a treatment plant
that has been considered reasonable in cost by the owners of tan-
neries interested in the purification of their wastes. Thereis no doubt,
however, that problems will arise in the operation of large plants
treating all the waste from a tannery that could not be anticipated
in the operation of the testing stations. It was for the purpose of
learning what the difficulties will be in working out on a large scale
the conclusions formed from the tests, that the tanneries in Virginia
cooperated in building and operating a treatment plant at Luray,
Va., of much larger size than the test units. This plant has been in
aperation one year and will be continued in service until July, 1919,
and possibly longer. The results obtained up to this time, March 1,
1919, have not indicated that any extensive changes in the original
design will be required, except those mentioned above relating to the
protection of the filters during the winter time and the installation
of a settling basin between the roughing filter and sand filter. These
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“improvements are important, however, and will be made in the plant
at Luray during the year.

PROCESS RECOMMENDED.

~ The process of treatment recommended is, in general outline, as
Tollows: :

Treatment of the spent-tan liquor with lime sludge frotn the un-
hairing vats, followed by about 24 hours’ quiescent sedimentation.

Mixture of the supernatant from this treatment with the remainder
of the wastes and treatment of the combined wastes with copperas
(ferrous sulphate), at the rate of about 10 grains per gallon,

Sedimentation of the mixed wastes in a tank having sufficient
capacity to permit 24 hours’ operation of the filters, and to provide
for a minimum time of passage during the daytime of 4 hours.

Preliminary filtration of the settled liguors through cinder rough-
ing filters at about 200,000 gallons per acre per day.

Sedimentation in tanks for about one hour.

Secondary filtration through beds of coarse sand.

Addition of the sludge from the spent-tan liquor treatment to the
main sedimentation tank at frequent intervals and withdrawal of
the sludge from the latter and from the secondary sedimentation
tank to sludge-drying beds as necessary.

Utilization of the dried sludge as a fertilizer.

Direct utilization of the liquid sludge to fertilize near-by land by
means of tank wagons may be found more economical than the use
of drying beds under certain conditions.

The capacities and rates of operation of these various treatment
devices will vary with the requirements of the individual case, espe-
cially as regards the quality of the final effluent necessary.

In Appendix I will be found the data for the design of a plant for
the treatment of the wastes resulting from the tanning of 100 hides
per day, under conditions that require a nonputrescible effluent but
permit the discharge of considerable color, the most frequently
oceurring conditions, To meet other requirements, the designing en-
gineer will find it advisable to study the detailed experimental work
given in the body of this report.
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CONSTRUCTION DATA FOR A PLANT TO TREAT THE WASTES
FROM A TANNERY OF 100 HIDES PER DAY CAPACITY.

Ko attempt will be maide to give a detailed estimate of (he cost of bullding
a treatment plant for purifying tannery wastes, The cozt of the large unit
built by the three tanperies and designed to treat 10,000 gallong per day of con-
bined wastes was $2,100, The cost data, however, are not applicable to plants
degigned at this time or in the fufture as the prices prevailing then were above
normal for peace times and are lower than those at present. Furthermore, the
location of the plant at Luray, where no pumping was requirved and the lay
of the ground was favorable for constructing the various devices, counld not
usually be duplicated.

This plant having been in suecessful operation for over a year, it will be
of definite value to recormd in detail the principle dimensions and guantities of
materials involved. For the purpose of more ready comparison both the
dimensions and quantities have been reduced to the basis of 100 cowhides per
day. For the most part, larger tanneries wounld require proportionately larger
treatment works, while with decreasing tannery output the slze of the treat-
ment plant will deerease in somewhat less proportion.

BASE DATA.

The following data will be assumed ; :

Gallons per dar.

B B D B T T e e e o o e o i e &, 100
LT e e e e R T e~ ST T SR LA P SO R A L T B 1, 000
egnwhenge: pnd Nrsng wakge. oo =foboote 0 an sl el 23, 800
Hair-washing machine C e SR PEy s IS PO ST, WO Yo T R )
O R R e L 28, 500

SPENT-TAN BTORAGE TANKS.

Two tanks will be required to store the liguors discharged at night for treat-
ment throughout the 24 hours, The storage capacity required for tbe liquors
from 100 hides daily would be 680 cubie feet per tank. The sludge storage
capacity reguired will depend upon the extent to which the sludge compacts.
In a deep tank it is believed that a specific gravity of 1.02 and water content
of 94 per cetit can he obtained. TUsing these fimures and computing the volume
of sludge from that accumulated in the test units at 96 per cent meisture and
specific gravity of 1.016, there will be deposited 4.2 cuble yards per day. If this
sludge be accumulated for six days before discharge into the main settling
tank it will require 25 cubie yards or 675 cubic feet of storase capacity. The
total capacity of each tank should therefore be approximately 1,333 cubie feet,

The amount of eonerete required to construct these two tanks will be about 32
cuble yards., The bottom of cach tank should be built with hoppers to facilitate
the removal of the sludge. Each hopper should have a €6-inch cast-iron pipe
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leading through the =ide of the tank amd provided with a 4inch gate valve.
Fach of the spent-tan storage tanks will require a regulating device to control
the amonnt of spent-tan liguor diseharged into the other wastes., In the plant
now in operation a 2-inch valve and float of the type usged in ordinary flush
tanks is giving very good service. Only one float and valve is used and the
piping to which it is aitached extends through the storage tanks just aliove the
cludge line. No trouble has been experienced from clozging of the valve, and
the liguors have not had any effect on either the valve or the float.

MIXING TANK FOI LIME SLUDGE.

The lime sludge containing about 30 per cent moisture was added dirvect to
the spent tan-in the storage tanks during the fests and the mixture stirred to-
gether. In a large plant, however, this will not be practical, so that a mixing
tank will be required to get a suspension of the lime sludge in water. A
circular wooden tank 6 feet in diameter and 6 feet deep will be a convenient
gize for this purpose, A stirring device will be required for mixing the lme
sludge and water together, but it will be operated only while the spent-tan
liquors are disecharged, as the lime will be added to the waste as it enters the
storage tank., An ordinary 2-inch gate valve attached to the outlet pipe from
the mixing tank ean be calibrated to control the amount of lime sludge added
to the spent-tan Hguors,

EOLUTION TANKES FOR COPPERAS.

Two solution tanks for copperas will he reqnired, one to be in use while the
selution is being prepared in the other. These should be of wood and each
tank should have a capacity of about 20 cubie feet,

BETTLING TANI.

The total volume of waste to be settled in thiz tank iz 88,500 gallons per
day, In order to store enough waste during the day time to supply the filters
at night, the total =etiling capacity required is 3,000 cubic feet., In 20 days
there would he deposzited in this tank 34 cubie yards or 918 cobie feet of
sludge with 90 per cent water and a specific gravity of 1.04. This tank should
have a 20-day eapacity for sludge and also a sufficient eapacity to receive the
thin sludge from the spent tan storage tanks, This sludge will amount to
(75 cubic feet per week, as already shown, and will contain about 94 per cent
water and have a specifie gravity of 1.02. Emptied once a week into the main
settling tank, it will be stored 20 days =0 that the total storage capacity re-
quired for sludge should be about 3.200 enbic feet, and the total volume of the
tank about G200 cubic feet.

There would be required to construct this tank approximately 100 cubie
vards of concrete. The hottom of the tank should contain hoppers for con-
centrating the sludge near the sludge outlet pipe. An ountlet pipe 6 inches in
diameter with a G-inch zate valve located outgide the tank should be provided
for each hopper. A controlling apparatus will be necessary at the outlet end

of this tank to give o constant floww 1o the filters,

SITHON CHAMBERS.

Two «iphons and two siphon chambers would be required, one for applying
the settled waste to the roughing filter, and the other for dosing the sand
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filter. A 6-inch siphon discharging every 10 minutes would vequire s chamber
holding approximately 900 gallons, or 120 cubie feet, There would be required
about 2 cuble yards of concrete for the two tanks,

ROUGHING FILTER.

The roughing filter should be composed of cinders from which the fine ma-
terial has been removed, or slag ranning about the same size as washed or
sereened einders. The bed should be 4 feet deep exclusive of the underdrain-
age. This filter should treat the waste at a rate of 200,000 zallons per acre
per day. With 38,500 gallons to purify the area required would be 0.2 acre,
requiring 1,200 cubie yards of cinders. The underdrainage for this flter
should consist of farm tile covered with coarse stone. The main drains
should be of €-inch tile and the laterals of 4-inch tile laid 8 feet apart. It
will be necessary to cover the tile to an average depth of G inches with coarse
stone. There will be required 65 feet of 6-inch, and 1,165 feet of 4-inch tile,
and, for covering the tile, approximately 161 cubic yards of stone. To dis-
iribute the waste over the gurface of the bed, troughs made of 6-inch by
2-inch planks should be used, radiating from a box at the inlet of the bed,
and approximately 2400 feet of lumber will be required for this purpose.

To inciose this filter approximately 4,000 feet of 2-inch plank will be re-
quired, and 46 posts, 6 by 6 inches. The posts should be set in concrete,

INTERMEDIATE SETTLING TAKEK,

Thiz tank, the value of which was demonstrated in the Cincinnati experi-
wents, should be included in the design, although it was not contained in the full
goale unit ot Luray.

It should be of essentially the same design as the preliminary gettling tank
Just described, but of a sludge eapacity of about 132 cubie feet and a total vol-
ume of about 204 cubie feet,

The construction of this tank will require, approximately, 20 cubie yards of
conerete,

SAXD FILTER.

The sand filter should have the game area as the cinder filter, and its depth
<hould be 8 feet, excluding the underdrainage. There will be required 970
enbie yvards of sand. The underdrainage will be similar to that of the einder
filter, und the distributing troughs will reguire about 1,200 feet of lumber,
The very low femperatures of the winter of 1917-18 gt Luray, Va., where the
permanent unit is now in operation, have shown that the filters, in particular
the zand filters, will require some kind of protection «during protracted zero
wegiher. Posts set in the ilters and extending 1 foot above the sand and sup-
porting a lovse frumework of boards covered with 6 inches of straw well com-
pacted, seems to be the most praciical and economical form of covering.

It is very essentinl that the boitom of each filter should be carefully pre-
pared, and the tile and covering of coarse stone eaprvefully placed, In order to
prevent the storage of the filtered waste in pools under the filtering material.
The prolonged storage of filtered waste on the bottom of the filters will cause
secondary decomposition to take place and the effiuent will be unsatisfactory.
TFresh water foreed baeck through the tile and coarse stone will relieve a bad
sitnation that has developed from the storage of filtered wastez on the bottom
of the bed. To do this efficiently, should the necessity arise, the stone must be
carefully placed =o ag to afford ready access of flushing water to all parts of






ArpExpix IL

THE EFFECT OF THE TANNERY WASTE FROM THE DEFORD
TANNERY CO. ON THE WATERS FLOWING IN HAWKSBILL
CREEK.

The wastes from the tanbery aré discharsed intoe a small stream, Hawkshill
Creel. This creek rises in the Blue Ridge Mountains in the southeastern

"part of Page County, Va., about 12 miles south of Luray, and enters the south
! fork of the Shenandonh River about 4 miles to the north.

Discharge measurements were made during 1905 and 1906 by the United
!antes Geologieal Survey. The monthly averages of these readings are
:cnnmfued in Table 54
ETA.HLE bb—Monthly average discharge of Hawksbill Creek 1% miles below the

Deford Tannery?

Irscharge in second-feet. 1| Discharge in second-feet,
Month. i e | Manth, . =
Masx - | Max n
mnm, | mim. Mean. | T, LKLY, Aean.
|
19405, 1506,

DL e B 41 a0 36.1 ) Jammary. ... _.. 414 52 I 0
A B et - et i & | 326 || Fobronary_ .. ... .... B3 37 5.9
Ea;gmher g 5 a7 24 S5 March oo il 173 43 85.2
Oetober. ... ..... 40 b B0 [ R LR 430 (1] 123 0
November. . ..ovc.. - 34 w 30.0 e et o e o 3 37 53.6
December. ......... 28 40 ) T e 9 | 37 68, 8

= L'Water Supply and Irrigation Faper Moo 192, p. 115, Department of the Intorior, U, & Geolegical
Hrvey,

PBetween the point of discharge of the waste and the station at whileh the
above measurements were maile there are several small additions to the flow,
The total of these amounted to about 2 second-feet, so that the values given
in the table are In excess of the flow at the tannery outlet by that volume,

With waste gveraging about 90,000 gallons in 10 hours, there would be
n dilution, under the minimum flow recorided above, of about T2 times.
The spent tan liquors were discharged during the night] but it would be
possible to make this operation cover a period of at least 10 hourd, With
14000 gallonz daily, which it seems fair to aceept as large enough if rigid
eronomy I3 practiced even though none of the hide wash is used back in tha
leaches, the dilution, in a 10-hour discharge period, would De about 460 times,

To study the effect of the waste upon the water in the creek, several
sampling points were established and frequent determinations made of the
diszolved oxygen content at these points. It should be noted that the waste
entering the stream at the times the samples were taken contained no spent
tan liguors, as the samples were tnken during the day amnd the spent tan was
discharged during the nizht. There was, however, a small amount of clear
water from springs, which served to dilute the wastes to zome slight degree.

Table 55 contalng the results of these analyses averaged by months,
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EFFECT OF UNTREATED AND PURIFIED TANNERY WASTE ON
FISH LIFE.

Where tanneries are located on small streams or rivers of low discharge
during the summer months, the effect of discharging the wastes into such
waters is of importance not only from a sanitary standpoint but because of
the effects on fish life. At the point where the waste from the Deford Co.'s
Plant enters Hawkshill Creek the dilution of the waste discharged during the
daytime of the driest season of the year is approximately 72 parts of water
to 1 of waste, and at night when the tan liguors are discharged the ratio is
1 to 460. Observations made throughout the summer of each year of the tesis
disclogsed the fact that minnows were present at all times within 300 yards
of the outlet, Minnows placed in o box in the creck in five different sets of
tests at points 100 to 300 yvards below the outlet of the tannery ditch showed
a death rate varying from 25 to 50 per cent at the end of seven days, while the
control nbove the outlet varled from 3 to 6 per cent. The total number of
minnows used in the five different series was 150, 30 to each box. The con-
clusions to be drawn from the observations and box tests are that minnows
ecan and do Uve In the ecreek within 8300 vards of the tannery outlet, but when
confined in a box they do not live as long below the tannery outlet as above.
In the springtime sunfish, suckers, and pike were caught at 300 yards below
the outlet, but it is a question whether these fish remained even within 1,000
vards below the ountlet to lay their eggs.

From the nature of the deposit on the bottom of the ¢reek after the spring
raing were over, it i3 not llkely that any fish spawned in the creek above 1
mile below the tannery outlet, and in this consideration probably lies the great-
est danger to fish life in streams= below tannery outlets, The accumulation of
particles of lime sludge and other forms of sugpended matter over the bed of the
stream no doubt would drive fish to the cleaner portions of a stream during the
spawning season, but at other times the distance they will remain below the
entrance of tannery wastes will depend on the dilution.

The United States Geological Survey in 1907 published a report in Water
Supply and Irrvigation Paper No. 192, dealing with * The Effect of Some Indus-
trinl Wastes on Fishes,” These studies were carried out in Washington at
the United States Bureau of Fisheries, and the samples of wastes used were
shipped from the varions industries studied.

Under tannery wastes in this report are given the results of placing varions
kinds of fish in different dilutions of the several different kindsg of spent liguors
discharged from a tannery. Selecting the dilution in which the fishes lived
the longest the results are as follows for the different kinds of wastes:

First. * Sour bark lguors:” A dark-colored acid waste containing a small
amount of tannic acld. In a dilution of this waste of 1 to 50 bass were not
killed in 65 hours '

Second. * Bocker sour bark liquors:” A brownish, cloudy acid liguor labeled
“ valueless in tannie acid,” specific gravity 1.007 at 10° C. This liguor ordi-
narily has an acidity of 1,200 parts per million and an oxyvgen consnming value
of 18,000 p. p. m. A dilution of 1 to 80 failed to kill bass id 9 days, but was
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fatal to perch in 20 hours; 1 to 120 killed perch in 3 days, and 1 to 140 failed to
kill at 4 days. .

Third. “ Dye house liguors:” A greenish liguid with some dark sediment,
about neutral in reaction and a specific gravity of 1L.003 at 16° C. A dilution
of the waste, 1 to 15, falled to kill perch in 51 days, but bass were killed in 9
days.

Fourth. “Bate:™ A sitraw-colored liguor with an alkalinity of 400 paris per
million (eaustic and hydrate) and specific gravity of 1.0 at 9° C. A dilution
of this waste 1 to 10 failed to kill bass in 4 days.

Fifth. * Soak liguors from hides:” A colorless neutral water containing the
sodinm chloride soaked out of the hides. Bass placed in an aerated and un-
diluted sample of this waste for 4 days were not affected.

Sixth. * Sour liquor tail handler:" An aecid liquor of pinkish color and foul
odor, extracted originally from hemlock bark., A dilution of 1 to 60 killed bass
in 20 hours, but failed to kill perch in 54 hours.

Seventh. “ Sample from hair washing machine:” A cloudy, grayish liguid, of
1.004 specific gravity at 14° C. and alkalinity of 630 p. p. m. (probably hydrates
and carbonates). Dilutions of 1 to 50 failed to kill bass in 18 days.

Bighth, * Lime and sodium sulphide:” A dirty yellowish, strongly alkaline
(4,000 p. p. m., probably hydrate and carbonate) liquor, with a specific gravity
of 1.015 at 7° . Dilutions of 1 to 120 killed bass in T0 hours, while 1 to 150
failed to kill in 48 days. Perch were able to live in a dilution of 1 to 180 for
four days without being affected.

Attention should be called to the fact, as pointed out in the reporf, that
the fish in the tests were kept in containers varying in size from 5 to 80 liters,
and, consequently, were not in as favorable surroundings as would be the case
in an open stream, where aeration would be rapid and the toxie compounds
from the fish and the decomposition products due to bacterial action dis-
geminated.

In applying the data in the Geological Survey report to practical conditions
it iz well to bear in mind that the wastes tested were selected from special opera-
tions in the tannery and were not the composite wastes that were discharged.
Thiz is an important consideration, as the separate wastes when mixed
together to form the composite have an entirely different character., The acid
tan liguors are made neutral by coming in contact with the lime wastes, and
the causticity of the lime wastes at the same time is reduced. If, however, a
large quantity of one waste is discharged at one time and at the same time a
small quantity of another waste with the opposite reaction, then the effect
on fish of the wastes in exeess will be somewhat in relation to the tests made
in the jars for the wastes discharged that represent one process in the tannery.

Ordinarily the routine of a tannery is well established, and during the two
vears of the tests there was only one variation in the discharge of wastes
that had any effect on the fish in the stream. In this case, through a mistake,
an extra lime vat was discharged that increased the causticity of all the
wastes flowing at the time sufficiently to kill the fish when these wastes
reached the creek.

Toward the end of the tests when an adjustment of the wastes had been
made so that all could be treated together and a stable effluent obtained, fish
{minnows) were placed in the undiluted efluent from the sand filters and
lived from June 8 to July 20. Following this test a rock bass placed in the
effluent from sand flter 5 lived till the station was closed down August 15

From all the evidence cited above, the effect of unpurified tannery wastes
on fish will depend entirely on the dilution available and the control exercised
in discharging the wastes. With careful control at the Deford Co,'s tannery
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