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WasTES FROM TANNERIES.!

Tannery A.

During the past fourteen years the wastes from three tanneries have
been experimented upon. The first tannery investigated was engaged in
preparing and tanning sheep skins. The daily volume of the waste
varied from 20,000 to 50,000 gallons, and was composed of a thick,
offensive liquor varying in color as different aniline dyes were used. The
amount of organic matter present was large and in an advanced state
of putrefaction. It seldom contained any substance of a character to
check bacterial action and was, therefore, easily nitrified. The sludge
was at times great in volume and rich in fats and nitrogenous matters.
A filter was constructed at this tannery, containing 2 feet in depth of
sand of an effective size of 0.14 millimeter, over gravel underdrains; and
sewage, made up of a mixtare of the waste liguors from all the proc-
esses carried on at the tannery, was first applied to it on Sept. 27,
1895, at an average rate of 55,000 gallons per acre daily. During a large
part of its period of operation, however, the rate was 25,000 gallons
per acre daily, but even at this rate the filter became clogged quickly by
matter in suspension in the waste.

The following analyses show the character of the liquor as applied to
and of the effluent from this filter during its period of operation: —

Average Analysis of Liquor applied to Filter.

[Parts per 100,000.]
AMMONIA. | e
e NrroagEx as — G
1. ldahl . LVEEn
W . | ?}Hfmm Chlorine. Consumed.
Total. | gojution | Nitrates. | Nitrites.
a4 3.16 1.81 1 5.92 387,20 18 ‘ 0015 61,25
Average Analysis of Effluent from Filier,
2.6 | 0.48 | 0.20 0.60 284.25 || -60 | 0068 I| 7.92
) 1 | |

It was evident that better nitrification and higher rates of filtration
could be obtained if suspended matter was removed from the sewage
before filtration.

! In some instanices, the filters as described in the various annual reports in connection with the
purifieation of manufactural wastes, bear different numbers than in this review. The numbers given
here are for the sake of clearness and to prevent sonfusion,
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Removal of Arsenic by Coke and Iron.— Methods for removing the
arsenic from this tannery sewage were studied, and it was found, as
stated previously, that by passing the sewage through a filter or strainer
of coke breeze it was quite thoroughly freed from arsenic. This removal
was due probably to the presence of iron in the coke, since the same result
was accomplished by passing the sewage through iron filings or turnings.

Average Amount of Arsenic (As203) in Entive and Supernatant Sewage,
and Effiuent from Coke Strainer.

[Parts per 100,0400.]
Entire tannery sewage, ] : : B.5447
Supernatant tannery sewage, : ; . . 1.6757
Effluent from eoke strainer, . : . s 5 - . . . 0.0823

Generally speaking, the effluent from the coke strainer was free from
arsenic, but oceasionally, if an excessive amount was applied and if the
strainer was overworked, some arsenic would pass through. Examination
of the coke proved that a large percentage of the arsenic was retained in
the upper few inches of the strainer. For example, a small strainer eon-
taining 2 feet in depth of coke breeze was flooded each day for two weeks
with this sewage. The effluent examined each day was found to be free
from arsenic. On October 15 the coke itself was examined, with the fol-
lowing results: —

Arsenic as Ads=03.

" [Parts per 100,000.]
Upper 4 inches of coke, . . : - = - 36.40
Middle 4 inches of coke, . - : ; A ; : S . .60
Lower 4 inches of coke, g : - . : ‘ ) . . 0.20

The investigations upon the wastes from this tannery are fully described
in the report of the Board for 1896, pp. 431-433; and in the report for
1897, pp. 396 and 397.

Tannery C,

In 1900 an application was received by the Board from a tannery, asking
advice as regards the improvement of its wastes and stating that for years
a system of settling basins had been maintained at considerable expense.
The following conditions were found to obtain at this tannery : the chief
waste liquors were those from the processes of wool-scouring, skin-wash-
ing, tanning, dyeing and the drainage from the water-closets used by about
300 employees, all of these wastes passing to the settling basins. The
water used in the last bowl of the wool-scouring machine was discharged
into a stream in wet weather, but when the flow was small this water was

I
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make them soft, then the inside of the skin was painted over its entire
eurface with a decoction containing arsenic. The skins were then folded
with the painted surface inside and allowed to remain over night in a
warm atmosphere and “ sweated.” The arsenic so affected the hide that
the hair could be easily removed. The skins were then washed. The
waste water contained practically all the arsenic, but this was mixed
with the entire volume of waste liquors which flowed from the tannery. .
It was suspected that the arsenic in the waste liquors might prevent
nitrification and therefore good purification by filtration.

A filter (No. 332), containing 4 feet in depth of sand of an effective
gize of 0.25 millimeter, was put into operation at a rate of 75,000 gal-
lons per acre daily. The waste as received at the station was applied
until November, when the effluent of the contact filter (No. 334), con-
structed of 2 feet in depth of coke breeze and iron turnings (1 part of
iron to 9 parts of coke), was applied to it. This filter was operated with
the waste as received at a rate of 250,000 gallons per acre daily, two
hours’ contact being allowed. Nitrification did not oceur to any great
extent in the sand filter until the effluent of the contact filter was
applied. The beginning of nitrification at this time was probably a
coincidence, however, as other experiments seemed to show that nitrifi-
cation would have started without the preliminary treatment in the
contact filter. Nitrites, furthermore, had been very high in the effluent
of the sand filter at times previous to the application of the effluent of
the contact filter. The amount of arsenic in the waste liguors was not
large, the average in many samples examined being only 0.13 part per
100,000, and of this, the contact filter removed practically 54 per cent.

Another filter (No. 333) was started in November, 1907, of the same
size and depth of sand as the filter just mentioned. It was operated at
a rate of 75,000 gallons per acre daily at first and then at 100,000 gal-
lons per acre daily, the dose applied to this filter being equal parts of
Lawrence sewage and tannery waste. Nitrification was active until the
rate was changed, when it became much poorer. In addition to these
filters, a sand filter (No. 335) was operated with Lawrence sewage to
which arsenic was added. The sewage at first contained 0.01 of a part
of arsenic and the amount was increased each week until the arsenic
applied equaled 50 parts per 100,000, The effluent from the filter
contained about 6 per cent. of the arsenic in the applied sewage. The
following February the sand from the surface of the filter contained 1.2
parts arsenic per 100,000, and sand at a depth of 6 inches, 0.6 part
arsenie.

The following table gives the average analysis of the effluent from each
of these four filters: —
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Average Analysis of Liquor applied to Filter No. 61.
[Parta per 100,000.0

AMMONIA, | NITHOGEN 48— | Barcteria per
| Chlorine. I. TaE Coql?uﬁ]:d,. Cubic
Free. | Albuminoid. | | Nitrates. Nitrites. Centimeter.
- N |
17.30 43.10 H 0000 0000 22.00 | -
zlt:emge :lﬂalysw of Efftuent from Filter No. 61.
27.80 8.30 H 47.00 H 2500 ‘ 0000 ‘ 90.00 l 50,000,000

Filters Nos. VI. and VII.— Filter No. VI. contained 60 inches in
depth of sand of an effective size of 0.25 millimeter, and Filter No. VIL
contained the same depth of coke breeze. To these two filters the efflu-
ent from Filter No. 61 was applied at an average rate of 50,000 gallons
per acre daily. Each filter disposed of the applied liquor readily, but it
passed through the 5 feet of filtering material with very little or no
change.

Average Analysis of Effluent from Filter No. VI.

[Parts per 100,000.]

AMMONTA, w. NITROGEN 48 — l g,},m h&;wz
Free. | Albuminoid. Nitrates. | Nitrites. || Con8umed. | Gontimoter,
[19. 58 7.90 B _72-23 § .22&0. . |l 726,000

Average Analysis of Efluent from Filter No. VII.
21.17 8.30 54.08 || 2200 l L0260 ‘ 76.10 472,000

Filter No. VIII. — This filter contained 5 feet in depth of sand of
an effective size of 0.25 millimeter, and to it was applied the supernatant
liquor resulting from removing much fat and dirt from the strong waste
wool-scouring liquor when using calcium chloride as a precipitant. This
treatment with calcium chloride gave an almost complete clarification of
the liquor, and its strength after treatment, estimated by albuminoid
ammonia determinations, was about the same as that of the effluent from
Filter No. 61. Filter No. VIIIL disposed of this clarified liquor readily

at an average rate of 100,000 gallons per acre daily, ‘::-ut it passed through
5 feet of sand with very little change.
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In October, 1904, experiments were begun with the wastes from this
plant. The waste dye liquors were densely colored, with green and red
hues predominating, and were generally acid. Mixtures of the various
wastes, made in proportions corresponding to the volume of each as it
flowed from the mijll, gave a liquor exceedingly rich in organic matter and
of a green color. This mixed liquor was alkaline, owing to the large
volume of wool-scouring liquor present, and this was the waste upon
which the experiments upon sedimentation, chemical precipitation and
filtration were made. It was found that by allowing the mixed or
average waste liquor to stand for twenty-four hours there was removed
by sedimentation about 50 per cent. of the total nitrogemous organic
matter present and about 60 per cent. of the total organic matter.
Ordinary coagulants, except in excessive and costly amounts, had com-
paratively little effect on the organic matter left after this sedimenta-
tion. Copperas and lime, when applied at the rate of 2,500 pounds of
each per million gallons of liquor, reduced the nitrogenous matter
left in the supernatant liquor after sedimentation about 23 per cent.,
and the total organic matter 35 per cent. The same precipitants, when
used at the rate of 5,000 pounds per million gallons, reduced the nitrog-
encus matter 34.5 per cent., and the total organic matier remaining 50
per cent.

Seven filters, constructed of different filtering materials were started
and kept in operation for five weeks, for the purpose of studying the
most suitable and efficient method for the filtration of these wastes.
Three of these were constructed of sand of an effective size of 0.33
millimeter, and were operated at rates varying from 100,000 to
500,000 gallons per acre daily. The other four filters were constructed
of cinders, soft ccal, coke breeze and charcoal, respectively, and each
was operated at the rate of 500,000 gallons, with the exception of the
cinder filter, which was operated at a rate of 1,000,000 gallons per acre
daily with the supernatant liquor after twenty-four hours’ sedimenta-
tion of the waste. These experiments chowed that sand filtration at a
comparatively low rate gave the best purification; that by chemical pre-
cipitation followed by sand filtration at a rate higher than that usual
with filters receiving the supernatant liquor from simple sedimentation
more organic matter could be removed, but not enough more to com-
pensate for the chemicals used; that with a cinder filter operated at a
1,000,000-gallon rate purification nearly as good could be obtained as
that with the low-rate sand filter, but that excessive clogging necessi-
tated frequent removal of filtering material; that a coke breeze filter at
a 500,000-gallon rate gave as good results as a cinder filter at a 1,000,
000-gallon rate, and nearly as good results as the low-rate sand filter;
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Waste Liguors rroM PapEr MILLs.

The waste liquors from paper mills can be divided into two groups,
the first including the waste liquors from washing and preparing the
stock, and the second including waste liquors produced in working this
stock up into paper. The volume of the liquors from washing and pre-
paring the stock is much smaller than that used in the process of manu-
facture, but it contains a much larger percentage of organic matter.
The total volume of waste liquors discharged from a paper mill is
generally very large. This volume in 1895 from two plants, taken as
good examples of the paper-making industry in Massachusetts, varied in
both cases between 2,000,000 and 3,000,000 gallons per day. In one
plant there was worked up yearly about 5,100 tons of a stock consisting
largely of old paper, but including a considerable amount of old rope and
bagging, and also a small amount of old oilcloth. In making this stock
into paper about 1,000 tons of chemicals and dyestuffs were used yearly,
consisting of alum, quicklime, chloride of lime or bleach, soda ash, cop-
peras, china clay, caustie soda, starch, aniline dyes, bichromate of lead, ete. .
The second mill investigated as to the volume of its waste liquor produced
about 4,000 tons of paper vearly, and used also a very large amount of
chemicals, dyestuffs, etec. The waste liquors produced by boiling rags in
caustic soda, caustic lime, or mixtures of soda ash and lime, in order
to free them from grease, dirt and coloring matter, are of such composi-
tion that it is practically impossible to purify them by intermittent
filtration. A sand filter operated at the station in 1895, to which such a
liquor was applied, gave very poor results, and other experiments made
sinee that date with like liquors have resulted similarly.

The following table gives the average analysis of the liquor applied to
and of the effluent from the filter mentioned, — Filter No. 60, Yau000
of an acre in area and containing 5 feet in depth of sand of an effective
size of 0.25 millimeter. It was operated at the rate of 65,000 gallons
per acre daily.

Average Analysis of Liquor Applied to Filter No. 60.

[Parts per 100,000.]
AMMONIA. . e MNITROGEN A8 — " B cu' bmw
Free. | Albuminoid. Nitrates. | Nitrites. | Comsumed. | oo oter,
2.30 500 || 2000 0000 0000 140,00 e

Average Analysis of Effluent from Filter No. 60.

1.08 2.1 12.59 . 1050 L0067 Bd.30 3,082,000
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several months. To this strainer liquors from all the processes of wash-
ing and manufacture of paper at the mill were applied, and the rate of
operation varied from 500,000 to 2,000,000 gallons per acre daily. It
gave a uniformly clear, practically colorless effluent, and there was de-
posited upon its surface a large accumulation of dirt, fibrous matter,
ete., which was rolled up from time to time and removed. A cinder
strainer was equally efficient.

A small coke strainer to which these liquors were applied was kept
also in operation at the station for a period of several months, at the rate
of 1,000,000 gallons per acre daily. The effluent of the strainer was clear,
almost colorless and contained little organic matter. The average analy-
sis during its period of operation, when receiving the mixed liquor, was as

follows: —
Efftuent from Coke Strainer No. 77 A.
[Paris per 100,000.]
AMMONTA. | I NITROGEN AS— ( =
Chlorine. |
Prea. Albvaraingsd, | Nitrates. Nitrites. Il Consumed.
0181 o | 2.10 ‘ ook | eare | 81

Sereening, Sedimenlation and Chemical Precipitation.

Much of the organic pollution in the mixed liquors is in suspension,
and is quite readily removed by passing the liquors through fine wire
sereens. In some mills a considerable portion of fine pulp which passes
through the paper machines is saved in this way, and it is evident that a
large part of the dirt in the various wash waters can be screened out
in the same way. Results obtained by sedimentation showed that about
30 per cent. of the total orgamic pollution could be removed from the
waste liquors if they were allowed to settle for one hour, but that con-
siderably longer periods of sedimentation failed to give much better re-
results. With precipitants such as ferrous or aluminum sulphate, in
the proportion of 500 pounds per 1,000,000 gallons of liquor treated,
about 45 per cent. of the organic matters was removed.

r———— e

FurtHER EXPERIMENTS WITH WASTES FroM Parer Mirnis.

Ten years later, in 1905 and 1906, the waste liquors from the two paper
mills previously mentioned were again experimented with, and also the
liquors from a third paper mill, with the following results; —

!
_t
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proper proportions. The two settling tanks put into operation, namely
A and B, were each 9 feer in diameter at the bottom, 8 feet at the top
and 83 feet deep; and the capacity of each was approximately 3,400
gallons. Each tank had three vertical partitions about 114 feet apart,
stretching across the tank and extending downward from the surface
of the water about 3 feet, in order to break the current between the inlet
and outlet pipes. The outlet of each tank was a siphon arranged to
draw the waste a short distance below the surface. During the first
period of operation of these tanks they received mixed rotary wastes and
washing-machine wastes, with the result that little sedimentation oc-
curred. During a period of five months in 1906, however, the tanks
received the waste liquor from the washing machines only, and during
this time they removed 39 per cent. of the organic matter determined
as loss on ignition and 32 per cent. determined as albuminoid ammonia.
The analyses of the liquor entering and of the effluent from these tanks
during this latter period follow:—

Tanks treating Paper Mill Waste.— Average Analyses and Percentage Removal
Jor the Months of June to October, inclusive.

Tank A.
AMMONTA. {
Tesidue. w_ﬂﬂ T Dﬂ’m
Ignition. Albuminoid. Consumed.
P a(ilgl3]8]5 i1
SEEEAEREAERE E| g
Applied water, s .| 162,85 | BO.OL || B1.28 | 37.98 (! 06530 4355 | (2675 | .1480 || 31.87 | 17.08
Efluent, . 5 ‘ .| 9541 | 55,33 || 40.83 | 30.06 || .08021 2050 | 1083 | 0007 || 10.80 | 1253
Percentage removal, - 4.3 | 279 38.9 |20.8 4724 32,1 | 26.6 | 40.7 |37.8 | 26.5
Tank B.?
Applied water, . .| 144.43 | 69.77 || 74.93 | 22.05 || .02097| 2030 | 1820 | 1005 || 20.75 | 14.08
Effluent, . - - «| BA2O | B4.07 || 44.72 | 2353 || 0004 2433 | 1607 | 0736 || 20.08 | 19.37
Perceniage removal, | 417 [21.2 | 89.8 |13.4 63.20 17.0 7.2 8.8 2.3 —a7.90
U July 1 to Oetober 31, t June to September 30. ? July 1 to September 30,

Filters Nos. 1 and 2. — Two filters, each 14,7 of an acre in area, were
put into operation in July, 1905, and were operated until November,
1906. TFilter No. 1 was constructed of 20 inches in depth of cinders and
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5 feet in depth of gravel, all of which had a diameter less than 33 milli-
meters and none less than 6 millimeters, the effective size being about
10 millimeters; Filter No. 5 was a duplicate of No. 4; Filter No. 8 was
L0000 of an acre in area and constructed of 20 inches in depth of fine
sand of an effective size of 0.15 millimeter; Filter No. 10 was Y472 of
an acre in area and constructed of 6 feet in depth of small stones from
1/-inch to 3 inches in diameter; and Filter No. 11 was Vopg00 of an acre
in area and constructed of 8 feet in depth of coarse gravel similar to
that in Filter No. 10. |

The results obtained with most of these smaller filters, both sand and
trickling, were of little value except in a negative way. The effluents
from the trickling filters were generally putrescible, and those from the
shallow sand filters, containing only a few inches in depth of sand, were
little, if any, better. The best result was obtained from Filter No. 8.
This filter was operated at a rate of 500,000 gallons per acre daily, and
was dosed intermittently during nine hours of the day, being flooded
every half-hour with the effluent from Filter No. 11, a filter operated
as a trickling filter at a rate of 2,000,000 gallons per acre daily. The
effluent from Filter No. 11 was always putrescible, but that from Filter
No. 8 was clear and non-putrescible. Filter No. 11 was operated without
difficulty for six months in 1906.

The average analyses of the applied waste and of the effluent, and
figures showing the percentage of purification of each of these filters,
follow: —

Average Analyses and Percentage Removal for ihe Months of Jume io
Oectober, inclusive.

Filler No. 1.
AMMONIA.
T tmﬁm y Comimed.
idue. | on Ignition. Un-

! t Free.l | Albuminoid. filtered).
Applied water, : . . 5,41 40,63 0292 3578 10.50
EfMuent, : 5 i : 46,84 16.56 (080 oG 4.01
Percentage removal, . . 50,9 6.6 2.8 7.8 0.8

Filter No. 2.

) i

Appliod water, . . .| 064 4,53 0202 | 3578 19.80
Efluent, s 2 5 - 45.04 16.71 053 | AT05 3.21
Percentage removal, . - 2B 3.3 818 | &0.3 g.91

1 July to October.
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Paper Mill B.

This mill made approximately 25 tons of white magazine paper during
every twenty-four hours. At the time of the experiments the stock used
consisted of prepared wood pulp and rags, the amount of rags varying
from 5 to 15 per cent. of the total stock used. But one rotary boiler was
used at the mill, and this was emptied but three or four times a week,
making the daily volume of boiler waste about 1,500 gallons. Lime only
was used in ihe boiler, the amount being about 1,200 pounds at each
charge. Considerable bleaching powder was used at the mill, also large
amounts of china clay and size, as the product was a high-grade white
paper. The total volume of waste water from the washing machines was
about 400,000 gallons per day; that from the paper machines was much
larger, but was almost all reclaimed, so that its treatment did not re-
quire attention.

An experimental plant was put into operation in December, 1905, con-
sisting of one settling tank and one filter. The first experiments were
made upon filtration of both boiler and washing-machine wastes, but
they were unsuccessful. After May 17 the waste water experimented with
was that from the washing machines only.

The settling tank was 514 feet in diameter and 5 feet deep, holding
900 gallons, and was similar to Tanks A and B at the experimental plant
of Paper Mill A. The tank was so operated that the time of passage
of the waste liquor was approximately five hours during the period from
December, 1905, to September, 1906. The rate of flow was then so in-
creased that the waste took only two and one-half hours to pass through
the tank. Analyses showed that this tank removed 79 per cent. of the
total solid matter; 75 per cent. of the organic matter, as ghown by loss
on ignition; 75 per cent. of the nitrogenous organic matters, deter-
mined as albuminoid ammonia, and 78 per cent. of the organic matters
determined by the oxygen consumed test. The tank was cleaned May 1%,
July ¥, September 13 and October 9. The filter used was 11 feet in
diameter, or %45, of an acre in area, and was constructed of 24 inches in
depth of screened cinders with an effective size of 0.20 millimeter. It
received the effluent from the settling tank from December, 1905, to
September, 1906, at a rate of 900,000 gallons per acre daily. The rate
was then increased to 1,500,000 gallons per acre daily. The filter was
raked three times during its period of operation and the material was
scraped from it but once. This filter received the washing-machine waste,
was very efficient and gave an effluent that was clear, practically color-
less, odorless and non-putrescibie.
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removed by intermittent sand filtration. Long-continued application
of colored sewage to a filter, however, lessened its efficiency for removing
these colors. In the review of the work upon the purification of tannery
wastes it has been mentioned already that intermittent sand filters re-
ceiving these wastes, though highly colored oftentimes with dyestuils,
removed practically all of this eolor.

During 1903 much was done upon methods for decolorizing the dye-
house wastes from one of the large Lawrence mills, At this mill about
62,000 gallons of water were used each day in dyeing. The total volume
of water nused for dyeing and washing, however, averaged about 850,000
gallons per day. Cooling the water, for example, in the dye vats before
discharging by adding large volumes of cold water, ete., caused a volume
of colored water much larger than the 62,000 gallons actually used in
the dye vats to be discharged from the mill. The dyes used varied greatly,
but it is probable that anilines and a small amount of wood extracts were
the colors contributing most largely to the wastes studied. The liquors
were all so highly colored that a half-gallon bottle filled with them would
scarcely allow the passage of light. There were all colors, from red to
violet, but the predominating hue was blue-black. There was present,
furthermore, considerable waste matter in suspension, consisting largely
of pieces of yarn, etc.

Filtration of Dye Liguors.

Three filters — intermittent sand, coke contact and trickling — were
operated with this waste. Bach filter was 5 feet in depth, and the rates
were 50,000, 400,000 and 540,000 gallons per acre daily, respectively.
These filters were numbered 197, 198 and 199.* The sand filter, No.
197, was operated for seven months, produced a clear effluent having a
pale yellow color and removed 95 per cent. of the organic matter. Con-
tact Filter No. 198, operated for three months, removed the color less
completely, but removed 80 per cent. of the organic matter. The trick-
ling filter of broken stone, operated for three months, reduced the color
even less than the contact filter, and removed about 70 per cent. of the
organic matter of the wastes applied.

The average analyses of dye liquor and effluents are given in the fol-
lowing table: —

1 Bee pages 271-277, inclusive, repart for 1903,







46

Filter No. 21}. — This filter was constructed of 4 feet in depth of soft
coal ashes. Tt received supernatant dye liquor from chemical treatment
at a rate of 2,000,000 gallons per acre daily. Its average analysis was

as follows: —

[Parts per 100,000, ]

AMMONIA.
Oxygen Con=
CaoLo Nitrates.
= Frea. Albuminoid. sumed.
Light vellow, . L5000 i 11 .03 1.35

Treatment of Sludge on Ashes.

Filter No. 206.— This filter was constructed of 2 feet in depth of
soft coal ashes. It received the sludge from chemical treatment of the
dye liquor at a rate of 40,000 gallons per acre daily.
liquor generally disappeared in twenty-four hours, so that the filler was
ready to receive the next day’s application. When the period required for
disappearance became unduly great, it was necessary fo remove the
sludge, and this was done four times in five months. The effluent from
the filter was always clear and colorless, and it contained an exceptionally
emall amount of the organic matter, as the following average analysis

shows: —

The applied

Average Analysis of Effluent from Filter No. 206,

[Parts per 100,000.]
[ AMMONTA. | NITROGEN A8 — =
Turbidity. Color, i TyRen
¥ ! Free. |Albuminoid. | Nitrates, | Nitrites. Consumed.
i |
Noge. 05 852 | 0104 a7 0001 1 10

Table showing Average Percentage Removal of Organie Matter from Dye
Liguor by Various Treatments.

Per Cexr. REMOVED.
Albuminoid Oxyeen Con-
Ammonis. sured,
Chemiecal treatment: —
Two hours' sedimentation, 21.3 55.9
Bixteen hours' sedimentation, 46,0 4.0
Efluent from Filter No. 205, . 78.0 83.0
Efuent from Filter No. 197, 4.0 040
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Applied Liquor.

[Farts per 100,000.]
A_'uuum.n.. |
Bacteria per Cubic
Oxygen Consumed. :
Free. Albumineid. H e
[
1.65 7.67 | 42,50 16,000,000
]

The amount of ammonia found in the mixtures of milk and water
and also the amount of oxygen comsumed from permanganate, varied
with different samples of milk and with the same sample at different ages.
The gkimmed milk used at first was generally sour when applied to the
filter, and the reaction of both the liquor applied and of the effluent was
acid. No nitrification took place in the filter during this period, and
the average analysis of the effluent for each of the two following months
was as follows: —

Effluent.
[Parts par 100,000.]
ANMONIA. MNITROGEN A8 — ﬂam Bacteria per
MoxTH. Albumi ! AL f- Cubie
Free. ai0dA. Mitrates. | Nitrites. Eum Centimeter.
T GO o RS 5.20 15.50 | .00 L0080 217.00 23,000,000
May, . . . .| m=: 2.72 .00 L0040 5.33 36,000,000

Beginning June 1 the mixture of milk and water was sweet at the
time of application at least half the time, and, when sour, milk of lime
was added in amounts varying from 1 to 13 grains per gallon, to make
the liquor slightly alkaline. The effluent from the filter did not improve,
however, and continued to have a strong odor of sour milk and an acid
reaction. After this for two weeks the filter was flooded with water
daily, the rate being the same as that with the mixture of milk and water.
At the end of this period the filter was again in good condition and the
liquor was applied once more. The effluent improved slightly from this
time on, and nitrification was at times active. This activity continued
for a large part of the next two months, but at times the results were
still poor. The etrength of the applied liquor was, therefore, still further
reduced, g0 as to contain less than 1 per cent. of milk, whereupon good
nitrification began again in the filter.

The effluent from the filter during the first months of operation had the
odor of sour milk, and this odor persisted until the end of October. As
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Creamery Wastes applied to Filter No. 100.
[Parts par 100,000, ]

: i |
Quantity | ! |  NITROGER A8 — i
Applied. | Tempera- : E"_“H“' | | | Ox pl:ra%fl;?n

Gatlons. | (D Chlorine. ] Con- '.d e
per Acre Gt At Nitrates. | Nitrites. || *med: | yirioear.

Draily. | | 5 el

26,400 | 54 I 2764 | 40800 | m.m! sifglliwe 35,82 i

|
Efluent from Filter No. 106.
1 | 3 || 5665 | 0.0069 ]| 214 85 H 6.61 | 1504 " 0.68 | 146,400

The experiments with creamery wastes are described in the report
of the Board for 1898, pp. 466472, inclusive; and in the report for
1899, pp. 466—468, inclusive.

Bixper’s Boarp WasTEs.

A filter (No. 310) was put into operation at Lawrence to which was
applied the waste water from a mill making binder’s board from old
paper and clay. The waste was very foul, contained much heavy sus-
pended matter and the daily volume discharged from the plant was
from 250,000 to 300,000 gallons. The waste was generally colored
brown, and the suspended matter seitled readily. The supernatant
waste after sedimentation was applied at the rate of 200,000 gallons
per acre daily to a filter containing 4 feet in depth of sand of an effective
size of 0.25 millimeter. The waste putrefied quickly, but the effluent
from the filter was non-putrescible, fairly clear and practically odorless.
Average analyses of the entire waste, of the supernatant liquor applied
to and of the effluent from the filter follow. These analyses show that
the filter removed 50, 82 and 81 per cent. of the organic matter in the
applied waste, as shown by loss on ignition, albuminoid ammonia and
oxygen consumed determinations, respectively.

Filter No. 310.

AMMONIA, Nitro -
Wiss, | pToal | Tom on | SE0R E T i
. . i= . .
I : a Free, “m‘i‘gf" ; Nitrates, | Nitrites. || sumed.
Raw, . - i 7.0 204 1500 L B550 - - -
A “LBI::':. : . . giﬁ lgg ‘Hg L1930 = - ;?E
Purmnﬁm r&mml e : " /| D355 11 0002 0.70
By sedimentation, | 53 At 33 46 - - 48
Bﬁlmdi_munuthm and
tration. % : f3 T3 ™ ] - - a0
By filtration, i2 50 ay g2 - = &1
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residue from the tank in which the barley malt mash was prepared.
This was sold to farmers for 5 cents a bushel. All of the liguid wastes,
with the exception of the “beer,” the concentrated lignor from the vine-
gar still and the cooling water, entered the cistern; the “beer” and
concentrated liquor were discharged into the sewer and the cooling water
into the swamp east of the factory. The quantity of the various wastes

was as follows: —
Gallons per Day.

Yeast liquor (* beer ™), . : i : ; : ; : ; . 3,500
Heavy residue in vinegar still,’ . 5 . ¥ : ; : . 2,500
Primary wash, % 2 - . " . g : . 2 . 1,500
First wash, . : - . ¢ . : . : - ¢ . 2,200
Seeond wash, . . SANEEN S S i : . 2,200
Third wash, . 5 : , : : : : < . - . 2,200
Fourth wash, . . g R} . . : : : . : . 2,200
Fifth wash, . : : ‘ - . . L . = . . 2,200

Takal,. . z 2 i - : - . - " iy . 18,500

In November, 1908, samples of two classes of waste were collected
frequently and sent to the experiment station for analysis, and several
small filters were started with mixtures of these wastes. Neither the
wastes from the still nor those from the yeast washings were of a
putrescible character, and that difficulty would be encountered in bac-
terial purification of such liquids was thus foreshadowed.

Three filters were put into operation, two of them containing 3%
feet in depth of sand of an effective size of 0.25 millimeter and the other
containing practically the same depth of clinker. The first filter (No.
359) was operated at the rate of 25,000 gallons per acre daily, and at
first received the wastes mixed in equal proportions, but after November
16 the proportion was 1 part of still liquor to 2 parts of yeast washings,
and the rate was increased to 50,000 gallons per acre daily. Soon after
starting this filter the wastes became acid on standing, and were made
alkaline with lime before application to the filter. This filter was
operated for four months, but, with the exception of some slight nitrifi-
cation at first, its only action was practically that of a strainer. By
the straining action about 50 per cent. of the organic matter was re-
moved from the applied waste.

The second filter (No. 364) was started at a rate of 50,000 gallons per
acre daily, and received a mixture of 95 per cent. Lawrence sewage and
5 per cent. of the mixed waste from the yeast factory. After two months’
operation the percentage of waste in the mixture was increased to 714

1 Onee or twice a week,
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that this amount was increased little, if any, by longer periods of sed-
imentation ; that by sand filtration, or by straining of the supernatant
waste after sedimentation at a rate of 100,000 gallons per acre daily,
between 40 and 50 per cent. of the remaining organic matter could
probably be removed. This was shown by means of a small sand filter
(No. 379) constructed of 314 feet in depth of sand of an effective size of
0.26 millimeter. The average analysis of the waste applied to and of the
effluent from this filter follow: —

Waste Liquor applied to Filter No. 379,

[Parts par 100,000.]
Free Ammonia. Albumincid Ammonis. Oxygen Consumed.
1.30 7.50 134.00

Efftuent from Filter No. 378.

0. 70 2.80 &5.00

_—

WasTEs FroM A Corrox Barrine Facrory.

The product of this company consisted of cotton batting and various
grades of cotton cloth as well as gauze and surgeons’ supplies. The
stock used was raw cotton and cotton cloth as it came from the manu-
facturer, and the processes carried on at the mill consisted largely of
washing, bleaching and dyeing. The various processes were found to
be somewhat as follows: the cloth or cotton was first boiled in large
iron kettles with small amounts of ammonium hydrate, after which it
was thoroughly washed, there being usually two distinct washings.
After these washings the goods were bleached with chloride of lime and
were again thoroughly washed. The stock was then soaked in an acid
bath to neutralize any of the bleaching solution which might have re-
mained in the cloth, and was again washed two or three times. It was
finally boiled for a second time with soap, and then washed again two
or three times, depending on whether the stock consisted of cloth or
cotton. The cotton stock was usually given a second acid bath after
the second boiling just referred to, and was then washed three or four
times to make sure that no acid was left in the goods. In addition,
some dyeing was done, but this portion of the work was carried on at
irregular intervals, and the amount of stock so treated was small.
Liquid wastes resulted from practically all of the processes, and the wash
waters and spent dye solutions were discharged directly into the river.
The total daily amount of wastes discharged amounted approximately
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The experiments indicated that the wastes being discharged into i:.ha
river could be satisfactorily purified after sedimentation by filtration
through sand at a rate of 50,000 gallons per acre daily.

WasTES FrROM SILE MiLis.

Experiments were made also upon the disposal and purification of
the waste liquors from a silk mill. The daily volume of sewage or waste
liquor from this mill approximated 2,500,000 gallons. This liquor
varied much in character at different periods of the day on account of
the varying processes carried on in the mill, at one time resembling in
appearance domestic sewage and then quickly changing to a bright blue,
pink, erimson or other color, due to the discharge of waste dye liquors.
In fact, these dye liquors colored the sewage oftentimes to such an ex-
tent that it became nearly as highly colored as the dyes in the dye vats.

Besides this coloring matter, a very large assortment of chemicals,
etc., was used daily in the mill, a list too long to be given here; but as
examples a few are mentioned below, together with the average amount
of each used daily: —

Pounds,
Carbonate of soda, . . - - - . ; . : . . 124
Silicate of soda, . > ; 2 , 5 5 g 7 : : 147
Ammonia, . g : : : L 3 . 2 5 g : a2
Sulphurie aeid, . - : : : & ’ . 3 . . 173
Acetie acid, . h ] i P A g . : " - . 181
Nitrate of iron, . : . . . % - : . . =« 23D
Bichloride of tin, . . - . . : : * : : . 237
Sulphate of alomina, . : = 5 . : . b : e wubh
Sodinm phosphate, : : b x 3 . . ' ) . 236
(Hlauber’s salt, . : - 3 . % 3 . . : " B8
Chloride of lime, . ; . . . . ; % . . . 186
Logwood, . . 2 - ; ! ; : : . . , 80
Dextrine, : i - . 3 : % : : ; 4 . 1,307
Vegetable gum, . - : ; 5 . . d A ) g a1
Aniline dyes, . . - - . . . . . . . R
BoRp e s s e : : ’ ‘ . 2,000
Muriatie aeid, . : : - . E x & : y : . 115
Silk gum, ete., worked off the raw silk and entering the sewage, . . 1,520

The list prepared by the mill people contained approximately fifty
different substances.

Experiments showed that the surfaces of sand filters became clogged
quite quickly when this liquor was applied to them, a result due chiefly
to the starch, dextrine, soap, silk gum, ete., in the sewage. HExperiments
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copperas was used in combination with lime, in amounts averaging
about a ton to each million gallons of liquor treated. The solid matters
in the untreated liquor varied at times from 3,000 to 52,000 parts per
100,000 a large percentage of which was loss on ignition. The total
solid matters after chemical treatment were generally less than 100 parts,
with from 20 to 40 parts loss on ignition.

The volume of wastes from the process of making water gas varied
from 5,000 to 25,000 gallons per day, while the volume of wastes from
the coal-gas plant was much less in amount.

A filter containing a mixture of sand and coke, was operated at this
plant for several monthg, taking all the supernatant liquor after treating
the entire water-gas wastes with lime, sedimentation and coke straining.
The time required for chemical precipitation and sedimentation was
generally but little over an hour. The coke strainers were but a few feet
square, placed in walls, dividing sections of the settling tank. The filter
was operated at rates from 500,000 to 2,000,000 gallons per acre daily,
and although the latter rate was too great to allow much change in the
liquor, still many of the odors were removed while it passed through the
filter. The resultant liquor was generally fairly clear, with little odor
and with total solids and loss upon ignition low.

The experiments indicated that there should be but little difficulty in
purifying these gas wastes sufficiently by chemical precipitation and
rapid filtration or straining. TFiltration after chemical treatment at
rates up to 700,000 or 800,000 gallons per acre daily should produce a
clear liquor with little odor and but a small percentage of the original
polluting matters. Aeration of this liquor before filtration aids ma-
terially the removal of odors.

WasTes FrroMm A FixisHiNG CoMPANTY.

The wastes from the mill of this company came from the processes used
in the bleaching and dyeing of cotton cloth and in the dyeing of skein
yarn. Khaki was treated to a considerable extent and also some heavy
duck cloth. The volume of wastes from the bleachery, or old part of the
mill, figured from the measurements taken during the summer of 1909,
was about 140,000 gallons per day of ten hours, although this amount
was apt to vary considerably, The wastes included lime-boil liquor,
soapy solutions, dirty rinse waters, some acid wastes and rinse dye liquor.
During a large part of the year, when the water in the stream was low,
the wastes from the mill gave it an extremely dirty appearance. Under
normal conditions the output of the bleachery was about 40,000 yards
of cloth per day.

A new building was erected in the spring of 1909 for the dyeing of
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Average Analysis of Waste as Received.

[Parts per 100,000.]
il AnmoNTA. %
LIDS, — ITROGEN AR —
e | Color | ALBUMINOID. ngn

== -___I‘_ O 3 . L 7 -E&:_' | Nu“ Ni“'m 'l.lm.“i..

Total. ]I:.I]il.iﬂn.. Fixed. l‘ Total. lut-_inn- J B, 1
' |

338.0 ‘ 142.7 ‘ 195.3 ‘ - | L8452 6727 | 5085 - - 42 .57

Average Analysis of Waste applied to Filter No. 374.

T4 | 5.3 148.1 H - ” 1275 ‘ 4517 ‘ L H - - 21.53

Average Analysis of Effluent from Filter No. 374.

=25k = || i B0 | 0881 - ! .U‘.’l 2 2.18

Waste Liguors FroM DyEING, BLEACHING AND MEercerizing CorToN
Yarxn.

Upon investigation at the plant where these processes were carried on
it was found that the total amount of waste water discharged was about
60,000 gallons per twenty-four hours. Of this total, about 25,000 gal-
lons represented the worst of the wastes, namely, (1) water in which
the yarn was boiled with soda ash; (2) spent heavy dye liquor; (3)
heavy rinse water from dyeing; (4) hot rinse water after mercerizing ;
(5) hot soap bath after bleaching; and (6) cold rinse after the soap
bath. A composite waste, representing a combination of these six
wastes in the right proportions, was used in the experiments. Two filters
(Nos. 318 and 319) were put into operation at the station and to them
the average waste was applied. FEach filter contained 3 feet in depth
of sand of an effective size of 0.25 millimeter and was operated at the
rate of 50,000 gallons per acre daily, Filter No. 318 receiving the super-
natant waste after sedimentation and Filter No. 319 the supernatant
waste after treatment with chemical precipitants. The average waste
was brown in eolor, very turbid, and but a small portion of the matters
in suspension settled readily. The effluent from Filter No. 318 was
straw-colored and had but slight odor. This filter removed 56, 87 and
90 per cent. of the organic matter in the applied waste, as shown by loss
on ignition, albuminoid ammonia and oxygen consumed determinations,
respectively. The effluent from Filter No. 319 was of slightly better
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tion contained considerable heavy black sediment, but the supernatant
liquor was fairly clear, and the addition of lime caused still further
clarification. The supernatant waste after neutralization was applied
for two months to a filter (No. 302) containing 3 feet in depth of sand
of an effective size of 0.28 millimeter, at a rate of 100,000 gallons per
acre daily. The effluent from this filter was clear, colorless, non-putres-
cible, and nitrification was active. The average analyses of the waste
as received, as applied to the filter and of the effluent from the filter
are given below, and it will be seen that by sedimentation and filtration
¥5, 88 and 85 per cent. of the organic matter in the applied waste, as
shown by loss on ignition, albuminoid ammonia and oxygen consumed
determinations, respectively, was removed : —

Filter No. 302.
Total AMMONIAL NITROGEN A8 —
Wasrs. Reapdue, | Loss on Albumi- : o
U | Tgnition. || Froe. woid || Nitrates. | Nitrites. || sumed.
Raw, . - . 5 . i 6.9 L G400 4300 - - 4.0
Applied, . ’ . ; 53.6 1.1 G225 1288 - - 1.04
Efffuent, . . s el 0.4 0178 0534 1.00 18 0.67
Percentage removal: — |
By sedimentation, . . 25 72 3 70 - - I &8
By sedimentation and fil- 15 75 " Bl - = || es
tration. |
By filtration. . . . - 7 97 50 = - 5 65
] i

In 1908 further experiments were carried on with the wastes from this
mill, as it was said that the process by which the stock was treated in
order to remove cotton, ete., had been changed. In removing the cotton
two processes were employed at this time; the greater part of the rags,
however, were treated as follows: the rags sorted as to color were torn
into small pieces and soaked in a bath of cold sulphurie acid for about
three hours. The strength of this bath varied from 6 to 9° Beaumé
for different kinds of cloth; that is, the bath contained 7 to 10 per cent.
sulphuric acid. The rags were then removed, drained and partly dried
in a centrifugal drier. The drying was finished in steam-heated vats at
about 200° Fahrenheit, the cotton present being carbonized by this
process. The driers were not ventilated and the moisture was condensed
on pipes in which cold water circulated. When dry, the cloth was taken
to dusters, by which the carbonized cotton was separated from the wool
as a fine dust, to be drawn off by a suction fan and deposited near the
boiler room where it was burned. After this the cloth was washed from
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residue was pressed and dried, being shipped finally in bags to fertilizer
manufacturers. The liquid wastes resulting from the various processes
amounted to about 120,000 gallons a day, divided as follows: (1) from
skin washers; (2) from fresh fish cookers; (3) from salt fish cookers; (4)
floor washings; (5) condenser water; (6) purifiers; and (7) the domestic
sewage from 115 operatives. The main sewer of the factory received all
this waste at various points and discharged it into a brook below the
storage basin of the plant for condenser water. These wastes were
putrescent and had strong and offensive odors.

Two filters (Nos. 368 and 370) were operated at Lawrence with the
waste. Filter No. 368 was constructed of 4 feet in depth of sand of
an effective size of 0.25 millimeter, and received the mixed strong wastes
at a rate of 25,000 gallons per acre daily at first and later at a rate of
50,000 gallons per acre daily. The effluent from this filter was always
non-putrescible, clear, colorless, odorless, and nitrification was high;
but notwithstanding high nitrification the free ammonia in the effluent
was also very high, owing to the large amount of nitrogenous bodies
present in the applied waste. Filter No. 370 was operated as a trickling
filter and was constructed of 6 feet in depth of broken stone of the size
most successfully used in trickling filters at the station, and was operated
at a rate of 500,000 gallons per acre daily for a month and then at a rate
of 750,000 gallons per acre daily. Nitrification began almost immediately
in this filter, and the amount of nitrates present was as great as that in
the effluent from the sand filter, which was operated at from one-tenth to
one-fifteenth as great a rate. The amount of free ammonia present,
however, in the effluent from this filter was only one-half as great as in
the effluent from the sand filter, this result being due largely, however,
to the fact that the wastes obtained from the works were weaker during
the period of operation of this filter than during the entire period of
operation of the sand filter. The effluent from the trickling filter was
practically odorless, stable and of a character equalling in most respects
that from trickling filters receiving domestic sewage.

The average analysis of the waste liquor applied to and of the effluents
from the two filters follow: —

Average Analysis of Waste Liquor applied to Filters Nos. 368 and 370.

[Parts per 100,000.]
-
Awm ) - i
Color. — _I ot L Oxygon | Bacteria per
Free. Albumineid. |  Nitrates. Nitsites, | Comsumed. | oo o er.
| |
- | ma ‘ s | - | . | 8.77 2,730,000
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The lead chromate was precipitated in large tanks, and after sedimenta-
tion the supernatant liquor was allowed to run to waste. In the main pre-
cipitating room, or * yellow house,” there were four tanks which held about
7,000 gallons each, and which were generally emptied once a day, ap-
proximately 25,000 to 28,000 gallons of waste liquor passing from them.
From the shop in which the blue paint was made practically the same
amount of liquor passed into the brook each day, and from the shop in
which green paint was made about 2,000 gallons per day. Considerable
water was pressed from the precipitate when it was treated in the filter
presses, and this waste water was also allowed to run into the brook. It
was of course the aim to allow as little color or lead to flow to waste as
possible, but there was not sufficient care taken, as was shown by the
examinations made.

Samples of the waste from the mill, of the brook and of the lake
water were analyzed. Two samples of wastez collected in January, 1903,
showed 250 and .03 parts of lead per 100,000, respectively. The analyses
of samples of water from the brook when wastes were flowing from the
mill and from various parts of the lake itself showed the presence of
large amounts of lead. A mixture of various samples of the wastes was
made and the amount of lead determined. It was found that about 150
pounds of lead passed from the mill each day in the waste liquors, this
amount of lead, according to figures furnished at the mill, meaning a
waste of $2,300 worth of lead per year. A sample of ice cut from the
lake showed a lead content of .009 part per 100,000, Every acre of water
in the lake 1 foot deep contained at the time of this investigation about
2 pounds of lead, making the upper foot of lake water contain about 282
pounds, the lake being 141 acres in area. Deposits in the brook and at
the entrance of the brook into the lake also contained large amounts
of lead. Experiments upon sedimentation showed that if suitable sedi-
mentation tanks were provided a very large percentage of the lead wasted
eould be gaved and prevented from polluting the lake water, and that
the saving of the lead would eliminate the color of the wastes. At the end
of 1903 further examinations were made, and samples from the brook
showed 3.33 parts of lead per 100,000 ; a sample collected from the drain
entering the brook showed 36.40 parts per 100,000,

As a result of the first investigations the paint company agreed to
erect tanks at their works in order to save much of the lead chromate,
ete., that was wasted. The mill was visited again in August, 1904, the
brook and lake were examined and samples were collected for analysis.
It was found at this time that the appearance of the brook was congider-
ably improved ; the lake seemed to be free from colored matter, and at
the mill, tanks had been erected to save the wastes from that portion of
















